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TO  THE  KIJVG. 


SIR, 

It  proceeds  from  no  vain  confidence  in  my 
own  abilities i  that  I  presume  to  solicit  for  this  Work 
the  P^roiection  of  a  Monarch,  who  is  not  more  exalted 

I 

in  station^  than  he  is  distinguished^  among  the  Poten¬ 
tates  of  the  Earth,  by  his  laste  in  Literature,  and  his 
Patronage  of  Science  and  the  Arts, 

In  conducting  to  its  conclusion  the  ENCYCLOPiEDiA 
Britannic  A,  I  am  conscious  only  of  having  been  uni¬ 
formly  influenced  by  a  sincere  desire  to  do  Justice  to 
those  Principles  of  Religion,  Morality,  and  Social  Order, 
of  which  the  Maintenance  constitutes  the  Glory  of  Tour 
Majesty  s  Reign,  and  will,  1  trust,  record  Tour  Name^ 
to  the  latest  Posterity,  as  the  Guardian  of  the  Laws^ 
and  Liberties  of  Europe. 


iv  DEDICATION. 

French  Encyclope'die  has  been  accused,  and 

justly  accujed,  of  having  disseminated,  far  and  wide, 
the  seeds  of  Anarchy  and  Atheism.  If  the  Encyclo¬ 
pedia  Britannica  shall,  in  any  degree,  counteract  the 
tendency  of  that  pestiferous  Work,  even  these  two  Vo¬ 
lumes  voill  not  be  wholly  unworthy  of  Your  Majesty  s 
Patronage ;  and  the  Approbation  of  my  Sovereign, 
added  to  the  consciousness  of  my  own  upright  intentions, 
-will,  to  me,  be  an  ample  reward  for  the  many  years  of 
labour  which  I  have  employed  on  them,  and  on  the 
Volumes  to  which  they  are  Supplementary.  I  am, 

SIR, 

*  \ 

Your  Majesty’s 

Most  faithful  Subject, 

*  'And  most  devoted  Servant, 


SmtiNGi  1 

Bee*  10.  i8oo*J 


GEORGE  GLEIG. 


ADVERTISEMENT. 


It  would  ill  become  me  to  difmifs  thefe  Volumes  from  my  hands  without  acknow¬ 
ledging  that,  from  many  of  the  moft  valuable  difquifitions  which  they  contain,  1  can 
claim  no  other  merit  than  that  of  having  ulhered  them  into  the  world. 

Those  who  have  read,  and  who  underlland,  the  articles  in  the  Encyclopasdia  Bri- 
tannica,  which  were  furnilhed  by  Profeffbr  Robifon  of  Edinburgh,  can  hardly  need  to 
be  informed,  that  to  the  fame  eminent  philofopher  I  am  indebted  for  the  valuable  ar¬ 
ticles  Arch,  Astronomy,  Carpentry,  Centre,  Dynamics,  Electricity,  Impul¬ 
sion,  Involution  and  Evolution  of  Curves,  Machinery,  Magnetism,  Mecha¬ 
nics,  Percussion,  Vihuo-Forte,  Centre  of  Position,  Temperament  in  Mujtc, 
Thunder,  Trumpet,  Tschirnhaus,  and  Watchwork,  in  this  Supplement. 

Of  a  friend  and  co-adjutor,  whofe  reputation  is  fo  well  eltablilhed  as  Dr  Robifon’s,  I 
am  proud  to  fay,  that,  while  I  looked  up  to  him,  during  the  progrefs  of  this  Work,  as 
to  my  mafter  in  mathematical  and  phyfical  fcience,  I  found  him  ever  ready  to  fupport, 
with  all  his  abilities,  thofe  great  principles  of  religion,  morality^  and  focial  order,  which 
I  felt  it  my  own  duty  to  maintain. 

To  Thomas  Thomfon,  M.  D.  of  Edinburgh,  a  man  of  like  principles,  I  am  indebted  ' 
for  the  beautiful  articles  Chemistry,  Mineralogy,  and  Vegetable,  Animal,  and  Dyeing 
Substances  ;  of  which  it  is  needlefs  for  me  to  fay  any  thing,  fince  the  Public  feems  to 
be  fully  fatisfied  that  they  prove  their  author  eminently  qualified  to  teach  the  fcience 
of  Chemiftry . 

^  ■ 

The  account  of  the  French  Revolution,  and  of  the  wars  which  it  has  occafioned, 
has  been  continued  in  this  Supplement  by  the  lame  Gentlemen  by  whom  that  account 
was  begun  in  the  Encyclopedia ;  and,  owing  to  the  cayfe  affigned  in  the  article,  pro¬ 
bably  with  the  fame  merits  and  the  fame  defedls. 

My  thanks  are  due  to  Dr  William  Wright  for  his  continued  kindnefs  in  communi¬ 
cating  much  curious  botanical  information  :  and  to  Mr  Profeffor  Playfair  of  the  uni- 
verfity  of  Edinburgh,  for  lending  his  alfiftance,  occafionally,  in  the  mathematical  de¬ 
partment’,  and  for  writing  one  beautiful  article  in  that  fcience,  which  is  noticed  as  his 
in  the  order  of  the  alphabet. 

In  compiling  this  Supplement,  I  have  made  very  liberal  ufe  of  the  moft  refpedtable 
literary  and  fcientific  journals,  both  foreign  and  domeftic  ;  of  all  the  late  accounts  of 
travels  and  voyages  of  difcovery,  which  have  obtained,  or  feem  indeed  to  deferve,  the 
regard  of  the  Public  ;  of  different  and  oppofite  works  on  the  French  revolution,%nd 
xyhat  are  emphatically  called  French  principles  ;  and  even  of  the  moft  approved  Dic¬ 
tionaries,  fcientific  and  biographical.  From  no  Didiohary,  however,  have  1  taken, 
without  acknowledgment,  any  articles,  except  fuch  as  are  floating  everywhere  on  the . 
furface  of  fcience,  and  are  the  property,-  therefore,  of  no  living  author. 

After 
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After  all  my  labour  and  induftry,  which,  whatever  be  thought  of  iny  other  merits, 

I  am  confcious  have  been  great,  no  man  can  be  more  fenfible  than  myfelf,  that  the 
Encyclopaedia  Britannica,  even  with  the  addition  of  this  Supplement,  is  ftill  imperfed. 

It  would  continue  to  be  fo,  were  another  Supplement  added  to  this  by  the  moft  learn¬ 
ed  and  laborious  man  on  earth  ;  for  perfedion  feems  to  be  incompatible  with  the  nature 
of  works  conllruded  on  fuch  a  plan,  and  embracing  fuch  a  variety  of  fubjeds. 

No  candid  reader  will  fuppofe  that,  by  expreffing  myfelf  thus,  I  mean  to  cenfure 
the  plan  of  the  Encyclopaedia  Britannica  in  particular  ;  for,  to  the  general  excellence 
of  that  plan  I  have  elfewhere  borne  my  teftimony,  which  I  have  yet  feen  no  reafon  to 
retrad.  Experience  has  indeed  led  me  to  think,  that  it  is  fufceptible  of  fuch  improve¬ 
ments  as  would  enable  the  principal  Editor  to  carry, the  work  nearer  to  perfedion,  even 
with  lefs  trouble  to  himfelf ;  but  the  purchafers  of  the  third  edition  and  this  Supple¬ 
ment  need  not  regret  the  want  of  thofe  improvements,  for  they  are  fuch  as  few  would 
difcern,  who  have  not  paid  the  fame  attention  that  1  have  done  to  didionaries  of  arts, 
fciences,  and  literature. 

Before  I  take  leave  of  the  reader,  I  muft  account  for  the  omiffion  of  one  or  two 
articles  (chiefly  biographical)  which  I  had  given  him  reafon  to  exped  in  thefe  vo¬ 
lumes.  It  was  ray  intention  at  firft;  to  introduce  into  the  Supplement  articles  on 
every  fubjed  which  had  been  admitted  into  the  Encyclopaedia  itfelf ;  and  hence  in  the 
firft  fupplementary  volume  will  be  found  biographical  flcetches  of  men  whofe  charac¬ 
ters,  though  in  fonie  refpeds  remarkable,  have  very  little  connedion  with  fcience, 
arts]  or  literature.  From  this  part  of  the  original  plan  I  was  foon  obliged  to  deviate. 
So  many  applications  were  made  to  me  to  infert  accounts  of  perfons  who,  whatever  may 
have  been  their  private  virtues,  were  never  heard  of  in  the  republic  of  letters,  that  I 
was  under  the  neceflity  of  excluding  from  the  fecond  volume  the  lives  of  all  fuch 
as  had  not  either  been  themfelves  eminent  in  literature,  or  in  fome  liberal  art  or  fcience, 
or  been  confpicuous  as  the  patrons  of  fcience,  arts,  and  literature,  in  others.  Hence 
the  omiffion  of  the  life  referred  to  from  Aubigne  in  the  firft  volume,  and  of  one  or 
two  others  to  which  references  are  made  in  the  fame  way.  The  life  of  Mr  James  Hay 
Beattie  of  Aberdeen,  whofe  originality  of  genius,  ardent  love  of  virtue,  and  early  and^ 
extenfive  attainments  in  fcience  and  literature,  raife  him  almoft  to  the  eminence  of 
Barretier,  of  whom  we  have  fo  pathetic  an  account  from  the  pen  of  Johnfon,  1  omit¬ 
ted  with  regret ;  but  I  thought  not  myfelf  authorized  to  publifti  what  his  father  had 
then  only  diftributed  among  a  few  particular  friends.  Fo<:  the  omiffion  of  the  life  of 
Soame  Jenyns  1  can  make  no  apology  ;  it  was  the  confequence  of  forgetfulnefs. 

For  the  errors  of  thefe  two  volumes,  vyhether  typographical  or  of  a  nature  more  im¬ 
portant,  1  have  perhaps  no  occafion  to  folicit  greater  indulgence  than  will  be  volun¬ 
tarily  extended  to  me  by  a  generous  Public.  Some  errors  I  have  correded  in  this  fe¬ 
cond  iinprelfion,  and  fome  deficiencies  I  have  fupplied  ;  but  I  was  reftrained  by  thofe 
who  are  now  Proprietors  of  the  Work  from  making  any  addition  to  the  firft  volume, 
or  any  confiderablc  alteration  in  the  firft  part  of  the  fecond.  Hence  the  different  con- 
clufions  which  the  reader  will  obferve  in  the  articles  Galvanism  and  Torpedo,  re- 
fpeding  the  nature  of  the  Galvanic  power.  Of  thefe  articles,  the  former  was  furnifhed 
by  a  friend,  whofe  name  I  am  not  at  liberty  to  publifh  ;  but  whofe  reafonings  appear¬ 
ed  to  me  too  worthy  of  attention  to  be  either  omitted  or  abridged,  though  they  lead  to 
a  conclufion  which  fads  more  recently  afcertained  feem  to  fet  afide.  Thefe  fads  I  felt 
it  my  duty  to  Hate  to  the  public ;  and,  under  the  title  Torpedo,  I  have  been  enabled 
to  ftate  them  with  the  precilion  and  regularity  of  arrangement  which  charaderife  the 
writings  of  Dr  Thomfon. 


SUPPLEMENT 


TO  THE 


Encyclopedia  Britannica. 


ABE 

Abacifcus  A  BACISCUS,  In  architedlure,  the  fame  with  A- 
II  ^  MX.  BACUs;  for  which,  fee  £ncyc!oJ><edia, 

Aberration..  ABATIS,  or  Abattis,  Is,  in  military  language, 
^  the  name  of  a  kind  of  retrenchment  made  of  felled  trees. 
When  the  emergency  is  fudden,  the  trees  are  merely 
laid  lengthwife  befide  each  other,  with  their  branches 
pointed  towards  the  enemy,  to  prevent  his  approach, 
whilft  the  trunks  ferve  as  a  breaftwork  before  thofe  by 
whom  the  abatis  is  railed.  When  the  abatis  is  meant 
for  the  defence  of  a  pafs  or  entrance,  the  boughs  of  the 
trees  are  generally  ftripped  of  their  leaves  and  pointed; 
the  trunks  are  planted  in  the  ground;  and  the  boughs 
are  interwoven  with  each  other.  It  is  needlefs  to  add, 
that  the  clofer  the  trees  are  laid  or  planted  together, 
the  more  fecure  is  the  defence  which  they  afford  ;  and 
if,  when  they  are  planted,  a  fmall  ditch  be  dug  towards 
the  enemy,  and  the  earth  thrown  up  properly  againd 
the  lower  part  of  the  abatis,  it  will  be  very  difficult  to 
pafs  it  if  well  defended. — Simes^s  Military  Guide. 

ABBREVIATION  of  fractions,  in  arithmetic 
and  algebra,  is  the  reducing  of  them  to  lower  terms  ; 
which  is  done  by  dividing  the  numerator  and  denomi¬ 
nator  by  fome  number  or  quantity  which  will  divide 
both  without  leaving  a  remainder  of  either. 

ABERRATION,  in  optics  (in  Encycl.),  defers 
the  reader  to  the  article  Optics,  n°  17,  136,  173.  It 

fhould  have  referred  him  to  Optics,  n°  17,  and  251 _ 

^56. 

Aberration  of  the  Vifual  Ray,  is  a  phenomenon,  of 
which,  though  fome  account  of  it  has  been  given  in  the 
Encyclopaedia  (fee  Aberration,  in  aftronomy  ;  and 
the  article  Astronomy,  no  337.),  one  of  the  mod  can¬ 
did  of  our  correfpondents  requires  a  fuller  explanation. 
If  fuch  an  explanation  be  requifue  to  him,  it  mud  be 
much  more  fo  to  many  others;  and  we  know  not  where 
to  find,  or  how  to  devife,  one  which  would  be  more  fa- 
tisfactory,  or  more  familiar,  than  the  following  by  Dr 
Hutton. 

‘‘  Thiseffedf  (fays  he)  may  be  explained  and  fami¬ 
liarized  by  the  motion  of  a  line  parallel  to  itfelf,  much 
after  the  manner  that  the  compofition  and  refolutlon  of 
forces  are  explained.  If  light  have  a  progreffive  mo- 
tion,  let  the  proportion  of  its  velocity  to  that  of  the 
inatc  n.  earth  in  her  orbit  be  as  the  line  BC  to  the  line  AC; 

E*  I*  then,  by  the  compofition  of  thefe  two  motions,  the  par¬ 
ticle  of  light  will  feem  to  deferibe  the  line  BA  or  DC. 
SUPPL.  VoL.I.  Part  I. 


A  B  S 

indead  of  its  real  courfe  BC  ;  and  will  appear  in  the  Aberration 
diredion  AB  or  CD,  indead  of  its  true  diredlon  CB.  II 
So  that  if  AB  reprefent  a  tube,  carried  with  a  parallel 
motion  by  an  obferver  along  the  line  AC,  in  the  time 
that  a  particle  of  light  would  move  over  the  fpace  BC, 
the  different  places  of  the  tube  being  AB,  ah,  cd,  CD; 
and  when  the  eye,  or  end  of  the  tube,  is  at  A,  let  a 
particle  of  light  enter  the  other  end  at  B  ;  then  when 
the  tube  is  at  ah,  the  particle  of  light  will  be  at  e  ex- 
adlly  in  the  axis  of  the  tube  ;  and  when  the  tube  is  at 
cd,  the  particle  of  light  will  arrive  at  /,  dill  in  the  axis 
of  the  tube ;  and,  ladly,  when  the  tube  arrives  at  CD, 
the  particle  of  light  will  arrive  at  the  eye  or  point  C, 
and  confequently  will  appear  to  come  in  the  diredlon 
DC  of  the  tube.  Indead  of  the  true  diredion  BC:  and 
fo  on,  one  particle  fucceeding  another,  and  forming  a 
continued  dream  or  ray  of  light  in  the  apparent  direc¬ 
tion  DC.  So  that  the  apparent  angle  made  by  the  ray 
of  light  with  the  line  AE  is  the  angle  DCE,  indead 
of  the  true  angle  BCE  ;  and  the  difference  BCD,  or 
ABC,  is  the  quantity  of  the  aberration.** 

Aberration  of  the  Planets,  is  equal  to  their  geocen- 
trie  motion,  or,  in  other  words,  to  the  fpace  which  each 
appears  to  move  as  feen  from  the  earth,  during  the 
time  that  light  employs  in  paffing  from  the  planet  to 
the  eye  of  the  obferver.  Thus  the  fun’s  aberration  in 
longitude  is  condantly  20",  that  being  the  fpace  adu- 
ally  moved  by  the  earth,  but  apparently  by  the  fun  in 
8  minutes  and  7  feconds,  the  time  in  which  light  paffes 
from  the  fun  to  the  earth.  If  then  the  didance  of  any 
planet  from  the  earth  be  known,  the  time  which  light 
employs  in  paffing  from  the  planet  to  the  earth  mud 
hkewife  be  known  ;  for  as  the  didance  of  the  fun  is  to 
the  didance  of  the  planet,  fo  is  8  minutes  and  7  feconds 
to  that  time;  and  the  planet’s  geocentric  motion  in  that 
time  IS  Its  aberration,  whether  it  be  in  longitude,  lati- 
tilde,  right  afceiifion,  or  declination.  See  Astrono¬ 
my  in  this  Supplement. 

ABOAB,  ceffes  levied,  in  India,  under  different  de- 
nominations,  beyond  the  dandard  rent. 

ABSCISS,  Abscisse,  or  Ahfdfa,  is  a  part  cut  off 
trom  a  draight  line,  and  terminated  at  fome  certain 
point  by  an  ordinate  to  a  curve  ;  as  AP  (fig.  2.),  or  HatcU, 
(“ff*  3*)  "^he  abfcifs  may  commence  either  at  the 
vertex  of  the  curve,  or  at  any  other  fixed  point :  and 
It  may  be  taken  cither  upon  the  axis  or  upon  the  dia-^ 

^  lUeter 
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Abforption, meter  of  the  curve,  or  upon  any  other  line  drawn  in  a 
Abfurdum.^  pofition.  Hence  there  are  on  the  fame  given  line 

or  diameter  an  infinite  number  of  variable  abfciffes,  ter¬ 
minated  all  at  one  end  by  the  fame  fixed  point.  In 
the  common  parabola  (fig.  4^,  each  ordinate  PQ^has 
blit  one  abfcifs  AP.  In  the  ellipfe  or  circle  (fig.  2.), 
the  ordinate  has  two  abfciffes  lying  on  the  oppofite 
fides  of  it.  In  general,  to  each  ordinate  a  line  of  the 
fecond  kind,  or  a  curve  of  the  fir  ft  kind,  may  have  two 
abfciftes;  a  line  of  thejliird  order,  three;  a  line  of  the 
foifrth  order,  four;  and  fo  on. 

ABSORPTION,  in  Anatomy  and  Physiology, 
has  been  fufficiently  explained  under  theie  articles  in  the 
Encyclopaedia  ;  but  there  is  another  abforbing  power 
pofleffed  by  different  fubftances,  which  is  w^orthy  of  at¬ 
tention,  becaufe  it  is  only  by  our  knowledge  of  it  that 
we  can  adapt  our  clothing  to  the  various  climates  of  the 
earth.  The  power  to  which  we  allude  is  that  of  diffe¬ 
rent  fubftances ;  fuch  as  wool,  cotton,  filk,  and  linen, 
to  abfoi  b  or  attrad  moifture  from  the  atmofphere.  On 
this  fubjed  the  reader  will  find  fome  very  inftrudive  ex¬ 
periments  detailed  (in  Encycl. ),  where  perhaps  he  may 
not  have  looked  for  them,  under  the  title  Flan  el. 

ABSURDUM,  a  term  made  ufe  of  by  mathemati¬ 
cians  when  they  demonftrate  any  truth,  by  fliowing 
that  its  contrary  is  impoflible,  or  involves  an  abfurdity. 
Thus  Euclid  demoiiftrates  the  truth  of  the  fourth  pro- 
pofition  of  the  firft  book  of  his  Elements,  by  fhowing 
that  its  contrary  implies  this  obvious  abfurdity — “  that 
two  ftraight  lines  may  inclofe  a  fpace/' 

This  mode  of  demonftration  is  called  redudlo  ad  ab^ 
furdum,  and  is  every  whit  as  conclufive  as  the  dired 
method;  becaufe  the  contrary  of  every  falfehood  muft 
be  truth,  and  of  every  truth,  falfehood. 

The  young  geometrician,  however,  does  not,  we  be¬ 
lieve,  feel  himfelf  fo  perfedly  fatisfied  with  a  denion- 
ftration  of  this  kind,  as  with  thofe  which,  proceeding 
from  a  few  felf-evident  truths,  conduds  him  diredly, 
by  neceffary  confequences,  to  the  truth  of  the  propofi- 
tion  to  be  proved.  The  reafon  is,  that  he  has  not  yet 
learned  to  diftinguifh  accurately  between  the  words 
falfe  and  impoffibley  different  and  contrary.  Many 
rent  affertious  may  be  made  relating  to  the  fame  thing, 
and  yet  be  all  true  or  all  falfe  ;  but  it  is  impolTible  to 
make  two  affertions  diredly  contrary  to  each  other,  of 
which  the  one  fhall  not  be  true  and  the  other  falfe. 
Thus,  “  fnow  is  white,”  ‘Hnow  is  cold,”  are  different 
affertions  relating  to  the  fame  thing,  and  both  true;  as, 
*‘fnow  is  black,”  fnow  is  red,”  are  both  falfe  :  but 
let  it  be  remembered,  that  of  the  firft  and  fecond,  and 
of  the  third  and  fourth  of  thefe  affertions,  neither  is  di¬ 
redly  contrary  to  the  other ;  nor  is  any  one  of  them, 
abftradly  confidered,  impqfftble,  or  fuch  as  a  blind  rnan, 
who  had  never  felt  nor  heard  of  fnow,  might  not  believe 
upon  ordinary  teftimony.  But  were  all  the  men  in 
Europe  to  tell  a  native  of  the  interior  parts  of  Africa 
that  fnow  is  a  thing  at  once  white  and  not  white,  cold  and 
not  cold,  the  woolly-headed  favage  would  know  as  well 
as  the  moft  fagacious  philofopher,  that  of  thefe  contrary 
affertions  the  one  mujl  he  true  and  the  other  mvjl  be  falfe. 
Juft  fo  it  is  with  refped  to  Euclid’s  fourth  propofition. 
Had  he  proved  its  truth  by  fhowing  that  its  contrary 
involves  this  propofition,  that  “  the  diagonal  of  a  fquare 
is  commenfurate  with  its  fide,”  the  fkilful  geometrician 
would  indeed  have  admitted  the  demonftration,  becaufe 
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he  knows  well  that  the  diagonal  of  a  fquare  is  not  com- Accelerated 
menfurate  with  its  fide  ;  but  the  tyro  in  geometry 
would  have  been  no  wifer  than  before.  He  knew  from  ^ 
the  beginning,  that  the  propofition  and  its  contrary 
cannot  both  be  true  ;  but  which  of  them  is  true,  and 
which  falfe,  fuch  a  demonftration  could  not  have  taught 
him,  becaufe  he  is  ignorant  of  the  iiicommenfurabllity 
of  the  diagonal  and  fide  of  a  fquare.  No  man,  how¬ 
ever,  is  ignorant,  that  two  ftraight  lines  cannot  inclofe 
a  fpace  ;  and  fince  Euclid  fhows  that  the  contrary  of 
his  propofition  implies  this  abfurdity,  no  man  of  com¬ 
mon  fenfe  can  entertain  a  doubt  but  that  the  propofi¬ 
tion  itfelf  muft  be  true. 

ACCELERATED  motion.  1  See  (Encycl.)  Ac- 
ACCELEbCATlNG  force.  3  celeration;  and 
Mechanics,  Sed.  VI.— and  (this  Supplement)  Dy¬ 
ACTION  is  a  term  which  has  been  fufficiently  ex¬ 
plained  in  the  Encyclopaedia;  but  fince  that  article  was 
written,  queftions  have  been  agitated  refpedliing  agents^ 
agency,  and  a^ion,  which,  as  they  have  employed  fome 
of  the  moft  eminent  philofophers  of  the  age,  and  are 
connedled  with  the  deareft  interefts  of  man,  are  cer¬ 
tainly  entitled  to  notice  in  this  place. 

It  is  the  opinion  of  Dr  Reid,  and  we  have  adopted 
it  (fee  Metaphysics,  n°  109,  See,  Encycl.),  that  no 
being  can  be  an  agent,  or  perform  an  action,  in  the  pro¬ 
per  fenfe  of  the  v/ord,  which  does  not  poffefs,  in  fome 
degree,  the  powers  of  will  and  underftanding.  If  this 
opinion  be  juft,  it  is  obvious,  that  what  are  called  the 
powers  of  nature,  fuch  as  wipulfe,  attrablton,  repulfonf 
elajiicity,  &c.  are  not,  ftridly  fpeaking,  powers  or  caufes^ 
but  the  effeds  of  the  agency  of  fome  adive  and  intel¬ 
ligent  being  ;  and  that  phyfical  caufes,  to  make  ufe  of 
common  language,  are  nothing  more  than  laws  or  rules^ 
according  to  whkh  the  agefit  produces  the  effed. 

This  dodrine  has  been  controverted  by  a  writer 
whofe  acutenefs  is  equalled  only  by  his  virtues ;  and 
we  fliall  confider  fome  of  his  objedions  to  it  in  another 
place  (fee  Cause)  :  but  a  queftion  of  a  different  kind 
falls  under  our  prefent  confideration  ;  and  perhaps  the 
anfwer  which  we  muft  give  to  it,  may  go  far  to  remove 
the  objedions  to  which  we  allude. 

Can  an  agent  operate  where,  either  by  itfelf  or  by 
an  inftrument,  it  is  not  prefent  ?  We  think  not  ;  be- 
caufe  agency,  or  the  exertion  of  power,  muft  be  the 
agency  of  fomething.  The  conftitution  of  the  human 
mind  compels  us  to  attribute  every  adion  to  fome  be¬ 
ing;  but  if  a  being  could  ad  in  one  place  from  which  it 
is  abfent,  it  might  do  the  fame  in  a  fecond,  in  a  third, 
and  in  all  places;  and  thus  we  fhould  have  adion  with¬ 
out  an  agent ;  for  to  be  abfent  from  all  places  is  a  phrafe 
of  the  fame  import  as  not  to  exift.  But  If  a  Hying  and 
hitelligent  being  cannot  ad  but  where  it  is  either  im- 
mediately  or  inftrumentally  prefent,  much  lefs  fureiy  can 
we  attribute  events  of  any  kind  to  the  agency  of  an  ab¬ 
fent  and  inanimated  body.  Yet  it  has 
“  we  have  every  reafon,  which  the  nature  of  the  fubjett 
and  of  our  own  faculties  can  admit  of,  to  believe,  that 
there  are  among  things  inanimate  fuch  relations,  that 
they  may  be  mutually  caufes  or  principles  of  change  to 
one  another,  without  any  exertion  power,  or  any  o- 
peration  of  an  agent,  ftridly  fo  called.  SuchTclations, 
for  aught  that  we  know,  may  take  place  among  bodies 
at  ffreat  diftances  from  one  another,  as  well  as  among 
®  bodies 
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bodies  really  or  feemingly  in  adlual  contaft  ;  and  they 
may  vary  both  in  degree  and  in  kind,  according  to  the 
diftances  betv»^een  the  bodies. 

That  any  thing  fhould  be  a  caufe  or  principle  of 
change  to  another,  without  the  exertion  of  power  or  the 
operation  of  an  agent,  appears  to  us  a  palpable  contra- 
didlion  ;  and  we  could  as  eallly  conceive  any  two  Tides 
of  a  triangle  to  be  not  greater  than  the  third  fide,  as  re¬ 
concile  fuch  a  propofition  to  that  faculty  of  our  minds 
by  which  we  diftinguifh  truth  from  falfehood.  When 
we  fee  one  body  the  apparent  caufe  of  change  in  ano¬ 
ther  body,  we  cannot  poflibly  entertain  a  doubt  of  the 
exertion  of  power;  but  whether  that  power  be  in  the 
body  apparently  producing  the  change,  or  in  a  diftindl 
agent,  is  a  queftiou  to  which  an  anfwer  will  not  fo 
readily  be  found.  That  it  is  in  a  diftin<5l  agent,  we  are 
ftrongly  inclined  to  believe,  not  only  by  the  received 
dodlrine  concerning  the  inertia  of  matter,  which,  though 
it  has  been  frequently  controverted,  we  have  never  feen 
dlfproved,  but  much  more  by  confidering  the  import 
of  an  obfervation  frequently  introduced  to  prove  the 
direiSl  contrary  ttP  our  belief.  “  We  cannot  be  charged 
(fays  the  writer  whom  we  have  juft  quoted)  with 
maintaining  the  abfurdity,  that  there  may  be  an  effedl 
without  a  caufe,  when  we  refer  the  fall  of  a  ftone  to 
the  ground,  and  the  ebbing  and  flowing  of  the  fea,  to 
the  influence  of  the  earth  on  the  ftone,  and  of  the  fun 
and  moon  on  the  ocean,  according  to  the  principle  of 
general  gravitation.” 

We  admit  the  truth  of  this  obfervation,  provided  the 
influence  of  the  fun  and  moon  on  the  ocean  be  poflible; 
but,  to  us  at  leaft,  it  appears  impoflible,  and  is  certain¬ 
ly  inconceiveable.  The  influence  of  the  fun  and  moon 
can  here  mean  nothing  but  \\\e:aBion  or  operation  oi  the 
fun  and  moon;  but  if  thefe  two  bodies  be  inanimate, 
they  cannot  aB  at  all,  in  the  proper  fenfe  of  the  word  ; 
and  whatever  they  be,  it  is  obvious  that  they  cannot 
ad  immediately  on  an  objed  at  fuch  a  dittance  from  them 
as  the  earth  and  the  ocean.  If  they  be  the  agents,  they 
muft  operate  by  an  inftrument,  as  we  do  when  moving 
objeds  to  which  our  hands  cannot  reach;  but  as  it  has 
been  fhewn  elfewhere  (fee  Metap  h  ysics,  n®  199.  and 
Optics,  n^  63.  Encycl.),*  that  neither  air  noi'‘  aether, 
nor  any  other  material  inftrument  which  has  yet  been 
thought  of,  is  fuflicient  to  account  for  the  phenomena 
of  attradion  and  repulfion,  it  is  furely  much  more  ra¬ 
tional  to  conclude,  that  the  ebbing  and  flowing  of  the 
fea  are  produced,  not  by  the  influence  of  the  fun  and 
moon,  but  by  the  power  of  fome  diftind  agent  or 
agents. 

What  thofe  agents  are,  we  pretend  not  to  fay.  If 
the  Supreme  Being  himfelf  be  the  immediate  author  of 
every  change  which  takes  place  in  the  corporeal  world, 
it  is  obvious  that  he  ads  by  fixed  rules,  of  which  many 
are  apparent  to  the  moft  heedlefs  obferver,  whilft  the 
difeovery  of  others  is  referved  for  the  reward  oftheju- 
dicioiis  application  of  the  faculties  which  he  has  given 
us.  If  he  employs  inferior  agents  to  carry  on  the  great 
operations  of  nature,  it  is  furely  not  difficult  to  con- 
ceive  that  the  powers  of  thofe  agents  which  were  de¬ 
rived  from  him,  may  by  him  be  reftrained  within  cer- 
tain  limits,  and  their  exercife  regulated  by  determined 
laws,  in  fuch  a  manner  as  to  make  them  produce  the 
greateft  benefit  to  the  ^hole  creation.  Nor  let  it  be 
thought  an  objedion  to  this  theory,  that  the  change* 
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which  take  place  among  bodiesmt  great  diftances  from  Adlon 
each  other,  vary  both  in  degree  and  in  kind  according  H 
to  the  diftances  ;  for  this  variation,  which  we  ^ckiiow- 
ledge  to  be  a  fad,  appears  to  us  wholly  unaccountable  ' 

upon  any  other  hypothefis  than  that  which  attributes 
the  difihrent  changes  to  agents  diftind  from  the  bodies 
themfelves.  ^  Did  w'e  perceive  all  the  particles  of  mat¬ 
ter,  at  all  diftances,  tending  tow^ards  each  other  by  a 
fixed  law,  we  migdit  be* led  to  consider  mutual  attrac¬ 
tion  as  an  ejjeniial  property  of  that  fubftance,  and  think 
no  more  of  inquiring  into  its  caufe,  than  we  think  of  - 
inquiring  into  the  caufe  of  extenfion.  But  when  we 
find  that  the  fame  particles,  which  at  one  diftance  feeni 
to  attrad  each  other,  are  at  a  different  diftance  kept 
afuiider  by  a  power  of  repulfion,  which  no  force,  with 
which  w’e  are  acquainted,  is  able  to  overcome,  we  can¬ 
not  atti^ibute  the  principle  or  caufe  of  thefe  changes  to 
brute  matter,  but  muft  refer  it  to  fome  other  ao-ent 
exerting  power  according  to  a  fixed  law. 

It  is  the  fafhion  at  prefent  to  defpife  all  metaphyfi- 
cal  inquiries  as  abftnife  and  iifelefs:  and  on  this  account 
we  doubt  not  but  fome  of  onr  readers  will  turn  away 
from  this  difquifition  with  affeded  difguft,  whilft  the 
petulant  and  unthinking  chemift,  proud  of  pofiefiing  the 
fecrets  of  his  fcience,  will  deem  it  fuperfluous  to  inquire 
after  any  other  natural  agents  than  thofe  of  which  he 
has  been  accuftomed  to  talk.  But  with  the  utmoft  re- 
fped  for  the  difeoveries  made  by  modern  chemifts. 
which  we  acknowledge  to  be  both  numerous  and  im¬ 
portant,  wc  beg  leave  to  obferve,  that  though  thefe 
gentlemen  have  brought  to  light  many  events  and  ope¬ 
rations  of  nature  formerly  unknown,  and  have  fhowh 
that  thofe  operations  are  carried  on  by  eftabliflied  laws, 
none  of  them  can  fay  with  certainty  that  he  has  difeo- 
yered  a  fingle  agent.  The  moft  enlightened  of  them 
indeed  pretend  not  to  have  difeovered  in  one  depart, 
ment  of  fcience  more  than  Newton  difeovered  in  ano¬ 
ther  ;  for  they  well  know  that  agents  and  agency  can¬ 
not  be  fubjeded  to  any  kind  of  phyfical  experiments. 

Our  very  notions  of  thefe  things  are  derived  wholly 
from  our  own  confeioufnefs  and  refledion  ;  and  when 
it  is  confidered  what  dreadful  confequences  have  in  an¬ 
other  country  refulted  from  that  pretended  pliilofophy 
which  excludes  the  agency  of  mind  from  the  univerfe, 
it  is  furely^  time  to  inquire  whether  our  confeioufnefs 
and  refledion  do  not  lead  us  to  refer  real  agency  to 
mind  alone.  Let  this  be  our  apology  both  to  the  real 
and  to  the  affeded  enemies  of  metaphyfics  for  endea¬ 
vouring  to  draw  their  attention  to  the  prefent  queftion* 

It  is  a  queftion  of  the  utmoft  importance,  as  well  to 
fcience  as  to  religion :  and  if  the  laws  of  human  thought 
decide  it,  as  we  have  endeavoured  to  fliow  that  they  do 
we  may  without  hefitation  affirm,  that  the  impious  phi! 
iGlophy  of  France  can  never  gain  ground  but  among 
men  incapable  of  patient  thinking. 

ADAMAS,  a  name  given,  in  aftroWy,  to  the 
moon. 

mechanics,  a  fmall  machine  invented 
by  Mr  Tidd  for  refrefhing  or  changing  the  air  in  rooms 
when  It  becomes  too  hot  or  otherwife  unfit  for  refpira- 
tion.  The  asolus  is  fo  contrived  as  to  fupply  the  place 
of  a  fquare  of  glafs  in  the  window,  where  it  w^orks 
with  very  little  noife,  like  the  fails  of  a  wind-mill  or  a 
fmoke-jack. 

AEROLOGY  is  a  branch  of  fcience  which  was  de- 
A  2  detailed 
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Afghans,  tailed  in  the  Encyclopaedia  atfufTicIent  length,  and  ac- 
V - cording  to  the  principles  which  were  then  generally  ad¬ 

mitted  by  chemias.  Siibfequent  experiments,  however, 
have  Ihown,  that  foine  of  thofe  principles  are  erroneous, 
and  of  coiirfe  that  fome  of  the  opinions  advanced  in  the 
article  Aerology  are  inconfident  with  fadls.  Ihefe 
opinions  muil  be  correded  ;  but  inllead  of  fwelling  this 
volume  with  a  new  article  Aerology,  we  apprehend 
that  it  will  be  more  acceptable  to  our  feientific  readers 
to  refer  them  for  thofe  corredions  to  the  article  Chk- 
MJSTRY  in  this  Supplement. 

AFGHANS,  ate  a  people  in  India  who  inhabit  a 
province  of  Cabul  or  Cabulistan  (fee  Encych),  and 
have  always  been  con nedfed  with  the  kingdoms  of  Per- 
ha  and  Hindoftan.  They  boaft  of  being  defcended  of 
Saul  the  firft  king  of  Ifrael ;  of  whofe  advancement  to 
the  royal  dignity  they  give  an  account  which  deviates 
not  very  widely  from  the  truth.  They  fay  indeed,  that 
their  great  anceftor  was  railed  from  the  rank  of  a  fliep- 
herd,  not  for  any  princely  qualities  which  he  pofTeffed, 
but  becaufe  his  ftature  was  exadly  equal  to  the  length 
©f  a  rod  which  the  angel  Gabriel  had  given  to^  the  pro¬ 
phet  Samuel  as  the  meafure  of  the  ftature  of  him  whom 
God  had  deftined  to  fill  the  throne  of  Ifrael. 

Saul,  whofe  defcent,  according  to  fome  of  them, 
-was  of  Judah,  and  according  to  others  of  Benjamin, 
had,  they  fay,  two  fons,  Berkia  and  Irmia,  who  fer- 
ved  David,  and  was  beloved  by  him.  The  fons  of 
Berkia  and  Irmia  were  Afghan  and  Usbec,  who, 
during  the  reigns  of  David  and  Solomon,  diftingulftied 
themfelves,  the  one  for  his  corporeal  ftrength,  and  the 
other  for  his  learning.  So  great  indeed  was  the  ftrength 
of  Afghan,  that  we  are  told  it  ftruck  terror  even  into 
demons  and  genii. 

This  hero  ufed  frequently  to  make  excurlions  to  the 
mountains,  where  his  progeny,  after  his  death,  eftahlifti- 
cd  themfelves,  lived  in  a  ftate  of  independence,  built 
forts,  and  exterminated  infidels.  When  the  feledf  of 
creatures  (the  appellation  which  this  people  give  to 
Mahomet )  appe*dred  upon  earth,  his  fame  reached  the 
Afghans i  who  fought  him  in  multitudes  under  their 
leaders  Khalid  and  Abdul  Refp'td,  fons  of  IFalid ;  and 
the  prophet  honouring  them  with  this  reception — 

Come,  O  Muluc,  or  Kings  I”  they  affumed  the  title 
of  Melicy  which  they  retain  to  this  day. 

The  hiftory,  from  which  this  abftraa  is  taken,  gives 
a  long  and  uninterefting  detail  of  the  exploits  of  the 
Afghans,  and  of  their  zeal  in  overthrowing  the  temples 
of  idols.  It  boafts  of  the  following  monarchs  of  their 
race  who  have  fat  upon  the  throne  of  Debit  :  Sultan 
Behlole,  Afghan  Lodi,  Sultan  Secander,  Sultan 
Irbahim,  bHiR  Shah,  Islam  Shah,  Adil  Shah 
SuR.  It  alfo  numbers  the  following  kings  of  Gaur 
defcended  of  the  Afghan  chiefs  :  Solaiman  Shah  Gur- 
zanlf  Beyazid  Shahy  and  Kut'B  Shah ;  befides  whom, 
their  nation,  v/e  are  told,  has  produced  many  conquerors 
of  provinces.  The  Afghans  are  fometimes  called  Solai- 
yfianiy  either  becaufe  they  were  formerly  the  fubje^s  of 
Solomon  king  of  Ifrael,  or  becaufe  they  inhabit  the 
mountains  of  Solomon.  They  are  likewife  called  Pa- 
tans,  3  name  derived  from  the  Hindi  verb  P aitna  “  to 
rufti,’^  which  w'as  given  to  them  by  one  of  the  Sultans 
whom  they  ferved,  in  confequence  of  the  alacrity  with 
which  they  had  attacked  and  conquered  his  enemies. 
The  province  which  they  occupy  at  prefent  w^as  for- 
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merly  called  Roh  ;  and  hence  is  derived  the  name  of  the  Afghans. 
Rohlllas.  The  city  which  was  eftabliflied  in  it  by  the  v— — ^ 

Afghans  was  called  by  them  Paifinver  or  Pat/her^  and 
is  now  the  name  of  the  wdiole  diftrid.  The  feds  of  the 
Afghans  are  very  numerous  ;  of  which  the  principal 
are,  Lodiy  Lohouni,  Sur,  Serwanu  Tufufaihiy  Bang't/hy 
Dllazauiy  Kheit'u  Tafin^  KaiU  Belojt,  They  are 
Mufulmansy  partly  oi  the  Sunniy  and  partly  of  the  Shtek 
perfuafion. 

Though  they  are  great  boafters,  as  we  have  feen,  of 
the  antiquity  of  their  origin,  and  the  reputation  of  their 
race,  other  Mufulmans  rejed  their  claim,  and  confider 
them  as  of  modern,  and  even  of  bafe,  extradion. 

This  is  probably  a  calumny  ;  for  it  feems  inconfiftent 
with  their  attention  to  the  purity  of  their  defcent — an 
attention  which  would  hardly  be  paid  by  a  people  not 
convinced  of  their  own  antiquity.  They  are  divided 
into  four  claffes.  The  fii  ft  is  the  pure  clafs,  confiding 
of  thofe  whofe  fathers  and  mothers  were  Afghans.  The 
fecond  clafs  confifts  of  thofe  whofe  fathers  were  Afghans 
and  mothers  of  another  nation.  The  third  clafs  contains 
thofe  whofe  mothers  were  Afghans  and  fathers  of  ano* 
ther  nation.  The  fourth  clafs  is  compofed  of  the  chll- 
dren  of  women  whofe  mothers  were  Afghans  and  fathers 
and  hufbands  of  a  different  nation.  Perfons  who  do  not 
belong  to  one  of  thefe  claffes  are  not  called  Afghans. 

This  people  have  at  all  times  diftinguiihed  themfelves 
by  their  courage,  both  fingly.and  unitedly,  as  princi¬ 
pals  and  auxiliaries.  They  have  conquered  for  their 
own  princes  and  for  foreigners,  and  have  always  been 
confidered  as  the  main  ftrength  of  the  army  in  which 
they  ferved.  As  they  have  been  applauded  for  virtues^ 
they  have  alfo  been  reproached  for  vices,  having  fome¬ 
times  been  guilty  of  treachery,  and  of  ading  the  bafg 
part  even  of  aftailins.. 

Such  is  the  account  of  the  Afghans  publiftied  in  the 
fecond  volume  of  the  Afiatic  Refearches.  It  was  tranf- 
lated  from  a  Perfian  abridgment  of  a  book  written  in 
the  Pufhto  language,  and  called  The  Secrets  of  the  Af- 
ghansy  and  communicated  by  Henry  Vanfittart,  Efq;  to 
Sir  William  Jones,  then  prefident  of  the  Afiatic  So¬ 
ciety.  Their  claim  to  a  defcent  from  Saul  king  of  Is¬ 
rael,  whom  they  call  Melic  Talut,  is  probably  of  not 
a  very  ancient  date  ;  for  the  introdudion  of  the  angel 
Gabriel  with  his  rod,  gives  to  the  whole  ftory  the  air 
of  one  of  thofe  many  fidions  which  Mahomet  borrowed 
from  the  later  rabbins.  Sir  William  Jones,  however, 
though  he  fiirely  gave  no  credit  to  this  fable,  feems  to 
have  had  no  doubt  but  the  Afghans  are  defceiidants  of 
Ifrael.  We  learn  (fays  he)  from  Esdras,  that  the 
ten  tribes,  after  a  wandering  journey,  came  to  a  coun¬ 
try  called  Arfareth,  where  we  may  fuppofe  they  feU 
tied  i  now  the  Afghans  are  fald  by  the  heft  Perfian  hif- 
torians  to  be  defcended  from  the  Je^ufs.  They  have 
traditions  among  themfelves  of  fuch  a  defcent  j  and  It 
is  even  afferted,  that  their  families  are  diftlngulfhed  by 
the  names  of  tribes,  although  fince  their  con- 

verfion  to  IJlam,  they  ftudioufly  conceal  their  origin 
from  all  whom  they  admit  not  to  thtix  fee  rets.  The 
Pufhto  language,  of  which  I  have  feen  a  didionary,  has 
a<  manifeft  refemblance  to  the  Chaldaich;  and  a  confi- 
derable  diftrid  under  their  dominion  is  called 
or  Ha%arety  which  might  eafily  have  been  changed  into 
the  word  ufed  by  Esdras.  I  ftrongly  recommend  an 
inquiry  into  the  literature  and  hiftory  of  the  Afghans:* 

Xt 


'  A  L  M  [ 

Albatcgni  It  is  to  co-operatc  with  this  accomplilhed  fcholar 
11  that  we  have  inferted  into  our  Work  this  fhort  account 
^Almamon.^^  that  lingular  people  ;  and  it  is  with  pleafure  that, 
'  *  upon  the  authority  of  Mr  Vanfittart,  we  can  add,  that 
a  very  particular  account  of  the  Afghans  has  been  writ¬ 
ten  by  the  late  Hafiz  Rahmat  Khan^  a  chief  of  the 
Rohlllahs,  from  which  fuch  of  our  readers  as  are  orien¬ 
tal  fcholars  may  derive  much  curious  information. 

ALBATEGNI,  an  Arabic  prince  of  Batan  in  Me^ 
fopotamia,  was  a  celebrated  aftronomer,  about  the  year 
of  Chrift  880,  as  appears  by  his  obfervations.  He  is 
alfo  called  Muhammed  len  Geher  Alhatani^  Mahomet  the 
fon  of  Gebery  and  Muhamedes  AraBetifs,  He  made  af- 
tronomical  obfervations  at  Antioch,  and  at  Racah  or 
Aradfa,  a  town  of  Chaldea,  which  fome  authors  call  a 
town  of  Syria  or  of  Mefopotamia.  He  is  highly  fpo- 
ken  of  by  Dr  Halley,  as  •vlr  admirandi  acumhnsy  ac  in 
admmifrandis  obfer*vationibus  exercttaiifimus. 

Finding  that  the  tables  of  Ptolemy  were  imperfedf, 
he  computed  new  ones,  which  were  long  ufed  as  the 
bell  among  the  Arabs  :  thefe  were  adapted  to  the  me¬ 
ridian  of  Arabia  or  Racah.  Albategni  compofed  in 
Arabic  a  w^ork  under  the  title  of  The  Science  of  the 
Stars,  romprifing  all  parts  of  allronomy,  according  to 
his  own  obfervations  and  thofe  of  Ptolemy.  This  work, 
trandated  into  Latin  by  Plato  of  Tibur,  was  publillied 
at  Nuremberg  in  1537)  with  fome  additions  and  de- 
monftrations  of  Regiomontanus ;  and  the  fame  was  re¬ 
printed  at  Bologna  in  1645,  with  this  author’s  notes. 
Dr  Halley  detected  many  faults  in  thefe  editions. — 
Fhii,  Tranf.  for  1693,  N^204. 

In  this  work  Albategni  gives  the  motion  of  the  fun’s 
apogee  fince  Ptolemy’s  time,  as  well  aa  the  motion  of 
the  ilars,  which  he  makes  one  degree  in  70  years.  He 
made  the  longitude  of  the  firil  {1«h*  of  Aries  to  be  18® 
2!  ;  and  the  obliquity  of  the  ecliptic  23®  35^  And  up- 
on  Albategni's  obfervations  were  founded  the  Alphon- 
line  tables  of  the  moon’s  motions  ;  as  is  obferved  by 
Nic.  Muler,  in  the  Tab,  Friftca,  p.  248. 

ALDERAIMIN,  a  ftar  of  the  third  magnitude,  in 
the  right  fhoulder  of  the  conftellatioii  Cepheus. 

ALFRAGAN,  Alfergani,  or  Fargani,  a  cele¬ 
brated  Arabic  aftronomer, who  ftouriftied  about  the  year 
8co.  He  was  fo  called  from  the  place  of  his  nativity, 
Fergan,  in  Sogdiana,  now  called  Maracanda,  or  Samar- 
cand,  anciently  a  part  of  Ba(?lrla.  He  is  alfo  called 
Ahmed  (or  Muhammed^  ben-Cothair,  or  Kaiir,  He 
wrote  the  Elements  of  Aftronomy  in  30  chapters  or 
fedlions.  In  this  work  the  author  chiefly  follows  Pto¬ 
lemy,  ufing  the  fame  hypothefis,  and  the  fame  terms, 
and  frequently  citing  him.  Of  Alfragan’s  work  there 
are  three  Latin  tranflations,  of  which  the  laft  and  beft 
was  made  by  Golius,  profeflbr  of  mathematics  and 
oriental  languages  in  the  univerfity  of  Leyden.  This 
tranflation,  which  was  publiflied  in  1669,  after  the 
death  of  Golius,  is  accompanied  with  the  Arabic  text, 
and  with  many  learned  notes  on  the  firft  nine  chapters, 
■which  w'oiild  undoubtedly  have  been  carried  to  the  end, 
had  the  tranflator  lived  to  complete  his  plan. 

ALGORAB,  a  fixed  liar  of  the  third  magnitude, 
in  the  right  wing  of  the  conftellation  Corvus. 

ALHAZEN,  an  Arabian  aftronomer,  whofiourilh- 
ed  in  Spain  about  the  beginning  of*  the  12th  century. 
See  Astronomy,  n®  6.  FncycL 

ALMAMON,  was  a  philofopher  and  aftronomer, 
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who,  in  the  beginning  of  the  9th  century,  afeended  the  Almamon^ 
throne  of  the  caliphs  of  Bagdat.  He  \yas  the  fon  of 
Harun  Al-Rafhid,  and  grandfon  of  Almanfor.  His  ^ 

name  is  otherwife  written  Mamon,^  Almaon,  Almamuri, 

Alamoun,  o-c  AUMaimon^  Having  been  educated  with 
great  care,  and  with  a  love  for  the  liberal  fciences,  he 
applied  himfelf  to  cultivate  and  encourage  them  in  his 
own  country.  For  this  purpofe  he  requefted  the  Greek 
emperors  to  fupply  him  with  fuch  hooka  on  phllofophy 
as  they  had  among  them;  and  he  collefted  fl<ilful  inter¬ 
preters  to  tranllate  them  into  the  Arabic  language. 

He  alfo  encouraged  his  fubjedls  to  ftudy  them  ;  fre¬ 
quenting  the  meetings  of  the  learned,  and  alRfting  at 
their  exercifes  and  deliberations.  He  caufed  Ptolemy’s  . 
Almageft  to  be  tranllated  in  827,  by  Ifaac  Ben-honain, 
and  Thabet  Ben-korah, according  to  Herbelot,  but,  ac¬ 
cording  to  others,  by  Sergius,  and  Alhazen  the  fon  of 
Jofeph.  In  bis  reign,  and  doubtlefs  by  his  encourage¬ 
ment,  an  aftronomer  of  Bagdat,  named  Habafh,  com¬ 
pofed  three  fets  of  aftronomical  tables* 

Almamon  himfelf  made  many  aftronomical  obferva¬ 
tions,  and  determined  the  obliquity  of  the  ecliptic  to 
be  then  23®  33'  (or  23®  33' in  fome  maiiufcripts),  but 
Voflius  fays  23®  51'  or  23®  34'.  He  alfo  caufed  Ikilfiil 
obfervers  to  procure  proper  inftruments  to  be  made, 
and  to  exerclfe  themfelves  in  aftronomical  obfervations; 
which  they  did  accordingly  at  Shemafi  in  the  province 
of  Bagdat,  and  upon  Mount  Cafms  near  Damns. 

Under  the  aufpices  of  Almamon  alfo  a  degree  of  the 
meridian  was  meafured  on  the  plains  of  Sinjar  or  Sind- 
giar  (or,  according  to  fome,  Fingar),  upon  the  borders 
of  the  Red  Sea  ;  by  w'hich  the  degree  was  found  to 
contain  g6\  miles,  of  4000  coudees  each,  the  coudee 
being  a  foot  and  a  half :  but  it  is  not  known  what  foot 
is  here  meant,  whether  the  Roman,  the  Alexandrian,  or 
fome  other.  Riccioli  makes  this  meafure  of  the  degree 
amount  to  81  ancient  Roman  miles,  which  value  an- 
fwers  to  62,046  French  toifes  ;  a  quantity  more  than 
the  true  value  of  the  degree  by  almoft  one-third,  P^i- 
nally ,  Almamon  revived  the  fciences  in  the  Eaft  to  fuch- 
a  degree,  that  many  learned  men  were  found,  not  only 
in  his  own  time,  but  after  him,  in  a  country  where  the 
ftudy  of  the  fciences  had  been  long  forgotten.  This 
learned  king  died  near  Tarfus  in  Cilicia,  by  having 
eaten  too  freely  of  fome  dates,  on  hia  return  from  a  mi¬ 
litary  expedition,  in  the  year  833. 

ALOE  DiCHOTOM  a,  in  botany,  called  by  the  Dutch 
Kooker-boom  or  ^iver  tree,  is  a  native  of  the  fouthern 
parts  of  Africa,  and  feems  to  be  a  fpecies  of  the  Aga¬ 
ve  or  American  aloe  (fee  Agave,  Encycl.)  It  is  thus 
dcfciibed  by  Le  Va  ill  ant  in  his  New  Travels  into 
the  Interior  Parts  of  Africa  :  “  The  aloe  dkhoioma  rifes 
to  the  height  of  25  or  30  feet  ;  its  trunk  is  frnooth, 
and  the  bark  white.  When  young,  and  the  trunk  not 
more  than  four  or  five  feet  long,  it  terminates with  a- 
fingle  tuft  of  leaves,  which,  like  thofe  of  the  ananas,, 
fpread  and  form  a  crown,  from  the  midft  of  which  all" 
its  flowers  iflue.  As  it  growls  older,  it  pu flies  out  late¬ 
ral  branches,  perfedly  regular  and  fymmetrical,  each  of 
which  haci  at  its  extremity  a  crown  fimilar  to  that  of 
the  young  plant-.  The  kooker-boom  thrives  much  bet¬ 
ter  on  mountains  than  in  the  plain.  Inftead  of  long 
roots  penetrating  deep  into  the  earth,  like  thofe  of  other 
trees,  it  has  but  a  very  flight  one  by  which  it  is-  fixed 
to  the  foiL  Accordingly,  three  inches  of  mould  are 

fufficienti; 
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fufficieiit  to  enable  it  to  grow  upon  the  very  rocks,  and 
A'phoMfus.  its  u  tin  oft  beauty  ;  but  its  root  is  fo  feeble  a  fup- 

’ - ^ - port,  that  I  could  throw  down  the  larged  with  a  fingle 

kick  of  my  foot.  The  hordes  on  the  well  make  their 
quivers  of  the  trunk  of  this  tree  when  young,  whence 
is  derived  the  name  given  it  by  the  planters.'’ 

It  becomes  not  us,  fitting  in  our  chamber,  to  contro¬ 
vert  a  faa  in  natural  hiftory,  of  the  reality  of  which  we 
never  had  an  opportunity  of  judging  ;  nor  would  it  be 
proper,  on  account  of  our  own  fcepticifm,  to  fupprefs 
the  narrative  of  a  traveller,  who  correas  the^arratives 
of  former  travellers  in  terms  which  nothing  fliould  have 
diaated  but  the  confeioufnefs  of  his  own  invariable  ve¬ 
racity.  Yet  we  hope  to  be  pardoned  for  exprelTing  our 
furprife  that,  in  any  part  of  the  world,  trees  fliould  be 
found  in  great  numbers  25  or  30  feet  high,  and  (hoot¬ 
ing  out  many  branches,  which  have  yet  fo  loofe  a  hold 
of  the  ground,  that  the  larged  of  them  may  be  thrown 
down  by  the  fingle  kick  of  a  man’s  foot.  ITe  reader’s 
furprife  will  probably  equal  our’s,  w^hen  he  is  informed 
that  the  author  faw  one  of  thefe  trees  of  which  the 
trunk  was  ten  feet  four  inches  in  circumference,  whild 
its  branches  overfhadowed  a  fpace  of  more  than  100 
feet  in  diameter  !  This  tree  he  affures  that  he  could 
have  kicked  ovtr.  The  country,  according  to  his  ac¬ 
count,  is  not  exempted  from  dbrms.  He  is  himlelf  a 
French  philofopher.  What  a  pity  then  is  it  that  he  did 
not  explain  to  thofe,  who  have  not  had  the  benefit  of 
being  enlightened  in  that  fehool,  upon  what  principle 
of  mechanics  or  datics  the  tree  could  refid  the  violence 
of  the  elements  till  it  arrived  at  fo  enormous  a  fize  ? 

ALPHONSUS  X  king  of  Leon  and  Cadile  (fee 
EncycL)  This  prince  underdood  adronomy,  philofo- 
phy,  and  hidory,  as  if  he  had  been  only  a  man  of  let¬ 
ters  ;  and  compofed  books  upon  the  motions  of  the 
heavens,  and  on  the  hidory  of  Spain,  which  are  highly 
commended.  “  What  can  be  more  furprifing  (fays 
Mariana),  than  that  a  prince,  educated  in  a  camp,  and 
handling  arms  from  his  childhood,  diould  have  fuch  a 
knowledge  of  the  dars,  of  philofophy,  and  the  tranfac- 
'  tions  of  the  world,  as  men  of  leifure  can  fcarcely  ac¬ 
quire  in  their  retirements?  There  are  extant  fome  books 
of  Alphonfus  on  the  motions  of  the  dars,  and  the  hif¬ 
tory  of  Spain,  written  with  great  ilvill  and  incredible 
care.”  In  his  adronomical  purfuits  he  difeovered  that 
the  tables  of  Ptolemy  were  full  of  errors  ;  and  thence 
he  conceived  the  fird  of  any  the  refolution  of  corre^f- 
ing  them.  For  this  purpofe,  about  the  year  1240,  and 
during  the  life  of  his  father,  he  adeinbled  at  Toledo  the 
mod  n<ilful  adronomei*s  of  his  time,  Chridians,  Moors, 
and  Jews,  when  a  plan  was  formed  for  condru6fing  new 
tables.  This  tafle  was  accomplidied  about  1252,  the 
fird  year  of  his  reign;  the  tables  being  drawn  up  chief¬ 
ly  by  the  fldll  and  pains  of  Rabbi  Ifaac  Hazan,  a  learn¬ 
ed  Jew',  and  the  work  called  the  /jlphonjine  Tables^  in 
honour  of  the  prince,  who  was  at  vad  expences  con¬ 
cerning  them.  He  fixed  the  epoch  of  the  tables  to 
the  30th  of  May  1252,  being  the  day  of  his  acceiTion 
to  the  throne.  They  w'ere  printed  for  the  fird  time 
in  1483,  at  Venice,  by  Radtoldt,  who  excelled  in 
printing  at  that  time.  This  edition  is  extremely  rare  ; 
there  are  others  of  1492,  1521,  1545,  See. 

In  the  Encyclopaedia  it  is  faid,  that  the  charge  of 
impiety  brought  againd  this  prince  was  unjujl.  This 
was  faid  too  confidently,  becaufe  we  know  not  of  any 
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dired  proof  of  his  innocence.  All  that  has  been  faid  Alphonfus 
for  him  by  Dr  Hutton,  one  of  his  abled  apologids, 
amounts  to  nothing  more  than  a  high  degree  of  proba- 1  - 

bility  that  the  charge  was  carried  by  much  too  far. 

Tlic  charge  itfelf  was,  that  Alphonfus  affirmed,  “that 
if  he  had  been  of  God’s  privy-council  when  he  made 
the  world,  he  would  have  advifed  him  better.”  Ma¬ 
riana,  hov/ever,  fays  only  in  general,  that  Alphonfus 
was  fo  bold  as  to  blame  the  works  of  Providence,  and 
the  condrudion  of  our  bodies  ;  and  he  fays  that  this 
dory  concerning  him  reded  only  upon  a  vulgar  tradi¬ 
tion.  The  Jefuit’s  words  are  curious  :  ‘‘  Emanuel,  the 
uncle  of  Sanchez  (the  fon  of  Alphonfus),  in  his  own 
name,  and  in  the  name  of  other  nobles,  deprived  Al¬ 
phonfus  of  his  kingdom  by  a  public  fentence  ;  which 
that  prince  merited,  for  daring  feverely  and  boldly  to 
cenfure  the  works  of  Divine  Providence,  and  the  con- 
drudion  of  the  human  body,  as  tradition  fays  he  did. 

Heaven  mod  judly  punidied  the  folly  of  his  tongue.” 

Though  the  filence  of  fuch  an  hidoiian  as  Mariana,  in 
regard  to  Ptolemy’s  fydem,  ought  to  be  of  fome  weight, 
yet  we  cannot  think  it  improbable,  that  if  Alphonfus 
did  pafs  fo  bold  a  cenfure  on  any  part  of  the  univerfe, 
it  was  on  the  celedial  fpbere,  and  meant  to  glance  upon 
the  contrivers  and  fupporters  of  that  fydem.  For,  be- 
fides  that  he  dudied  nothing  more,  it  is  certain  that  at 
that  time  adronomers  explained  the  motions  of  the 
heavens  by  intricate  and  confufed  hypothefes,  which 
did  no  honour  to  God,  nor  any  wife  anfwered  the  idea 
of  an  able  workman.  So  that,  from  eonfidering  the 
multitude  of  fpberes  compofing  the  fydem  of  Ptolenay, 
and  thofe  numerous  eccentric  cycles  and  epicycles  with 
which  it  is  embarraffed,  if  we  fuppofe  Alphonfus  to 
have  faid,  “  that  if  God  had  allied  his  advice  when  he 
made  the  woild,  he  would  have  given  him  better  coun- 
fel,”  the  boldnefs  and  impiety  of  the  cenfure  will  be  , 
greatly  diminifhed. 

Such  is  the  apology  made  by  Dr  Hutton  for  this 
royal  adronomer  of  Spain ;  and  we  hope,  for  the  honour 
of  fcience,  that  it  is  wHl  founded.  Still  it  leaves  Al¬ 
phonfus  guilty  of  great  irreverence  of  language,  which 
is  to  ns  w'holly  unaccountable,  if  it  be  really  true  that 
he  read  the  Bible  fourteen  times.  We  have  feen  im¬ 
piety  indeed  break  out  lately  from  very  eminent  adro¬ 
nomers  of  a  neighbouring  nation  ;  but  thefe  men  read 
not  the  Bible,  nor  any  thing  elfe,  but  the  dreams  of 
the  eternal  fleepers. 

ALTERNATE  angles.  See  Geometry  (^«- 

ryr/.).  Part  1.  35.  .  .  ,  •  ri, 

j^nERNATE  Ratio ^  or  Proportion^  is  the  ratio  or  the 
one  antecedent  to  the  other,  or  of  one  confequent  to 
the  other,  in  any  proportion,  in  which  the  quantities 
are  of  the  fame  kind.  So  if  A  ;  B  :  :  C  :  D, 

then  alternately,  or  by  alternation  A  :  C  :  :  B  ;  D. 

ALTITUDE,  Parallax  of,  is  an  arch  of  a  ver¬ 
tical  circle,  by  which  the  true  altitude,  obferved  at  the 
centre  of  the  earth,  exceeds  that  which  is  obferved  on 
the  fiirface.  See  Parallax  (EncycL)  and  Astro¬ 
nomy  (SuppL) 

LT nuDR  oj the  X^ona^^tnaL  is  the  altitude  of  the 
90th  degree  of  the  ecliptic,  counted  upon  it  from  where 
it  cuts  the  horizon,  or  of  the  middle  or  highed  point 
of  it  which  is  above  the  horizon,  at  any  time  ;  and  is 
equal  to  the  angle  made  by  the  ecliptic  and  horizon 
where  they  interfe£I  at  that  time. 

jL^irUDS 
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Al^tude,  ^iTiruDP.  of  the  Cone  of  the  Earth" s  or  Moon^s  Sha- 

Alum.  the  height  of  the  lhadow  of  the  body  made  by 

fun,  and  meafured  frona  the  centre  of  the  body. 
To  find  it  fay,  As  the  tangent  of  the  angk  of  the 
fun’s  apparent  femidiameter  is  to  radius  ;  fo  is  i  to  a 
fourth  proportional,  which  will  be  the  height  of  the 
fhadow  in  femidiameters  of  the  body. 

ALUM  is  a  fait  fo  ufeful  in  commerce  and  the  arts, 
that  the  knowledge  of  its  component  parts,  and  of  the 
beft  method  of  preparing  it,  mult  be  of  importance.  In 
the  article  Chemistry  (EncycL),  the  opinions  which 
were  then  held  refpeding  its  compofTtioii,  and  the  prac¬ 
tice  which  was  generally  followed  in  its  preparation, 
have  been  detailed  at  full  length  ;  but  fome  of  thefe 
opinions  have  fince  been  controverted,  and  if  they  be 
erroneous,  it  mull  be  expedient  to  vary  in  fome  degree 
the  mode  of  preparation.  In  particular,  the  opinion 
that  it  is  merely  an  excels  of  acid  which  prevents  the 
formation  of  alum  by  evaporation  of  the  ley,  has  been 
Ihovvn  to  be  falfe  by  Citizen  Vauqueltn,  who  contends, 
of  courfe,  that  the  addition  of  putrid  urine  to  the  Icy 
is  a  very  bad  pradhice. 

This  eminent  chemill  had  long  fufpedled,  that  the 
cryllallization  of  alum  is  not  prevented  by  an  excels 
of  acid,  and  that  pot-afh  is  not  of  ufe  fimply  to  fa- 
turate  this  acid,  but  to  perforin  an  office  of  more 
importance.  To  bring  his  fufpfcions  to  the  tell  of 
experiment,  he  dilTolved  very  pure  Alu mine  in  ful- 
phuric  acid  of  equal  purity,  and  evaporated  the  fo- 
lution  to  drynefs,  for  the  purpofe  of  expelling  the 
fuperabundant  acid.  He  then  redilTolved  the  dry  and 
pulverulent  refidue  in  water,  and  reduced  the  folution 
to  different  degrees  of  fpecific  gravity,  with  a  view  to 
feize  the  point  moll  favourable  to  cry  llallization  ;  but 
with  every  poffihle  precaution  he  could  obtain  nothing 
but  a  magma  (fee  Magma),  formed  of  faline  plates, 
without  confiftence  or  folidity.  This  folution,  how¬ 
ever,  though  It  conllantly  refufed  to  afford  cryllallized 
alum  alone,  afforded  it  immediately  by  the  addition  of 
a  few  drops  of  the  folution  of  pot*alh  ;  and  as  he  had 
employed  thefe  two  fubllances  in  the  requlfite  propor¬ 
tion,  the  rell  of  the  folution,  to  the  very  end,  affi^rded 
pure  alum,  without  any  mixture  of  fulphat  of  pot- 
alh. 

Into  another  portion  of  the  fame  folution  of  pure 
alumlne,  he  dropped  the  fame  quantity  of  carbonat  of 
foda  as  he  had  added  of  that  of  pot-alh  to  the  former  ; 
but  no  cryllallization  was  formed,  eveji  by  the  help  of 
evaporation,  nor  did  lime  and  barytes  poduce  anv  bet¬ 
ter  effedl.  But  if  the  common  opinion  that  pot-afh,  in 
the  formation  of  alum,  is  of  life  only  to  abllradl  the 
excels  of  acid,  be  true,  foda,  lime,  barytes,  and  all  the 
fubllances  which  by  a  more  powerful  force  would  take 
this  acid  from  alum,  ought  to  give  the  fame  refult. 
Another  argument  prefented  itfelf,  which  feemed  de- 
cifive  :  If  the  alkalies,  pot-alh,  and  ammoniac,  do  no¬ 
thing  more  than  unite  to  the  fuperabundant  acid  of  the 
alum,  the  fulphats  of  pot-alh  and  of  ammoniac  ought 
not  to  occafion  any  change  in  pure  alum  in  its^  acidula¬ 
ted  Hate;  whereas  if  thefe  alkalies  enter  as  a  conllltuent 
part  into  the  alum,  and  are  necelfary  to  its  exillence, 
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they  ought  to  produce  the  fame  effefls  as  pure  pot-alh  Alum, 
or  ammoniac.  He  therefore  added  to  a  third  portion 
of  the  folution  of  fulphat  of  alumine  before-mentioned 
fome  drops  of  the  folution  of  fulphat  of  pot-alh;  Imme¬ 
diately  upon  which  o6lahedral  cryllalsof  alum  were  form¬ 
ed,  The  fulphat  of  ammoniac  prefented  the  fame  clfedl. 

This  refult  gave  Hill  greater  confirmation  to  his  firfe 
notions,  though  it  did  not  yet  afford  a  deinoiillratloii 
perfeclly  without  objection;  for  it  might  have  happen¬ 
ed  that  the  two  falts  he  made  life  of  mio'ht. determine 
the  cryllallization  of  the  alum,  firnply  by  abforbing  the 
fuperfiuous  acid,  of  which  they  are  very  greedy  ;  but 
to  determine  this  poiTible  fadl,  he  mixed  in  the  uncry- 
llallizabie  folution  of  alumine  fome  fulphat  of  pot-alh 
with  excefs  of  acid,  and  obtained  a  cryllallization  no 
lefs  abundant  than  with  the  neutral  fulphat  of  pot-alli. 

This  lall  experiment  leaves  therefore  no  doubt  with 
regard  to  the  influence  and  mode  of  adllon  of  pot-afli 
and  ammoniac  in  the  fabrication  of  alum  ;  and  this  ac¬ 
tion  is  Hill  more  llroiigly  confirmed  by  the  examination 
of  the  alums  which  have  been  formed  by  the  procefles 
above  related  ;  for  in  this  manner  it  is  proved  that  they 
contain  confiderable  quantities  of  the*  fulphats  of  pot- 
afh  and  ammoniac. 

Thefe  experiments  led  M.  Vauquelin  to  an  examina¬ 
tion  of  the  different  alums  of  commerce,  of  wffiich  he 
found  not  one  that  did  not  afford  fulphat  of  pot-afh, 
or  of  ammoniac,  or  of  both.  His  methods  of  analyfis 
are  very  accurate;  but  to  detail  them  at  length  would 
fwell  this  article  to  little  purpofe.  To  fuch  of  our 
readers  as  are  not  chemills  they  would  hardly  be  in¬ 
telligible  ;  and  the  experienced  chemill  will  devife  me¬ 
thods  of  analyfis  for  himfelf.  It  may  be  proper,  how¬ 
ever,  toobferve,  that  M.  Vauquelin  proved,  to  his  own 
fatisfa6lion,  that  the  fulphat  of  pot-alli,  or  of  ammo¬ 
niac,  Is  necelfary  to  render  alum  capable  of  being  pre¬ 
cipitated  by  its  earth,  or  to  caufe  It  to  pafs,  as  It  were, 
to  the  earthy  Hate  (a).  He  proved  llkewife,  that  fuch 
aluminous  waters  as  do  not  contain  pot-afli,  may  re¬ 
main,  as  long  as  may  be  defired,  on  their  materials, 
without  being  faturated  with  too  great  a  quantity  of 
earth,  or  fullering  alum  to  precipitate. 

From  the  whole  of  his  experiments  our  author  drew 
the  following  conclufions,  which  he  confiders  as  of  im¬ 
portance  to  the  arts,  to  chcmillry,  and  to  natural  hi- 
llory. 

1.  It  is  not,  at  leall  in  the  greatell  number  of  cir- 
curnffances,  the  excefs  of  acid  which  impedes  the  cry- 
ftallization  of  alum,  but  It  Is  the  want  of  pot-alh  or 
ammoniac  :  For  it  is  difficult  to  imagine  that  the  ful- 
phurie  acid  could  remain  difengaged  after  fo  long  re¬ 
maining  upon  alumine  in  a  flate  of  extreme  divifion,. 
and  always  fuperabundant.  It  is  true  that  the  alumi¬ 
nous  waters  redden  the  vegetable  tindures ;  but  this 
property  is  not  owing  to  a  difengaged  acid.  Fhis  por¬ 
tion  of  acid  Is  a  conllltuent  part  of  thefe  waters  ;  and 
It  appears  to  have  more  affinity  with  the  neutral  ful¬ 
phat  of  alumine  thaa  with  a  new  quantity  of  this  earth, 
at  the  temperature  of  the  atmofphere. 

2.  The  fulphat  of  pot-alh  may  be  ufed,  as  well  as 
pure  pot-alh,  to  caufe  the  cryllallization  of  alum.  It 

eveui 


(a)  It  may  be  proper  to  notice,  that  Scheele  feems  to  have  known  this  long  before,  and  that  he  mentions  ifc 
cxprefsly  m  his  paper  on  Pyro^horusm 
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AUim,  tvcn  has  the  advantage  over  the  latter  fait,  becaufe  if 
the  aluminous  waters  do  not  really  contain  a  difengaged 
acid,  the  pot-afh,  in  its  combination,  will  precipitate  a 
portion  of  alumiiie,  and  diminifli  the  product  of  the 
boiling  ;  whereas  the  fulphat  of  pot-afli  does  not  pro¬ 
duce  the  fame  efFeft  ;  but  if  the  lixiviiims  contain  dif- 
engaged  acid,  which  muft  very  feldom  be  the  cafe,  it  is 
not  converted  into  alum  by  the  fulphat  of  pot-afh,  and 
is  loft  with  regard  to  the  product.  Our  author  there 
fore  is  of  opinion,  that  when  the  waters  really  contain 
an  excefs  of  acid,  or  a  very  oxided  fulphat  of  iron,  the 
life  of  pot-afli  is  preferable  to  that  of  the  fulphat  of 
pot-afh.  But  when  economy  is  an  objed,  that  in  ma¬ 
ny  places  it  would  be  profitable  to  ufe  the  fulphat  of 
pot-afli;  becaufe  it  is  a  fait  indireaiy  produced  in 
many  manufadfories,  where  of  courfe  it  may  be  ob¬ 
tained  for  nothing.  In  particular,  the  refidues  of  the 
diftillation  of  aquafortis  by  the  fiilphuric  acid  would 
be  excellent  for  this  operation,  and  much  preferable  to 
putrid  urine,  becaufe  this  fluid  always  contains  phof- 
phoric  falts,  which  decompofe  a  portion  of  the  fulphat 
of  aluminc,  and  confiderably  diminiflr  the  produdf* 

3.  Alumine  cannot  be  ufed  in  the  treatment  of  ino- 
ther  waters,  as  Bergman  propofes.  This  earth  is  in¬ 
capable  of  favouring  the  cryftallization  of  alum,  be- 

»  fides  which,  it  decompofes  a  portion  of  alum  by  the 
afilftance  of  ebullition  ;  in  which  circumftaiice  it  feizes 
the  acid  neceffary  to  its  folution,  and  precipitates  it  in 
the  form  of  that  powder  which  is  called  alum  fatura- 
ted  with  its  earth. 

4.  Many  alum  ores  muft  naturally  contain  pot-afh, 
becaufe  perfed  alum  is  often  obtained  from  the  firft 
cryftallization  of  new  alum  waters  without  the  addi- 

"  tion  of  this  alkali.  It  is  true  that  an  objedion  may  be 
made  with  regard  to  the  wood  ufed  in  calcining  thefe 
ores,  which  may  be  fuppofed  to  have  furnifhed  the  al¬ 
kali  ;  but  it  is  not  probable  that  the  fmall  quantity  of 
wood  employed,  in  comparifon  to  the  quantity  of  ore 
and  the  alum  it  affords,  could  fupply  enough  of  pot- 
afh  for  the  cryftallization. 

All  the  earths  and  ftones  which  have  given,  or 
(hall  hereafter  afford,  by  analyfis  with  the  fulphuric 
acid,  perfed  alum  without  addition  of  pot-afh,  muft 
contain  this  alkali  naturally.  For  it  is  well  proved,  that 
alum  cannot  exift  without  pot-afh  or  ammoniac;  and  as 
there  is  little  probability  that  this  laft  fliould  be  found 
combined  in  earths  or  ftones,  unlefs  perhaps  in  very  rare 
cafes,  we  may  almoft  conftantly  be  affured,  when  alum 
is  obtained  from  any  of  thefe  fubftances,  that  its  for¬ 
mation  was  effeded  by  pot-afh.  The  quantity  of  alurn 
will  immediately  fhow  in  what  proportion  this  alkali 
fcxifted  in  the  fubftances  analyfed. 

6.  The  alum  of  commerce  ought  not  to  be  confider- 
ed  as  a  fimple  fait,  but  as  a  combination  in  the  ftate 
of  a  triple  and  fometimes  quadruple  fait  of  fulphat  of 
•alumine,  fulphat  of  pot-afh,  or  of  ammoniac.  Among 
thefe  laft  we  may  diftinguifh  two  fpecies ;  the  one 
without  excefs  of  acid,  infoluble  in  water  and  infipid, 
being  what  is  improperly  called  alum  faturated  with  its 
own  earth;  and  the  other,  which  contains  an  excefs  of 
acid  foluble  in  water,  very  fapid  and  aftringent,  is  the 
common  alum. 

There  is  likewife  a  pure  fulphat  of  alumine,  very 
aftringent,  very  difficult  of  cryftallization,  in  the  form 
of  brilliant  pearl-coloured  plates  without  confiftence, 
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and  which  cannot  be  rendered  infoluble  by  the  addition 
of  a  new  quantity  of  its  bafe.  This  laft  fait  may  with 
the  greateft  propriety  be  called  the  fulphat  of  alumine. 

7.  It  follows  from  the  comparative  analyfis,  and  the 
knowledge  acquired  refpeding  the  different  ftaces  of 
the  combination  of  alumine  with  the  fulphuric  acid 
united  at  the  fame  time  with  other  bafes,  that  we  muft 
diftinguifh  feven  ftates  in  this  combination,  and  that  it 
is  neceffary  to  exprefs  them  according  to  the  rules  of 
the  methodical  nomenclature.  Here  follow  the  feries, 
the  nature,  and  the  names  of  thefe  feven  fulphats  of 
alumine. 

I.  Sulphat  of  alumine,  or  the  artificial  combination 
of  fulphuric  acid  and  alumine.  This  fait  is  aftringent; 
it  cryllallizes  in  laminje  or  flexible  leaves,  foluble  in  wa¬ 
ter.  It  has  never  been  deferibed  nor  named  by  che- 
mifts.  2.  Acid  fulphat  of  alumine  is  the  foregoing 
fait,  with  excefs  of  acid,  from  which  it  differs  by  red¬ 
dening  blue  vegetable  colours.  It  is  eafily  made  by 
diffolving  that  fait  in  the  fulphuric  acid,  but  it  is  not 
eafy  to  convert  this  into  the  neutral  fulphat  of  alumine 
but  by  boiling  it  a  long  time  with  its  earth.  This  fait, 
like  the  firft,  has  not  been  deferibed.  5.  Saturated 
fulphat  of  alumine  and  of  pot-affi  is  the  alum  of  the 
chemifts  faturated  with  its  earth.  It  is  pulverulent, 
infipid,  infoluble,  not  cryftallizable,  and  is  eafily  con¬ 
verted  into  true  alum  by  the  addition  of  fulphuric  acid, 

4.  The  acid  fulphat  of  alumine  and  of  pot-afh  greatly 
refembles  common  alum,  and  is  eafily  prepared  chemi¬ 
cally  ;  but  M.  Vauquelin  found  no  alum  but  that  of 
La  Tolfa,  which  is  exadfly  of  the  fame  nature  with  it, 

5.  The  acid  fulphat  of  alumine  and  of  ammoniac  has 
all  the  properties  of  alum,  and  may  be  ufed  for  the 
fame  purpofes  ;  but  though  it  is  eafily  made  in  the  la¬ 
boratories,  our  Author  never  found  it  pure  in  commerce, 

6.  The  acid  fulphat  of  alumine,  pot-afh,  and  ammo¬ 
niac.  It  is  remarkable  enough,  fays  M.  Vauquelin, 
that  this  ffiould  be  the  nature  of  the  alum  moft  fre¬ 
quently  made  in  the  arts,  and  that  to  exprefs  its  com¬ 
bination  fo  many  words  fhould  be  neceffary.  This, 
however,  may  be  avoided,  by  referving  the  name  of 
alum  to  this  fubftance,  which  will  be  fufficient  to  di¬ 
ftinguifh  it  perfedly.  7.  The  acidulous  fulphat  of 
alumine  and  of  pot  afh,  our  author  fays,  he  is  lefs  ac¬ 
quainted  with  than  with  the  preceding  feries.  The 
name  by  which  he  charadlerizes  it  was  fuggefted  to 
him,  and  he  thinks  it  proper,  becaufe  by  adding  to  the 
folution  a  fmall  quantity  of  pot-afh  more  than  is  ne¬ 
ceffary  to  obtain  o(ftahedral  cryftals,  it  manifeftly  pafles 
to  the  cubic  form. 

From  thefe  dedudlions,  the  phyfician,  the  chemift, 
and  the  manufa<fturer,  with  whom  the  ufes  of  alum  arc 
greatly  multiplied,  will  hereafter  poffefs  a  knowledge  of 
the  fubftance  they  employ,  and  may  appreciate  its  ef¬ 
fects  on  the  animal  economy,  and  other  bodies  to  which 
it  is  fo  frequently  applied.  See  Annales  de  Chimte^  xxii, 
258,  and  NicholJoiCs  JournaU  Vol.  I.  p.  318,  &c. 

ALUMINE,  one  of  the  fimple  earths.  See  Che¬ 
mistry  in  this  Supplement, 

AMICABLE  NUMBERS  have  been  defined,  and  the 
firft  pair  of  them  given  in  the  Encyclopsedia.  The  fe- 
cond  pair  of  amicable  numbers  are  17296  and  18416; 
and  the  third  pair  are  9363584  and  943705^* 

Dr  Hutton  informs  us,  that  thefe  three  pairs  of  ami¬ 
cable  numbers,  with  the  properties  from  which  they  re¬ 
ceive 


’Alum 

!l 

Amicablr, 
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Amicable,  celve  tbcir  name,  were  found  out  by  F»  Schooten,  as 


AMS 


Amfter-  appears  from  Sedl.  ix,  of  his  Exerclfationes  Mathmatlca, 
dam. 

a^yfz,  for  the  two  numbers,  where  a==2  ;  then  making 
each  of  thefe  equal  to  the  fum  of  the  aliquot  parts  of 
the  other,  gives  two  equations,  from  which  are  found 
the  values  of  a;  and  Zy  and  confequently ,  affuming  a  pro¬ 
per  value  fory,  the  two  amicable  numbers  themfelves 
and  ^yz. 

In  like  manner  for  the  other  pairs  of  fuch  numbers  ; 
in  which  he  finds  it  neccflary  to  aflume  i6a;  and  i6yZf 
or  a^x  and  a^yz  for  the  fecond  pair,  and  laS.'c  and 
l2Syz  or  aTx  and  a^yz  for  the  third  pair. 

Schooten  then  gives  this  practical  rule,  from  Def- 
cartes,  for  finding  amicable  rules,  viz.  aflume  the  num¬ 
ber  2,  or  fome  power  of  the  number  2,  fuch  that  if  uni¬ 
ty  or  1  be  fubtradted  from  each  of  thefe  three  following 
quantities,  viz.  from  3  times  the  afliimed  number,  alfo 
from  6  times  the  afTumed  number,  and  from  t  8  times 
the  fquare  of  the  aflumed  number,  the  three  remainders 
may  be  all  prime  numbers;  then  the  laft  prime  number 
being  multiplied  by  double  the  aflumed  number,  the 
produdl  will  be  one  of  the  amicable  numbers  fought, 
and  the  fum  of  its  aliquot  parts  will  be  the  other. 


That  is,  if  a  be  put  =  the  number  2,  and  n  fom 


integer  number,  fuch  that  3/3" — i,  and  6^"  —  i,  and 
18/2^" — i  be  all  three  prime  numbers;  then  is  18/2*''  —  i 
.  X2^"  one  of  the  amicable  numbers;  and  the  fum  of  its 
aliquot  parts  is  the  other. 

AMSTERDAM  and  St  Paul,  are  two  iflands  in 
the  South  Sea,  lying  in  the  fame  degree  of  longitude, 
and  generally  confounded  with  each  other.  The  Dutch 
navigators  have  given  the  name  of  y^mfterdam  to  the 
northern,  and  of  St  Paul  to  the  fouthern  ifland,  and 
Captain  Cook  conforms  to  that  appellation.  Moll 
other  Englifli  navigators,  and  particularly  Meflrs  Cox 
and  Mortimer,  with  Sir  George  Staunton,  reverfe  the 
names,  calling  the  fouthern  ifland  Amfterdam,  and  the 
other  St  Paul.  At  this  fouthern  ifland  the  Lion  man 
of  war  flopped  on  her  voyage  to  China  with  Lord  Ma¬ 
cartney,  the  late  ambaflador  to  the  court  of  Pekin, 
which  gave  an  opportunity  to  the  men  of  fcience  in  the 
train  of  the  ambalTador  to  examine  the  ifland  with  more 
flcill  and  attention  than  probably  it  had  ever  been  exa¬ 
mined  before. 

Dr  Gillan,  who  was  appointed  phyfician  to  the  em- 
bafly,  as  well  for  his  knowledge  of  chemiflry  as  for  his 
medical  flcill,  is  confident  that  the  ifland  of  Amfterdam 
is  the  produd  of  fubterraneous  fire,  as  it  bears  in  every 
part  of  it  evident  marks  of  volcanic  eruption.  ««  On 
the  weft  and  fouth-weft  Tides  (fays  he)  there  are  four 
fmall  cones  regularly  formed,  with  craters  in  their  cen¬ 
tres,  in  which  the  lava  and  other  volcanic  fubftances 
have  every  appearance  of  recent  formation.  The  heat 
continues  ftill  fo  great,  and  fuch  a  quantity  of  elaftic 
vapours  iflues  through  numberlefs  crevices,  that  there 
can  be  no  doubt  of  their  having  been  very  lately  in  a 
ilate  of  eruption.  In  a  thermometer  placed  upon  the 
furface,  the  quickfilver,  rofe  conftantly  to  180  degrees, 
and  when  funk  a  little  into  the  a/hes,  it  advanced  to  212 
degrees.  It  certainly  would  have  rifen  ftill  higher;  but 
the  fcale  being  graduated  only  to  the  point  of  boiling 
water,  and  the  length  of  the  tube  proportioned  to  that 
extent,  the  thermometer  was  immediately  withdrawn, 
left  the  increafing  expanfion  of  the  quickfilver  fliould 
Suppl,Voi..L  PartL 
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glafs.  The  ground  was  felt  tremuloui  under 
the  feet ;  a  ftone  thrown  violently  upon  it  returned  a 
hollow  found  ;  and  the  heat  was  fo  intenfe  for  a  con-  ' 
fiderable  diftance  around,  that  the  foot  could  not  he 
kept  for  a  quarter  of  a  minute  in  the  fame  polition  with- 
out  being  fcorched.  But  the  great  crater  on  the  eaft. 
ern  fide,  now  full  of  water,  is  by  far  the  largeft  here, 
or  perhaps  elfewhere,  and  is  of  an  aftoniihing  fize,  con- 
fideiably  exceeding  in  diameter  thofe  of  Etna  or  Vefu- 
vius.  The  quantity  of  matter  to  be  thrown  up,  which 
required  fo  wide  an  orifice  for  its  paffage,  and  the  force 
with  which  fuch  matter  was  impelled,  in  order  to  over¬ 
come  the  refiftance  of  the  fuperincumbent  earth  and 
fea,  muft  have  been  indeed  prodigious. 

“  This  vaft  crater,  according  to  the  ufual  method  of 
computing  the  antiquity  of  volcanoes,  mull  have  been 
formed  at  a  very  remote  period.  The  lava  all  around 
Its  hdes  IS  much  decompofed,  and  has  mouldered  into 
duft,  which  lies  on  the  furface  in  many  parts  to  a  cen- 
hderable  depth.  The  decompoCtion  has  fupplied  a  rith 
loll  tor  the  long  grafs  growing  on  the  fides  of  the  era 
ter,  and  has  even  fpread  over  moll  parts  of  the  ill, i  n  ' 
The  fibrous  roots  of  the  grafs,  extending  in  all  direc¬ 
tions  through  the  decompofed  lava  and  volcanic  aflu' 
and  mixed  in  a  decaying  Hate  with  the  vegetable  mould’ 
produced  from  the  annual  putrefaaion  of  the  leaves 
and  ilalks,  have.formed  a  layer  of  foil  feveral  feet  dceo 
all  over  the  ifland.  But  as  it  has  nothing  except  its 
own  weight  to  comprefs  it  together,  it  isofa  hVht 
fpongy  texture,  with  very  little  cohefion,  and  in  many 
places  furrowed  and  interfeded  by  the  fummer  rains, 
and  the  torrents  occafioned  by  the  melting  of  the  fnow 
which  lies  upon  it  in  the  winter,  from  three  to  four 
ket  thick,  in  all  thofe  places  where  the  fubterraneous 
heat  IS  not  great  enough  to  prevent  its  accumulation. 

In  lome  parts  thefe  furrows  and  cavities  are  deeper  than 
the  level  of  the  common  channel  ;  hence  they  ferve  the 
piirpofc  of  fmall  natural  refervoirs.  Tlie  water  flows 
into  them  from  all  the  neighbouring  ground  ;  and  as 
eir  lides  are  /haded,  and  almoft  covere'd  over  by  the 
leaves  of  the  long  grafs,  growing  from  their  edges  in 
oppolite  direaions,  the  rays  of  the  fun  are  excluded, 
and  very  little  is  loll  by  evaporation.  Thefe  refervoirs 
however,  are  very  fmall,  and  but  few  in  number  ;  the’ 
largell  could  not  contain  more  than  three  or  four  hofff- 
heads  of  water;  and  there  is  none  elfe  to  be  found 
‘‘’e  fides  of  the  large  crater.  ’ 
fnl  being  light  and  fpongy,  and 

full  of  holes,  formed  in  it  by  fea-birds  for  nells,  is  very 
troublefome  to  walk  upon;  the  foot  breaks  throuiih  the 
furface,  and  finks  deep  at  every  ftep  ;  a  circumllance 
which  renders  thejourney  acrofsthe  ifland  uncommonly 
fatiguing,  although  it  be  fcarccly  three  miles  from  the 
cage  of  the  great  crater  to  the  oppofite  well  fide. 

I  here  is  one  place  near  the  centre  of  the  ifland  ex 
tendmg  about  200  yards  in  length  and  fomewhat  Ms  in 
breadth,  where  particular  caution  is  neceflary  in  walkiiiir 
over  It.  1-rom  this  fpot  a  hot  frelh  fpring  is  fuppofed 
to  derive  its  fource,  linding  its  way  through  the  inter, 
llices  of  the  lava  to  the  great  crater,  and  burfting  out 
a  little  above  the  water  covering  its  bottom.  The 
heat  in  this  upper  fpot  is  too  great  to  admit  of  vegeta- 
tion.  The  furface  is  covered  with  a  kind  of  mud  or 
pafte  formed  from  the  alhes,  moillened  by  Ileam  con, 
llantly  nfing  from  below.  When  the  mud  is  removed, 
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wards  of  four  miles,  its  breadth  from  eaft  to  weft  about 
two  miles  and  a  half,  and  its  circumference  eleven  miles, 
comprehending  a  furface  of  about  eight  fquare  miles, 
or  5120  acres,  almoil  the  whole  of  which  is  covered 
with  a  fertile  foil.  The  iflaiid  is  inacceffible  except  on 
the  eaft  fide,  where  the  great  crater  forms  a  harbour. 


AMS  [ 

the  vapour  iffues  forth  ^vith  violence,  and  in  fome  parts 
copioufly.  This  mud  is  fo  hot,  that  a  gentleman  who 
■'inadvertently  Hepped  into  it  had  his  foot  feverely 
fralded  bv  it.  The  fame  caufes  which  have  prevented 

vegetation  on  this  fpot,  have  had  the  fame  ^Ifea  on  the  _ _ _  _ 

vkh  Xermiiylnor  isUiere  the  leaft  appeTral^i  ^re  enuahee’to  wljich  is  deepening  annually,  and  might 
vered  witli  ames  oiuy  ,  ,.1  r  .u  bv  the  aid  of  art  be  made  fit  for  the  paiTaee  of  large 

even  of  mofs  on  the  ^ 'Hie  tides  run  in  and  out  at  tl  rL  of  thrfe 
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tion  of  which  there  does  not  appear  to  have  elapled  a 
fnfficieiit  length  of  time  fmee  the  cones  were  formed  : 
but  this  is  not  the  cafe  with  the  lava  of  the  great  pri¬ 
mary  crater  ;  for  in  thofe  parts  of  it  where  the  edges 
are  more  perpendicular,  and  where  coufequcntly  the 
mouldering  decompofed  earth,  having  no  bails  to  lup- 
port  it.  Aides  down  the  fides  of  the  rock,  pretty  long 
mofs  was  generally  found  growing  upon  it.  All  the 
fprings  or  refervoirs  of  hot  water,  except  one  only,  were 
brackiih.  One  fpring  derives  Its  fource  from  the  high 
ground  and  ridges  of  the  crater.  The  water  m  it,  in- 
Head  of  boiling  upwards  through  the  Hones  and  mud, 
as  in  the  other  fprings.  Hows  downward  with  a  confider- 
able  velocity,  in  a  f.nall  colleaed  Hream.  Its  tempera, 
ture  has  been  found  not  to  exceed  1 1 2  degrees,  fhe 
hand  could  be  eafily  kept  In  it  fo^  confiderable  time. 
It  is  a  pretty  Hrong  chalybeate.  The  fides  of  the  rock 
whence  It  iffues,  and  of  the.  cavity  into  which  it  tails, 
are  incruHed  with  ochre  depofited  from  it. 

“  When  the  great  crater  is  viewed  from  the  high 
<rround.  It  appears  to  have  been  originally  a  perfed 
circle,  but  to  have  been  encroached  upon  by  the  fea  on 
the  eaHern  fide,  where  the  flood  tide  Hnkes  violently. 
The  rocks  of  lava  which  formed  the  edge  of  the  crater 
on  that  fide  have  fallen  down.  The  depth  of  the  wa¬ 
ter  In  the  crater  is  about  1 70  feet,  rendering  the  vvhole 
heieht  of  the  crater,  from  the  bottom  to  Its  upper  ridge, 
nearly  if  not  quite  900  feet.  The  lofty  rocks  forming 
this  ridge  are  the  higheH  parts  of  tU  ifland,  which 
feems  to  have  been  originally  produced  by  the  melted 
lava  flowing  down  on  all  fides  from  hence.  Thus  there 
is  a  gradual  flope  from  the  edges  of  the  crater  to  the 
fea  ;  and  the  lava,  though  very  irregular,  and  lying  in 
mixed  ruin  and  confufion  immediately  around  the  cra¬ 
ter,  aftiimcs  a  more  uniform  appearance  at  fome  diftance, 
layer  refting  regularly  upon  layer,  with  a  gradual  decli¬ 
vity  the  whole  way  down  to  the  fea.  Ihis  difpofition 
of  the  layers  is  particularly  obfervable  iirtlie  weft  fide, 
where  they  happen  to  terminate  in  an  abrupt  precipice. 
The  eruptions  that  took  place  at  different  periods  ap¬ 
pear  here  diftinaiy  marked  by  the  different  layers  that 
are  found  with  regular  divifions  between  them  ;  the 


ftiips.  The  tides  run  in  and  out  at  the  rate  of  three 
miles  an  hour,  and  rife  perpendicularly  eight  or  nine 
feet  on  the  full  and  change  of  the  moon  ;  a  northerly- 
wind  making  the  higheft  tide.  The  water  is  eight  or 
ten  fathoms  deep  clofe  to  the  edge  of  the  crater ;  and 
in  the  bafon  formed  by  the  crater  itfelf,  the  variation 
of  the  compafs  was  found  to  be  nineteen  degrees  and 
fifty  minutes  weftward  of  the  north  pole. 

On  the  ifland,  which  has  no  native  inhabitants,  were 
found  three  Frenchmen  and  two  natives  of  England, 
who  at  the  end  of  the  American  war  had  emigrated  to 
Bollori.  The  whole  live  had  come  laft  from  the  Ifle  of 
France  in  the  Indian  Ocean,  and  had  been  left  on  the 
ifland  of  Amfterdam,  about  five  months  before  the  ar« 
rival  of  the  Lion,  for  the  purpofe  of  procuring  a  cargo 
of  25,000  feal.fltins  for  the  Canton  market,  which,  as 
they  had  already  procured  8000,  they  hoped  to  com¬ 
plete  in  about  ten  months  more.  The  veflel  which 
brought  them  from  the  Ifle  of  France  was  gone  to 
Nootka  Sound,  with  a  view  of  bringing  a  quantity  of 
fea-otter  fldns  to  China;  and  afterwards  of  calling  for 
the  cargo  of  feal-fkins  at  this  place,  to  be  carried  to 
China  likewife;  proceeding  thus  alternately  to  Nootka 
and  Amfterdam  ifland  as  long  as  the  owners  fhould  find 
their  account  in  it. 

The  feals,  whofe  fkins  are  thus  an  article  of  com¬ 
merce,  are  found  here  in  greater  numbers  in  the  fum- 
mer  than  in  the  winter,  when  they  generally  keep  in 
deep  water,  and  under  the  weeds,  which  fhelter  them 
from  the  inclemency  of  the  weather.  In  the  fummer 
months  they  come  afhore,  fometimes  in  droves  of  800  or 
1000  at  a  time,  out  of  which  about  100  are  deftroytd,. 
that  number  being  as  many  as  five  men  can  fldn  and 
peg  down  to  dry  in  the  courfe  of  a  day.  Little  of  the 
oil  which  thefe  animals  might  furnifh  is  collefted,  for 
want  of  caflts  to  put  it  in  ;  part  of  the  beft  is  boiled, 
and  ferves  thofe  people  inftead  of  butter.  The  feal  of 
Amfterdam  is  the  phoca  ttrftna  of  Linnaeus.  The  fe¬ 
male  weighs  ufually  from  70  to  120  pounds,  and  is 
from  three  to  five  feet  in  length,  but  the  male  is  con- 
fiderably  larger.  In  general  they  are  not  fhy  ;  fome¬ 
times  they  plunge  into  the  water  inftantly  upon  any 
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lighter  fubHances,  and  a  layer  of  vegetable  mould  co. 
vering  the  whole.'* 

The  ifland  appears  indeed  in  fuch  a  ftate  of  volcanic 
inflammation,  that  from  the  (hips  decks  at  night  were 
obferved,  Upon  the  heights  of  the  ifland,  feveral  fires 
iffuing  out  of  the  crevices  of  the  earth,  more  confider- 
able,  but  in  other  rtfpedls  refembling  fomewliat  the 
nightly  flames  at  Pietra  Mala,  in  the  mountains  between 
Florence  and  Bologna,  or  thofe  near  Bradley  in  Lan- 
cafliire,  occafioned  by  fome  of  the  coal-pits  having 
taken  fire.  In  the  day  nothing  more  than  fmoke  could 
be  perceived. 

The  length  of  the  ifland  from  north  to  fouth  is  up- 


pofture  ;  but  the  blow  of  a  ftick  upon  the  nofe  feemed 
fufficient  to  difpatch  them.  As  the  fltins  alone  were 
the  objefts  wanted,  the  carcafes  were  left  on  the  ground 
to  putrefy  at  leifure,  ftrewed  in  fuch  numbers  as^to  ren¬ 
der  it  difficult  to  avoid  trading  on  them  in  walking 
along.  The  people  thus  employed  were  remarkable  for 
the  fqualor  and  filth  of  their  perfons,  clothes,  and 
dwelling  ;  yet  none  of  them  feeraed  defirous  of  leaving 
the  place  before  the  bufinefs  they  came  upon  fhould  be 
completed.  vOne  of  them,  an  Englifhman,  who  had 
been  a  confiderable  time  upon  the  ifland  on  a  former 
adventure,  gave  but  an  unfavourable  account  of  the 
weather  during  the  winter  months^  which  are  always 
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boiftcrous,  with  hail  and  fnow^ ;  but  in  fiiminer  he  ac-  tom  of  a  ve/Tel  full  of  water,  to  an  eye  placed  in  the  Anaphofi 
knowledged  it  to  be  very  fine.  '  air  ;  or  the  vault  of  the  heavens,  feen  by  refradlion 

The  Tea  fupplies  this  ifland  with  great  varieties  of  through  the  atmofphere.  !■ 

excellent  hfh,  particularly  a  kind  of  cod,  which  was  ANAPHORA,  in  aflrology,  the  fecond  houfe,  or 

^  that  part  of  the  heavens  which  is  30  degrees  from  the 

horofeope.  The  term  anaphora  is  alfo  foraetimes  ap¬ 
plied  promifcuoufly  to  fome  of  the  fucceeding  houfes, 
as  the  j^th,  the  8th,  and  the  iith.  In  this  fenfe  ana^ 


equally  relifhed  whether  frefli  or  falted.  Cray  fifli  were 
in  fuch  abundance  on  the  bar  acrofs  the  entrance  into 
the  crater,  that  at  low  water  they  might  be  taken  with 
the  hand;  and  at  the  anchorage  of  the  fhips,  w’hen  baf- 


kets,  in  w^hich  were  proper  baits,  were  let  down  into  phora  is  the  fame  as  epanapbora,  and  (lands  oppofed  to 
the  fea,  they  were  in  a  few  minutes  drawn  up  filled  cataphora. 

with  Cray  fifli.  This  circumflance  is  the  more  extraor-  ANASTROUS  signs,  in  aflronomy,  a  name  given 
dinary,  that  in  the  fame  place  were  found  abundance  to  the  or  the  twelve  portions  of  the  eclip- 

of  fliarks  and  dog  lifh  of  uncommon  fize,  wdiich  are  tic,  which  the  figns  pofTefTed  anciently,  but  have  fmee 


known  to  be  fo  voracious  and  fuch  enemies  to  all  other 
fifh.  The  bafon  of  the  crater  abounds  with  tench, 
bream,  and  perch  ;  and  the  perfon  who  with  a  hook 
and  line  has  caught  ary  of  thefe  fifh  in  the  cold  w^ater 
of  the  bafon,  may  with  a  flight  motion  of  his  hand  let 
them  drop  into  the  adjoining  hot  fpring  already  men¬ 
tioned,  ill  which  they  will  be  boiled  and  rendered  fit  patent  for  his  invention,  dated  Feb.  17^6 
for  eating  in  the  fpace  of  fifteen  minutes.  This  . . 


deferted  by  the  precefiion  of  the  equinox. 

ANCHOR  OF  A  SHIP*  is  an  inflrument  which,  as 
it  is  commonly  made,  has  been  fufficiently  deferibed  in 
the  Encyclopaedia.  An  improvement,  however,  has 
been  propofed  on  its  conflrmSlion  by  Mr  James  Stuard 
of  the  parifh  of  St  Anne,  Middlefex,  who  obtained  a 


was 

often  praftifed  by  the  gentlemen  of  the  embaffy,  and 
furniflied  them  at  once  with  a  lingular  amufement  and 
a  highly  relifhed  repafl. 

Of  all  the  birds  which  frequent  this  ifland,  fo  extra¬ 
ordinary  in  its  origin,  formation,  and  appearance,  not 
one  is  common  to  the  fame  degree  of  latitude  in  the 
northern  hemifphere.  Of  the  larger  kind  were  fevcral 
fpecies  of  the  albat>ofs  ;  on  examining  one  of  which, 
diflinguifhed  by  the  name  of  exulatis^  it  was  found,  that 
inflead  of  having  only  the  rudiments  of  a  tongue,  as  mon  anchor  ;  and  on  this  bend  he  would  have  a  fmall 


The  whole  of  this  invention  confifls  in  making  the 
anchor  with  one  fluke  or  arm  inflead  of  two,  and  con¬ 
triving  to  load  that  fluke  or  arm  in  inch  a  manner  as  to 
make  it  always  fall  the  right  way.  With  this  view  Mr 
Stuard  would  have  the  (hank  of  the  anchor  made  very 
fhort,  that  it  may  cant  the  more  when  fufpended  by  the 
cable;  and  he  would  have  the  arm  and  it  made  of  bars 
in  one  length,  that  there  may  be  no  flioot  or  joining  in 
the  whole  inflrument.  The  bend  of  the  fhank  and  arm 
he  would  have  rounded,  and  not  angular  as  in  the  com- 


naturalifts  generally  fuppofe,  it  had  one  equalling  half 
the  length  of  the  bill  Another  large  bird  is  likewife 
common  here,  called  the  great  black  petrel,  ov  procellarla 
eqiiinoB'ialis  of  Linnasiis.  It  is  the  determined  enemy 
of  the  albatrofs,  as  well  as  of  the  blue  petrel  of  Amfler- 
dam,  or  procellarla  forjleri.  This  blue  petrel,  w  hich  is 
about  the  fize  of  a  pigeon,  conftitutes  the  principal  food 
of  the  feal  catchers  on  the  ifland.  During  the  day-time 
they  hide  themfelves  in  the  ground,  in  order  to  efcape, 
if  pofiible,  their  deflroyer  the  black  petrel.  At  night 
they  come  abroad,  and  thence  are  termed  night  birds  by 
the  people  at  Amflerdam  ;  but  being  fond  of  flocking 
to  any  light,  they  fall  into  another  fnare  laid  for  them 
by  the  feal-catchers,  who  kindle  torches  to  attract  them, 
and  then  kill  them  in  multitudes.  The  prettied  of  the 
feathered  tribe,  inhabiting  or  vifiting  Amderdam,  is  the 
diver  bird,  or  Jlerna  hirundo,  about  the  fize  of  a  large 
fwallow^  or  fwift,  with  a  forked  or  fw^allow  tail.  The 
bill  and  legs  are  of  a  bright  crimfon  colour,  the  belly 
white,  and  the  back  and  wings  of  a  bluifli  afh  colour. 
This  bird  fubfids  chiefly  on  fmall  fifh,  which  it  picks 
up  as  they  are  fwimiiiing  over  the  furface  of  the  water. 
This  Angular  ifland  lies  in  38^42'S.  Lat.  and  in 
76^  54'  E.  Long,  from  Greenwich.  St  Paul’s,  or  the 
ifland  lying  in  fight  and  to  the  northward,  differed  in 
appearance  materially  from  Amderdam. 


fhackle,  or  two  plates  with  a  fmall  bolt  between  them, 
for  the  buoy-rope  to  be  made  fad  to.  Indead  of  wood, 
he  propofes  for  the  dock  of  the  anchor  a  bar  of  wrought 
iron,  loaded  or  covered  at  the  ends  with  knobs  of  cad 
iron  ;  and  he  would  have  the  palm  of  the  fluke  or  arm 
either  to  be  compofed  entirely  of  cad  iron,  or  to  be  a 
cad  iron  fliell  filled  with  lead.  This  weight  of  the  palm, 
the  fhortnefs  of  the  fliank,  and  the  dru£lure  of  the 
dock,  will  no  doubt  make  the  anchor  fall  the  right  way  ; 
which,  having  no  upper  fluke,  will  never  be  tripped  by 
the  cable  taking  hold  of  it  on  the  (hip’s  fwinging,  nor 
will  it  prove  fo  dangerous  as  the  common  anchor  to 
fuch  veffels  as  may  happen  to  ground  by  it. 

ANDERSON  (Alexander),  an  eminent  mathema¬ 
tician,  was  born  at  Aberdeen  towards  the  end  of  the 
1 6th  century.  Where  he  was  educated,  or  under  what 
maders,  we  have  not  learned  ;  probably  he  dudied  the 
belles  lettres  and  philofophy  in  the  univerlity  of  his  na¬ 
tive  city,  and,  as  was  the  pratdice  in  that  age  of  all  who 
could  afford  it,  went  afterwards  abroad  for  the  cultiva¬ 
tion  of  other  branches  of  fcience.  But  wherever  he 
may  have  dudied,  his  progrefs  in  fcience  mud  have 
been  rapid  ;  for,  early  in  the  i  7th  century,  we  find  him 
profefTor  of  mathematics  in  the  univerfity  of  Paris, 
where  he  publifhed  feveral  ingenious  works;  and  among 
others,  i .  Supplementum  Apollonli  Redivivi  ;  Jive  analy-. 


It  prefented  ,  _ _  _ _ _ ^ 

no  very  high  land,  or  any  rifing  in  a  conic  form  ;  and  fts  problematis  haStenns  djiderati  ad  Apollonit  Pergtei  doc- 
feemed  to  be  overl'pread  with  fhrubs  or  trees  of  a  mid-  trinam  .furfwv,  Marino  Ghetaldo  Patritio  Ragufmo 
dlmg  lize.  It  w^as  faid  to  abound  with  frefh  water,  hujufque,  non  ita  pridem  rejlitutam.  In  qua  exhibetur  me- 
but  to  have  no  good  anchorage  near  it,  nor  any  place  chanice  aqualhatum  tertii  gradus  five  foMarum,  in  quibus 
of  eafy  landing. —  Sir  George  Staunton^ s  Account  of  an  magnitudo  omnino  data,  a>quatut‘  homogenea  fub  altero  tan* 
^  nr  A  China.  turn  coejfciente  ignoto.  Huic  fubnexa  ef  variorum  proble- 

ANACLASTIC  CURVES,  a  name  given  by  M.  de  matumpraaice,  Paris,  1612,  in  qto.— 2.  :  Pr9 

Mairan  to  certain  apparent  curves  formed  at  the  bot-  Zetetico  Apolloniani  problematis  a  fe  jam  pridem  edito  in 

B  2  fupplemento 
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Anderfon,  Jupplemento  j^pollonil  Redivlvi.  Ad  clarljftrmm  et  orna^ 

^  Anhinga.  il^jnum  ^vlrum  Nlcivhiufn  Ghetcildum  P atrltiutn  PagujlnuTn* 

In  qua  ad  ea  qua  obiter  mihi  perjlrinxit  Ghetaldus  refpon- 
detur,  et  analytlces  clarius  detegiiur,  Paris,  1615,  in 

4to. _ Francijci  Vida  Fontenacenfts  de  JEquationuin 

Recogniiione  et  Ernendatione  Tradatus  duo^  with  a  dedi¬ 
cation,  preface,  and  appendix,  by  himfelf.  Pans,  1615, 

in  4to. _ 4.  Vieta^s  Angulares  Sediones;  to  which  he 

added  demonflrations  of  his  own.  Our  profeffor  was 
coufin-german  to  Mr  David  Anderfon  of  Finfhaugh,  a 
gentleman  who  alfo  pofTcffed  a  hngular  turn  for  mathe¬ 
matical  knowledge.  This  mathematical  genius  was 
hereditary  in  the  family  of  the  Aiiderfons ;  and  from 
them  it  feems  to  have  been  tranfmitted  to  their  de- 
fcendants  of  the  name  of  Gregory,  who  have  for  lo  ma- 
ny  generations  been  eminent  in  Scotland  as  profeifors 
either  of  mathematics,  or,  more  lately,  of  the  theory 
and  pradtice  of  phyhc.  The  daughter  of  the  David 
Anderfon  juft  mentioned,  was  the  mother  of  the  cele¬ 
brated  James  Gregory,  inventor  of  the  rcftedling  tcle- 
fcope  ;  and  obferving  in  her  fon,  while  yet  a  child,  a 
ftrong  propenftty  to  mathematical  ftudies,  fhe  inftru£led 
him  in  the  elements  of  that  fcience  herfelf.  From  the 
fame  lady  defccnded  the  late  Dr  Reid  of  Glafgow, 
who  was  not  lefs  eminent  for  his  knowledge  of  mathe¬ 
matics  than  for  his  writings  as  a  metaphyfician. 

The  precife  dates  of  Alexander  Anderfon’s  birth  and 
death,  we  have  not  learned  either  from  Dempfter, 
Mackenzie,  or  Dr  Hutton,  who  feems  to  have  ufed 
every  endeavour  to  procure  information  ;  nor  are  fucli 
of  his  relations  as  we  have  had  an  opportunity  of  con- 
fulting,  fo  well  acquainted  with  his  private  hiftory  as 
we  expe61:ed  to  find  them. 

ANHING^A,  in  ornithology,  a  fpecles  of  the  peli- 
canus,  confifts  of  four  known  varieties;  two  peculiar  to 
America,  one  to  Senegal,  and  the  fourth  to  the  region 
about  the  Cape  of  Good  Flope.  This  laft  is  thus  de- 
feribed  by  Le  Vaillant  in  his  New  Travels  into  the  in- 
terior  Parts  of  Africa. 

“The  denomination  of  Slange-Hals^V oogely  given  to 
it  by  the  Hottentots,  charaaerifes  the  anhinga  in  a  ve¬ 
ry  limple  and  accurate  manner.  Buffon,^  who  was 
ftruck  with  the  conformation  peculiar  to  birds  of  this 
kind,  has  delineated  them  by  a  fimihir  expreflion. 

Fla te  III*  ‘  The  anhinga  (fays  he)  exhibits  a  reptile  grafted  on 
the  body  of  a  bird.’  Indeed  there  is  no  perfon  who, 
upon  feeing  the  head  and  neck  only  of  an  anhinga, 
while  the  reft  of  the  body  is  hid^among  the  foliage  of 
the  tree  on  which  it  is  perched,  would  not  take  it  for 
one  of  thofe  ferpents  accuftomed  to  climb  and  refide  in 
trees ;  and  the  miftake  is  fo  much  the  eafier,  as  all  its 
tortuous  motions  lingularly  favour  the  illiifion.  In 
whatever  fituatioii  the  anhinga  may  be  feen,  whether 
perched  on  a  tree,  fwimming  in  the  water,  or  flying  in 
the  air,  the  moft  apparent  and  remarkable  part  of  its 
body  is  fure  to  be  its  long  and  flender  neck,  which  is 
continually  agitated  by  an  ofcillatory  motion,  unlefs  in 
its  flight,  when  it  becomes  immoveable  and  extended, 
and  forms  with  its  tail  a  perfedlly  ftraight  and  horizon- 
tal  line 

“  The  true  place  which  nature  feems  to  have  afiigned 
to  the  anhingas,  in  the  numerous  clafs  of  the  palmi- 
pedes,  is  exadly  between  the  cormorant  and  the  grebe. 
They  partake  indeed  equally  of  both  thefe  genera  of 
birds,  having  the  ftraight  flender  bill  and  the  long  neck 
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of  the  latter  ;  while  they  approach  the  former  by  the  Anhinga 
conformity  of  their  feet,  the  four  toes  of  which  are  Jl  ^ 
joined  by  a  Angle  membrane.  They  partake  alfo  of 
the  cormorant  by  their  flight;  having  like  it  the  wings 
larger  and  fitter  for  the  purpofe  than  thofe  of  the  grebe, 
which  are  fhort  and  weak.  The  tail  of  the  anhinga  is 
extremely  long  ;  a  charadleriftic  very  Angular  and  re¬ 
markable  in  a  water  fowl,  and  which  ought,  ^  it  would 
feem,  to  render  them  totally  diftindl  from  diving  birds, 
which  in  general  have  little  or  no  tail.  By  this  trait 
they  approach  ftill  nearer  to  the  cormorants  ;  for  tho’ 
the  tails  of  the  latter  are  fliorter,  the  tails  of  both  have 
a  great  refemblance  to  each  other,  fince  their  quills  are 
equally  ftrong,  elaftic,  and  proper  to  form  a  rudder  when 
thefe  fowls  fvvim  through  the  water  in  purfuit  of  fifli, 
which  conftitute  their  principal  nourifhment.  When 
the  anhinga  feizes  a  fifli,  he  fwallows  it  entire  if  it  be 
fmall  enough,  and  if  too  large  he  carries  it  off  to  a  rock 
or  the  ftump  of  a  "tret?,  and  fixing  it  under  one  of  his 
feet,  tears  it  to  pieces  with  his  bill.  *  .  * 

“  Though  water  is  the  favourite  element  of  this  bird,, 
it  builds  its  neft  and  rears  its  young  on  rocks  and  trees  v 
but  it  takes  great  care  to  place  them  in  fuch  a  manner,, 
that  it  can  precipitate  them  into  a  river  as  foon  as  they 
are  able  to  fwim,  or  the  fafety  of  the  little  family  may 
require  it.” 

The  male  anhinga  differs  from  the  female,  which  is 
fmaller,  in  having  the  whole  under  part  of  the  body, 
from  the  breaft  to  the  root  of  the  tail,  of  a  beautiful 
black,  while  the  latter  has  the  fame  parts  of  a  yellow 
ifabella  colour.  It  has  alfo,  on  each  fide  of  its  neck,  a 
white  ftripe,  which  extends  from  the  eye  to  the  middle 
of  its  length,  and  interfedls  a  reddifh  ground.  ^  A  very 
Angular  charadleriftic,  common  to  all  the  anhingas,  is 
that  of  having  the  feathers  of  the  tail  deeply  Itriated, 
and  as  it  were  ribbed.  It  is  a  very  fagacious  bird,  ef- 
pecially  when  furprifed  fwimming  ;  for  its  head  is  the 
only  part  which  it  expofes  above  the  water;  and  if  the 
fportfman  once  mifs  that  part,  the  anhinga  plunges  out 
of  fight  entirely,  and  never  more  fliows  itfelf  but  at  ve- 
ry  great  diftances,  and  then  no  longer  at  a  time  than 
is  abfolutely  neceflary  for  breathing. 

ANTECEDENTAL  calculus.  See  Calculus 
in  this  Supplement. 

ANTES,  in  architefture,  fmall^pilaftres  placed  at 
the  corners  of  buildings. 

ANTICS,  in  architedure,  figures  of  men  and  ani- 
mals  placed  as  ornaments  to  buildings. 

ANTICUM,  in  architeAure,  a  porch;  alfo  that 
part  of  a  temple  which  lies  between  the  body  of  the 
temple  and  the  portico,  and  is  therefore  called  the  outer 
temple. 

ANTIMETER,  or  Reflecting  Sector,  an  in- 
ftrument  invented  by  Mr  William  Garrard,  for  the  pur¬ 
pofe  of  meafuring  angles,  particularly  fmall  ones,  with 
a  greater  degree  of  accuracy  than  can  be  done  by 
Hadley’s  quadrant  or  by  the  fextant. 

The  frame  of  this  inftruinent  is  fimilar  to  that  of 
Hadley’s  quadrant,  having  two  radii,  a  limb,  and  bra- 
ces  ;  but  with  this  difference,  that  the  further  radius  h 
produced  upwards  of  four  inches  beyond  the  centre  ot 
motion  of  the  index  ;  and  the  great  fpeculum,  or  what 
is  called  the  index-glafs  in  Hadley’s  quadrant,  being 
placed  there,  is  called  the  upper  centre.  In  this  inftru- 
ment  there  is  tio  provifion  for  the  back  obfervatiom. 

The 
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Antimcter.  The  hon’zon-glafs  I’s  like  that  I'n  Hadley^s  quadrant  ; 

there  are  two  fight  vanes,  to  fuit  two  different  fitiia- 
tions  of  the  large  fpeculum  or  objedl  glafs:  thefe  vanes 
are  adapted  to  receive  a  fmall  telefcope.  On  the  centre 
of  the  index,  where  the  index. glafs  of  Hadley^s  qua¬ 
drant  is  fixed,  is  a  brafs  or  bell-metal  femicircle,  two 
in'ches  in  diameter,  and  one-eighth  of  an  inch  thick  : 
this  femicircle  is  fcrewed  fall  to  the  index,  in  fuch  a 
manner  that  the  axis  of  the  index  is  a  tangent  to  it.  On 
the  upper  centre  are  two  circular  brafs  plates,  which 
revolve  concentrically,  either  together  or  feparately. 

I  The  under  plate  has  a  lever,  or  part  perpendicular  to 

the  plane  of  the  inftrument,  projeding  downwards,  a 
little  beyond  the  lower  centre;  this  fever  is  adedupon 
by  the  femicircular  plate  at  the  lower  centre,  to  which 
it  is  always  kept  clofe  by  a  fpring  on  the  other  fide. 
In  the  upper  of  the  above  mentioned  circular  pktes  are 
two  circular  perforations  or  flits,  through  one  of  which 
a  fcrew  takes  into  the  head  of  the  inftrument,  and 
through  the  other  a  £ci:ew  takes  into  the  lower  move¬ 
able  plate.  The  large  fpeculum  is  faftened  to  the  upper 
I  plate  ;  and  by  the  above  mentioned  ferews  the  pofition 

of  this  glafs  may  be  altered.  A  circular  plate  is  fixed 
to  the  louder  centre  by  three  pillars  ;  in  its  centre  is  a 
nut  to  admit  a  fcrew,  by  which  the  plate  carrying  the 
large  fpeculum  may  be  faftened  here  occafionaJly. 

The  fcale  on  the  limb  is  divided  into  45  equal  parts 
or  degrees,  and  not  into  half  degrees,  as  is  the  cafe  in 
Hadley’s  quadrant,  by  reafon  of  the  double  reftedioii, 
Thefe  divifions  are  numbered  in  a  retrograde  order ; 

I  zero  being  at  the  extremity  of  the  further  radius.  Al- 

I  though  the  limb  contains  45  degrees,  yet  the  greateft 

angle  which  can  be  meafured,  the  large  fpeculum  le- 
maining  fixed  to  the  circular  plate,  is  10°  18'  21  ".8  ; 
the  diftance  between  the  tw  o  centres  being  four  inches, 
and  the  radius  of  the  femicircle  one  inch.  Agreeable 
to  thefe  dimenfions,  the  inventor  has  given  a  table  ex¬ 
hibiting  the  value  of  each  primary  divifion  on  the  limb; 
he  hath  alfo  given  a  more  ample  table,  adapted  to  a 
'  diftance  between  the  centres  of  three  times  the  radius 

of  the  femicircle,  which  he  fays  hath  been  found  the 
moft  convenient  in  pradice.  If  an  angle  greater  than 
I  S'  is  wanted,  it  may  be  meafured  by  the  method 
of  anticipatioTiy  as  the  inventor  calls  it,  which  is  as  fol- 
knvs:  Let  the  fcrew  which  fallens  the  tw^o  circular 
plates  on  the  upper  centre  be  made  fall,  and  loofen  the 
ferew^  which  faftens  the  upper  circular  plate  to  the  in¬ 
ftrument  :  Now  adjuft  the  glaffes  by  the  ufual  method; 
bring  forw'ard  the  index  to  any  given  divifion  on  the 
limb,  and  make  it  fall;  alfo  fallen  the  fcrew  which  was 
before  loofe,  and  loofen  the  other  fcrew;  then  bring  the 
index  to  zero,  and  proceed  as  before. 

The  inventor  gives  the  following  diredions  for  ad- 
jufting  and  uling  the  inftrument. 

The  firft  thing  to  be  attended  to  is,  to  fet  the  hori- 
zort-glafs  perpendicular  to  the  plane  of  the  inftrument, 
wLich  is  performed  as  follows  ;  Hold  the  inftrument 
with  its  plane  perpendicular  to  the  horizon,  and  look 
over  backwards  into  the  glafs  and  beyond  it.  If  the 
limb  of  the  inftrument  appears  in  a  right  line  with  its 
refiedlion,  the  glafs  is  upright  ;  but  if  it  does  net  ap¬ 
pear  fo,  loofen  or  tighten  the  little  fcrew  on  the  foot  of 
the  glafs  until  it  be  ad  ufted  :  Then  with  the  inftrument, 
as  in  taking  an  altitude,  look  through  the  fight  vane 
or  telefcope  at  fome  diftant  objed,  with  the  index  fixed 
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in  any  intended  fituation  ;  the  two  ferews  at  the  upper  Antiparak 
centre  being  loofe,  turn  the  glafs  about  till  the  fame 
objed  appears  nearly  in  the  fame  part  of  the  horizon- 
glafs  ;  Next  hold  it  in  a  horizontal  pofition,  and  ad¬ 
juft  the  objed  glafs  or  large  fpeculum  wuth  the  ferews 
which  are  behind  and  before,  on  the  foot  of  it,  till  the 
objed  and  its  refledion  are  feen  in  the  fame  horizontal 
line.  Laftly,  with  th-e  inftrument  upright,  turn  the 
tangent-ferew  belonging  to  the  horizon-glafs  at  the 
back  of  the  inftrument,  until  there  be  a  perfed  coin¬ 
cidence  of  the  objed  and  its  refledion  that  way,  and 
the  adjuftments  are  complete. 

ANTIPARALLELS,  in  geometry,  are  thofe  lines 
w'hich  make  equal  angles  with  two  other  lines,  but 
contrariwife ;  that  is,  calling  the  former  pair  tliQ 
firft  and  fecond  lines,  and  the  latter  pair  the  third  and 
fourth  lines,  if  the  angle  made  by  the  firft  and  third 
lines  be  equal  to  the  angle  made  by  the  fecond  and 
fourth,  and  contrariwife  the  angle  made  by  the  firft 
and  fourth  equal  to  the  angle  made  by  the  fecond  and 
third ;  then  each  pair  of  lines  are  antiparallels  with  re- 
fped  to  each  otjier,  viz.  the  firft  and  fecond,  and  the 
third  and  fourth.  So,  if  AB  and  AC  be  any  two  lines,  P!at« 
and  FC  and  FE  be  two  others,  cutting  them  fo,  fig*  5* 

that  the  angle  B  is  equal  to  the  angle  E, 

and  the  angle  C  is  equal  to  the  angle  D ; 

then  BC  and  DE  are  antipa:i'allels  wu*th  refped  to  AB 
and  AC ;  alfo  thefe  latter  are  antiparallels  with  regard 
to  the  tw'O  former.  It  is  a  property  of  thefe  lines,  that 
each  pair  cuts  the  other  into  proportional  fegments,  ta¬ 
king  them  alternately, 

viz.  AB  :  AC  ;  :  AE  :  AD  :  :  DB  :  EC, 

and  FE  ;  FC  ;  :  FB  :  FD  :  :  DE  :  BC. 

APERTURE,  in  optics,  has  been  defined  in  the* 
Encyclopaedia,  but  no  rule  was  given  there  for  finding 
a  juft  aperture.  As  much  depends  upon  this  circum- 
ftaiice,  our  optical  readers  will  be  pleafed  with  the  fol¬ 
lowing  pradlical  rule  given  by  Dr  Hutton  in  his  Ma¬ 
thematical  Dictionary.  “  Apply  feveral  circles  of  dark 
paper,  of  various  fiz-es,  upon  the  face  of  the  glafs,  from 
the  breadth  of  a  ftraw  to  Inch  as  leave  only  a  fmall  hole 
in  the  glafs  ;  and  with  each  of  thefe,  feparately,  view 
fome  diftant  objed,  as  the  moon,  ftars,  &c.  then  that 
aperture  is  to  be  chofen  through  which  they  appear  the 
moft  diftindly. 

“  Pluyghens  firft  found  the  ufc  of  apertures  to  con¬ 
duce  much  to  the  perfedion  of  telefcopes;  and  he  found 
by  experience  prop.  56.),  that  the  beft  aper¬ 

ture  for  an  objed-glafs,  for  example  of  30  feet,  is  to  be 
determined  by  this  proportion,  as  30  to  3,  fo  is  the 
fquare  root  of  30  times  the  diftance  of  the  focus  of 
any  lens  to  its  proper  aperture  :  and  that  the  focal  di- 
ftances  of  the  eye-glaffes  are  proportioned  to  the  aper¬ 
tures.  And  M.  Auzout  fays  he  found,  by  experience, 
that  the  apertures  of  telefcopes  ought  to  be  nearly  in- 
the  fub-duplicate  ratio  of  their  lengths.  It  has  alfo* 
been  found  by  experience,  that  objed-glafifcs  will  ad¬ 
mit  of  greater  apertures,  if  the  tubes  be  blacked  ^ithiiv. 
fide,  and  their  paflage  furnifhed  with  wooden  rings. 

‘‘  It  is  to  be  noted,  that  the  greater  or  lefs  aperture 
of  ail  objed-glafs,  does  not  incieafe  or  diiniiiifii  the  vL 
fible  area  of  the  objed;.  all  that  is  effeded  by  this  is 
the  admittance  of  more  or  fewer  rays,  and  confeqiiently 
^e  more  or  lefs  bright  the  appearance  of  the  object. 

But  the  hrgenefs  of  the  aperture  or  focal  diftance  caiifes 

the 
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the  Irrcg^ulanty  of  its  refradtions.  Hence,  in  viewing 
Venus  through  a  telefcope,  a  much  lefs  aperture  is  to 
be  uftcl  than  for  the  moon,  or  Jupiter,  or  Saturn,  be* 
cauie  her  light  is  fo  bright  and  glaring.  And  this  cir- 
cuniilance  fomewhat  invalidates  and  difturbs  AzoiU's 
proportion,  as  is  fhown  by  Dr  Hook,  Phil,  Tranf. 

4.’^ 

APOCATASTASTS,  or,  as  it  fhould  be  written, 
Ap  OK  AT  A  STAS  IS,  is  a  Greek  word  employed  in  the 
language  of  aftronomers,  to  denote  the  period  of  a  pla¬ 
net,  or  the  time  it  takes  to  return  to  that  point  of  the 
zodiac  whence  it  fet  out. 

APOTOME,  is  a  term  employed  by  Euclid  to  de¬ 
note  the  difference  between  two  lines  or  quantities 


which  are  only  commeiifurable  in  power.  Such  is  the 
difference  between  i  and  y' 2,  or  the  difference  be¬ 
tween  the  fide  of  a  fqiiare  and  its  diagonal.  The  doc¬ 
trine  oi  apotomes  in  lines,  as  delivered  by  this  ancient 
mathematician  in  the  tenth  book  of  his  Elements,  is 
a  very  curious  fiibjc6f,*  and  has  always  been  admired 
by  fuch  as  underflood  it.  The  firfl  algebraical  wri¬ 
ters  in  Europe,  fuch  as  Eucas  de  Burgo,  Cardan,  Tar- 
talea,  Stifelius,  &c.  employed  a  conhderable  portion  of 
their  works  on  an  algebraical  expofition  of  that  which 
led  them  to  the  do£lrine  of  furd  quantities. 

APPARENT  CONJUNCTION  of  the  planets,  is  when 
a  right  line,  fuppofed  to  He  drawn  through  their  cen¬ 
tres,  paffes  through  the  eye  of  the  fpedlator,  and  not 
through  the  centre  of  the  earth.  And,  in  general,  the 
apparent  conjundlion  of  any  objefts,  is  when  they  ap¬ 
pear  or  are  placed  in  the  fame  right  line  with  the  eye. 

Apparent  Diameter  of  a  planet  or  other  heavenly 
body,  is  not  the  real  length  of  the  diameter  of  that 
body,  but  the  angle  which  it  fubtends  at  the  eye,  or 
under  which  it  appears. 

Apparent  Djjlance,  is  that  which  WQ  judge  an  ob- 
je£l  to  be  from  us  when  feen  afar  off;  and  which  is  al- 
moft  always  very  different  from  the  true  diflance. 

Apparent  Figurel  is  the  figure  or  fhape  under  which 
an  obje6l  appears  when  viewed  at  a  diflance  ;  and  is 
often  very  different  from  the  true  figure.  T.  hus  a 
ftraight  line,  viewed  at  a  diflance,  may  appear  but  as  a 
point  ;  a  furface,  as  a  line  ;  and  a  folid,  as  a  furface. 

Apparent  Motion^  is  either  that  motion  which  we 
perceive  in  a  diftant  body  that  moves,  the  eye  at  the 
fame  time  being  either  in  motion  or  at  reft  ;  or  that 
motion  which  an  objed  at  reft  feems  to  have,  while 
the  eye  itfelf  only  is  in  motion. 

Apparent  Place  of  a  Planet^  &c.  in  aftronomy,  is 
that  point  in  the  furface  of  the  fphere  of  the  world 
where  the  centre  of  the  luminary  appears  from  the 


furface  of  the  earth. 

APPARITION,  in  aftronomy,  denotes  a  ftar’s  or 
.  other  luminary’s  becoming  vifible,  which  before  was 
hid.  So,  the  heliacal  rifiiig,  is  rather  an  apparition 
j  than  a  proper  rifing. 

Archde-  ARCH,  in  building,  is  an  artful  difpofition  and  ad- 
fined.  juftment  of  feveral  ftones  or  bricks,  generally  in  a  bow¬ 
like  form,  by  which  their  weight  produces  a  mutual 
preffure  and  abutment  ;  fo  that  they  not  only  fupport 
each  other,  and  perform  the  office  of  an  entire  lintel, 
but  may  be  extended  to  any  width,  and  made  to  carry 
the  moft  enormous  weights. 

In  thofe  mild  climates  which  feem  to  have  been  the 
firfl  inhabited  parts  of  this  globe,  mankind  flood  more 


in  need  of  fhade  from  the  fun  than  of  fhelter  from  the  Arch, 
inclemency  of  the  weather.  A  very  fmall  addition  to  J 

the  fiiade  of  the  woods  ferved  them  for  a  dwelling. 

Sticks  laid  acrofs  from  tree  to  tree,  and  covered  with  architec- 
brulh.wood  and  leaves,  formed  the  firil  houfes  in  thofe  uie  c(n- 
delightful  regions.  As  population  and  the  arts 
ved,  thefe  huts  were  gradually  refined  into  commodious 
dwellings.  The  materials  were  the  fame,  but  more  art¬ 
fully  put  together.  At  laft  agriculture  led  the  inhabi¬ 
tants  out  of  the  woods  into  the  open  country.  The 
connedlion  between  the  inhabitant  and  the  foil  became 
now  more  conftant  and  more  interefting.  The  wifh  to 
preferve  this  connedlion  was  natural,  and  fixed  efta^ 
bliffiments  followed  of  courfe.  Durable  buildings  were 
more  defirable  than  thofe  temporary  and  perifhable  cot¬ 
tages —  ftone  was  fubftituted  for  timber. 

But  as  thefe  improved  habitations  were  gradual  re¬ 
finements  on  the  primitive  hut,  traces  of  its  conftruc- 
tion  remained,  even  when  the  choice  of  more  durable 
materials  made  it  in  fome  meafure  inconvenient.  Thus 
it  happened,  that  while  a  plain  building,  intended  for 
accommodation  only,  coiififted  of  walls,  pierced  with 
the  neceflary  doors  and  windows,  an  ornamented  build¬ 
ing  had,  fuperadded  to  thefe  eflential^,  columns,  with 
the  whole  apparatus  of  entablature,  borrowed  from  the 
wooden  building,  of  which  they  had  been  eflential 
parts,  gradually  rendered  more  fuitable  to  the  purpofes 
of  accommodation  and  elegance.  ^ 

This  view  of  ornamental  architedlurc  will  go  far  to  Origin  of 
account  for  fome  of  the  more  general  differences  of  na- 
tional  ftyle  which  may  be  obferved  in  different  parts  of 
the  world.  The  Greeks  borrowed  many  ot  their  arts 
from  their  Afiatic  neighbours,  who  had  cultivated  them 
long  before.  It  is  highly  probable  that  archite<flure 
travelled  from  Perfia  into  Greece.  In  the  ruins  of  Shu- 
fhan,  Perfepolis,  or  Tchilminar,  are  to  be  feen  the  firft 
models  of’every  thing  that  diftinguiflies  the  Grecian  ar- 
chitedlures.  There  is  no  doubt,  we  fuppofe,  among 
the  learned,  as  to  the  great  priority  of  thele  monuments 
to  any  thing  that  remains  in  Greece  ;  efpecially  if  we 
take  into  account  the  tombs  on  the  moiiiitaiiis,  which 
have  every  appearance  of  greater  antiquity  than  tl-ie  re¬ 
mains  of  Perfepolis.  In  thofe  tombs  we  fee  the  whole 
ordonnance  of  column  and  entablature,  juft  as  they  be¬ 
gan  to  deviate  from  their  firft  and  neceffary  forms  in 
the  wooden  buildings.  We  have  the  architrave,  frize, 
and  corniche;  the  far-projedling  mutules  of  the  Tnfeau 
and  Doric  orders;  the  modillions  no  lefs  diftindl;  the 
rudiments  of  the  Ionic  capital;  the  Corinthian  capital 
ill  perfedlion,  pointing  out  the  very  origin  of  this  orna¬ 
ment,  viz.  a  number  of  long  graceful  leaves  tied  round 
the  head  of  the  column  with  a  fillet  (a  cuftom  which  we 
know  to  have  been  common  in  their  temples  and  ban¬ 
queting  rooms).  Where  the  diftance  between  the  co¬ 
lumns  is  great,  fo  that  each  had  to  fupport  a  weight 
too  great  for  one  tree,  we  fee  the  columns  cluftered  or 
fluted,  &c.  In  fliort,  we  fee  every  thing  of  the  Grecian 
architefture  but  the  Hoped  roof  or  pediment  ;  a  tiling 
not  wanted  in  a  country  where  it  hardly  ever  rains.  4 

The  ancient  Egyptian  arcliite£lure  feems  to  be  a  re- Egyptian, 
finement  on  the  hut  built  of  clay  or  unburnt  bricks  mix¬ 
ed  with  ftraw;  every  thing  is  maffive,  clumfy,  and  timid; 
fmall  intercolumnations,  and  hardly  any  projedlions.  ^ 

The  Arabian  archite£lure  feems  a  refinement  on  the  Arabian# 
tent,  A  mofque  is  like  a  little  camp,  confifting  of  a  and 
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number  of  little  bell  tents,  ftuck  dole  together  round  a 
great  one.  A  caravanferay  is  a  court  furrounded  by  a 
row  of  fuch  tents,  each  having  its  own  dome.  T  he 
Greek  church  of  St  Sophia  at  Conftantinople  has  imi¬ 
tated  this  in  fome  degree;  and  the  copies  from  it,  which 
have  been  multiplied  in  Ruflia  as  the  facred  form  for  a 
Chriilian  church,  have  adhered  to  the  original  model  of 
cluftered  tents  in  the  ftrideft  manner.  We  are  fome- 
times  difpofed  to  think  that  the  painted  glafs  (a  fafhion 
brought  from  the  Eall)  was  in  imitation  of  the  painted 
hangings  of  the  Arabs. 

The  Chlnefe  architedlure  is  an  evident  imitation  of  a 
wooden  building.  Sir  Geo.  Staunton  fays,  that  the 
fingular  form  of  their  roofs  is  a  profejfed  imitation  of 
the  cover  of  a  fqiiare  tent. 

In  the  Hone-buildings  of  the  Greeks,  the  roofs  were 
imitations  of  the  wooden  ones;  hence  the  lintels,  flying 
corniches,  ceilings  in  compartments,  &c. 

.  The  pediment  of  the  Greeks  feems  to  have  fuggeiled 
the  greateft  improvement  in  the  art  of  building.  In 
ereding  their  fmall  houfes,  they  could  hardly  fail  to  ob- 
ferve  occafionally,  that  when  two  rafters  were  laid  to¬ 
gether,  from  the  oppofite  walls,  they  would,  by  leaning 
on  each  other,  give  mutual  fupport,  as  in  fig.  i.  Nor 
is  it  unlikely  that  fuch  a  fituation  of  Hones  as  is  repre- 
fented  in  fig.  2.  would  not  unfrequently  occur  by  acci¬ 
dent  to  mafons.  This  could  hardly  fail  of  exciting  a 
little  attention  and  reHe£llon.  It  was  a  pretty  obvious 
refle<^lon,  that  the  Hones  A  and  C,  by  overhanging, 
leaned  againH  the  intermediate  Hone  B,  and  gave  it 
fome  fupport,  and  that  B  cannot  get  down  without 
thruHing  afide  A  and  C,  or  the  piers  which  fupport 
them.  This  was  an  approach  to  the  theory  of  an  arch; 
and  if  this  be  combined  with  the  obfervation  of  fig.  i. 
we  get  the  difpolition  reprefcnted  in  fig.  3.  having  a 
perpendicular  joint  in  the  middle,  and  the  principle  of 
the  arch  is  completed.  Obferve  that  this  is  quite  diffe¬ 
rent  from  the  principle  of  the  arrangement  in  fig.  2. 
In  that  figure  the  Hones  26I  as  wedges,  and  one  cannot 
get  down  without  thruHing  the  reH  afidc;  the  fame 
principle  obtains  in  fig.  4.  confiHing  of  five  arch  Hones  ; 
but  in  fig.  3.  the  Hones  B  and  C  fupport  each  other 
by  their  mutual  preffure  (independent  of  their  own 
weight),  arifing  from  the  tendency  of  each  lateral  pair 
to  fall  outwards  from  the  pier.  This  is  the  principle 
of  the  arch,  and  would  fupport  the  key-Hone  of  fig.  4. 
although  each  of  its  joints  were  perpendicular,  by  rea- 
fon  of  the  great  fridlon  arifing  from  the  horizontal 
thruH  exerted  by  the  adjoining  Hones. 

This  was  a  moH  important  difebvery  in  the  art  of 
building  ;  for  now  a  building  of  any  width  may  be 
roofed  with  Hone. 

^  We  arc  difpofed  to  give  the  Greeks  the  merit  of  this 
difeoyery  ;  for  we  obferve  arches  in  the  moH  ancient 
buildings  of  Greece,  fuch  as  the  temple  of  the  fun  at 
Athens,  and  of  Apollo  at  Didymos ;  not  indeed  as 
roofs  to  any  apartment,  nor  as  parts  of  the  ornamental 
defign,  but  concealed  in  the  walls,  covering  drains  or 
othy  neceffary  openings  ;  and  we  have  not  found  any 
real  arches  in  any  monuments  of  ancient  Perfia  or  E- 
gypt-  Sir  John  Chardin  fpeaks  of  numerous  and  ex- 
tenfive  fubterraneaii  paffages  at  Tchilminar,  built  of 
the  moH  exqiiifite  mafonry,  the  joints  fo  exad,  and  the 
Hones  fo  beautifully  dreffed,  that  they  look  like  one 
continued  piece  of  polifhed  marble ;  but  he  nowhere 
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fays  that  they  are  arched;  a  circumHance  which  we  Arch, 
think  he  v/ould  not  have  omitted — no  arched  door 
or  window  is  to  be  feen.  Indeed  one  of  the  tombs 
is  faid  to  be  arch-roofed,  but  it  is  all  of  one  folid 
rock.  No  trace  of  an  arch  is  to  be  feen  in  the  ruins  of 
ancient  Egypt  ;  even  a  wide  room  is  covered  with  a 
fingle  block  of  Hone.  In  the  pyramids,  indeed,  there 
are  two  galleries,  whole  roofs  confiH  of  many  pieces; 
but  their  conHriK^IIon  puts  it  beyond  doubt  that  the 
builder  did  not  know  what  an  arch  was  :  for  it  is  co¬ 
vered  in  the  manner  reprefeiited  in  fig.  5.  where  every 
projecting  piece  is  more  than  balanced  behind,  fo  that 
the  whole  awkward  mafs  could  have  Hood  on  two  pil¬ 
lars.  The  Greeks  therefore  feem  entitled  to  the  honour 
of  the  invention.  The  arched  dome,  however,  feems  to 
have  arifcii  in  Etruria,  and  originated  in  all  probabiiitv 
from  the  employment  of  the  augurs,  whofe  bufinefs  k 
was  to  obferve  the  Hight  of  birds.  Their  flations  for 
this  purpofe  were  templay  fo  called  a  templando,  “  on  the 
fummits  of  hills.*’  To  fhelter  fuch  a  perfon  from  the 
weather,  and  at  the  fame  time  allow  him  a  full  profped 
of  the  country  around  him,  no  building  was  fo  proper  as 
a  dome  fet  on  columns;  which  accordingly  is  the  figure 
of  a  temple  in  the  moH  ancient  monuments  of  that  coun¬ 
try.  We  do  not  recolka  a  building  of  this  kind  in 
Greece  except  that  called  the  Lanthern  of  Demojlhenesy 
which  is  of  very  late  date,  whereas  they  abounded  in 
Italy.  In  the  later  monuments  and  coins  of  Italy  or  of 
Rome,  we  commonly  find  the  Etrufean  dome  and  the 
Grecian  temple  combined  ;  and  the  famous  pantheon 
was  of  this  form,  even  in  its  moH  ancient  Hate. 

It  does  not  appear  that  the  arch  was  confidered  as  a 
part  of  the  ornamental  architediire  of  the  Greeks  during 
the  time  of  their  independency.  It  is  even  doubtful 
whether  it  was  employed  in  roofing  their  temples.  In. 
none  of  the  ancient  buildings  where  the  roof  is  gone, 
can  there  be  feen  any  rubbifli  of  the  vault,  or  mark  of  « 
the  fpring  of  the  arch.  It  is  not  unfrequent,  however,  ft  was  ufed 
after  the  Roman  conqueHs,  and  may  be  feen  in  Athens 
Delos,  Palmyra,  Balbck,  and  other  places.  It  is  very  ^ 
frequent  in  the  magnificent  buildings  of  Rome;  fuch 
as  the  Colifeum,  the  baths  of  Dioclefian,  and  the  trl- 
umphal  arches,  where  its  form  is  evidently  made  the 
obje<H  of  attention./  But  its  chief  employment  was  in 
bridges  and  aqueduas  ;  and  it  is  in  thofe  works  that 
its  immenfe  utility  is  the  moH  confpicuous  For  by  this 
happy  contrivance  a  canal  or  a  road  may  be  carried 
acrofs  any  Hream,  where  it  would  he  almoH  impoffible 
to  eredt  piers  fuflicicntly  near  to  each  other  for  carry¬ 
ing  lintels.  Arches  have  been  executed  130  feet  vvide^ 
and  their  execution  demoiiHrates  that  they  may  be 
made  foehr  times  as  wide.  ^ 

As  fuch  ftupendous  arches  are  the  greateft  perform-  Difficulty 
ances  of  the  mafonic  art,  fo  they  are  the  moft  difEcuitof  conllrac- 
and  delicate.^  When  we  reflect  on  the  immenfe  quan-^^"gk. 
tity  of  materials  thus  fufperided  in  the  air,  and  compare 
tins  ryith  the  fmall  cohefion  which  the  firmeft  cement 
can  give  to  a  building,  we  (hall  be  convinced  that  it  is 
not  by  the  force  of  the  cement  that  they  are  kept  to- 
gether  ;  they  Hand  faH  only  in  confequence  of  the 
proper  balance  of  all  their,  parts.  Therefore,  in  order 
to  erea  them  with  a  well-founded  confidence  of  their 
durability,  this  balance  (hould  be  well  underftood  and 
judiciotifly  employed.  We  doubt  not  but  that  this  was 
underftood  in  fome  degree  by  the  engineers  of  antiqui. 

tjo. 
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Afdi.  ty  j  but  they  have  left  us  none  of  their  knowledge. 

^ -  They  muft  have  had  a  great  deal  of  mechanical  know- 

Sklll  and  before  they  could  ereft  the  magnificent  and  beau- 

inyaeries  tiful  buildings  whofe  ruins  ftill  enchant  the  world  ;  but 
of  the  Dio*  they  kept  it  among  themfelves.  We  know  that  the 
i))fiacs,  JDionyfiacs  of  Ionia  were  a  great  corporation  of  archi¬ 
tects  and  engineers,  who  undertook,  and  even  monopo¬ 
lized,  tlie  building  of  temples,  fladiums,  and  theatres, 
precifely  as  the  fraternity  of  mafons  In  the  middle  ages 
monopolized  the  building  of  cathedrals  and  conventual 
churches.  Indeed  the  Dionyfiacs  refembled  the  rnyfli^ 
cal  fraternity  now  called  free  mafons  in  many  important 
particulars.  7'hey  allowed  no  ftrangers  to  interfere  in 
their  employment ;  they  recognifed  each  other  by  figns 
and  tokens;  they  profefled  certain  myfterious  doclrines, 
under  the  tuition  and  tutelage'  of  Bacchus,  to  whom 
they  built  a  magnificent  temple  at  Teos,  w^here  they  ce¬ 
lebrated  his  niyfteries  as  folemn  feftivals;  and  they  called 
all  other  men  profane,  becaufe  not  admitted  to  thefe 
niyfteries.  But  their  chief  myfteries  and  moft  impor¬ 
tant  fecrets  fe£m  to  be  their  mechanical  and  mathema¬ 
tical  fciences,  or  all  that  academical  knowledge  which 
forms  the  regular  education  of  a  civil  engineer.  We 
know  that  the  temples  of  the  gods  and  the  theatres  re¬ 
quired  an  immenfe  apparatus  of  machinery  for  the  cele¬ 
bration  of  fome  of  their  myfteries  ;  and  that  the  Dio- 
nyfiacs  contraCled  for  thofe  jobs,  even  at  far  diftaiit 
places,  where  they  had  not  the  privilege  of  building  the 
edifice  which  was  to  contain  them.  This  is  the  moft 
likely  way  of  explaining  the  very  fmall  quantity  of  me¬ 
chanical  knowledge  that  is  to  be  met  with  in  the  wri¬ 
tings  of  the  ancients.  Even  Vitruvius  does  not  appear 
to  have  been  of  the  fraternity,  and  fpeaks  of  the  Greek 
archite£ls  in  terms  of  refpedl  next  to  veneration.  The 
Collegium  Murarioruniy  or  incorporation  of  mafons  at 
Rome,  does  not  feem  to  have  fhared  the  fecrets  of  the 
Dionyfiacs. 

The  art  of  The  art  of  building  arches  has  been  moft  affiduoufly 
building  cultivated  by  the  affociated  builders  of  the  middle  ages 
derftood”i'n  Chriftian  church,  both  Saracens  and  Chriftians, 

the  middle  indulged  in  it  with  fondnefs  : 

ages  they  multiplied  and  combined  arches  without  end, 

placing  them  in  every  pofilble  fituation. 

Having  ftudied  this  branch  of  the  art  of  building 
with  fo  much  attention,  they  were  able  to  eredl  the 
moft  magnificent  buildings  with  materials  which  a 
Greek  or  Roman  architedl  could  have  made  little  or 
Better  than  no  ufe  of.  There  is  infinitely  more  feientific  ficill  dif- 
by  the  played  in  a  Gothic  cathedral  than  in  all  the  buildings 
Greece  and  Rome.  Indeed  thefe  laft  exhibit  very 
little  knowledge  of  the  mutual  balance  of  arches,  and 
are  full  of  grofs  blunders  in  this  refpeeft  ;  nor  could 
they  have  refifted  the  Ihock  of  time  fo  long,  had  they 
not  been  almoft  folid  niafles  of  ftone,  with  no  more  ca- 
vity  than  was  indifpenfably  neceflary. 

Defedls  of  Anthemius  and  Ilidorus,  whom  the  Emperor  Jufti- 
thechur(h  nlan  had  feledled  as  the  moft  eminent  architedls  of 
of  St  Sophia  for  building  the  celebrated  church  of  St  Sophia 

tin  rie  Conftantinople,  feem  to  have  known  very  little  of 

this  matter.  Anthemius  had  boafted  to  Juftinian,  that 
he  would  outdo  the  magnificence  of  the  Roman  pan¬ 
theon,  for  he  would  hang  a  greater  dome  than  it  aloft 
in  the  air.  Accordingly  he  attempted  to  raife  it  on 
the  heads  of  four  piers,  diftant  from  each  other  about 
1 15  feet,  and  about  the  fame  height.  He  had  probably 


icen  the  magnificent  vauUings  of  the  temple  of  Mars  the  Ai*ch, 
Avenger,  and  the  temple  of  Peace  at  Rome,  the  thrufts 
of  which  are  withftood  by  two  maftes  of  folid  wall, 
which  join  the  fide  walls  of  the  temple  at  right  angles, 
and  extend  fidewife  to  a  great  diftance.  It  was  evident 
that  the  walls  of  the  temple  could  not  yield  to  the  pref- 
fare  of  the  vaulting  wthout  pufiting  thefe  immwife  but- 
treftes  along  their  foundations.  He  therefore  placed 
four  buttrefles  to  aid  his  piers.  They  are  almoft  folid 
maftes  of  ftone,  extending  at  leaft  90  feet  from  tlje  piers 
to  the  north  and  to  the  fouth,  forming  as  it  were  the 
fide  walls  of  the  crofs.  They  effedlually  fecuied  them 
from  the  thrufts  of  the  two  great  arches  of  the  nave 
which  fupport  the  dome" ;  but  there  was  no  fuch  pro- 
vifioii  againft  the  pufli  of  the  great  north  and  fouth 
arches.  Anthemius  trufted  for  this  to  the  half  dome, 
which  covered  the  femicircular  eaft  end  of  the  church, 
and  occupied  the  whole  eaftern  arch  of  the  great  dome. 

But  when  the  dome  was  finifhed,  and  had  ftood  a  feW' 
months,  it  pufiied  the  two  eaftern  piers  with  their  but- 
treftes  from  the  perpendicular,  making  them  lean  to  the 
eaft  ward,  and  the  dome  and  half  dome  fell  in.  Ifidorus, 
who  fucceeded  to  the  charge  on  the  death  of  Anthe¬ 
mius,  ftrengtheiied  the  piers  on  the  eaft  fide,  by  filling 
up  fome  hollows,  and  again  raifed  the  dome.  But  ' 

things  gave  way  before  it  was  clofed  ;  and  while  they 
were  building  in  one  part  it  was  falling  in  in  another. 

The  pillars  and  walls  of  the  eaftern  femicircular  end 
were  much  fhattered  by  this  time.  Ifidorus  feeing  that 
they  could  give  no  refiftance  to  the  pufh  which  was  fo 
evidently  directed  that  way,  ere£led  fome  clumfy  but- 
treftes  on  the  eaft  wall  of  the  fquare  which  furrounded 
the  whole  Greek  crofs,  and  was  roofed  in  with  it,  form¬ 
ing  a  fort  of  cloifter  round  the  whole.  Thefe  buttreftes, 
fpanning  over  this  cloifter,  leaned  againft  the  piers  of 
the  dome,  and  thus  oppofed  the  thrufts  of  the  great 
north  jind  foiith  arches.  The  dome  was  now  turned 
for  the  third  time,  and  many  contrivances  were  adopted' 
for  making  it  extremely  light.  It  was  made  offenfively 
fiat ;  and,  except  the  ribs,  it  was  roofed  with  pumice 
ftone  ;  but,  notwithftanding  thefe  precautions,  the 
arches  fettled  fo  as  to  alarm  the  architedls,  and  they 
made  all  fure  by  filling  up  the  whole  from  top  to  bottom 
with  arcades  in  three  ftories.  The  loweft  arcade  was  very 
lofty,  fupport ed  by  four  noble  marble  columns,  and  thus 
preferved,  in  fome  meafuie,  the  church  in  the  form  of 
a  Greek  crofs.  The  ftory  above  formed  a  gallery  for 
the  women,  and  had  fix  columns  in  front,  fo  that  they 
did  not  hear  fair  on  thofe  below.  The  third  ftory  wa« 
a  dead  wall  filling  up  the  arch,  and  pierced  with  three 
rows  of  fmall  ill-fiiaped  windows.  In  this  unworkman¬ 
like  lhape  it  has  ftood  till  now,  and  is  the  old  eft  church 
in  the  world;  but  it  is  an  ugly  mlfhapen  mafs,  more  re- 
fembling  an  overgrown  potter’s  kiln,  furrounded  with 
furnaces  pieced  and  patched,  than  a  magnificent  temple. 

We  have  b(?en  thus  particular  in  our  account  of  it,  be¬ 
caufe  this  hiftory  of  the  building  Ihowe  that  the  ancient 
architedls  had  acquired  no  diftin£l  notions  of  the  a6lion 
of  arches.  Almoft  any  mafon  of  our  time  would  know, 
that  as  the  fouth  arch  would  pufh  the  pier  to  the  eaft- 
ward,  while  the  eaft  arch  pufhed  it  to  the  fouthward, 
the  buttrefs  which  was  to  withftand  thefe  thrufts  mull 
not  be  placed  on  the  fouth  fide  of  the  pier,  but  on  the  ts 
fouth-eaft  fide,  or  that  there  muft  be  an  eaftern  as  well  Such  as  art 
as  a  fouthern  buttrefs*  Ho  fuch  blunders  are  to  be  feen 

church. 
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Arch,  ja  a  Gothic  cathedral.  Some  of  them  appear,  to  a  care- 
■  V  '  lefs  fpefiator,  to  be  very  maffive  and  clumfy ;  but  when 
judigloufly  examined,  they  will  be  found  very  bold  and 
light,  being  pierced  in  every  diredlion  by  arcades,  and 
the  walls  are  divided  into  cells  like  a  honeycomb,  fo 
that  they  are  very  fliff,  while  they  are  very  light. 

About  the  middle,  or  rather  towards  the  end,  of  lafl: 
century,  when  the  Newtonian  mathematics  opened  the 
road  to  true  mechanical  fcience,  the  conftrudlion  of 
archesengroffed  the  attention  of  the  firft  mathematicians. 

firft  hint  of  a 
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DrHookc’sThe  firft  hint  of  a  principle  that  we  have  met  with  is 
principle  of  Dr  Hooke’s  aflertion,  that  the  figure  into  which  a  chain 
or  rope,  perfedlly  flexible,  will  arrange  itfelf  when  fuf- 
pended  from  two  hooks,  is,  when  inverted,  the  proper 
form  for  an  arch  compofed  of  ftones  of  uniform  weight. 
This  he  affirmed  on  the  fame^principle  which  is  made 
life  of  in  the  Encyclopaedia  Britannica  in  the  article 
Roof,  §  25.  viz.  that  the  figure  which  a  flexible  fcf- 
toon  of  heavy  bodies  aflumes,  when  fufpended  from  two 
points,  is,  when  inverted,  the  proper  form  for  an  arch 
of  the  fame  bodies,  touching  each  other  in  the  fame 
points  ;  becaufe  the  forces  with  which  they  mutually 
prefs  on  each  other  in  this  lafl;  cafe,  are  equal  and  op- 
pofite  to  the  forces  with  which  they  pull  at  each  other 
in  the  cafe  of  fufpenfion. 

This  principle  is  ftridlly  juft,  and  may  be  extended 
to  every  cafe  which  can  be  propofed.  We  recoiled  fee¬ 
ing  it  propofed,  in  very  general  terms,  in  the  St  James’s 
Chronicle  in  1 7  59»  when  plans  Vv^ere  forming  for  Black- 
friar’s  Bridge  in  London;  and  fince  it  is  perhaps  equal, 
in  pradical  utility,  to  the  moft  elaborate  inveftigations 
of  the  mathematicians,  our  readers  will  not  be  difpleafed 
with  a  more  particular  account  of  it  in  this  place, 
xplaiiied,  ABC  (fig.  6.)  be  a  parcel  of  magnets  of  any 

fize  and  fliape,  and  let  us  fuppofe  that  they  adhere  with 
great  force  by  any  points  of  contad.  They  will  com- 
pofe  fuch  a  flexible  feftoon  as  we  have  been  fpeaking 
of,  if  fufpended  from  the  points  A  and  C.  If  this  fi¬ 
gure  be  inverted,  preferring  the  fame  points  of  contad, 
they  will  remain  in  equilibrio.  It  will  indeed  be  that 
kind  of  equilibrium  which  will  admit  of  no  difturbance, 
and  which  may  be  called  a  tottering  equilibrium.  If  the 
form  be  altered  in  the  fmalleft  degree,  by  varying  the 
points  of  contad  (which  indeed  are  pc  Juts  in  iSx^jigure 
of  equilibration^^  the  magnets  will  no  more  recover  their 
former  pofition  than  a  needle,  which  we  had  made  to 
ftand  on  its  point,  wn‘11  regain  its  perpendicular  pofition 
after  it  has  been  difturbed. 

But  if  w^e  fuppofe  planes  hi,  5cc.  drawn,  that 

the  points  of  mutual  contad  a,  b,  c,  each  bifediiig  the 
angle  formed  by  the  lines  that  unite  the  adjoining  con- 
tads  (fg,  for  example,  bifeding  the  angle  formed  by 
at,  be),  and  if  we  fuppofe  that  the  pieces  are  changed 
for  others  of  the  fame  weights,  but  having  flat  files, 
which  meet  m  the  planes  de,fg,  hi.  See.  it  is  evident 
that  we  lhall  have  an  arch  of  equilibration,  and  that  the 
arch  will  have  fome  liability,  or  will  bear  a  little  change 
of  form  without  tumbling  down;  for  it  is  plain  that 
the  equilibrium  of  the  original  feftoon  obtained  only  in 
the  points  a,b,c,  of  contad,  where  the  pJeflTures  were 
perpendicular  to  the  touching  furfaces;  therefore  if  the 
curve  a,  b,  c,  ftill  pafTes  through  the  touching  furfaces 
perpendicularly,  the  conditions  that  are  required  for 
equilibrium  Hill  obtain  The  cafe  is  quite  fimilar  to 
that  of  the  ftability  of  a  body  refting  on  a  horizontal 
SuppL.  VoL.  I.  Part  1. 


plane.  If  the  perpendicular  through  the  centre  of  gra¬ 
vity  falls  wdthin  the  bafe  of  the  body,  it  will  not  only  ^ 
Hand,  but  will  require  fome  force  to  pufli  it  over.  In 
the  original  feftoon,  if  a  Imall  weight  be  added  in  any 
part,  it  vvill  change  the  form  of  the  curve  of  equilibra¬ 
tion  a  little,  by  changing  the  points  of  mutual  contad. 

This  new  curve  will  gradually  feparate  from  the  former 
curve  as  it  recedes  from  AorC.  In  like  manner,  w^hen 
the  feftoon  is  fet  up  as  an  arch,  if  a  fmall  weight  be 
laid  on  any  part  of  it,  it  will  bring  the  w^hole  to  the 
ground,  becaufe  the  fhifting  of  the  points  of  contad 
will  be  juft  the  contrary  to  wdiat  it  fhould  be  to  fuit 
the  new  curve  of  equilibration.  But  if  the  fame  weight 
be  laid  on  the  fame  part  of  the  arch  now  conftruded 
with  flat  joints,  it  will  be  fiiftained,  if  the  new  curve  of 
equilibration  ftill  pafles  through  the  touching  furfaces. 

Thefe  conclufions,  w^hich  are  very  obvioufly  dedu- 
cible  from  the  principle  of  the  feftoon,  fiiew  us,  without 
any  further  difcuflion,  that  the  longer  the  joints  are, 
the  greater  vvill  he  the  ftability  of  the  arch,  or  that  it 
will  require  a  greater  force  to  break  it  down.  There¬ 
fore  it  is  of  the  greateft  importance  to  have  the  arch 
ftones  as  long  as  economy  will  permit ;  and  this  was  the 
great  ufe  of  the  ribs  and  other  apparent  ornaments  in 
the  Gothic  architedure.  The  great  projedions  of  thofe 
ribs  augmented  their  ftiffnefs,  and  enabled  them  to  fup- 
port  the  unadorned  copartments  of  the  roof,  compofed 
of  very  fmall  ftones,  feldom  above  fix  inches  thick. 

Many  old  bridges  are  ftill  remaining,  which  are  ftrength- 
ened  in  the  fame  way  by  ribs. 

Having  thus  explained,  in  a  very  familiar  manner, 
the  ftability  of  an  arch,  we  proceed  to  give  tiie  fame 
popular  account  of  the  general  application  of  the  prin- 
ciple. 

Suppofe  it  to  be  required  to  afeertain  the  form  of  an  And  an¬ 
arch  which  ihall  have  the  fpan  AB  (fig.  7.),  and  thepikd.^' 
height  F  8,  and  which  lhall  have  a  road-vvay  of  the  di- 
menfions  CDE  above  it.  Let  the  figure  ACDEB  be 
inverted,  fo  as  to  form  a  figure  KcdeYi.  Let  a  chain 
of  uniform  thicknefs  be  fufpended  from  the  points  A 
and  B,  and  let  it  be  of  fuch  a  length  that  its  lower 
point  will  hang  at,  or  rather  a  little  below,  f,  corre- 
fponding  to  F.  Divide  AB  into  a  number  of  equal 
parts,  in  the  points  1,  2,  3,  &c.  and  draw  vertical  lines, 
cutting  the  chain  in  the  correfponding  points  i,  2,  3, 

&c.  Now  take  pieces  of  another  chain,  and  hang  them 
on  at  the  points  i,  2,  3,  &c.  of  the  chain  A/B."^  This 
will  alter  the  form  of  the  curve.  Cut  or  trim  thefe 
pieces  of  chain,  till  their  lower  ends  all  coincide  with 
the  inverted  road- way  cd e.  'The  greater  lengths  that 
are  hung  on  in  the  vicinity  of  A  and  B  will  pull  down 
thefe  points  of  the  chain,  and  canfe  the  middle  point /* 

(which  is  lefs  loaded)  to  rife  a  little,  and  will  brino-  it 
near  to  its  proper  height.  ^ 

It  is  plain  that  this  procefs  will  produce  an  arch  of 
perfea  equilibration  ;  but  fome  farther  conficlerations 
are  neceffary  for  making  it  exadly  fuit  our  purpofe. 

It  IS  an  arch  of  equilibration  for  a  bridge,  that  is  fo 
loaded  that  the  weight  of  the  arch-ftones  Is  to  the 
weight  of  the  matter  with  which  the  haunches  and 
crown  are  loaded,  as  the  weight  of  the  chain  A  /"B  Is 
to  the  fum  of  the  weights  of  all  the  little  bits  of  chain 
very  nearly.  But  this  proportion  is  not  known  before¬ 
hand  ;  we  mull  therefore  proceed  In  the  following  man¬ 
ner  :  Adapt  to  the  curve  produced  in  this  way  a  thick- 
C  nefs 
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nefsof  thearch-ftones  is  great  as  are  thought  fufficient  to 
enfure  ftabi'h’ty  ;  then  compute  the  weight  of  the  arch 
ftones,  and  the  weight  of  the  gravel  or  rubbifli  with 
which  the  haunches  are  to  be  filled  up  to  the  road-way. 

If  the  proportion  of  thefe  two  weights  be  the  fame  with 
the  proportion  of  the  weights  of  chain,  we  may  reft  fa- 
tisfied  with  the  curve  now  found  ;  but  if  different,  we 
can  eafily  calculate  how  much  muft  be  added  equal  to, 
or  taken  from,  each  appended  bit  of  chain,  in  order  to 
make  the  two  proportions  equal.  Having  altered  the 
appended  pieces  accordingly,  we  flrall  get  a  new  curve, 
which  may  perhaps  require  a  very  fmall  trimming  of 
the  bits  of  chain  to  make  them  fit  the  road-way.  This 
curve  will  be  infinitely  near  to  the  curve  wanted. 

We  have  praftifed  this  method  for  an  arch  of  6o 
feet  fpan  and  21  feet  height,  the  arch-ftones  of  which 
were  only  two  feet  nine  inches  long.  It  was  to  be 
loaded  with  gravel  and  ftiivers.  We  made  a  previous 
computation,  on  the  fuppofition  that  the  arch  was  to 
be  nearly  elliptical.  The  diftance  between  the  points 
I,  2,  3,  &c.  were  adjufted,  fo  as  to  determine  the  pro¬ 
portion  of  the  weights  of  chain  agreeable  to  the  fuppo¬ 
fition.  The  curve  differed  confiderably  froni  an  ellipfe, 
making  a  confiderable  angle  with  the  verticles  at  the 
fpring  of  the  arch.  The  real  proportion  of  the  weights 
of  chain,  when  all  was  trimmed  fo  as  to  fuit  the  road¬ 
way,  was  confiderably  different  from  what  was  expeft- 
ed.  It  was  adjufted.  The  adjuftment  made  very  little 
change  in  the  curve.  It  would  not  have  changed  it 
two  inches  in  any  part  of  the  real  arch.  When  the 
procefs  was  completed,  we  conftrufted  the  curve  ma¬ 
thematically.  It  did  not  differ  fenfibly  from  this  mecha¬ 
nical  conftruaion.  This  was  very  agreeable  informa¬ 
tion  ;  for  it  ftiewed  us  that  the  firft  curve,  formed  by 
about  two  hours  labour,  on  a  fuppofition  confiderably 
different  from  the  truth,  would  have  been  fufficiently 
exad  for  the  purpofe,  being  in  no  place  three  inches 
from  the  accurate  curve,  and  therefore  far  within  the 
joints  of  the  intended  arch-ftones.  Therefore  this  pro¬ 
cefs,  which  any  intelligent  mafon,  though  Ignorant  of 
mathematical  fcience,  may  go  through  with  little 
trouble,  will  give  a  very  proper  form  for  an  arch  fub- 
je£l  to  any  conditions. 

The  chief  defeft  of  the  curve  found  in  this  way  is  a 
want  of  elegance,  becaufe  it  does  not  fpring  at  right 
angles  to  the  horizontal  line  ;  but  this  is  the  cafe  with 
all  curves  of  equilibration,  as  we  ftiall  fee  by  and  by.  It 
is  not  material:  for,  in  the  very  neighbourhood  of  the 
piers,  we  may  give  it  any  form  we  pleafe,  becaufe  the 
mafonry  is  folid  in  that  place  ;  nay,  we  apprehend  that 
a  deviation  from  the  curve  of  equilibration  is  proper. 
The  conftruaion  of  that  curve  fiippofes  that  the  pref- 
fiire  on  every  part  of  the  arch  is  vertical';  but  gravel, 
earth,  and  rubbilh,  exert  fomewhat  of  a  hydroftatical 
preffure  laterally  in  the  ad  of  fettling,  and  retain  it 
afterwards.  This  will  require  feme  more  curvature  at 
the  haunches  of  an  .arch  to  balance  it  ;  but  what  this 
lateral  preffure  may  be,  cannot  be  deduced  with  confi¬ 
dence  from  any  experiments  that  we  have  feen.  We 
are  inclined  to  think  that  if,  inftead  of  dividing  the  ho¬ 
rizontal  line  AB  in  the  points  i,  2,  3,  &c.  we  divide 
the  chain  itfelf  into  equal  parts,  the  curve  will  ap¬ 
proach  nearer  to  the  proper  form 

After  this  familiar  ftatement  of  the  general  principle. 
It  is  now  time  to  coiifider  the  theory  founded  on  it 
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every  part  of  the  arch,  that  all  fiiall  remain  in  equili-'pj.^^Q^ 
brio,  although  the  joints  be  perfectly  poliftied,  and  with- founded 
out  any  cement.  The  whole  may  be  reduced  to  two  this  prin- 
problems.  The  firft  is  to  determine  the  vertical  pref-^*P^®* 
fure  or  load  on  every  point  of  a  line  of  a  given  form, 
which  will  put  that  line  in  equilibrio.  The  fecond  is 
to  determine  the  form  of  a  curve  which  (hall  be  in  equi¬ 
librio  when  loaded  in  its  different  points,  according  to 
any  given  law. 

The  whole  theory  is  deducible  from  §  27.  of  the  ar¬ 
ticle  Roof.  The  fundamental  propofition  in  that  fec- 
tion  ftates  the  proportions  between  the  various  prefTures 
or  thrufts  which  arc  exerted  at  the  angles  of  an  aflem- 
blage  of  beams  or  other  pieces  of  folid  heavy  matter, 
freely  moveable  about  thofe  angles,  as  fo  many  joints, 
but  retaining  their  pofition  by  the  equilibrium  of  thofe 
prefTures.  It  is  there  demonftrated,  “  that  the  thruft 
at  any  angle,  if  eftimated  in  a  horizontal  diredlion,  is 
the  fame  throughout,  and  may  be  reprefented  by  any  ho¬ 
rizontal  line  BT, fig.  8.  (Roofs,  fig.  10  Pl.CCCCXL); 
and  that  if  a  vertical  line  QTS  be  drawn  through  T, 
the  thruft  exerted  at  any  angle  D  by  the  piece  CD,  in 
its  own  diredion,  will  then  be  reprefented  by  BR, 
drawn  parallel  to  CD  ;  and  in  like  manner,  that  the 
thruft  in  the  dired^ion  ED  is  reprefented  by  BS,  &c.; 
and,  laftly,  that  'the  vertical  thrufts  or  loads,  at  each 
angle  B,  C,  D,  by  which  all  thefe  others  prefTures  are 
excited,  are  reprefented  by  the  portions  QC,  CR,  RS, 
of  the  vertical  intercepted  by  thofe  lines  ;  that  is,  all 
thefe  prefTures  are  to  the  uniform  horizontal  thruft  as 
the  lines  which  reprefeiit  them  are  to  BT.  The  hori¬ 
zontal  thruft,  therefore,  is  a  very  proper  unit,  with 
which  we  may  compare  all  the  others.  Its  magnitude 
is  eafily  deduced  from  the  fame  propofition  ;  for  QS  is 
the  fum  of  all  the  vertical  prefTures  of  the  angles,  and 
therefore  reprefen ts  the  weight  of  the  whole  aftem- 
blage.  Therefore  as  is  to  BT,  fo  is  the  weight 
of  the  whole  to  the  horizontal  thruft.  21 

To  accommodate  this  theory  to  the  conftrudion  of 
a  curvilineal  arch  vault,  let  us  firft  fuppofe  the  vault 
be  polygonal,  compofed  of  the  cords  of  the  elementary  ^jon  of  an 
arches.  Let  AVE  (fig.  9.)  be  a  curvilineal  arch,  of  arch  vault, 
which  V  is  the  vertex,  and  VX  the  vertical  axis,  which 
we  fl^all  confider  as  the  axis  or  abfeifta  of  the  curve, 
while  any  horizontal  line,  fuch  as  HK,  is  an  ordinate 
to  the  curve.  About  any  point  C  of  the  curve  as  a 
centre  deferibe  a  circle  BED,  cutting  the  curve  in  B 
and  D.  Draw  the  equal  cords  CB,  CD.  Draw  alfo 
the  horizontal  line  CF,  cutting  the  circle  in  F.  De¬ 
feribe  a  circle  BCD(^^palIing  through  B,  C,  D.  Its 
centre  O  will  let  in  a  line  COQ^  which  bireds  the 
angle  BCD  ;  and  C  d,  which  touches  this  circle  in  C, 
will  bifea  the  angle  b  C  r/,  formed  by  the  equal  cords 
BC,  CD.  Draw  CLP  perpendicular  to  c  b,  and  DP 
perpendicular  to  CD,  meeting  CL  in  P.^  Through  L 
draw  the  tangent  GLM,  meeting  CD  in  G,  and  the 
vertical  linc^fC^IVI  in  M.  Draw  the  tangent  F  ^7,  cutting 
the  cords  BC,  CD,  in  b  and  d,  and  the  tangent  to  the 
circle  BCDQjn  c.  Laftly,  draw  r/N  parallel  to  be. 

From  wh^s  demonftrated  in  ^  27.  of  the  article 
Roof,  it  appears,  that  if  BC,  CD  be  two  pieces  of  an 
equilibrated  heavy  polygon,  and  if  CF  reprefent  the  ho 


rizontal  thruft  in  every  angle  of  the  polygon,  C  J 
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Arch,  Qb  will  feverally  reprefent  the  thriids  exerted  by  the 
pieces  DC,  BC,  and  that  bd,  or  CN,  will  reprefent  the 
weight  lying  on  the  angle  BCD,  by  which  tliofe  thruils 
are  balanced. 

As  the  reader  may  not  have  the  article  Roof  at 
hand,  this  equilibrium  may  be  recalled  to  his  remem¬ 
brance  in  the  following  manner  :  Produce  dQ  to  fo 
that  Qo  m?y  be  equal  to  Qd.  Draw  ^  «  to  the  verti¬ 
cal  parallel  to  ^B,  and  join  no.  It  is  evident  that 
bnoC  is  a  parallelogram,  and  that  nQ  {^2=,  bd)  =  CN. 
Now  the  thruft  or  fupport  of  the  piece  BC  is  exerted 
in  the  direction  Ci,  while  that  of  DC  is  exerted  in  the 
direction  Qo.  Thefe  two  thrufls  are  equivalent  to  the 
thruft  in  the  diagonal  Qn  ;  and  it  is  with  this  com¬ 
pound  thruft  that  the  load  or  vertical  prefTure  CN  is 
in  immediate  equilibrium. 

Becaufe  ^CL,  NCF,  are  right  angles,  and  FCL  is 
common  to  both,  the  angles  ^CF  and  MCL  are  equal. 
Therefore  the  right  angled  triangles  3CF  and  MCL 
are  fimilar.  And  fince  CF  is  equal  to  CL,  cb  is  equal 
to  CM.  It  is  evident  that  the  triangles  GCM  and 
JCN  are  fimilar.  Therefore  CG  :Q  d  CM  ;  CN, 

C^  ;  CN.  Therefore  w^e  have  CN  =  But 


ARC 

Therefore  we  have  ER  ;  L/i  ss  Rad. « 


Arth, 


And  de- 
siionftra- 
tcd. 


CG 

becaufe  CDP  and  CLG  are  right  angles,  and  therefore 
^qual,  and  the  angle  GCP  is  common  to  the  tw^o  tri¬ 
angles  GCL,  PCD,  and  CD  is  equal  to  CL,  we  have 

CG  equal  to  CP.  Therefore  CN  =  — Alfo, 

fince  CDP  is  a  right  angle,  DP  meets  the  diameter  in 
the  oppofite  point  of  the  circumference,  and  the 
angle  DQC  is  equal  to  DQdy  or  DC^  (becaufe  bQd 
is  bifedled  by  the  tangent),  that  is,  to  PCQ^ (becaufe 
the  right  angles  bCY*y  cDO  arc  equal,  and  ^DP  is 
common).  Therefore  PQ^is  equal  to  PC  ;  and  if  PO 
be  drawm  perpendicular  to  CQ_,  it  will  bifeftit,  and  O 
is  the  centre  of  the  circle  BCDQJ3. 

Now  let  the  points  B  and  D  continually  approach  to 
C  (by  diminifliing  the  radius  of  the  fmali  circle),  and 
ultimately  coincide  with  it.  It  is  evident  that  the 
circle  BCDQ^is  ultimately  the  equicurve  circle,  and 
that  PC  ultimately  coincides  with  OC,*the  radius  of 
curvature.  AlfoC^XC^  becomes  ultimately  Cc^, 
Therefore  CN,  the  vertical  load  on  any  point  of  a 


9  I 

angle  AEG. 

Sec.  Elev^ 

If  therefore  the  arqh  is  kept  in  equilibrio  by  the  ver- 
tical  prefTure  of  a  wall,  we  muft  have  the  height  of  the 

wall  above  any  point  proportional  to  Kiev. 

Rad.  of  Curv» 

.  1  the  vertl- Corollaries, 

cal  Cb,  Cb  will  be  half  the  vertical  cord  of  the  equi¬ 
curve  circle.  The  angle  CCS  is  equal  to  cC¥,  that  is, 
to  the  angle  of  elevation.  Therefore  1  :  Sec.  Elev. 

=  CS  ;  CO,  and  the  fecant  of  elevation  may  be  exoref- 
r  j  1  ^ 

fed  by  and  its  cube  by  Therefore  the  height 

of  wall  is  proportional  to  - ,  or  to  nr 

^  ^  CS^xCO’ 

CQ^  Sec.=^  of  Elev. 

CS*XCS  Vert.  Cord  of  Curv. 

Cor.  II.  If  we  make  the  arch  VC  =  the  abfeifta 
VH  =  x,  the  ordinate  HC=zy,  the  radius  ofculi  CO=:r, 
and  the  4  vertical  cordCS=/,  the  height  of  wall  pref- 

fing  on  any  point  is  proportional  to  *?-;  or  to  ,  or 

^ - .  Therefore,  when  the  equation  of  the  curve 

. 

IS  given,  and  the  height  of  wall  on  any  one  point  of  it 
is  alfo  given,  w^e  can  determine  it  for  any  other  point; 
for  the  equation  of  the  curve  will  always  give  us  the  re¬ 
lation  of  z,  X,  and  jr,  and  the  value  of  r  or  s.  This  may 
be  illuftrated  by  an  example  or  two.  For  this  purpofe 
it  will  generally  be  moft  convenient  to  affume  the  height 
above  the  vertex  V  for  the  unit  of  computation.  The 
thick nefs  of  the  arch  at  the  crown  is  commonly  deter¬ 
mined  by  other  circumftances.  At  the  vertex  the  tan¬ 
gent  to  the  arch  is  horizontal,  and  therefore  the  cube 
of  the  fecant  is  unity  or  i.  Call  the  height  of  wall, 
at  the  crown,  H,  and  let  the  radius  of  curvature  in  that 
point  be  R,  and  its  half  cord  R  (it  being  then  coinci¬ 
dent  with  the  radius),  and  the  height  on  any  other 


point 


We  have'll 


y  r 


curve  of  equilibration,  is  =  -  ^  ^ _ _ 

Rad.  Curv. 

It  is  farther  evident,  that  CF  is  to  Ctf  as  radius  to 
the  fecant^  of  the  elevation  of  the  tangent  above  the  ho¬ 
rizon.  Therefore  we  have  the  load  on  any  point  of 

the  curve  always  proportional  to  Elev. 

^  .  Rad.  Curv. 

This  load  on  every  elementary  arch  of  the  wall  is 
commonly  a  quantity  of  folid  matter  incumbent  on  that 
clement  of  the  curve,  and  prefling  it  vertically;  and  it 
may  be  conceived  as  made  up  of  a  number  of  heavy 
lines  ftanding  vertically  on  it.  Thus,  if  the  element  Ee 
of  the  curve  were  lying  horizontally,  a  little  parallelo- 
gram  RE^r  ftanding  perpendicularly  on  it,  would  re¬ 
prefent  its  load.  But  as  this  element  E  ^  has  a  floping 
pofltion,  it  is  plain  that,  in  order  to  have  the  fame 
•quantity  of  heavy  matter  prefling  it  vertically,  the 
height  of  the  parallelogram  muft  be  increafed  till  it 
meets  in  t  p,  the  line  R 1  drawn  parallel  to  the  tangent 
EG.  It  is  evident  that  the  angle  REp  is  equal  to  the 


=  H  ;  /$»,  and  ^  =  H  X  ^ 

R  ^  2^*  R 

X  — .  The  other  formula  gives  FI  X  -r-X  — . 

^  y* 

Examp.  I.  Suppofe  the  arch  to  be  a  legment  of  a  ‘  hift^rated 

circle,  as  in  fig.  10.  where  AE  is  the  diameter,  and  O  by  exam- 
the  centre.  In  this  arch  the  curvature  is  the  fameP^es. 

throughout,  or  =  i.  Therefore  /j  =  H  X  or 

=  H  X  Cube  Sec.  Elev. 

This  gives  a  very  fimple  calculus.  To  the  logarithm 
of  H  add  thrice  the  logarithm  of  the  fecant  of  elevation, 

The  fum  is  the  logarithm  of  h. 

It  gives  alfo  a  very  fimple  conaruaion.  Draw  the 
verticalCS,  cutting  the  horizontal  diameter  in  S.  Draw 
ST,  cutting  the  radius  OC  perpendicularly  iiiT.  Draw 
the  horizontal  line  T «,  cutting  the  vertical  in  Join 

20.  Make  Ci»=  Vv,  and  draw  parallel  to  zo.  Co 
mua  be  made  =:  C*.  The  demonaration  is  evident. 

It  is  very  eafy  to  fee  that  if  CV  is  an  arch  of  6o% 
and  Va>  is  Tjth  of  VC,  the  points  v  and  c  will  be  on 
a  level  j  for  the  fecant  of  CV  is  twice  CO,  and  there¬ 
fore  Ce  is  3  times  Vv,  which  is  ^th  of  VH. 

C  a  Tfee 


/ 
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The  dotted  line  is  drawn  according  to  this 

calculus  or  conftruaion.'  It  falls  confiderably  below 
the  horizontal  line  in  the  neighbourhood  of  c;  and 
then,  palling  very  obliquely  through  c,  it  rifes  rapidly 
to  an  unmeafurable  height,  becaufe  the  vertical  line 
through  A  is  its  alfymptote.  This  mull;  evidently  be 
the  cafe  with  every  curve  which  fprings  at  right  angles 
with  a  horizontal  line. 

It  is  plain  that  if  vV  be  greater,  all  the  other  ordi- 
pates  of  the  curve  vgcf,  reili'ng  on  the  circumference 
AVE,  will  be  greater  in  the  fame  proportion,  and  the 
curve  will  cut  the  horizontal  line  drawn  through  *d  in 
fome  point  nearer  to  than  r  is.  Hence  it  appears 
that  a  circular  arch  cannot  be  put  in  eqnllibrio  by 
building  on  it  up  to  a  horizontal  line,  whatever  be  its 
fpan,  or  whatever  be  the  tliicknefs  at  the  crown.  We 
have  feen  that  when  this  thicknefs  is  only 
radius,  an  arch  of  120  degrees  wdll  be  too  much  loaded 
at  the  flanks.  This  thicknefs  is  much  too  fmall  for  a 
bridge,  being  only  CM,  whereas  it 

fhould  have  been  almoll  double  of  this,  to  bear  the  in¬ 
equalities  of  weight  that  may  occafionally  be  on  it. 
W^hen  the  crown  is  made  ftill  thinner,  the  outline  is 
ilill  more  deprefTed  before  it  rifes  again.  There  is  there¬ 
fore  a  certain  fpan,  with  a  correfponding  thicknefs  at 
the  crown,  which  will  deviate  lead  of  all  from  a  liori- 


Arch. 
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The  converfc,  of  the  problem,  namely,  to  find  the 
form  of  the  arch  when  the  figure  of  the  back  of  it  is 
given,  is  the  mod  ufual  quedion  of  the  two,  at  lead  in  ^pj^ 
cafes  which  are  mod  important  and  mod  difficult.  Of  form  of  an 
thefe  perhaps  bridges  are  the  chief.  Here  the  neceffi-arch  when 
ty  of  a  road- way,  of  eafy  and  rc'^  ilar  afeent,  confines 
us  to  an  outline  nearly  horizontal,  to  which  the  curve 
of  the  arch  mud  be  adapted.  This  is  the  mod  difficult 
problem  of  the  two  •,  and  we  doubt  whether  it  can  be 
folved  without  employing  infinite  approximating  ferie- 
fes  indead  of  accurate  values. 

Let  ave  (fig.  12.)  be  the  intended  outline  or  ex- 
trados  of  the  arch  AVE,  and  let  ‘ziQJie  the  comrnon 
axis  of  both  curves.  From  c  and  C,  the  correfponding 
points,  draw  the  ordinates  ch^  CH.  Let  the  thicknefs 

TJ  V  at  the  top  be  the  abfeifla  ^  be  =  «>  and  VIT 
=:  y,  and  let  the  equal  ordinates  c  hy  CH  be  j?,  and  the 
arch  VC  be  jz. 


Then,  by  the  general  theorem,  rC  =  r  being 


rf 


the  radius  of  curvature.  This,  by  the  common  rules,  is 


This  gives  us  c 


y  X  —  X  y 


or 


zontal  line.  This  is  an  arch  of  about  54  degrees,  the 


yx — xy  y 

—  y  ^  X  C  ;  where  C  is  a  condant  quantity. 


thicknefs  at  the  crown  being  about  one-fourth  of  the 
fpan,  which  is  extravagantly  great.  It  appears  in  ge¬ 
neral,  therefore,  that  the  circle  is  not  a  curve  fuited  to 
the  purpofes  of  a  bridge  or  an  arcade,  which  requires 
an  outline  nearly  horizontal. 

Examp.  2.  Let  the  curve  be  a  parabola  AVE  (fig.  1 1.), 
of  which  V  is  the  vertex,  and  DG  the  directrix-  Draw 
the  diameters  DCF,  GVN,  the  tangents  CK,  VP ,  and 
the  ordinates  VF  and  C  N.  It  is  well  known  that  GV 
to  DC  as  VP"  to  CK",  or  as  CN^  to  CK*.  Alfo 


y 

found  by  taking  the  real  value  of  c  C  in  V,  the  vertex 
of  the  curve.  But  it  is  evident  that  it  is  alfo  z=.a  +  x 


y  X  —  X  y  ^  r* 

Therefore  a  x  —  «  =  — : - a  v^,  —  -r- 


2  GV  is  the  radius  of  the  ofculatmg  circle  at  V,  and 
2  DC  is  one- half  of  the  vertical  cord  of  the  ofculatmg 


*  circle  at  C.  Therefore  CN" :  CK"  (or  f  :  z 

li  *  z  *  R 

;^-R.  ButCc,  orA=  . 

y‘S 

R  R 


and 


>)  =  R  :  X, 
Therefore 


£  =  H  X 


=  H  X  =  H.  Therefore 


-R 


R 


C^  =  ‘UV.  ....  T  1  t.  t 

It  follows  from  this  invedigation,  that  the  back  or 

extrados  of  a  parabolic  arch  of  equilibration  rnud  be 
parallel  to  the  arch  or  foffit  itfelf ;  or  that  the  thicknds 
of  the  arch,  edimated  in  a  vertical  diredlon,  mud  be 
equal  throughout ;  or  that  the  extrados  is  the  fame  pa¬ 
rabola'  wnth  the  foffit  or  intrados- 

We  have  feledfed  thefe  two  examples  merely  for  the 
fimplicity  and  perfpicuity  of  the  folutions,  which  have 
Keen  effedfed  by  means  of  elementary  geometry  only, 
indead  of  employing  the  analytical  value  of  the  radius 


•  r  ^ 

X  fluxion  of  V-. 

y 

If  we  now  fubftitute  the  true  value  of  u  (which  is 
given,  becaufe  the  extrados  is  fuppofed  to  be  of  a  known 
form),  exprelfed  in  terms  ofy,  the  refulting  equation 
will  contain  nothing  but  »  and  y,  with  their  firft  and 
fecond  fluxions,  and  known  quantities.  From  this  equai- 
tion  the  relation  of^andy  mull  be  found  by  fuch methods 
as  feem  beft  adapted  to  the  equation  of  the  extrados.  _ 
'Fortunately  the  procefs  is  more  Ample  and  eafy  in 
the  moft  common  and  ufeful  cafe  than  we  ftiould  ex- 
pca  from  this  general  rule.  We  mean  the  cafe  where 
the  extrados  is  a  ftraight  line,  efpecially  when  this  is 
horizontal.  In  this  cafe  u  is  equal  to  <?. 

Example.  To  find  the  form  of  the  balanced  arch 
AVE  (fig.  13.),  having  the  horizontal  line  cv  for  its  piate  ll 

extrados.  .  , 

Keeping  the  fame  notation,  we  have  u  zz  o,  and. 


therefore  a  +  ;e  =  -X  fluxion  of  t-, 

y  y 


iC* 

Affume  y  =  -;  then  ~=  v.  and  -  X  flux*®"  of  “  »■ 

^  y  y  y 


Cw 


that  is  fl  +  *  =  Therefore  ax +  xx 


cf  the  ofculatory  circle,  viz.  ■ 


y  X  —  xy 

Jiave  involved  us  at  leaft  in  the  elements  of  fecond 
fluxions.  We  have  alfo  preferred  fimplicity  to  ele- 
gance  in  the  inveftigation,  becaufe  we  wifti  to  inftruft 
the  praaical  engineer,  who  may  not  be  a  proficient  in 
the  higher  mathematics. 


which  would  =  C 11 ;  and  by  taking  the  fluents,  we  have  2  a  x+x» 

/  2ax+ji 

'’  =  v/  C 


=  C  v"  ;  and 


Confequently, 


- fbemg  =  —  V  Taking  the  fluent 

this,  we  have  jr  =  C  X  L 


{2  ax 


2  sC 

.Am  ^ 
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Arch.  2  \/  2  «  +  »?-).  But  at  tbe  vertex,  where  a?  =:  o, 

'  we  have  y  ^  Cxh  {la).  The  correded  fluent  is 

,  r  /  r-  w  T  a-^x  +  s/z^^  +  ^\ 

therefore  v  =  C  X  L - 

a 

It  only  remains  to  find  the  conftant  quantity  C. 
This  we  readily  obtain  by  feleding  fome  point  of  the 
extrados  where  the  values  of  x  and  y  are  given  by  par. 
ticular  circumftances  of  the  cafe.  Thus,  when  the 
fpan  2  s  and  height  h  of  the  arch  are  given,  we  have 
Jrh+  y 


,=  ^CXL(“. 

quently  v^C=: 


^  4"  2  ^ 

V  ^  ' 


Therefore^ 


the  general  value  ofy=:f  X- 


■(' 


a’\-X’^\/lax 


a-^h  lab 


a  X  2  a  X  -Jf-  x^. 


a'\’h+  ^lah  +  b^ 


As  an  example  of  the  ufe  of  this  formula,  we  fubjoin 
a  table  calculated  by  Dr  Hutton  of  Woolwich  for  an 
arch,  the  fpan  of  which  is  lOO  feet,,  and  the  height  40; 
which  are  nearly  the  dimenfions  of  the  middle  arch  of 
Blackfriars  Bridge  in  London. 


y 

X 

y 

X 

X 

0 

6,000 

21 

10,381 

36 

24,774 

2 

6,055 

22 

10,858 

37 

22,948 

4 

6,144 

23 

11,368 

38 

24,190 

6 

6,324 

24 

1 1,911 

39 

25*505 

8 

6,580 

25 

12,489 

40 

26,894 

'  10 

6,914 

26 

13,  ic6 

41 

28,364 

.  12 

7,33° 

27 

13,761 

42 

29*919 

7.571 

28 

i4>457 

43 

3**563 

■  »4 

29 

44 

33*299 

8,120 

30 

15,9^0 

45 

35**35 

16 

8,430 

31 

16,81  i 

46 

17 

8,766 

32 

17*693 

47 

39**26 

►  18 

9, 16S 

33 

18,627 

48 

4**293 

19 

9.5  >7 

34 

19*617 

49 

43*581 

20 

9’934 

35 

'  20,665 

50 

46,000 

a6 

Dcfefls  of 
the  Cat* 


The  hgure  for  this  propofition  is  exadly  drawn  ac¬ 
cording  to  thefe  dimenfions,  that  the  reader  may  judge, 
©f  it  as  an  objed  of  fight.  It  is  by  no  means  deficieiitf 
in  gracefulnefs,  and  is  abundantly  roomy  for  the  pafTage 
of  craft  ;  fo  that  no  objedlon  can  be  offered  again  ft  its  * 
being  adopted  on  account  of  its  mechanical  excellency. 

The  reader  will  perhaps  be  furprifed  that  we  have 
made  no  mention  of  the  celebrated  Catenarian  curve, 
tian  curve,  which  is  commonly  faid  to  be  the  beft  form  for  an  arch; 

but  a  little  refledion  will  convince  him,  that  although  > 
it  is  the  only  form  for  an  arch  confifting  of  ftones  of. 
equal  weight,  and  touching  each  other  only  in  (ingle 
points,  it  cannot  fuit  an  arch  which  muft  be  filled  up  in 
in  order  to  form  a  road-way.  He  will 


but  this  thicknefs  is  fo  great  as  to  make  it  unfit  for  a  Arch, 

bridge,  being  fuch  that  the  preffure  at  the  vertex  is 
equal  to  the  horizontal  thruft.  This  would  have  been 
about  37  feet  in  the  middle  arch  of  Blackfriars  Bridge* 

The  only  fituation,  therefore,  in  which  the  Catenarian 
form  would  be  proper,  is  an  arcade  carrying  a  height  of 
dead  wall ;  but  in  this  fituation  it  would  be  very  un¬ 
graceful.  Without  troubling  the  reader  with  the  in- 
veftigation,  it  is  fufficient  to  inform  him  that  in  a  Ca¬ 
tenarian  arch  of  equilibration  the  abfeiffa  VH  is  to  the 
abfeiffa  v  h\n  the  conftant  ratio  of  the  horizontal  thruft 
to  its  excels  above  the  preflure  on  the  vertex. 

This  much  will  ferve,  we  hope,  to  give  the  reader  a  Inutility  ov 
clear  notion  of  this  celebrated  theory  of  the  equilibrium  hic  cem- 
of  arches,  one  of  the  moft  delicate  and  important  appli-^'^" 
cations  of  mathematical  fcience.  Volumes  have 
written  on  the  fubjed,  and  it  ftill  occupies  the  atten¬ 
tion  of  mechanicians.  But  we  beg  leave  to  fay,  with 
great  deference  to  the  eminent  perfons  who  have  profe- 
ented  this  theory,  that  their  fpeculations  have  been  of 
little  fervice,  and  are  little  attended  to  by  the  pradi- 
tioner.  Nay,  we  may  add,  that  Sir  Chriftopher  Wren, 
perhaps  the  moft  accomplifhed  arcliited  that  Europe 
has  feen,  feems  to  have  thought  it  of  little  value  :  for, 
among  the  fragments  which  have  been  preferved  of  his 
ftudies,  there  are  to  be  feen  fomeimperfed  differtations 
on  this  very  fubjed,  in  which  he  takes  no  notice  of  this 
theory,  and  confiders  the  balance  of  arches  in  quite  an¬ 
other  way.  Thefe  are  colleded  by  the  author  of  the 
account  of  Sir  Chriftopher  Wren’s  family.  'Diis  man’s 
great  fagacity,  and  his  gi'eaf  experience  in  building,  and, 
ftill  more  his  experience  in  the  repairs  of  old  and  crazy 
fabrics,  had  (hewn  him  many  things  very  inconfiftent 
with  this  theory,  which  appears  fo  fpecious  and  fafe.. 

The  general  fads  which  occur  in  the  failure  of  old. 
arches  are  highly  inftrudive,  and  deferve  the  moft  care¬ 
ful  attention  of  the  engineer;  for  it  is  in  this  ftate  that 
their  defeds,  and  the  procefs  of  nature  in  their  deftruc- 
tioii,  are  moft  diftindly  feen.  We  venture  to  alEirn, 
that  a  very  great  majority  of  thefe  fads  are  irreconcile- 
able  to  the  theory.  The  way  in  which  circular  arches 
commonly  fail,  is  by’the  finking  of  the  crown  and  the 
rifing  of  the  flanks.  It  will  be  found  by  calculation, 
that  in  moft  of  the  cafes  it  ought  to  have  been  juft  the 
contrary.  But  the  cleareft  proof  is,  that  arches  very 
larely  fail  where  their  load  differs  moft  remarkably  from 
that  which  this  theory  allows.  Semicircular  arches  have 
ftood  the  power  of  ages,  as  may  be  feen  in  tbe  bridges 
of  ancient  Rome,  and  in  the  numerous  arcades  which 
the  ancient  inhabitants  have  ereded.  Now  all  arches 
which  fpring  perpendicularly  from  the  horizontal  line, 
require,  by  this  theory,  a  load  of  infinite  height ;  and, 
even  to  a  confiderable  diftance  from  the  fpriiiging  of. 
the  arch,  the  load  neceflary  for  the  theoretical  equili¬ 
brium  is  many  times  greater  than  what  is  ever  laid  on 
thofe  parts  ;  yet- a  failure  in  the  immediate  neighbour, 
hood  of  the  fpring  of  an  arch  is  a  rn oft  rare  phenomc^ 
non,  if  it  ever  was  oblerved.  Here  is  a  moft  remark¬ 
able  deviation  from  the  theory  ;  for,  as  is  already  ob- 
ferved,  the  load  is  frequently  not  the  fourth  part  of 
what  the  theory  requires.- 

Many  other  fafts  might  be  adduced  which  drew  great- 


the  haunches,  in  order  to  torm  a 
be  more  furprifed  to  hear,  after  this,  that  there  is  deviations  from  the  legitimate  refults  from  the  theory 
certain  thicknefs  at  the  crown,  which  will  put  the  Ca-  We  hope  to  be  excufed,  therefore,  by  the  mathemati- 
tenaria  in  equilibrio,  even  with  a  horizontal  road-way  ;  ciaiis  for  doubting  of  the  juftnefa  of  thkiheory.  We 
^  do- 
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Arcli.  ao  not  thmk  It  erroneous,  but  defeaive,  leaving  out 
V. 01  ir-^ 1  ^|j-0unr|{^ances  which  we  apprehend  to  be  of  great  Im* 
j  deLds  po^'tance;  and  we  Imagine  that  the  defers  of  the  theory 
’  have  arifen  from  the  very  anxiety  of  the  mechanicians 
to  make  It  perfeA.  The  arch-ftones  are  fuppofed  to 
be  perfectly  fmooth  or  polifhed,  and  not  to  be  conne<ft- 
ed  by  any  cement,  and  therefore  to  fuftain  each  other 
merely  by  the  equilibrium  of  their  vertical  prefliire. 
The  theory  enfures  this  equilibrium,  and  this  only, 
leaving  unnoticed  any  other  caufes  of  mutual  action. 

The  authors  who  have  written  on  the  fubjedl  fay  ex- 
prefsly,  that  an  arch  which  thus  fuftains  itfelf  muft  be 
ftronger  than  another  which  would  not ;  becaufe  when, 
in  imagination,  we  fuppofe  both  to  acquire  conne€lioa 
by  cement,  the  firft  preferves  the  Influence  of  this  con¬ 
nection  unimpaired  ;  whereas  in  the  other,  part  of  the 
cohefion  Is  wafted  In  counteracting  the  tendency  of 
fome  parts  to  break  off  from  the  reft  by  their  want  of 
equilibrium.  This  is  a  very  fpeclous  argument,  and 
would  be  juft,  if  the  forces  which  are  mutually  exerted 
between  the  parts  of  the  arch  in  its  fettled  ftate  were 
merely  vertical  preflures,  or,  where  different,  were  in- 
confiderable  In  comparlfon  with  thofe  which  are  really 
attended  to  In  the  conftruCtion. 

But  this  Is  by  no  means  the  cafe.  The  forms  which 
the  ufes  for  wlrich  arches  are  ereCled  oblige  us  to  adopt, 
and  the  loads  laid  on  the  different  points  of  the  arch, 
frequently  deviate  confiderably  from  what  are  neceffary 
for  the  equilibrium  of  vertical  preffures.  The  varying 
load  on  a  bridge,  when  a  great  wagon  paffea  along  it, 
fometimes  bears  a  very  fenfible  proportion  to  the  weight 
of  that  point  of  the  arch  on  which  it  refts.  It  is  even 
very  doubtful  whether  the  preffures  which  are  occa- 
fioned  by  the  weight  of  the  fluff  employed  for  filling  up 
the  flanks  really  a£l  in  a  vertical  direClion,  and  in  the 
proportion  which  is  fuppofed.  We  are  pretty  certain 
that  this  is  not  the  cafe  with  fand,  gravel,  fat  mould, 
and  many  fubftances  in  very  general  ufe  for  this  pur- 
pofe.  When  this  is  the  cafe,  the  preffures  fuftained 
by  the  different  parts  of  the  arch  are  often  very  incon- 
liftent  with  the  theory — a  part  of  the  arch  Is  over¬ 
loaded,  and  tends  to  fall  in,  but  is  prevented  by  the  ce¬ 
ment.  This  part  of  the  arch  therefore  aCls  on  the  re¬ 
moter  parts  by  the  intervention  of  the  parts  between, 
employing  thofe  intermediate  parts  as  a  kind  of  levers 
to  break  the  arch  in  a  remote  part,  juft  as  a  lintel  would  ' 
be  broken.  We  apprehend  that  a  mathematician  would 
be  puzzled  how  to  explain  the  ftabillty  of  an  arch  cut 
out  of  a  folid  and  uniform  mafs  of  rock.  His  theory 
confiders  the  mutual  thrufts  of  the  arch  ftones  as  In  the 
diredlion  of  the  tangents  to  the  arch.  Why  fo  ?  be¬ 
caufe  he  fuppofes  that  all  his  polifhed  joints  are  perpen¬ 
dicular  to  thofe  tangents.  But  in  the  prefent  cafe  he 
has  no  exifting  joints;  and  there  feems  to  be  nothing  to 
diredlhis  imagination  in  the  affiimption  of  joints,  which, 
however,  are  abfolutely  neceffary  for  employing  his 
theory,  becaufe,  without  a  fuppofition  of  this  klnd,tbere 
feems  no  conceiving  any  mutual  abutment  of  the  arch 
ftones.  'Afl-c  a  common,  but  intelligent,  mafon  what 
'notion  he  forms  of  fuch  an  arch  ?  We  apprehend  that 
he  will  confider  It  as  no  arch,  but  as  a  lintel,  which 
may  be  broken  like  a  wooden  lintel,  and  which  relifts 
entirely  by  its  cohefion.  He  will  not  readily  conceive 
that,  by  cutting  the  under  fide  of  a  ftone  lintel  into  an 
arched  form,  and  thus  taking  aw^ay  more  than  half  of 
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its  fubftance,  he  has  changed  its  nature  of  a  lintel,  or  Arch, 
given  it  any  additional  ftrength.  Nor  would  there  be 
any  change  made  in  the  way  in  which  fuch  a  mafs  of 
ftone  would  refill  being  broken  down,  if  nothing  were 
done  blit  forming  the  under  fide  into  an  arch.  If  the 
lintel  be  fo  laid  on  the  piers  that  it  can  be  broken  with¬ 
out  its  parts  pufhing  the  piers  afide  (which  will  be  the 
cafe  if  it  lies  on  the  piers  with  horizontal  joints),  it  will 
break  like  any  other  lintel;  but  if  the  joints  are  dire6l- 
ed  downwards,  and  converging  to  a  point  within  the 
arch,  the  broken  ftone  (fuppofe  it  broken  at  the  crown  l- 

by  an  overload  in  that  part)  cannot  be  preffed  down 
without  forcing  the  piers  outwards.  Now,  in  this  mode 
of  adling,  the  mind  cannot  trace  any  thing  of  the  fta- 
tlcal  equilibrium  that  we  have  proceeded  on  in  the 
foregoing  theory.  The  two  parts  of  the  broken  lintel 
feem  to  pufh  the  piers  afide  in  the  fame  manner  that 
two  rafters  pufh  outwards  the  walls  of  a  houfe,  when 
their  feet  are  not  held  together  by  a  tie-beam.  If  the 
piers  cannot  be  puftied  afide  (as  when  the  arch  abuts 
on  two  folid  rocks),  nothing  can  prefs  down  the  crown 
which  does  not  crufb  the  ftone. 

This  conclufion  will  be  ftri(^ly  true  if  the  arch  is  of 
fuch  a  form  that  a  ftraight  line  drawn  from  the  crown 
to  the  pier  lies  wholly  within  the  folid  mafonry.  Thus 
if  the  vault  confift  of  two  ftraight  ftones,  as  in  fig>  i. 
or  if  it  confift  of  feveral  ftones,  as  in  fig.  f4.  difpofed 
in  two  ftraight  lines,  no  weight  laid  on  the  crown  can 
deflroy  it  in  any  other  \yay  but  by  crufhing  it  to  pow-  ' 

der.  ^  ^  I 

But  when  ftraight  lines  cannot  be  drawn  from  the  When  it  i$* 
overloaded  part  to  the  firm  abutments  through  the  fo  be  called 
lid  mafonry,  and  when  the  cohefion  of  the  parts  is 
able  to  withftandthe  tranfverfe  ftrains,  we  muft  call  the  der. 
principles  of  equilibrium  to  our  aid  ;  and  in  order  to 
employ  them  with  fafety,  we  muft  confider  how  they 
are  modified  by  the  excitement  of  the  cohering  forces. 

The  cohefion  of  the  ftones  with  each  other  by  ce¬ 
ment  or  otherwife,  has,  in  almoft  every  fituation,  a  bad 
effe<5l.  It  enables  an  overload  at  the  crown  to  break 
the  arch  near  the  haunches,  caufing  thofe  parts  to  rife,  \ 

and  then  to  fpread  outwards,  juft  as  a  Manfarde  or  1 

Kirb  roof  would  do  if  the  trufs  beam  which  conne£ls  | 

the  heads  of  the  lower  rafters  were  fawn  through.  This 
can  be  prevented  only  by  loading  that  part  more  than 
is  requlfice  for  equilibrium.  It  would  be  prudent  to  do 
this  to  a  certain  degree,  becaufe  it  is  by  this  cohefion 
that  the  crown  always  becomes  the  weakeft  part  of  the 
arch,  and  fuffers  more  by  any  occafional  load.  | 

We  exped  that  it  will  be  faid  in  anfwer  to  all  this,  | 

that  the  cohefion  given  by  the  ftrongeft  cement  that  I 

we  can  employ,  nay,  the  cohefion  of  the  ftone  itfelf,  is  * 

a  mere  nothing  in  companTon  with  the  enormous  thrufts 
that  are  in  a  ftate  of  continual  exertion  in  the  different 
parts  of  an  arch.  This  is  very  true;  but  there  is  an¬ 
other  force  which  produces  the  fame  effed,  and  which 
increafes  nearly  in  the  proportion  that  thofe  thrufts  in- 
creafe,  becaufe  It  arifes  from  them.  This  is  the  fridlon 
of  the  ftones  on  each  other.  In  dry  freeftone  this  fric¬ 
tion  confiderably  exceeds  one  half  of  the  mutual  pref- 
fure.  The  refleding  reader  will  fee  that  this  produces 
the  fame  effed,  in  the  cafe  under  confideration,  that 
cohefion  would  do ;  for  while  the  arch  is  in  the  ad  of 
failing,  the  mutual  preffure  of  the  arch-fUmes  is  ading 
with  full  force,  and  thus  produces  a  fridlon  more  than 

adequate 


^  Arch. 
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adequate  to  all  the  efFeas  we  have  been  fpeaking 

When  thefe  circumftances  are  confidered,  we  imagine 
that  it  will  appear  that  an  arch,  when  expofed  to  a 
great  overload  on  the  crown  (or  indeed  on  any  part), 
divides,  of  itfelf,  into  a  number  of  parts,  each  of  which 
contains  as  many  arch-ftones  as  can  be  pierced  (fo  to 
fpeak)  by  one  ftraight  line,  and  that  it  may  then  be 
confidered  as  nearly  in  the  fame  fituation  with  a  poly¬ 
gonal  arch  of  long  ftones  butting  on  each  other  like  fo 
many  beams  in  a  Norman  roof  (fee  Roof,  n°  49-)’ 
without  their  braces  and  ties.  It  tends  to  break  at  all 
thofe  angles ;  and  it  is  not  fufficiently  refilled  there, 
becaufe  the  materials  with  which  the  flanks  are  filled 
up  have  fo  little  cohefion,  that  the  angle  feels  no  load 


Vrom  off  them  till  the  whole  took  a  firmer  bed.  The 
fubfequent  phenomena  are  evident  confequences  of  this 
diflribiition  and  modification  of  preffure,  and  can  hard¬ 
ly  be  explained  in  any  other  way;  at  leafl  not  on  the 
theoretical  principles  already  fet  forth  :  for  in  this 
bridge  the  loads  at  B  and  D  were  very  confiderably 
greater  than  what  the  equilibrium  required  ;  and  we 
think  that  the  firft  obferved  fplintering  at  H,  F,  and 
G,  was  mofl  inftrudive,  fhowing  that  there  was  an  ex- 
traordinary  preffure  at  the  inner  joints  in  thofe  places, 
which  cannot  be  explained  by  the  ufual  theory. 

Not  fatisfied  with  this  fingle  obfervation,  after  this 
way  of  explaining  it  occurred  to  us,  and  not  being  able 
to  find  any  fimilar  fa£l  on  record,  the  writer  of  this  ar- 
tide  got  fome  fmall  models  of  arches  executed  in  chalk. 


Arch. 


nn  have  fo  little  cohetion,  that  the  angle  reeis  no  loau  - -  .  ,  •  v  run. 

”Lept  what  is  immediately  above  it ;  whereas  it  ftould  and  fubjeded  them  to  many  trials,  m  hopes  of  collea* 
be  immrdiaiely  loaded  with  all  the  weight  which  is  dif-  ing  fome  general  laws  of  the  internal  vvorkings  of  arch- 
Lfed  over  the  adjoining  fide  of  the  polygon.  This  will  es  which  iinally  produce  their  downfal.  He  had  the 


be  the  cafe,  even  though  the  curvilineal  arch  be  per 
fedly  equilibrated.  We  recoiled  fome  circiimftances  in 
the  failure  of  a  confiderable  arch,  which  may  be  worth 
mentioning.  It  had  been  built  of  an  exceedingly  foft 
and  friable  flone,  and  the  arch  flones  were  too  fhort. 
About  a  fortnight  before  it  fell,  chips  were  obferved 
to  be  dropping  off  from  the  joints  of  the  archftones 
about  ten  feet  on  each  fide  of  the  middle,  and  alfo  from 
another  place  on  one  fide  of  the  arch,  about  twenty 
feet  from  its  middle.  The  mafons  in  the  neighbourhood 
prognollicated  its  fpee^y  downfal,  and  faid^  that  it 
would  feparate  in  thofe  places  where  the  chips  were 
breaking  off.  At  length  it  fell ;  but  it  firft  fplit  in 
the  middle,  and  about  15  or  16  feet  on  each  lide,  and 
alfo  at  the  very  fpringing  of  the  arch.  Immediately 
before  the  fall  a  fhivering  or  crackling  noife  was  heard,, 
and  a  great  many  chips  dropped  down  from  the  middle 
between  the  two  places  from  whence  they  had  dropped 


pleafure  of  obferving  the  above  mentioned  circumftan- 
ces  take  place  very  regularly  and  uniformly,  when  he 
overloaded  the  models  at  A.  The  arch  always  broke 
at  fome  place  B  confiderably  beyond  another  point  F, 
where  the  firft  chipping  had  been  obferved.  This  is  a 
method  of  trial  that  deferves  the  attention  both  of  the 
fpeculatift  and  tht  praditioner. 

If  thefe  reflections  are  any  thing  like  a  juft  account 
of  the  procedure  of  nature  in  the  failure  of  an  arch,  it 
is  evident  that  the  ingenious  mathematical  theory  of 
equilibrated  arches  is  of  little  value  to  the  engineer. 
We  ventured  to  fay  as  much  already,  and  we  refted  -a 
good  deal  on  the  authority  of  Sir  Chriftoplier  Wren. 
He  was  a  good  mathematician,  and  delighted  in  the  ap¬ 
plication  of  this  fcience  to  the  arts.  He  was  a  celebra¬ 
ted  architeCl;  and  his  reports  on  the  various  works 
committed  to  his  charge,  (how  that  he  was  in  the  con¬ 
tinual  habit  of  making  this  application.  Several  fpe- 


between  the  two  places  trom  wnence  iiiey  iiau  uruppeu  tmua*  v..  ......... * 

a  fortnight  before.  The  joints  opened  above  at  thofe  cimens  remain  of  his  own  methods  of  applying  them. 

^  rnnf  nf  the  theatre  of  Oxford,  the  root  ot  the  cu- 


iiew  places  above  two  inches,  and  in  the  middle  of  the 
arch  the  joints  opened  below,  and  in  about  five  minutes 
after  this  the  whole  came  down.  Even  this  movement 
was  plainly  diftingiiifhable  into  two  parts.  The  crown 
funk  a  little,  and  the  haunches  rofe  very  fenfibly,  and 
in  this  ftate  it  hung  for  about  half  a  minute.  The 
arch  ftones  of  the  crown  were  hanging  by  their  up¬ 
per  corners.  When  thefe  fplintered  off,  the  whole  fell 
down. 

We  apprehend  that  the  procedure  of  nature  was 
fome  what  in  this  manner.  Straight  lines  can  be  drawn 
within  the  arch-ftones  from  A  (fig.  15.)  to  B  and  D, 
and  from  thofe  points  to  C  and  E.  Each  of  the  por¬ 
tions  ED,  DA,  AB,  EC,  refill  as  if  they  were  of  one 
flone,  compoling  a  polygonal  vault  EDABC.  When 
this  is  overloaded  at  A,  A  can  defeend  in  no  other  way 
than  by  pufhing  the  angles  B  and  D  outwards,  caufing 
the  portions  BC,  DE,  to  turn  round  C  and  E.  This 
motion  muft  raife  the  points  B  and  D,  and  caufe  the 
urch-ftones  to  prefs  on  each  other  at  their  inner  joints 
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The  roof  of  the  theatre  of  Oxford,  the  roof  of  the  cu- 
pola  of  St  Paul’s,  and  in  particular  the  mould  011  whioli 
he  turned  the  inner  dome  of  that  cathedral,  are  proofs 
of  his  having  ftudied  this  theory  moft  attentively.  He 
flourifhed  at  the  very  time  that  it  occupied  the  attention 
of  the  greateft  mechanicians  of  Europe  ;  but  there  is 
nothing  to  be  found  among  his  papers  which  fhows- 
that  he  had  paid  much  regard  to  it.  On  the  contrary, 
when  he  has  occafioii  to  deliver  his  opinion  for  the  in- 
ftruftion  of  others,  and  to  explain  to  the  Dean  and. 
Chapter  of  Weftmiiifter  his  operations  in  repairing  that 
collegiate  church,  this  great  arclilte£l  confiders  an  arch 
juft  as  a  fenfible  and  fagacious  niafon  would  do,  and 
very  much  in  the  way  that  we  have  juft  now  been  treat¬ 
ing  it:  {See  Jccount  of  the  Family  of  Wren,  p.  356,. 
3tc.)  Supported  therefore  by  fuch  authority,  we  would 
recommend  this  way  of  confidering  an  arch  to  the  ftudy 
of  the  mathematician  ;  and  we  would  defire  the  expe¬ 
rienced  mafon  to  think  of  the  moft  efficacious  methods 
for  refilling  this  tendency  of  arches  to  rife  in  the  flanks. 


urch-itones  to  prels  on  eacn  otner  at  tneir  joints  lur  iciuLing  luib  .......... 

h  and  d.  This  produced  the  copious  fplintering  atlhofe  Unfortunately  there  feems  to  be  no  precife  principle  to 
j/xinfe  ■nrpr'f‘Hin(r  thp  total  downfal.  Tbc  uoifit  out  tbc  placc  wbcrc  this  tcndencv  IS  moft  re¬ 


joints  immediately  preceding  the  total  downfal.  The 
fplintering  which  happened  a  fortnight  before  arofe 
from  this  circumftance,  that  the  lines  AB  and  AD, 
along  which  the  preffure  of  the  overload  was  propa¬ 
gated,  were  tangents  to  the  foffit  of  the  arch  in  the 
points  F,  H,  and  G,  and  therefore  the  drain  lay  all  on 
thofe  corners  of  the  arch-ftones,  and  fplintered  a  little 


point  out  the  place  where  this  tendency  is  moft  re¬ 
markable. 

We  are  therefore  highly  pleafed  with  the  ingenious 
contrivance  of  Mr  Mylne,  the  architedl  of  Blackfriars 
Bridge  in  London,  by  which  he  determines  this  point 
^ith  precifion,  by  making  It  impoffible  for  the  over¬ 
loaded  arch  to  fpring  in  any  other  place.  Having  thus 

confined. 


Con  ft  ruc¬ 
tion  of 
jjiacV.  friars 
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confined  the  failure  to  a  particular  fpot,  he  with  equal 
art  oppofes  a  refiftance  which  be  believes  to  be  fuffi- 
cleiit ;  and  the  prefent  condition  of  that  noble  bridge, 
which  does  not  in  any  place  ihow  the  fraalleft  change 
of  fhape,  proves  that  he  was  not  miftaken.  Looking 
on  this  work  as  the  firft,  or  at  lead  the  fecond,  fpeci* 
men  of  mafonic  ingenuity  that  is  to  be  feen  in  the 
world,  we  Imagine  that  our  readers  will  be  pleafed  with 
a  particular  account  ‘of  its  mod  remarkable  circum- 
dances. 

The  fpan  ka  (fig.  i6.)  of  the  middle  arch  is  lOO 
feet,  and  its  height  OV  is  40,  and  the  thicknefs  KV 
iJrictge.  of  the  crown  is  fix  feet  feven  inches.  Its  form  Is  nearly 
.elliptical;  the  part  AVZ  being  an  arch  of  a  circle 
whofe  centre  is  C,  and  radius  56  feet,  and  the  two  la- 
cteral  portions  Ai  B  and  Z  E  being  arches  deferibed 
with  a  radius  of  3  5  feet  nearly.  The  thickneis  of  the 
pier  at  ^7  ^  is  19  feet.  The  thicknefs  of  the  arch  iii- 
c-eafes  from  the  crown  V  to  Y,  where  it  is  eight  or 
•nine  feet.  All  the  arch-dones  have  their  joints  diredfed 
to  the  centres  of  their  curvature.  The  joints  are  all 
joggled,  having  a  cubic  foot  of  hard  done  let  half  way 
into'  each.  By  this  contrivance  the  joints  cannot  Aide, 
nor  can  any  weight  laid  on  the  crown  ever  break  the 
arch  in  that  part,  if  the  piers  do  not  yield  ;  for  a 
•draight  line  from  the  middle  of  KV  to  the  middle  of 
the  joint  YI  is  contained  within  the  folld  mafonry,  and 
does  not  even  come  near  the  inner  joints  of  the  arch- 
dones.  ’Fherefore  the  whole  refids  like  one  done,  and 
can  be  broken  only  by  cru filing  it.  The  joint  at  Z  is 
very  nearly  perpendicular  to  a  line  YF  drawn  to  the 
outer  edge  of  the  foundation  of  the  pier.  By  this  it 
was  intended  to  take  off  all  tendency  of  the  preffiire  on 
the  joint  dX  to  overfet  the  pier  ;  for  if  we  fuppofe,  ac¬ 
cording  to  the  theory  of  equilibration,  that  this  preffure 
is  neceffarily  exerted  perpendicularly  to  the  joint,  its 
diredlion  paffes  through  the  fulcrum  at  F,  round  which 
it  is  thought  that  the  pier  muff  turn  in  the  a£l  of  over- 
fetting.  This  precaution  was  adopted  in  order  to  make 
the  arch  quite  independent  of  the  adjoining  arches  ;  fo 
that  although  any  of  them  fhould  fall,  this  arch  fhould 
run  no  riik. 

Still  farther  to  fecure  the  independence  of  the  arch, 
the  following  conffrudlion  was  praedifed  to  unite  It  into 
cne  mafs,  which  fhould  rife  altogether.  All  below  the 
line  ab  m  built  of  large  blocks  of  Portland  done,  dove¬ 
tailed  with  found  oak.  Four  places  in  each  courfe  are 
interrupted  by  equal  blocks  of  a  hard  done  called  Ken- 
ti/Jj  rag^  funk  half  way  in  each  courfe.  Thefe  acd  as 
joggles,  breaking  the  courfes,  and  preventing  them 
from  Aiding  laterally. 

The  portion  aY  o^  the  arch  Is  joggled  like  the  up¬ 
per  part.  The  interior  part  is  filled  up  with  large  blocks 
of  Kentifh  rag,  forming  a  kind  of  courfed  rubble- work, 
the  courfes  tending  to  the  centres  of  the  arch.  The 
under  corner  of  each  arch-done  projects  over  the  one 
below  it.  By  this  form  it  takes  fad  hold  of  the  rubble- 
work  behind  it.  Above  this  rubble  there  is  condru fl¬ 
ed  the  inverted  arch  leG  of  Portland  done.  This  arch 
fiiares  the  preffure  of  the  two  adjoining  arches,  along 
with  the  arch-dones  In  Y  a  and  in  G  b.  Thus  all  tend 
together  to  comprefs  and  keep  down  the  rubble-work 
in  the  heart  of  this  part  of  the  pier.  'I'his  is  a  very 
ufefiil  precaution  ;  for  it  often  happens,  that  when  the 
centres  of  the  arches  are  ftruck,  before  the  piers  are 


4  ]  ARC 

built  up  to  their  intended  height,  the  thrud  of  the 
arches  fqueezes  the  rubble-work  horizontally,  after  the 
mortar  has  fet,  but  before  it  has  dried  and  acquired  its 
utmod  hardnefs.  Its  bond  is  broken  by  this  motion, 
and  it  is  fqueezed  up,  and  never  acquires  its  former 
firninefs.  This  is  effeflually  prevented  by  the  preffure 
exerted  by  the  back  of  the  inverted  arch. 

Above  this  counter  arch  is  another  mafs  of  courfed 
rubble,  and  all  is  covered  by  a  horizontal  courfe  of  large 
blocks  of  Portland  done,  butting  againd  the  back  of 
the  arch- done  ZI  and  its  correfponding  one  in  the  ad¬ 
joining  arch.  This  courfe  connefls  the  feet  of  the  two 
arches,  preferves  the  rubble-work  from  too  great  com- 
prefiion,  and  protefls  it  from  foaking  water.  This  lad 
circumdance  is  important;  for  if  the  water  which  falls 
on  the  road-way  is  not  carried  off  in  pipes,  it  foaks 
through  the  gravel  or  other  rubbifii,  refts  on  the  mor¬ 
tar,  and  keeps  it  continually  wet  and  foft.  It  cannot 
efcape  through  the  joints  of  good  mafonry,  and  there¬ 
fore  fills  up  this  part  like  a  funnel. 

Suppofing  the  adjoining  arch  fallen,  and  all  tumbled 
off  that  is  not  withheld  by  its  fituation,  there  will  dill 
remain  in  the  pier  a  mafs  of  about  3  coo  tons.  The 
weighjt  of  the  portion  VY  Is  about  2000  tons.  The 
diredions  of  the  thruds  RY  and  YF  are  fuch,  that  it 
would  require  a  load  of  4500  tons  on  VY  to  overturn 
the  pier  round  F.  This  exceeds  VY  by  2  <joo  tons;  a 
weight  incomparably  greater  than  any  that  can  ever  be 
laid  on  it. 

Such  is  the  ingenious  condrudion  of  Mr  Myine.  It 
evidently  proceeds  on  the  principles  recommended 
above  ;  principles  which  have  occurred  to  his  experience 
and  fagacioiis  mind  during  the  courfe  of  his  extenfive 
pradice.  We  have  feen  attempts  by  other  engineers 
to  withdand  the  horizontal  thruds  of  the  arch  by 
means  of  counter  arches  inferted  in  the  fame  manner 
as  here,  but  extending  much  farther  over  the  main  arch; 
but  they  did  not  appear  to  be  well  calculated  for  pro¬ 
ducing  this  effed.  .  A  counter  arch  fpringing  from  any 
point  between  Y  and  V  has  no  tendency  to  hinder  that 
point  from  rifing  by  the  finking  of  the  crown  ;  and 
fuch  a  counter  arch  will  not  refid  the  precifelv  hori¬ 
zontal  thrud  fo  well  as  the  draight  courfe  of  Mr  Myine. 


The  great  incorporation  of  architeds  who  built  the  Origin  of  , 
cathedrals  of  Europe  departed  entirely  from  the  dyles  ' 
of  ancient  Greece  and  Rome,  and  introduced  another, 
in  which  arcades  made  the  principal  part.  Not  finding 
in.  every  place  quarries  from  which  blocks  could  be 
railed  in  abundance  of  fufficient  fize  for  forming  the  far- 
projeding  corniches  of  the  Greek  orders,  they  relin- 
quifhed  thofe  proportions,  and  adopted  a  dyle  of  orna- 
ment^  which  required  no  fuch  projedions  :  and  having  ^ 

fubdituted  arches  for  the  horizontal  architrave  or  lintel,  , 

they  were  now  able  to  ered  buildings  of  vad  extent 
with  fpticioiis  openings,  and  all  tins  with  very  fmall 
pieces  of  done.  The  form  which  had  been  adopted  for 
a  Chridian  temple  occafioned  many  interfedlons  of 
vaultings,  and  multiplied  the  arches  exceedingly.  Cen¬ 
dant  pradice  gave  opportunities  of  giving  every  poffible 
variety  of  thefe  interfedlons,  and  taught  the  art  of  ba- 
lancing  arch  againd  arch  In  every  variety  of  fituation. 

An  art  fo  multifarious,  and  fo  much  out  of  the  road 
of  ordinary  thought,  could  not  but  become  an  objed 
of  fond  dudy  to  the  architeds  mod  eminent  for  Inge¬ 
nuity 
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Arch,  nuity  and  invention.  Becoming  thus  the  dupes  of  their 
-V"— '  own  ingenuity,  they  were  fond  of  difplaying  it  even 
'  when  not  neceflary.  At  laft  arches  became  their  princi¬ 

pal  ornament,  and  a  wall  or  ceiling  was  not  thought  dreff- 
ed  out  as  it  ftiould  be  till  filled  full  of  mock  arches, 
crofling  and  butting  on  each  other  in  every  direction. 
In  this  procefs  in  their  ceilings  they  found  that  the  pro- 
jeding  mouldings,  which  we  now  call  the  Gothic  trace¬ 
ry,  formed  the  chief  fupports  of  the  roofs.  The  plane 
furfaces  included  between  thofe  ribs  were  commonly 
vaulted  with  very  fmall  ftones,  feldom  exceeding  fix  or 
eight  inches  in  thickiiefs.  This  tracery  therefore  was 
not  a  random  ornament.  Every  rib  had  a  pofition  and 
diredlion  that  was  not  only  proper,  but  even  neceffary. 
Habituated  to  this  fcientific  arrangement  of  the  mould¬ 
ings,  they  did  not  deviate  from  it  when  they  ornament¬ 
ed  a  fmooth  furface  with  mock  arches ;  and  in  none  of 
the  highly  ornamented  ancient  buildings  will  we  find 
Degenera-  ^"7  polltions.  This  is  by  no  means  the  cafe  in 
:y  of  that  many  of  the  modern  imitations  of  Gothic  architedlurc, 
lyle.  even  by  our  beft  architedfs.  Ignorant  of  the  diredling 
principle,  or  not  attending  to  it,  in  their  ftucco  work, 
they  pleafe  the  unfidlled  eye  with  pretty  radiated  fi¬ 
gures  ;  but  in  thefe  we  frequently  fee  fuch  abutments 
of  mouldings  as  would  infallibly  break  the  arches,  if 
!  thefe  mouldings  were  really  performing  their  ancient 

office,  and  fupporting  a  vaulting  of  confiderable  extent. 
Nay,  this  began  even  before  the  Gothic  ftyle  was  finally 
I  abandoned.  Several  in  fiances  are  to  be  found  in  the 

I  highly  enriched  vaultings  of  New  College,  and  Chrifi 

Church  in  Oxford,  in  St  George^s  Chapel  at  Windfor, 
and  Henry  the  VII’s  Chapel  in  Wefiminfier. 

We  call  the  middle  ages  rude  and  barbarous;  but 
I  there  was  furely  much  knowledge  in  thofe  who  could 

execute  fuch  magnificent  and  difficult  works.  The 
working  drafts  which  were  neceflary  for  fuch  varieties 
of  oblique  interfedtions  mufi  have  required  confiderable 
flcill,  and  would  at  prefent  occupy  many  very  expenfive 
volumes  of  mafons  jewels  and  carpenters  manuals^  and 
the  like.  All  this  knowledge  was  kept  a  profound  fe- 
oret  by  the  corporation,  and  on  its  breaking  up  we  had 
all  to  learn  again. 

There  Is  no  appearance,  however,  that  thofe  archi- 
te<Els  had  ftudied  the  theory  of  equilibrated  arches. 
They  had  adopted  an  arch  which  was  very  firong,  and 
permitted  confiderable  irregularities  of  prefTure — we 
mean  the  pointed  arch.  The  very  deep  mouldings  with 
which  it  was  ornamented,  made  the  arch  fiones  very 
>reat  Ikill  long  in  proportion  to  the  fpan  of  the  arch.  But  they 
f  a-  had  ftudied  the  mutual  thruft  of  arches  on  each  other 
care  ;  and  they  contrived  to  make  every  in¬ 
vention  for  this  purpofe  become  an  ornament,  fo  that 
the  eye  required  it  as  a  neceflary  part  of  the  building. 
Thus  we  frequently  fee  fmallTuIldings  having  buttrefles 
at  the  fides.  Thefe  are  neceflary  in  a  large  vaulted 
building,  for  wu'thfianding  the  outward  thruft  of  the 
vaulting  ;  but  they  are  ufelefs  when  we  have  a  flat  cell¬ 
ing  within.  Pinnacles  on  the  heads  of  the  buttrefles 
are  now  cotifidered  as  ornaments ;  but  originally  they 
were  put  there  to  increafe  the  w^eight  of  the  buttrefs  ; 
even  the  great  tower,  in  the  centre  of  a  cathedral, 
which  now  conftitutes  its  great  ornament,  is  a  load  al- 
moft  indlfpenfably  neceflary,  for  enabling  the  four  prin¬ 
cipal  columns  to  witbftand  the  combined  thruft  of  the 
allies,  of  the  nave,  and  tranfepts.  In  fhort,  the  more 
SuppL,  Vou  L  Part  I, 


clofely  we  examine  the  ornaments  of  this  architedlurc,  Arch, 
the  more  lhall  we  perceive  that  they  are  eflential  parts, 
or  derived  from  them  by  imitation  :  and  the  more  we 
confider  the  whole  ftyle  of  it,  the  more  clearly  do  we 
fee  that -it  is  all  deduced  from  the  rellfli  for  arcades,  in¬ 
dulged  in  the  extreme,  and  puflied  to  the  limit  of  pof- 
fibility  of  execution. 

There  is  another  fpecies  of  arch  which  muft  not  bel^ot^cot 
overlooked,  namely,  the  Dome  or  Cupola,  with  all 
varieties,  which  include  even  the  pyramidal  fteeple  or 
fpire. 

It  is  evident  that  the  ere£fion  of  a  dome  is  alfo  a 
fcientific  art,  proceeding  on  the  principles  of  equilibra¬ 
tion,  and  that  thefe  principles  admit  and  require  the 
fame  or  fimilar  modifications,  in  confequence  of  the  co- 
hefion  and  fridfion  of  the  materials.  At  firft  fight,  too, 
a  dome  appears  a  more  difficult  piece  of  work  than  a 
plain  arch  ;  but  when  we  obferve  potters  kilns  and 
glafshoufe  domes  and  cones  of  vaft  extent,  eredfed  by* 
ordinary  bricklayers,  and  with  materials  vaftly  inferior 
in  fize  to  what  can  be  employed  in  common  arches  of 
equal  extent,  we  muft  conclude  that  the  clrciimftaiice  of 
curvature  in  the  horizontal  diredfion,  or  the  abutment 
of  a  circular  bafe,  gives  fome  afliftance  to  the  artift.  Of 
this  we  have  complete  demoiiftration  in  the  cafe  of  the 
cone  We  know  that  a  vaulting  in  the  form  of  a  pent 
roof  could  not  be  executed  to  any  confiderable  extent, 
and  would  be  extremely  hazardous,  even  in  the  fmallefl 
dimenfions  ;  while  a  cone  of  the  greateft  magnitude  can 
be  raifed  with  very  fniall  ftoiies,  provided  only  that  we 
prevent  the  bottom  from  flying  out,  by  a  hoop,  or  any  ^ 
fimilar  contrivance.  And  when  we  think  a  little  of  theOf  eaW 
matter,  we  fee  plainly,  that  if  the  horizontal  fedlion  beconftruc- 
perftdlly  round,  and  the  joints  be  all  diVedled  to 
axis,  they  all  equally  endeavour  to  Aide  inwards,  while 
110  reafon  can  be  offered  why  any  individual  ftone  fhould'" 
prevail.  They  are  all  wedges,  and  operate  only  as 
wedges.  When  we  confider  any  fingle  courfe,  there¬ 
fore,  we  fee  that  it  cannot  fall  in,  even  though  it  may¬ 
be  part  of  a  curve  which  could  not  ftand  as  a  common 
arch  ;  nay,  we  fee  that  a  dome  may  be  confiruded  ha¬ 
ving  the  convexity  of  the  curve,  by  the  revolution  of 
which  it  is  formed,  turned  towards  the  axis,  fo  that  the 
outline  is  concave.  We  fliall  afterwards  find  that  this 
is  a  ftronger  dome  by  far  than  if  the  convexity  were 
outwards,  as  in  a  common  arch.  We  fee  alfo  that  a 
cone  may  be  loaded  on  the  top  wdth  the  greateft  weight, 
without  the  fmalleft  danger  of  forcing  it  downf  fo 
long  as  the  bottom  courfe  is  firmly  kept  from  burfting 
outwards.  The  ftone  lanthern  on  the  top  of  St  Paul’s 
cathedral  in  London  weighs  feveral  hundred  tons,  and 
is  carried  by  a  brick  cone  of  eighteen  inches  thick,  with 
perfea  fafety,  as  long  as  the  bottom  courfe  is  prevent¬ 
ed  from  burfting  outwards.  The  reafon  is  evident  : 

The  preffure  on  the  top  is  propagated  along  the  cone 
m  the  direction  of  the  flant  fide  ;  and,  fo  far  from  ha- 
vmg  any  tendency  to  break  it  in  any  part.  It  tends  ra- 
ther  to  prevent  its  being  broken  by  any  irregular  pref. 
fure  from  foreign  caiifes.  ^ 

For  the  fame  reafons  the  odagonal  pyramids,  which  Propfr  eon- 

lorm  the  ipires  of  Gothic  architecture,  are  abundantly 
firm,  although  very  thin.  The  fides  of  the  fpire 
Salilbury  cathedral  are  not  eight  inches  thick  after 
odagon  is  fully  formed.  It  is  proper,  'however,  to  di- 
^  reel 
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reSt  the  joints  to  the  axis  of  the  pyramid,  and  /"ake 
the  courfing  joints  perpendicular  to  the  (lant  fide,  be- 

caufethe  projeding  mouldings  which  run  along  the 

angles  are  the  abutments  on  which  the  whole  pannel 
depends.  A  confiderable  art  is  iieceffary  for  fuppoiting 
thofe  pannels  or  fides  of  the  odagon  which  fpnng  from 
the  an  cries  of  the  fquarc  tower.  This  is  done  by  be- 
ginning  a  very  narrow  pointed  arch  on  the  fquare  tower 
It  a  great  diRance  below  the  top  ;  fo  that  the  legs  of 
the  arch  being  very  long,  a  ftraight  line  may  be  drawn 
•from  the  top  of  the  keyaone  of  the  arch  through  the 
whole  archlloiies  of  the  legs.  By  this  difpofition  the 
thrufts  arifing  from  the  weight  of  thefe  four  pannels  are 
made  to  meet  on  the  maffive  mafonry  in  the  middle  ot 
the  fides  of  the  tower,  at  a  great  diftance  below  the 
fpringing  of  the  fpire.  This  part,  being  loaded  with 
the  great  mafs  of  perpendicular  wall,  is  fully  able  to 
withftand  the  horizontal  thrutt  from  the  lep  of  thole 
arches.  In  many  fpires  thefe  thrufts  are  ftill  farther  re¬ 
filled  by  iron  bars  which  crofs  the  tovyer,  and  are  hook¬ 
ed  into  pieces  of  brafs  firmly  bedded  in  the  mafonry  ot 

examples  There  Is  much  nice  balancing  of  this  kind  to  be  ob- 
offschcon-ferved  in  the  highly  ornamented  open  fpires  ;  luch  as 
ftrudlion.  thofe  of  Bruffels,  Mechlin,  Antwerp,  &c.  We  have 
not  many  of  this  fort  in  Britain.  In  thofe  of  great 
magnitude,  the  judicious  eye  will  difcover  that  parts, 
which  a  common  fpedator  would  confider  as  mere  or¬ 
naments,  are  neceffary  for  completing  the  balance  of  the 
whole.  Tall  pinnacles,  nay,  even  pillars  carrying  enta¬ 
blatures  and  pinnacles,  are  to  be  feen  ftanding  on  the 
middle  of  the  flender  leg  of  an  arch.  On  examination, 
we  find  that  this  is  neceffary,  to  prevent  the  arch  from 
fpringing  upwards  In  that  place  by  the  preffure  at  the 
crown.  The  fteeple  of  the  cathedral  of  Mechlin  was  the 
moll  elaborate  piece  of  architefture  in  this  tatte  in  the 
world,  and  was  really  a  wonder  ;  but  it  was  not  calcu¬ 
lated  to  withftand  a  bombardment,  which  deftroyed  it 

Such  frequent  examples  of  irregular  and  whimfical 
buildings  of  this  kind,  (how  that  great  liberties  may  be 
taken  with  the  principle  of  equilibration  without  ri(k, 
if  we  take  care  to  ftcure  the  bafe  from  being  thruft 
outwards.  This  may  always  be  done  by  hoops,  which 
can  be  concealed  in  the  mafonry  ;  whereas,  in  common 
arches,  thefe  ties  would  be  vifible,  and  would  offend  the 
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change,  becaufe  the  weight  of  each  courfc  is  fuperadded 
to  that  of  the  portion  above  it,  to  complete  the  preffure 
the  courfe  below.  Through  B  draw  the  vertical 
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Examples 


eye. 


Plate  11. 
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It  Is  now  time  to  attend  to  the  principle  of  equili¬ 
brium,  as  it  operates  in  a  fimple  circular  dome,  and  to 
determine  the  thicknefs  of  the  vaulting  when  the  curve 
is  given,  or  the  curve  when  the  thicknefs  Is  given. 
Therefore,  let  B  ^  A  (fig.  17.)^^ 

duces  the  dome  by  revolving  round  the  vertical  axis  AD. 
Stability  of  We  (hall  fuppofe  this  curve  to  be  drawn  through  the 
a  dome  de-  middle  of  all  the  arch-ftones,  and  that  the  conrling  or 
pends  on.  j^orizontal  joints  are  every  where  perpendicular  to  the 
curve.  We  (hall  fuppofe  (as  Is  always  the  cafe)  that 
the  thicknefs  KL,  HI,  &c.  of  the  arch-ftones  is  very 
fmall  in  comparifon  with  the  dimenfions  of  the  arch. 
If  we  confider. any  portion  HA  h  of  the  dome,  it  is 
plain  that  it  prelfes  on  the  courfe,  of  which  HL  is  an 
arch-ftone,  in  a  diredion  b  C  perpendicular  to  the  joint 
HI,  or  in  the  diredfion  of  the  next  fuperior  element 
^  ^  of  the  curve.  As  wc  proceed  downwards,  courfe  af- 
tfr-^ourfe,  we  fee  plainly  that  this  diredion  tnuft 
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line  BCG,  meeting  jS  by  produced  in  C.  We  may  take 
b  c  to  prefs  the  prefture  of  all  that  Is  above  It,  propa¬ 
gated  in  this  diredlion  to  the  joint  KL.  Wc  may  alfo 
fuppofe  the  weight  of  the  courfe  HL  united  in  b,  and 
aaing  on  the  vertical.  Let  it  be  reprefented  by  b  K 
If  we  form  the  parallelogram  b  FGC,  the  diagonal  bGr 
will  reprefen t  the  diredlion  and  Intenfity  of  the  whole 
prelTure  on  the  joint  KL.  Thus  it  appears  that  this 
preffure  is  continually  changing  its  dire^ion,  and  that 
the  line,  which  will  always  coincide  with  it,  rniift  be  a 
curve  concave  downward.  If  this  be  precifely  the 
curve  of  the  dome,  it  will  be  an  equilibrated  vaulting  ; 
but  fo  far  from  being  the  ftrongetl  form.  It  is  the 
weakeft,  and  it  is  the  limit  to  an  infinity  of  others,  w'hich 
are  all  ftronger  than  nt.  This  will  appear  evident,  it 
we  fuppofe  that  b  G  does  not  coincide  with  the  curve 
A  3  B,  but  paffes  without  it.  As  vv^e  fuppofe  the  arch- 
ftones  to  be  exceedingly  thin  from  Infide  to  outlidey  it  is 
plain  that  this  dome  cannot  ftand,  and  that  the  weight  of 
the  upper  part  will  prefs  It  down,  and  fpring  the  vault* 
ing  outwards  at  the  joint  KL.  But  let  us  fuppofe,  on 
the  other  hand,  that  b  G  falls  within  the  curvilineal  ele¬ 
ment  b  B.  This  evidently  tends  to  pufh  the  arch-ftonc 
inward,  tow^ards  the  axis,  and  would  caufe  it  to  Aide  in, 
fince  the  joints  are  fuppofed  perfectly  fmooth  and  flip¬ 
ping.  But  fince  this  takes  place  equally  in  every  ftone 
of  this  courfe,  they  muft  all  abut  on  each  other  in  the 
vertical  joints,  fqiieezing  them  firmly  together.  There¬ 
fore,  refolving  the  thruft  h  G  into  two,  one  of  which  is 
perpendicular  to  the  joint  KL,  and  the  other  parallel  to 
it,  we  fee  that  this  laft  thruft  is  witbftood  by  the  verti¬ 
cal  joints  all  around,  and  there  remains  only  the  thrufk 
in  the  dire£fIon  of  the  curve.  Such  a  dome  muft  there¬ 
fore  be  firmer  than  an  equilibrated  dome,  and  cannotL 
be  fo  eafily  broken  by  overloading  the  upper  part*. 

When  the  curve  is  concave  upwards,  as  in  the  lower 
part  of  the  figure,  the  line  b  C  always  falls  below  ^  B,.. 
and  the  point  C  below  B.  When  the  curve  is  concave 
downwards,  as  in  the  upper  part  of  the  figure,  'b  C 
pafles  above,  or  without  b  B.  The  curvature  may  be 
fo  abrupt,  tha't  even  U  G'  (hall  pafs  without  ^b  B,  and 
the  point  G'  is  above  B'.  It  is  alfo  evident  that  the 
force  which  thus  binds  the  ftones  of  a  horizontal  courfe 
together,  by  pufhing  them  towards  the  axis,  will  be 
greater  In  flat  domes  than  in  thofe  that  are  more  con¬ 
vex  ;  that  it  will  be  ftill  greater  in  a  cone  ;  and  greater 
Hill  in  a  curve  whofe  convexity  is  turned  inwards :  for 
in  this  laft  cafe  the  line  b  G  will  deviate  moft  remark¬ 
ably  from  the  curve.  Such  a  dome  will  ftand  (having 
polifhed  joints)  if  the  curve  fprings  from  the  bafe  with 
any  elevation,  however  fmall;  nay,  fince  the  fridflon  ef 
two  pieces  of  ftone  is  not  lefs  than  half  of  their  mutual 
preffure,  fuch  a  dome  will  ftand,  although  the  tangent 
to  the  curve  at  the  bottom  (hould  be  horizontal,  pro¬ 
vided  that  the  horizontal  thruft  be  double  the  weight 
of  the  dome,  which  may  eafily  be  the  cafe  If  it  do  not 
rife  high.  -  40 

Thus  we  fee  that  the  ftability  of  a  dome  depends  on  Differed 
very  different  principles  from  that  of  a  common  arch, 
and  is  in  general  much  greater.  It  differs  alfo  in  arc! 

ther  very  important  circumftance,  viz.  that  It  may  be 
open  in  the  middle;  for  the  uppermoft  eourfe,  by  tend- 
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In  every  part  to  Aide  In  toward  the  axis,  hc^ 


Ing  equally 

^  prefTes  all  together  in  the  vertical  joints,  and  a6l:s  on  the 
next  courfe  like  the  key  (lone  of  a  common  arch. 
Therefore  an  arch  of  equilibration,  which  is  the  weak- 
eft  of  all,  may  be  open  in  the  middle,  and  carry  at  top 
another  building,  fuch  as  a  lanthern,  if  its  weight  do 
not  exceed  that  of  the  circular  fegment  of  the  dome  that 
is  omitted.  A  greater  load  than  this  would  Indeed 
break  the  dome,  by  caufing  it  to  fpring  up  in  fome  of 
the  lower  coiirfes  ;  but  this  load  may  be  increafedif  the 
curve  is  flatter  than  the  curve  of  equilibration  :  and 
any  load  whatever,  which  will  not  crufh  the  ftones  to 
powder,  may  be  fet  on  a  truncate  cone,  or  on  a  dome 
formed  by  a  curve  that  is  convex  toward  the  axis ;  pro¬ 
vided  always  that  the  foundation  be  efFeftually  prevent¬ 
ed  from  flying  out,  either  by  a  hoop,  or  by  a  fuflicient 
mafs  of  folid  pier  on  which  it  is  fet.  Wc  have  mention¬ 
ed  the  many  failures  which  happened  to  the  dome  of 
St  Sophia  in  Conflantinople.  We  Imagine  that  the 
thruft  of  the  great  dome,  bending  the  ealtern  arch  out¬ 
ward  as  foon  as  the  pier  began  to  yield,  deftroyed  the 
half  dome  which  was  leaning  on  it,  and  thus,  almoft  in 
an  inltaiit,  took  away  the  eaftern  abutment.  We  think 
that  this  might  have  been  prevented  without  any  change 
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and  complete  the  parallelogram  MONP,  and  draw 
OQjDerpcndIcular  to  the  axis,  and  produce  cutting 
the  ordinates  in  E  and  e.  It  is  plain  that  Mb^is  to 
MO  as  the  weight  of  the  arch  HA^  to  the  thruft  he 
which  it  exerts  on  the  joint  KL  (this  thruft  being  pro¬ 
pagated  through  the  courfe  HILK)  ;  and  that  MQ^» 
or  its  equal  ox  ^  d,  may  reprefent  the  weight  of  the 
half  AH. 

Let  AD  be  called  x,  and  DB  be  called  jf.  Then 
be  X,  and  eC  y  (becaufe  is  in  the  direftlon  of 
the  element  (ih)>  It  is  alfo  plain,  that  if  we  make  j/ 
conftant,  BC  is  the  fecond  fluxion  of  or  BC  x, 
and  be  and  BE  may  be  confidered  as  equal*  and  taken 

indiferiminately  for  x.  We  have  alfo  -=1  s/ x'^ 

Let  d  be  the  depth  or  thicknefs  HI  of  the  arch-ftones^ 

Then  d  s/  x^  -f-J*  will  reprefent  the  trapezium  HL  ; 
and  fince  the  circumference  of  each  courfe  increafes  in 

the  proportion  of  the  radius  j?,  dy  x'^  + 
prefs  the  whole  courfe.  If  J  be  taken  to  reprefent  the 
fum  or  aggregate  of  the  quantities  annexed  to  it,  the 
formula  will  be  analogous  to  the  fluent  of  a  fluxion,  and 
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with  iron,  as  was  pra£lifed  by  Michael  Angelo  in  the 
vaftly  more  ponderous  dome  of  St  Peter’s  at  Rome,  and 
by  Sir  Chriftopher  Wren  in  the  cone  and  the  inner 
j  Excellency  dome  of  St  Paul’s  at  London.  The  weight  of  the  lat- 
©f  the  dome  tgr  conflderably  exceeds  3000  tons,  and  they  occafion 
jofStPaul  s.^  thruft  which  is  nearly  half  this  quantity, 

the  elevation  of  the  cone  being  about  60^*.  This  be¬ 
ing  diftributed  round  the  circumference,  occafions  a 

ftrain  on  the  hoop  zz  23<~22  thruft,  or  nearly 

238  tons.  A  fquare  inch  of  the  worft  iron,  if  well 
forged,  will  carry  25  tons  with  perfeeft  fafety  ;  therefore 
a  hoop  of  7  inches  broad  and  i^-  inches  thick  will  com¬ 
pletely  fecure  this  circle  from  burfting  outwards.  It  is, 
however,  much  more  completely  fecured ;  for  befides  a 
lioop  at  the  bafe  of  very  nearly  thefe  dinienflons,  there 
are  hoops  in  different  courfes  of  the  cone  which  bind  it 
into  one  mafs,  and  caufe  it  to  prefs  on  the  piers  in  a  di- 
re<ftiori  exactly  vertical.  The  only  tlirufts  which  the 
piers  fuftain  are  tliofe  from  the  arches  of  the  body  of 
the  church  and  the  tranfepts.  Thefe  are  moft  judi- 
cioufly  direfted  to  the  entering  angles  of  the  building, 
and  are  there  refifted  with  infuperable  force  by  the  whole 
lengths  of  the  walls,  and  by  four  folid  mafles  of  mafon- 
ry  in  the  corners.  Whoever  conflders  with  attention 
and  judgment  the  plan  of  this  cathedral,  will  fee  that 
the  thriifts  of  thefe  arches,  and  of  the  dome,  are  incom- 
parably  better  balanced  than  in  St  Peter’s  church  at 
Rome.  But  to  return  from  this  fort  of  digreflion. 
Theory  of  We  have  feen  that  if  b  G,  the  thruft  compounded  of 
the  curves  the  thruft  3  C,  exerted  by  all  the  courfes  above  HILK, 
proper  for  ^nd  if  the  force  b  F,  or  the  weight  of  that  courfe,  be 
domes*  everywhere  coincident  with  b  B,  the  element  of  the 
curve,  we  fhall  have  an  equilibrated  dome  ;  if  it  falls 
within  it,  we  have  a  dome  which  will  bear  a  greater 
load  ;  and  if  it  falls  without  it,  the  dome  will  break  at 
the  joint.  We  muft  endeavour  to  g^t  analytical  expref- 
fions  of  thefe  conditions.  Therefore  draw  the  ordinates 
b^  bff^  BDB'',  C^G".  Let  the  tangents  at  b  and 
meet  the  axis  in  Mj  and  make  MO,  MP,  each  equal  to 


dy^y  X* 


— ’  by  r ,  n 

^  Jdys/x^+y 


M  ^  i 


4» 


Arch. 


in  the  injudicious  plan  if  the  dome  had  been  hooped  v/*’ +  /  will'reprefent  the  whole  mafs,  and  alfo 

the  weight  of  the  vaulting  down  to  the  joint  HL 

Therefore  we  have  this  proportion  f  d y  \/  x'^  y* 
:  i/jr  -/«*+/=  i  e  :  i  F,  =  ie  :  CG,  =  U  :  CG, 

=  ;  :  CG.  Therefore  CG  =  f  ±l\ 

f^ys/x^  +y^ 

If  the  curvature  of  the  dome  be  precifely  fuch  as 
puts  it  in  equilibrium,  but  without  any  mutual  preflure 
in  the  vertical  joints,  this  value  of  OG  muft  be  equal  to 
CB,  or  to  xj  the  point  G  coinciding  with  B.  This 

condition  will  be  exprefled  by  the  equation^^ 

Jdy  \/ x^  +yt 


••  •  1  1  y 4-  y*  X 

=:  xy  or,  more  conveniently,  by  - -  -  :■  ■ .  =r— • 

Jdy  v/x*  +  w 

But  this  form  gives  only  a  tottering  equilibrium,  inde¬ 
pendent  of  the  frieftion  of  the  joints  and  the  cohefioii  of 
the  cement.  An  equilibrium,  accompanied  by  fome  firm 
ftability,  produced  by  the  mutual  preflure  of  the  verti¬ 
cal  joints,  may  be  exprefled  by  the  formula  —  — 


Jdy  sj 

where  i  is  fome 


variable  pofitive  quantity,  which  increafes  when  x  iii- 
creafes.  This  laft  equation  will  alfo  exprefs  the  equi¬ 
librated  dome,  if  /  be  a  conftant  quantity,  becaufe  in 

this  cafe  L-  is  z:  o, 

t 

Since  a  firm  ftability  requires  that 


+  y* 


Jdy  \/x*  -j-  J'* 

fiiall  be  greater  than  a:,  and  CG  muft  be  greater  than 
CB ;  Hence  We  learn,  that  figures  of  too  great  curvature, 
whofe  fides  defeend  too  rapidly,  are  improper.  Alfo, 
D  2  fince 
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'  flnce  ftability  requires  4:hat  we  have 

_  X 

greater  than  **4-  y\  we  leaiu  that  the  upper 

part  of  the  dome  muft  not  be  made  very  heavy.  _  1  bis, 
by  diminilhing  the  proportion  of  i  F  to  ^  C,  diminilhes 
the  angle  cbG,  and  may  fet  the  point  G  above  B, 
which  will  infallibly  fpving  the  dome  in  that  place.  We 
fee  here  alfo,  that  the  algebraic  analyfis  expreffes  that 
peculiarity  of  dome-vaulting,  that  the  weight  of  the  up¬ 
per  part  may  even  be  fupprefied 
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dome,  whofe  outline  Is  an  undulated  curve,  may  be  made 
abundantly  firm,  efpecially  if  the  upper  part  be  convex 
and  the  lower  concave  outwards. 

The  chief  difficulty  in  the  cafe  of  this  analyfis  antes 
from  the  neceflity  of  exprefllng  the  weight  of  the  in- 

cumbent  part,  or  fdy  V'x’  +  /•  This  requires  the 
meafuremcnt  of  the  conoidal  furface,  which,  in  moll 
cafes,  can  be  had  only  by  approximation  by  means  of 
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The  fluent  of  the  equation 


Jy  s/  +  y^  


Jjy  \/x^+y'^  y 


is  moft  eafily  found. 


_ _ j  _  It  is  L/^y  \/:)c*  4-y*  =  L  X  + 

i.  where^L  is  the  hyperbolic  logarithm  of  the  quan¬ 
tity  annexed  to  it.  If  we  confider  y  as  conftant,  and 
correct  the  fluent  fo  as  to  make  it  nothing  at  the  vertex, 

it  may  be  expreffed  thus,  \/ —  L^=:Lx 


—  Ly  +  i-*  This  gives  us  L' 


fdy\/ 


:L-/, 

y 


fdys/  _  ,4^^ 


and  therefore 

a  j 

This  lafl  equation  will  eafily  give  us  the  depth  of 
vaulting,  or  thicknefs  d  of  the  arch,  when  the  curve  is 

For  its  fluxion  is  I*  ^  , 

a  y 


infinite  feriefes.  We  cannot  expea  that  the  generality 
of  pradical  builders  are  familiar  with  this  branch  of  ma¬ 
thematics,  and  therefore  will  not  engage  in  it  here ;  but 
content  ourfelves  with  giving  fucli  inftances  as  can  be 
underftood  by  fuch  as  have  that  moderate  mathematical 
knowledge  which  every  man  fhould  poffefs  who  takes 

the  name  of  engineer.  .  r  r 

The  furface  of  any  circular  portion  of  a  fphere  is  ve¬ 
ry  eafily  had,  being  equal  to  the  circle  defcribed  with  a 
radius  equal  to  the  chord  of  half  the  arch.  This  radius 

js  evidently  n  ’^y^  ^ 

Jn  order  to  difcover  what  portion  of  a  hemifpherc 
may  be  employed  (for  it  is  evident  that  we  cannot,  em¬ 
ploy  the  whole)  when  the  thicknefs  of  the  vaulting  is 
uniform,  we  may  recur  to  the  equation  or  formula 

d  y  X  y/  —  y^  T.et  a  be  the  radius 


ay  y 


andx 


given. 


and  d  ==  which  is  all  ex  prefled  in  known 

yy  V^cHy*  , 

quantities ;  for  we  may  put  in  place  or  t  any  power  or 
fundion  of  rc  or  of  y,  and  thus  convert  the  expreflion 
into  another,  which  will  dill  be  applicable  to  all  forts  of 
curves. 

Inftead  of  the  fecond  member  — r  +  we  might  em. 

X  * 

ploy  tL  ,  where  p  is  fome  number  greater  than  unity. 

X 

This  will  evidently,>give  a  dome  having  ftability  ;  be- 

caufe  the  original  formula  ^ will  then  be 
fdy  ^/x-  +  y^ 


^  ,  /- 
we  obtain  the  equation  y'^  v  a: 


greater  than  x.  This  will  give  d  = 


p  ax^  ^  X 


yy 


Each 


of  thefe  forms  has  its  advantages  when  applied  to  parti- 
cular  cafes.  Each  of  them  alfo  gives  d  =  ’ — r 

yy  V  x*-j-y^ 

when  the  curvature  is  fuch  as  is  in  precife  equilibrium. 
And,  laftly,  if  d  be  conftant,  that  is,  if  the  vaulting  be 
of  uniform  thicknefs,  we  obtain  the  form  of  the  curve, 
Lecaufe  then  the  relation  of  to  x  and  to  y  is  given. 

The  chief  ufe  of  this  analyfis  is  to  difcover  what 
curves  are  improper  for  domes,  or  what  portions  of 
given  curves  may  be  employed  with  fafety.  Domes  are 
generally  built  for  ornament ;  and  we  fee  that  there  is 
great  i*oom  for  indulging  our  fancy  in  the  choice.  All 
curves  which  are  concave  outwards  will  give  domes  of 
great  firmnefs :  They  ^re  alfo  beautiful.  The  Gothic 


of  the  hemifphere.  We  have  *  ; - - ^ 

V  —  f 

Subftituting  thefe  values  in  the  formula, 

7=  We 

eafily  obtain  the  fluent  of  the  fecond  member  zz  — 

cp-  — y*,  andy  =  a  sj — I  "i"  ^  Therefore 
if  the  radius  of  the  fphere  be  one,  the  half  breadth  of  the 

dome  muft  not  exceed  f — t  + or  0,786,  and 
the  height  will  be  618.  The  arch  from  the  vertex  is 
about  49'.  Much  more  of  the  hemifphere  cannot 
ftand,  even  though  aided  by  the  cement,  and  by  the 
friftion  of  the  courfing  joints.  This  laft  circumftance, 
by  giving  connexion  to  the  upper  parts,  caufes  the 
whole  to  prefs  more  vertically  on  the  courfe  below,  and 
thus  diminifhes  the  outward  thruft ;  but  it  at  the  fame 
time  diminifhes  the  mutual  abutment  of  the  vertical 
joints,  which  is  a  great  caufe  of  firmnefs  in  the  vault¬ 
ing.  A  Gothic  dome,  of  which  the  upper  part  is  a 
portion  of  a  fphere  not  exceeding  45°  from  the  vertex, 
and  the  lower  part  is  concave  outwards,  will  be  very 
ftrong,  and  not  ungraceful.  43 

But  the  public  tafte  has  long  rejeded  this  form,  and  Dome  of 
feems  rather  to  feled  more  elevated  domes  than  this  por*St  j 

tion  of  a  fphere;  becaufe  a  dome,  when  feen  from  a 
fmall  diftance,  always  appears  flatter  than  it  really  is. 

The  dome  of  St  Peter’s  is  nearly  an  ellipfoid  externally, 
of  which  the  longer  axis  is  perpendicular  to  the  horizon. 

It  is  very  ingenioufly  conftrudted.  It  fprings  from  the 
bafe  perpendicularly,  and  is  very  thick  in  this  part. 

After  rifing  about  50  feet,  the  vaulting  feparates  into 
two  thin  vaultings,  which  gradually  feparate  from  each 
other.  Thefe  two  fhells  are  conneded  together  by  thin 
partitions,  which  are  very  artificially  dovetailed  in  both, 
and  thus  form  a  covering  which  is  extremely  ftiff,  while 
it  is  very  light.  Its  great  ftiffnefs  was  neceflary  for  en¬ 
abling  the  crown  of  the  dome  to  carry  the  elegant  ftone 

lanthero 


A  R 

Arch,  lanthcrn  with  fafcty.  ^  It  Is  a 
— and  has  not  its  equal  in  the  world  ;  but  it  is  an  enor¬ 
mous  load  in  comparifon  Vv^ith  the  dome  of  St  PauPs, 
and  this  even  independent  of  the  difference  of  fize.  If 
they  were  of  equal  dimenfions>  it  would  be  at  leaft  five 
times  as  heavy,  and  is  not  fo  firm  by  its  gravity  ;  but 
as  it  is  conneaed  in  every  part  by  iron  bars  (lodged  in 
the  folid  mafonry,  and  well  fecured  from  the  weather  by 
having  lead  melted  all  round  them),  it  bids  fair  to  lall 
for  ages,  if  the  foundations  do  not  fail. 

If  a  circle  be  defcribed  round  a  centre  placed  any- 
plate  U.  where  in  the  tranfverfe  axis  AC  (fig.  i8.  i;) 

ellipfe,  fo  as  to  touch  the  ellipfc  in  the  extremities  B,  by 
of  an  ordinate,  it  will  touch  it  internally,  and  the  circu¬ 
lar  arch  B  a  ^  will  be  wholly  within  the  elliptical  arch 
BA^.  Therefore,  if  an  elliptical  and  a  fpherical  vault¬ 
ing  fpring  from  the  fame  bafe,  at  the  fame  angle  with 
the  horizon,  the  fpherical  vaulting  will  be  within  the 
elliptical,  will  be  flatter  and  lighter,  and  therefore  the 
weight  of  the  next  courfe  below  will  bear  a  greater  pro¬ 
portion  to  the  thriift  in  the  diredion  of  the  curve  ; 
therefore  the  fpherical  vaulting  will  have  more  {lability. 
On  the  contrary,  and  for  fimilar  reafons,  an  oblate  el¬ 
liptical  vaulting  is  preferable  to  a  fpherical  vaulting 
fpringlng  v/ith  the  fame  inclination  to  the  horizon. 
44  (Fig  i8.  2  ). 

jDImenfions  Perfuadcd,  that  what  has  been  faid  on  the  fiibjedl 
convinces  the  reader  that  a  vaulting  perfedly  equilibra¬ 
ted  throughout  is  by  no  means  the  bed  form,  provided 
that  the  bafe  is  fecured  from  feparatiiig,  we  think  it  un- 
neceffary  to  give  the  Inveftigation  of  that  forin,  which 
has  a  confiderable  intricacy  ;  and  (hall  content  ourfelves 
with  merely  giving  its  dinienfions.  The  thicknefs  is 
fuppofed  uniform.  The  numbers  in  the  firtt  column  of 
the  table  exprcfs  the  portion  of  the  axis  counted  from 
the  vertex,  and  thofe  of  the  fecond  column  are  the 
lengths  of  the  ordinates. 
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The  curve  delineated  in  fig.  19.  is  formed  according- 
to  thefe  dimenfions,  and  appears  deftitute  of  graceful- 
uefs  ;  becaufe  its  curvature  changes  abruptly  at  a  little 
diflance  from  the  vertex,  fo  that  it  has  fome  appearaiica 
of  being  made  up  of  different  curves  pieced  together. 
But  if  the  middle  be  occupied  by  a  lanthern  of  equal, 
or  of  finaller  weight,  this  defedl  will  ccafe,  and  the  whole 
will  be  elegant,  nearly  refembJing  the  exterior  dome  of 
St  Paul’s  in  London. 

Advantages  not  a  fmall  advantage  of  dome-vaulting  that  it*. 

dome-  is  lighter  than  any  that  can  cover  the  fame  area.  If, 
>i»ukiog.  moreover,  it  be  fpherical,  it  will  admit  confiderable  va¬ 
rieties  of  figure,  by  combining  different  fpheres.  Thus,  , 
a  dome  may  begin  from  its  bafe  as  a  portion  of  a  large 
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wonderful  performance,  hemifphcrc,  and  may  be  broken  off  at  any  horizontal 

courfe,  and  then  a  fimilar  or  a  greater  portion  of  a  faial-  “v*-— ^ 
ler  fphere  may  fpring  from  this  courfe  as  a  bafe.  It 
alfo  bears  being  interfe<5led  by  cylindrical  vaultings  In 
every  diredllon,  and  the  interfedlions  are  exa£l  circles, 
and  always  have  a  pleafing  effe£\.  It  alfo  fprings  moft 
gracefully  from  the  heads  of  fmall  piers,  or  from  the 
corners  of  rooms  of  any  polygonal  fhape;  and  the  arches 
formed  by  Its  Interfedlions  with  the  walls  are  always  cir¬ 
cular  and  graceful,  forming  very  handfome  fpandrels  in 
every  pofition.  For  thefe  reafons  Sir  Chrlflopber  Wren 
employed  it  In  all  his  vaultings,  and  he  has  exhibited 
many  beautiful  varieties  in  the  tranfepts  and  the  aides 
of  St  Paul’s,  which  are  highly  worthy  of  the  obferva- 
tion  of  architedls.  Nothing  can  be  more  graceful  than 
the  vaultings  at  the  ends  of  the  north  and  foiith  tran¬ 
fepts,  efpecially  as  finifiied  off  in  the  fine  iiifide  view 
publifhed  by  Gwynn  and  Wale. 

We  conclude  this  article  with  obferving,- that  the  Effects  of 
connedlion  of  the  parts,  arifing  from  cement  and 
fridllon,  has  a  great  efFedl  on  dome-vaulting.  In  the 
fame  way  as  in  common  arches  and  cylindrical  vaulting,  ing, 
it  enables  an  overload  on  one  place  to  break  the  dome 
in  a  diflant  place.  But  the  reliflance  to  this  effedl  is 
much  greater  in  dome- vaulting,  becaufe  it  operates  all 
round  the  overloaded  part.  Hence  it  happens  that  domes 
are  much  lefs  fhattered  by  partial  violence,  fuch  as  the 
falling  of  a  bomb  or  the  like.  Large  holes  may  be  bro¬ 
ken  in  them  without  much  affecting  the  refl  ;  but,  on 
the  other  hand,  it  greatly  dimlriifhes  the  flrength  which 
fiiould  be  derived  from  the  mutual  prefTiire  In  the  verti¬ 
cal  joints.  Fridlioii  prevents  the  Aiding  in  of  the  arch 
Hones  which  produces  this  mutual  prefTiire  in  the  verti¬ 
cal  joints,  except  in  the  very  higheft  courfes,  and  even 
there  it  greatly  dimlnifhes  It.  Thefe  caufes  make  a 
great  change  in  the  form  which  gives  the  greatcil 
ilrength  ;  and  as  their  laws  of  adllon  are  but  very  Im- 
perfe<fdly  underftood  as  yet,  it  is  perhaps  impofiible,  in 
the  prefent  Hate  of  our  knowledge,  to  determine  this 
form  with  tolerable  precifion*  We  fee  plainly,  how¬ 
ever,  that  it  allows  a  greater  deviation .  from  the  belt 
form  than  the  other  kind  of  vaulting,  and  domes  may 
be  made  to  rife  perpendicular  to  the  horizon  at  the 
bafe,  although  of  no  great  thicknefs;  a  thing  which 
muft  not  be  attempted  in  a  plane  arch.  The  immenfe 
addition  of  flrength  which  may  be  derived  from  hoop¬ 
ing,  largely  compenfates  for  all  defeds  ;  and  there  is 
hardly  any  bounds  to  the  extent  to  which  a  very  thin 
dome-vaulting  may  be  carried,  when  it  is  hooped  or 
framed  in  the  diredlon  of  the  horizontal  courfes.  The 
roof  of  the  Halle  du  Bled  at  Paris  is  but  a  foot  thick, 
and  its  diameter  is  more  than  200,  yet  It  appears  ta> 
have  abundant  flrength.  It  is,  on  the  whole,  a  nobler 
fpecimen  of  architedure. 


We  mufl  not  conclude  this  article  without  takingThe1^o7j 
notice  of  that  magnificent  and  elegant  arch  which  hasbridj^eat 
been  ereded  in  call  iron  at  Weremouth,  near  Sunder-' 
land,  in  the  county  of  Durham,  '[  he  inventor  and  ar- 
chited  is  Rowland  Burdon,  Efq;  one  of  the  repre- 
fentatives  of  that  county  in  the  prefent  Parliament. 

This  arch  is  a  fegment  of  a  circle  whofe  diameter  is 
about  444  feet..  The  fpan  or  cord  of  the  arch  Is  236 
feet,  and  Its  verfed  fine  or  fpring  is  34  feet.  It  fprings 
at  the  elevation  of  60  feet  from  the  furface  of  the  ri^ 


vey- 


Arch. 


ARC  I  no 

ver  at  low  water,  fo  that  vefftls  of  200  or  perhaps_300 
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The  rib  having  been  all  trimmed  and  put  together, 
fo  as  to  form  the  exa^l  curve,  the  bolts  are  all  taken 
out,  and  the  horizontal  bridles  are  then  fet  on  in  their 
'  places,  and  the  bolts  are  again  put  in  and  made  fad  by 
the  forelocks.  The  holts  now  pafs  through  the  ihoul- 
ders  of  the  bridles,  through  the  wrought  iron  bars,  and 
through  the  cad  iron  arm  that  is  between  them,  and 
the  forelocks  bind  all  fad  together.  The  manner  iti 
which  this  connexion  is  completed  is  didiiiftly  feen  iii 
fig.  2.  which  (hews  in  perfpe£live  a  double  block  i« 
front,  and  a  fingle  block  behind  it.  The  butting  joints 
of  the  two  front  blocks  are  at  the  letters  E,  E,  £  ;  the 
holes  ill  the  fhoulders  of  the  horizontal  crofs  pieces  are 
at  H.  .  .  . 

This  condruftion  is  beautifully  fimple  and  very  judi- its  con¬ 
gee  5. v.-.-  cious.  A  vad  addition  of  drength  and  of  diffnefs  isdrudion 
on^Icirdde,  which  is  expreffed  by  the  darker  fhading,  procured  by  lodging  the  wrought  iron  bars  grooves^^^^^^ 
three  inches  broad  and  three-fourths  of  an  inch  deep,  formed  in  the  cad  iron  rails;  and  for  thispurpole  it  isot^ 

A  feftion  of  this  block,  through  the  middle  of  KL,  is  great  importance  to  make  the  wrought  iron  bars  fill  the 
-  *•  *  ^  .  TTiT^Ti  »  1^-  1-  .1-^  grooves  completely,  and  even  to  be  fo  tight  as  to  re- 


tons  burden  may  pafs  under  it  in  the  middle  of  the 
dream,  and  even  50  feet  on  each  fide  of  ^}^ 

The  fweep  of  the  arch  confids  of  a  feries  of  frames  ot 
cad  iron,  which  butt  on  each  other,  in  the  fame  man¬ 
ner  as  the  voufToirs  of  a  done  arch.  One  of  theic 
frames  or  blocks  (as  v^e  (hall  call  them  in  future)  is  re- 
Plate IV  prefented  in  fig.  i.  as  feen  in  front.  is  cad  m  one 
piece;  and  coiifids  of  three  pieces  or  arms  BC,  BC,  BC, 
the  middle  one  of  which  is  two  feet  long,  the  upper  be- 
ing  fomewhat  more,  and  the  lower  fomewhat  lefs,  be- 
caufe  their  extremities  arc  bounded  by  the  radius  drawn 
from  the  centre  of  the  arch.  Thefe  arms  are  four  inches 
fqiiare,  and  are  connefted  by  other  pieces  KL,  of  fuch 
length  that  the  whole  length  of  the  block  is  five  feet  in 
the  direaion  of  the  radius.  Each  arm  has  a  flat  groove 
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reprefented  by  the  light- (hade depart  BBB,  in  which  the 
grooves  are  more  didindly  perceived.  Thefe  grooves 
are  iateiided  for  receiving  flat  bars  of  malleable  iron, 
which  are  employed  for  connedfing  the  different  blocks 
with  each  other.  Fig.  2  reprefents  two  blocks  united 
in  tins  msni  er  For  this  purpofe  each  arm  nas  two 
fquare  bolt  holes.  The  ends  of  the  arms  being  nicely 
trimmed  off,  fo  that  the  three  ends  butt  equally  clofe 
on  the  ends  of  the  next  block  ;  and  the  bars  of  ham¬ 
mered  iron  being  alfo  nicely  fitted  to  their  grooves,  fo 
as  to  nil  them  completely,  and  have  their  bolt  holes  ex- 
aclly  correfponding  to  thofe  in  the  blocks,  they  are  put 
together  in  fuch  a  manner  that  the  joints  or  meetings 
of  the  malleable  bars  may  fall  on  the  middle  between 
the  bolt-holes  in  the  arms.  Flat  headed  bolts  of  wrought 
iron  are  then  put  through,  and  keys  or  forelocks  are 
driven  thro’  the  bolt-tails,  and  thus  all  is  firmly  wedged 
together,  binding  each  arm  between  two  bars  of  wrought 
iron.  Thefe  bars  are  of  fuch  length  as  to  conned  feve- 
ral  blocks. 

In  this  manner  a  fevies  of  about  125  blocks  are  joined 
together,  fo  as  to  form  the  precife  curve  that  is  in¬ 
tended.  This  feries  may  be  called  a  rib,  and  it  Hands 
in  a  vertical  plane-  The  arch  confifts  of  fix  of  thefe 
ribs,  diftant  from  each  other  five  feet.  Thefe  ribs  are 
conneded  together  fo  as  to  form  an  arch  of  32  feet  in 
breadth,  in  the  fofUowing  manner; 

Fig.  3.  reprefeiits  one  of  the  bridles  or  crofs  pieces 
which  conned  the  different  ribs,  as  it  appears  when 
viewed  from  below.  It  is  a  hollow  pipe  of  caff  iron, 
four  inches  in  diameter,  and  has  at  each  end  two  pro- 
jeding  (boulders,  pierced  with  a  bolt-hole  near  their  ex¬ 
tremities,  fo  that  the  diftance  between  the  bolt-holes  in 
the  (boulders  of  one  end  is  equal  to  the  diftance  between 
the  holes  in  the  arms  of  the  blocks,  or  the  holes  in  the 
wrought  iron  bars.  In  the  middle  of  the  upper  and  of 
the  under  fide  of  each  end  may  be  obferved  a  fquare  pro¬ 
minence,  more  lightly  (haded  than  the  reft.  Thefe  pro- 
jedions  alfo  advance  a  little  beyond  the  flat  of  the  (boul¬ 
ders,  forming  between  them  a  (liallow  notch,  about  an 
inch  deep,  which  receives  the  iron  of  the  arms,  where 
they  butt  on  each  other,  and  thus  gives  an  additional 
firmnefs  to  the  joint.  The  manner  in  which  the  arms 
are  thus  grafped  by  thefe  notches  in  the  bridles  is  more 
diftindly  feen  in  fig.  2.  at  the  letter  H  in  the  middle  of 
4he  upper  rail. 


quire  the  force  of  the  forelocks  to  'draw  them  home  to 
the  bottom  of  the  grooves.  There  can  be  no  doubt  but 
that  this  aich  is  able  to  witliftand  an  enormous  pref- 
fure,  as  long  as  the  abutments  from  which  it  fprings  do 
not  yield.  Of  this  there  is  hardly  any  rifle,  becaufe 
they  are  maffes  of  rock,  faced  with  about  four  or  fiv^ 
yards  (in  fome  places  only)  of  folid  block  mafonry. 

The  mutual  thrufts  of  the  frames  are  all  in  the  diredion 
of  the  rails,  fo  that  no  part  bears  any  tranfverfe  drain* 

We  can  hardly  conceive  any  force  that  can  overcome 
the  ftrength  of  thofe  arms  by  preffure  or  cradling  them. 

The  manner  in  which  the  frames  are  conneded  into  one 
rib,  effedually  fecures  the  butting  joints  from  flipping; 
and  the  accuracy  with  w’hich  the  whole  can  be  execu¬ 
ted,  fecures  us  againft  any  warping  or  deviation  of  a  rib 
from  the  vertical  plane. 

But  w'hen  we  coniider  the  prodigious  fpan  of  this 
arch,  and  refled  that  it  Is  only  five  feet  thick,  it  (hould 
feem  that  the  moft  perfed  equilibration  is  indlfpeiifably 
neceffary.  It  is  but  like  a  film,  and  mull  be  fo  fupplc 
that  an  overload  on  any  part  muft  have  a  great  ten* 
dcncy  to  bend  It,  and  to  caufe  it  to  rife  in  a  diftant 
part  ;  and  this  effed  Is  Increafed  by  the  very  firm¬ 
nefs  with  which  the  whole  (licks  together.  The  over* 
loaded  part  ads  on  a  diftant  part,  tending  to  break 
It  with  all  the  energy  of  a  long  lever.  This  can  be 
prevented  only  by  means  of  the  ftiftnefs  of  the  diftant 
part.  It  is  very  true,  the  arch  cannot  break  In  the  ex- 
trados  except  by  tearing  afiinder  the  wrought  Iron  bars 
which  conned  the  blocks  along  the  upper  rail,  and  each 
of  thefe  requires  more  than  a  hundred  tons  to  tear  it 
afunder  ;  yet  an  overload  of  five  tons  on  any  rib  at  Its 
middle  will  produce  this  drain  at  twenty  feet  from  the 
Tides,  fuppofing  the  Tides  held  firm  In  their  polition.  It 
were  defirable  therefore  that  fomething  were  done  to 
ftiffen  the  arch  at  the  Tides,  by  the  manner  of  filling  up 
the  fpandrels,  or  fpace  between  the  arch  and  the  road- 
way.  This  Is  filled  up  in  a  manner  that  is  extremely  Though  in 
light  and  pleafing  to  the  eye,  namely,  by  large  call  irono^e  parti- 
circles,  which  touch  the  extrados  of  the  arch  and  touch 
the  road-way.  The  road-way  reds  on  them  as  on 
many  hoops,  while  they  reft  on  the  back  of  the  arch,  provement. 
and  alfo  touch  each  other  laterally.  We  cannot  think 
that  this  contributes  to  the  ftrength  of  the  arch  ;  for 
thefe  hoops  will  be  eafily  compreffed  at  the  points  of 

contaift. 
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Aichitec-  little  refinance.  We  think  that  this  part  of  the  arch 
roiffht  have  been  greatly  ftiffened  and  ftrengthened,  by 
^conneaing  it  with  the  road-way  by  truffed  frames,  in 
the  fame  way  that  a  judicious  carpenter  would  have  tra¬ 
ined  a  roof.  If  a  Rrong  call  iron  pillar  had  been  made 
to  reft  on  the  arch  at  about  20  feet  from  the  impoil, 
and  been  placed  in  the  direaion  of  a  radius,  the  top  ot 
this  pillar  might  have  been  connefted  by  a  diagorial  bar 
of  wrought  iron  with  the  impoft  of  the  arch,  and  with 
the  crown  of  the  arch  by  another  firing  or  bar  of  the 
fame  materials.  Thefe  two  ties  would  caufe  the  radial 
pillar  to  prefs  flrongly  on  the  back  of  the  arch,  and 
they  mufl  be  torn  afunder  before  it  could  bend  m  that 
place  in  the  fmalleft  degree.  Suppofing  them  of  the 
fame  dimenfions  as  the  bars  in  the  arms,  their  pohtion 
would  give  them  near  ten  times  the  force  for  refifling  the 
ftrain  produced  by  an  overload  on  the  crown. 

This  beautiful  arch  contains  only  260  tons  of  iron, 
of  which  about  55  are  wrought  iron.  The  fuperdriic- 
ture  is  of  wood,  planked  over  a- top.  This  floor  is  co¬ 
vered  with  a  coating  of  chalk  and  tar,  on  which  is  laid 
the  materials  for  the  carriage  road,  confifting  of  marie, 
limeflone,  and  gravel,  with  foot-w^ays  of  flag-ilones  at 
the  Tides.  The  weight  of  the  whole  did  not  exceed  a 
thoufand  tons  ;  whereas  the  lighted:  flone  arch  which 
could  have  been  ereded  would  have  weighed  fifteen 
thoufand.  It  was  turned  on  a  very  light  but  llifF  fcaf- 
folding,  moll  judicioufly  conllruded  for  the  prefervation 
of  its  form,  and  for  allowing  an  uninterrupted  paflage 
for  the  numerous  (hips  and  fmall  craft  which  frequent 
the  bufy  harbour  of  Sunderland.  The  mode  of  framing 
the  arch  was  fo  fimple  and  eafy,  that  it  was  put  up  in 
ten  days  1  without  an  accident  ;  and  when  all  was  fi- 
•nifhed,  and  the  fcaffolding  removed,  the  arch  did  not 
fenfibly  change  its  form.  The  whole  work  was  execu¬ 
ted  in  three  years,  and  coR  about  L..  26,000. 

ARCHITECTURE  is  an  art  of  fo  much  import¬ 
ance,  and  capable  of  fo  many  embellifhments,  as  to 
have  employed  the  attention  and  talents  of  men  of 
fcience  in  almoft  every  age,  and  in  every  country. 

»  It  is  generally  thought  to  have  been  carried  to  the 
utmofl  perfedlion  among  the  Greeks  and  Ronians  ; 
and  it  has  been  the  aim  of  the  mod  eminent  architeds 
of  modern  times  to  imitate  with  fidelity  the  buildings  of 
thofe  accomplifhed  nations.  There  is,  however,  another 
fpecies  of  architefture,  which  was  introduced  into  Eu¬ 
rope  in  the  middle  ages,  and  is  of  fuch  a  nature  as  to 
ftrike  every  unprejudiced  obferver  with  admiration  and 
allonifhment.  The  architedlure  to  w^hich  we  allude 
has  been  called,  perhaps  with  little  propriety, 

Gothic  Architecture.  It  is  that  which  is  to  be  view¬ 
ed  in  all  our  ancient  cathedrals,  and  in  other  large  build¬ 
ings  which  have  been  eredled  from  the  middle  of  the 
12th  to  the  beginning  of  the  16th  century.  That  fuch 
edifices  have  been  conflruded  on  principles  of  fcience, 
has  been  fhewn  elfewhere  (fee  Roof,  E>ncycU  and  Arch, 
in  this  SufpL):  but  a  queflion  flill  prefents  itfclf  to  the 
iriquifitive  mind,  “  How  came  fuch  flrudures  to  be 
thought  of  by  a  people  whom  we  are  accuflomed  to  call 
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This  queflion  has  occupied  Architect 

the  attention  of  many  ingenious  men,  who  have 
billed  the  Gothic  ftyle  of  building,  lome  to  neceflity, 
and  others  to  an  imitation  of  the  works  of  nature.  1  hat, 
where  materials  are  bad,  larger  edifices  can  be  erefled 
in  the  Gothic  than  in  the  Grecian  ftyle,  has  been  made 
fufficientlv  evident  in  the  articles  to  which  _we  have  re¬ 
ferred  ;  and  that  necelTity  is  the  parent  of  invention,  is 
an  adage  which  has  been  too  long  received  to  be  now 
called  in  queftion.  But  whence  came  the  peculiarities 
of  the  Gothic  ornaments  in  building,  the  pointed  arch, 
and  the  double  row  of  cluilered  pillars  compofed  ot 
fiender  ftiafts,  which,  reaching  from  the  ground  almoft 
to  the  roof  of  the  building,  are  there  fpread  out  in 
all  diredions,  forming  the  ribs  or  groins  of  a  vaulted 

The  mod  fatisfaftory  folution  of  this  queftion  which 
we  have  feen,  is  in  a  memoir  publilhed  in  the  fourth  vo¬ 
lume  of  the  Tranfadions  of  the  Royal  Society  of  Edin¬ 
burgh,  by  Sir  James  Hall,  Bart,  with  whofe  permif- 
fion  the  following  abllrad  is  laid  before  our  readers. 

“  Although  the  connedion  between  beauty  and 
utility  be  ftill  involved  in  fuch  obfeurity,  that  we  arc 
unable  to  decide  concerning  the  univerfality  of  that 
connedion,  of  one  thing  we  are  certain,  that,  in  a 
work  intended  to  anfwer  feme  ufeful  purpofe,  what¬ 
ever  vilibly  counterads  that  purpofe  always  occalious- 
deformity.  Hence  it  is,  that,  even  where  ornament 
is  principally  intended,  the  oftenhbly  ufeful  objed  ot 
the  work,  if  it  have  any  fuch,  mull  be  provided  tor, 
in  the  firft  place,  in  preference  to  every  other  conlider- 

ation.  , 

“  But  in  moR  ufeful  works,  fome  parts  occur,  the 
fiiape  of  which  is  quite  indifferent  with  rafped  to  the 
propofed  utility,  and  which,  therefore,  the  artiR  is  at 
liberty  to  execute  as  he  pleafes :  a  liberty  which,  has 
opened  a  wide  field  to  the  taRe  and  invention  of  inge¬ 
nious  men  of  every  age  and  country,  who  have  turned 
their  attention  to  the  compofition  of  ornaments;  and 
whofe  exertions  have  been  niore  or  lefs  influenced  by 
the  Rate  of  civilization  in  which  they  lived.  It  would 
feem,  however,  if  we  may  judge  by  thofe  various  ef- 
forts,  that  little  has  been  effeaed  by  mere  human  in¬ 
genuity  ;  fince  we  fee  that  recourfe  has  been  had,  al- 
moR  univerfally,  to  nature,  the  great  and  legitimate 
fource  of  beauty  ;  and  that  ornament  has  been  attain¬ 
ed  by  the  imitation  of  objeas,  to  which  fhe  has  given 
a  determinate  and  charaaeriRic  form. 

“  Where  the  materials  employed  are  themfelves  pof- 
feffed  of  variety  and  elegance,  the  attainment  of  this  ob- 
jea  requires  little  or  no  alteration  of  their  natural  forms. 

Thus  cups  are  made  of  flidls,  of  cocoa-nuts,  or  of  oRrich 
eggs  ;  the  charaaer  and  beauty  of  which  depend  upon 
the  natural  form  of  the  materials:  and  in  the  cafe  of 
the  bottles  ufed  by  the  Roman  Catholic  pilgrams,  an 
example  occurs  of  an  utenfil,  in  which  the  natural  form, 
has  undergone  little  or  no  variation,  fince  it  confiRs  of 
the  hard  outward  fkin  of  a  gourd,  of  the  fame  ihape  in 
which  it  grew  upon  the  plant  (a).  This  laR  clafs  of 
forms  has  been  introduced,  by  imitation,  into  works 

compofed 


f  aJ  »  Even  in  thk  cafe,  however,  the  natural  form  undergoes  acertain  degree  of  modification,  by  the  device 
employed  to  produce  the  neck  of  the  bottle.  The  fruit,  while  fmdl  and  tender,  is  furrounded  with  a.ftrmg, 
which  remaining  during  its  growth,  prevents  the  part,  thus  bound,  from  Iwellmg  with  the  reft.  ^ 
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compofcd  of  (liapelefs  materials.  Thus  we  have  filver  equal  to  that 
cups  i*n  the  form  of  thofe  made  of  fhells,  and  fruit-diflies 
of  iloneware  in  the  form  of  bafltets. 

“  As  Hone  is  not  naturally  pofTeffed  of  any  peculiar 
Ihape,  and  as  the  ufcful  ohjcd  propofed,  by  ftrudures^ 
formed  of  it,  may  be  accomplifliedjjin  various  ways, 
very  great  latitude  is  left  to  the  invention  of  the  artift. 

We  fee,  accordingly,  that  in  every  country  where  much 
refinement  has  been  introduced,  great  pains  have  been 
beftowed  in  ornamenting  (lone  buildings  with  figures 
reprefenting  various  natural  objects  ;  whilft  the  build¬ 
ing  itfelf  has  been  executed  in  imitation  ot  a  llruftitre, 
compofed  of  materials  which  naturally  poffefs  a  deter¬ 
minate  and  chardifleriHic  form.  Such  was  the  method 
followed  by  the  architedfs  of  ancient  Greece,  who  con- 
liru6led  temples,  and  other  public  edifices,  in  imitation 
of  a  ruilic  fabric,  compofed  of  fquare  beams,  fupported 
upon  round  polls  or  Hems  of  trees,  and  who  derived  the 
numerous  ornaments  of  that  beautiful  Hyle  from  circum- 
Hances  which  would  naturally  take  place  in  fuclx  a  Hruc- 
ture. 

“  A  faint  and  diHant  refemblance,  however,  of  the 
original,  has  generally  been  found  to  anfwer  all  the  end 
propofed  by  the  imitation  ;  a  refemblance,  which  may 
ibmetimes  be  traced  in  the  general  diHribution  of  the 
edifice,  foraetlmes  in  its  minute  parts,  and  not  unfre- 
quently  in  both. 

“  But  the  forms  of  nature  thus  introduced  have  been 
greatly  modified  by  thofe  of  mafonry.  For  though 
itone  is  by  nature  Ihapelefs,  yet,  in  the  courfe  of  prac¬ 
tice,  many  peculiar  forms  have  been  long  eHablifhed, 
and  currently  employed,  in  working  it ;  fuch  as  Hraig'ht 
lines,  plain  furfaces,  fquare  angles,  and  various  mould¬ 
ings  11  fed  to  foften  the  elfedl  of  abrupt  terminations  : 
all  of  which,  originating  in  motives  of  mechanical  con¬ 
venience,  and  of  fimple  ornament,  had,  in  very  early 
.times,  been  appropriated  to  mafonry,  and  confidered  as 
efiential  in  every  finilhed  work  of  Hone  ;  fo  that,  when 
the  imitation  of  nature  was  introduced,  thefe  mafonic 
forms  Hill  maintained  their  ground,  and,  being  blended 
with  the  forms  of  nature,  the  two  claffes  reciprocally 
modified  each  other. 

“  This  combination  of  art  v/lth  nature,  of  which  we 
fee  the  moH  perfedl  example  in  the  Corinthian  capital, 
produces  what  are  called  archite6lonic  forms,  in  which 
the  variety  of  nature,  being  fubjeded  to  the  regularity 
of  art,  the  work  acquires  that  peculiar  character  which, 
in  a  natural  obje£l,  we  confider  as  offenfive,  under  the 
name  of  formality  ;  but  which,  in  architefture,  we  ad¬ 
mire  as  a  beauty,  under  the  name  of  fymmetry  :  thus, 
we  reprobate  the  formality  of  an  avenue,  and  pralfe  the 
fymmetry  of  a  colonnade. 

Such  is  the  nature  of  architedlonic  imitation  ;  a 
device  which  probably  originated  in  accident,  but  to 
which  architei^ure  is  indebted  for  its  higheH  attain¬ 
ments.” 

As  the  Hone  edifices  of  ancient  Greece  were  con- 
ilru^led  in  imitation  ol  a  wooden  fabric,  compofed. of 
fquare  beams  laid  at  right  angles  on  round  poHs  or 
flems  of  trees.  Sir  James  conceives  that  the  Gothic  fa- 
43rics  with  pointed  arches  have  been  executed  in  imita¬ 
tion  of  a  niHic  dwelling,  conHrudled  in  the  following 
manner :  Suppofe  a  fet  of  round  poHs  driven  firmly  in- 
t:o  the  ground^  in  two  oppofite  rows,  the  Interval  be¬ 
tween  the  neighbouring  poHs  in  the  fame  row  being 
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between  the  rows,  and  each  poH  being 
ralfed  above  the  ground  to  a  height  equal  to  three  of 
thofe  intervals;  then  a  fet  of  long  and  flexible  rods  of 
willow  being  applied  to  each  poH,  let  them  be  thruH 
into  the  ground  at  its  bafe,  and  bound  to  it  by  two 
tyliigs,  one  near  the  ground,  and  another  at  tWo-thlrds 
of  its  height ;  the  rods  being  left  loofe  from  this  lafi: 
point  upwards,  and  free  to  be  moved  in  any  dire^lion. 
Let  three  rods  be  connedled  with  each  outfide  comer 
poH,  and  five  with  each  of  the  others,  and  let  their  po- 
fitioii  be  fuch  as  to  cover  the  infide  of  the  poll,  fo  that 
when  feen  from  between  the  rows  the  lower  part  of 
each  poH  fhall  be  concealed  from  the  view,  and  prefent 
the  appearance  of  a  bundle  of  rods  (fig.  i.) 

Things  being  thus  difpofed,  the  flceleton  of  a  thatch¬ 
ed  roof  may  be  formed  by  means  of  the  loofe  ends  of 
the  rods.  A  rod  from  one  of  the  poHs  being  fo  bent 
as  to  meet  a  fimilar  one  from  the  poll  immediately  op¬ 
pofite  to  it,  in  the  middle  of  the  fpace  between  them, 
let  the  two  rods  be  made  to  crofs  each  other,  and  kt 
them  be  bound  together  at  their  crofling  (fig.  2.),  and 
we  (hall  have  the  exadt  form  of  the  Gothic  arch  The 
fame  being  done  with  each  pair  of  oppofite  poHs,  and  a 
fet  of  pointed  arches  being  formed,  let  them  be  connedl- 
ed  together  by  means  of  a  Hraight  pole  laid  upon  the 
forks  of  the  crofling  rods,  and  bound  to  each  of  them, 
as  in  fig.  3  :  then  let  a  loofe  rod  be  brought  from  each, 
of  any  two  contiguous  polls  in  the  fame  row,  fo  as  to 
form  a  pointed  arch,  fimilar  to  that  juH  deferibed,  and 
nearly  of  the  fame  height.  This  being  done  with  every 
two  contiguous  poHs  (fig.  4  ),  and  a  new  fet  of  pointed 
arches  being  thus  produced.  Handing  oppofite  to  each 
other  in  pairs,  let  each  pair  be  bound  by  a  horizontal 
pole  lying  on  the  oppofite  forks,  and  crofling  the  lon¬ 
gitudinal  pole  deferibed  above. 

“  Two  of  the  rods  of  each  corner  poH,  and  three  of 
thofe  of  each  of  the  others,  being  thus  difpofed  of,  we 
have  one  of  each  corner  poH  and  two  of  each  middle 
poH  Hill  to  employ,  which  is  done  as  follows:  A  pair  of 
thefe  unoccupied  rods  being  brought  from  any  two  poHs 
which  Hand  diagonally  to  each  other,  and  made  to  meet 
in  the  middle,  not  as  in  the  firH  cafe  crofling  in  an 
angle,  but  fide  by  fide,  forming  a  femicircle,  and  join¬ 
ed  together  after  the  manner  of  a  hoop  ;  and  the  fame 
being  done  with  every  pair  of  diagonal  polls  (fig.  5.), 
the  whole  rods  will  have  been  employed. 

“  In  this  manner  a  frame  would  be  conHrudled  fit  to 
fupport  thatch  or  other  covering ;  and  fuch  a  one  has 
probably  been  often  ufed.  It  would  feem,  however, 
that,  for  the  fake  of  Hrength,  the  number  of  rods  has 
been  increafed  in  each  cluHer,  by  the  introduftion,  be¬ 
tween  every  two  of  them,  of  an  additional  rod,  which 
rifing  with  them  to  the  roof.  Hill  continues  its  middle 
pofition,  as  they  fpread  afunder,  and  meets  the  horizon¬ 
tal  pole  at  an  intermediate  point.  This  is  Ihown  in 
fig.  6.  which  is  drawn  with  its  covering  of  thatch  ;  and, 
from  the  imitation  of  a  dwelling  fo  conHru6led,  we  may 
eafily  traCe  the  three  leading  charadleriHics  of  Gothic 
architecture,  the  pointed  arch,  the  cluHered  column, 
and  the  branching  i*oof,  as  exhibited  in  fig,  7.” 

Upon  the  fame  principles  Sir  James  Hall,  with  much 
ingenuity,  accounts  for  the  peculiar  forms  of  the  Go- 
tliic  door,  the  Gothic  window,  and  the  pointed  fpire  : 
but  it  is  not  our  intention  to  fuperfede  the  neceflity  o£ 
having  recourfe  to  his  memoir,  but  to  excite  the  delire 
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of  our  readers  to  perufe  as  well  that  paper  as  a  larger 
work  which  he  promifes  on  the  fame  fubjed^,  and  in 
which  we  doubt  not  but  they  will  find  both  entertain- 
^  ment  and  inftrudfion.  We  fhall  conclude  this  article, 
therefore,  with  an  experimental  proof  of  the  juftnefs  of 
his  hypothefis. 

In  the  greater  part  of  our  late  attempts  at  Gothic 
architedture,  it  is  allowed  by  every  man  of  tafte  that  we 
have  failed.  The  failure  is  to  be  accounted  for  by  the 
buildings  having  been  conftrudled  upon  no  confiftent 
principle,  applicable  to  every  part  of  them,  but  upon  a 
fervile  copying  of  ancient  edifices,  of  which  the  ftruc- 
ture  was  little  underftood  by  the  copiers.  Sir  James  Hall, 
however,  by  applying  his  theory  to  pradlice,  has  con- 
llrudled  a  building  in  this  ftyle,  which  has  far  furpafled, 
he  fays,  his  own  expedlation,  and  has  certainly  gained 
the  approbation  of  every  man  of  tafte  and  fcience  by 
whom  we  have  had  occafion  to  hear  it  mentioned.  A 
fet  of  pofts  of  afh,  about  three  inches  in  diameter,  w'ere 
placed  in  two  rows,  four  feet  afunder,  and  at  the  inter¬ 
val  of  four  feet  in  the  rows ;  then  a  number  of  flender 
and  tapering  willow  rods,  ten  feet  in  length,  were  ap- 
plied  to  the  pofts,  and,  in  the  manner  which  we  have 
deferibed,  formed  into  a  frame,  which  being  covered 
with  thatch,  produced  a  very  fubftantial  roof,  under 
which  a  perfon  can  walk  with  eafe. 

‘‘  This  little  ftriidlure  exhibits,  in  miniature,  all  the 
charadleriftic  features  of  the  Gothic  ftyle.  It  is  in  the 
form  of  a  crofs,  with  a  nave,  a  choir,  and  a  north  and 
fouth  tranfept.  The  thatch,  being  fo  difpofed  on  the 
frame  as  not  to  hide  the  rods  of  which  it  is  compofed, 
they  reprefent  accurately  the  pointed  and  femicircular 
arches,  and  all  the  other  peculiarities  of  a  groined  roof.*' 

ARCTUS,  a  name  given  by  the  Greeks  to  two  con- 
ftellations  of  the  northern  hemifphere,  by  the  Latins 
called  Ursa  Major  and  Minor,  and  by  us  the  Greater 
and  Lejfer  Bear. 

Binary  ARITHMETIC,  ary  Arithmetic, 

Encycl. 

Duodecimal  Arithmetic,  is  that  which  proceeds  from 
1 2  to  1 2,  or  by  a  continual  fubdivifion  according  to  12. 
Phis  is  greatly  ufed  by  moft  artificers  in  calculating  the 
quantity  of  their  work ;  as  bricklayers,  carpenters, 
painters,  tilers,  &c. 

Harmonical  Arithmetic,  is  fo  much  of  the  dodirine 
of  numbers  as  relates  to  the  making  the  comparifons, 
redudlions,  &c.  of  mufical  intervals. 

Arithmetic  of  infinites,  is  the  method  of  fumming 
up  a  feries  of  numbers,  of  which  the  number  of  terms 
is  infinite.  This  method  was  firft  invented  by  Dr  Wal¬ 
lis,  as  appears  by  his  treatife  on  that  fubjed  ;  where 
he  fhows  its  ufes  in  geometry,  in  finding  the  areas  of 
fuperficies,  the  contents  of  folids,  &c.  But  the  method 
of  fluxions,  which  is  a  kind  of  iiniverfal  arithmetic  of 
infinities,  performs  all  thefe  rnore  eafily,  as  well  as  a 
great  many  other  things,  which  the  former  will  not 
reach. 

Dogifiical  Arithmetic,  a  name  fometimes  employed 
for  the  arithmetic  of  fexagefimal  fradions,  ufed  in  aftro- 
nomical  computations.  Shakerly,  in  his  Tabula  BrU 
tannica:,  has  a  table  of  logarithms  adapted  to  fexagefi¬ 
mal  fradions,  which  he  calls  logijiical  logarithms :  and 
the  expeditious  arithmetic,  obtained  by  means  of  them, 
ke  calls  logijlical  arithmetic.  The  term  logijlical  arith* 
SuppL.  VoL.  I.  Part  I, 
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metic,  however,  or  iogiftics,  has  been  ufed  by  Vieta  and  Arithmetic 
others  for  the  rules  of  computations'in  algebra.  H 

Political  Arithmetic.  See  Political  Arithmetic,  j 

Encycl.  '  w"— ' 

Sexagftmal  Arithmetic.  See  Arithmetic  (Hijl.) 

Encycl. 

PetraBic  Arithmetic,  is  that  in  which  only  the  four 
charaders  o,  1,2,  3,  are  ufed.  A  treatife  of  this  kind 
of  arithmetic  is  extant  by  Erhard  or  Echard  WeigeL 
But  both  this  and  binary  arithmetic  are  little  better 
than  curiofities,  efpecially  with  regard  to  pradice  ;  as 
all  numbers  are  much  more  compendioufly  and  conve¬ 
niently  exprelTed  by  the  common  decuple  fcale. 

Univerfal  Arithmetic,  is  the  name  given  by  New¬ 
ton  to  the  fcience  of  algebra  ;  of  which  he  left  at  Cam¬ 
bridge  an  excellenc  treatife,  being  the  text-book  drawn 
up  for  the  ufe  of  his  ledures,  while  he  was  profcflbr  of 
mathematics  in  that  univerfity. 

ARITHMETICAL  complement,  of  a  loga¬ 
rithm,  is  what  the  logarithm  wants  of  lO'OOOOO,  &c. 
and  the  eafieft  way  to  find  it  is,  beginning  at  the 
left  hand,  to  fubtrad  every  figure  from  o,  and  the  lafl; 
from  10. 

ARTEDI  (John),  was  born  in  the  year  1705,  in 
the  province  of  Angermania,  in  Sweden.  From  na¬ 
ture  he  inherited  an  ardent  paffion  for  all  branches  of 
natural  hiftory,  but  he  excelled  moft  in  that  branch  of 
it  which  IS  termed  itchthyology.  In  1  724  he  went  to 
ftudy  at  the  univerfity  of  Upfal,  where  fome  years  after¬ 
wards  he  gained  the  friendftiip  of  the  immortal  Linnasus^ 
who  narrates  the  principal  events  of  his  life  in  the  fol¬ 
lowing  animated  terms. 

“  In  1728  (fays  Linnaeus)  I  came  from  Lund  to 
Upfal.  I  wifhed  to  devote  myfelf  to  medicine.  I  in¬ 
quired  who,  at  that  univerfity,  excelled  moft  for  his 
knowledge  :  every  one  named  Artedi.  I  was  impa¬ 
tient  to  fee  him.  I  found  him  pale,  and  in  great  di- 
ftrefs  for  the  lofs  of  his  father,  with  his  thin  hair  ne- 
gleded.  He  refembled  the  portrait  of  Ray  the  natu- 
ralift.  His  judgment  was  ripe,  his  thoughts  profound, 
his  manners  limple,  his  virtues  antique.  The  converfa- 
tion  turned  upon  ftones,  plants,  animals.  I  was  enchant¬ 
ed  with  his  obfervations,  equally  ingenious  and  new  ; 
for  at  the  very  firft  he  was  not  afraid  to  communicate 
them  to  me  with  the  utmoft  franknefs.  I  defired  his 
friendftiip,  he  aflced  mine.  From  that  moment  we  form¬ 
ed  a  friendftiip  ;  which  we  cultivated  with  the  greatell 
ardour  for  feven  months  at  Upfal.  I  was  his  heft  friend, 
and  I  never  had  any  who  was  more  dear  to  me.  How 
fweet  was  that  intimacy  !  With  what  pleafiire  did  we 
fee  it  increafe  from  day  to  day  1  The  difference,  even 
of  our  charaaers,  was  ufeful  to  us.  Hisanind  was  more 
feyere,  more  attentive  ;  he  obferved  more  ftowly,  and 
with  greater  care.  A  noble  emulation  animated  us. 

As  J  defpaired  of  ever  becoming  as  well  inftruaed  in 
chemiftry  as  he,  I  abandoned  it ;  he  alfo  ceafed  to  ftu- 
dy  botany  with  the  fame  ardour,  to  which  I  had  devo- 
^  particular  manner.  We  continued  thus 
to  ftudy  different  branches  of  fcience;  and  when  one  of 
us  excelled  the  other,  he  acknowledged  him  for  his 
mafter.  We  dilputed  the  palm  in  ichthyology  ;  but 
foon  I  was  forced  to  yield,  and  I  abandoned  that  part 
of  natural  hiftory  to  him,  as  well  as  the  amphibia.  I 
fuccceded  better  than  he  m  the  knowledge  of  birds  and 
^  infedls, 
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infeas,  and  he  no  longer  tried  to  excel  in  thel^e  branch 
'  es.  We  inarched  together  as  equals  m  lithology,  and 
the  hiftory  of  quadrupeds.  \Vhen  one  of  us  made  an 
obfervation,  he  communicated  it  to  the  other  :  fcarce  a 
day  paired  in  which  one  did  not  learn  from  ‘^le  other 
fome  new  and  interelling  particuto.  Thus  emulation 
excited  our  induftry,  and  mutual  affiftance  aided  our  ef¬ 
forts  In  fpite  of  the  diftance  of  our  lodgings,  we  law 
each 'other  every  day.  At  laft  I  fet  out  for  Lapland  ; 
he  went  to  London.  He  bequeathed  to  me  his  manu- 

fcripts  and  his  books.  i  a  ^ 

‘‘  In  17^5  I  went  to  Leyden,  where  I  found  Ar- 
tedi.  I  recounted  my  adventures  ;  he  communicated  his 
to  me.  He  was  not  rich,  and  therefore  was  unable  to 
be  at  the  expence  of  taking  his  degrees  m  I 

recommended  him  to  Seba,  who  engaged  him  topubhfh 
his  work  on  fifhes.  Artedi  went  to  join  him  at  Am- 

herda^.^rcei  j  finifhed  my  Fundamenta  Botanica, 
I  communicated  it  to  him;  he  let  me  fee  his  PhiJofiphia 
Ichthologica.  He  propofed  to  finilh  as  quickly  as  pof- 
fible  the  work  of  Seba,  and  to  put  the  laft  hand  to  it. 
He  fhowed  me  all  his  manuferipts  which  I  had  not  feen. 
I  was  preffed  in  point  of  time,  and  began  to  be  impa¬ 
tient  as  being  detained  fo  long.  Alas  1  if  I  had  known 
this  was  the  laft  time  I  (hould  fee  him,  how  ftiould  1 

have  prolonged  it  !  ,  r  •  l  c  u 

“  Some  days  after,  as  he  returned  to  fup  with  Seba, 
the  night  being  dark,  he  fell  into  the  canal.  Nobody 
perceived  it,  and  he  perifhed*  Thus  died,  by  water, 


this  great  ichtbyologift,  who  had  ever  delighted  in  that  ^ 

element.’’  ^  vn  ,  n 

Of  the  works  of  this  eminent  naturalilt  there  have 

been  two  editions',  of  which  the  former  was  publifhed 
by  Linnaeus  in  1738,  and  the  latter  by  Dr  Walbaum 
of  Liibeck,  in  the  years  1788,  1789,  and  1792.^  This 
edition,  which  is  by  much  the  moft  valuable,  is  in  three 
volumes  4to ;  of  which  the  firft  contains  the  hiftory  of 
the  fcience  of  ichthyology,  commencing  feveral  years 
before  the  Chriftian  era,  and  coming  down  to  the  pre- 
fent  times.  The  fecond  prefents  to  the  reader  the 
Philofophla  Ichthyologica  of  Artedi,  improved  by  Wah 
baum,  who  was  benefited  by  the  writings  of  Monro, 
Camper,  Kastfeuter,  and  others.  Here  alfo  are  added 
tables  containing  the  fyftem  of  filhes  by  Ray,  Dale,, 
Schaeffir,  Linnaeus,  Gowan,  Scopola,  Klein,  and  Gro- 
novius.  The  third  volume,  which  completes  the  col- 
le£l:ion  of  Artedi’s  works^  contains  the  technical  defini¬ 
tions  of  the  fcience.  After  the  generic  and  individual 
charaifters  come  the  names  and  Latin  phrafes  of  Ar¬ 
tedi  ;  the  fynonymes  of  the  beft  naturalifts  ;  the  vulgar 
names  in  Englifli,  German,  Swedilh,  Rufiian,  Daiiifh, 
Norwegian,  Dutch,  and  Samoyed  ;  the  feafon  and  the 
countries  where  every  kind  is  found,  their  varieties^, 
their  defeription,  and  obfervations.  The  modern  difeo- 
veries,  even  to  our  own  times,  are  added ;  fo  that  m 
this  part  is  colleifled  the  obfervations  of  Gronoyius,, 
Brunich,  Tenant,  Forfter,  Klein,  Bloch,  Gmelin,  Haf- 
felquift,  Broufibnet,  Lelke,  Buifti,  Linnseus,  and  other 
great  examiners  of  nature* 
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IS  a  fcience  which  has  been  cultivated  from  the  ear- 
lieft  ages,  and  is  converfant  about  the  moft  fiiblime 
objedfs  of  inquiry  which  can  employ  the  mind  of  man. 

It  has  accordingly  been  treated  at  great  length  in  the 
Encyclopjcdia  Britannica  ;  but,  in  the  opinion  of  fome 
of  the  moft  judicious  readers  of  that  work,  the  compiler 
of  the  fyftem  which  is  there  delivered  has  failed  in  his 
attempt  to  give  a  perfpicuous  and  conneded  view  of  the 
*  fcience  in  its  prefent  ftate  of  improvement.  This  defeft 
Objea  of  remedy.  Our  objed,  therefore,  in  this 

;his>  article,  article,  will  be  to  bring  into  one  point  of 

view  the  phyfical  fcience  which  may  be  derived  from 
the  Gonfideration  of  the  celeftial  motions  ;  that  is,  to 
deduce  from  the  general  laws  of  thofe  motions  the  in¬ 
ferences  with  refpedl  to  their  fuppofed  caufes,  which 
conftitute  the  philofophy  of  the  aftronomer. 

The  caufes  of  all  phenomena  are  not  only  inferred 
from  the  phenomena,  but  are  charadlerifed  by  them  ; 
and  we  can  form  no  notion  of  their  nature  but  what  we 
Conceive  as  competent  to  the  phenomena  themfelves. 
The  aftronomical  phenomena  are  aflumed  to  be  the  mo¬ 
tions  of  the  bodies^  which  we  call  the  fun^  the  planets,  the 
comets,  &c.  The  notion  which  we  exprefs  by  the  word 
body  in  the  prefent  cafe,  is  fuppofed  to  be  the  fame  with 
that  which  we  form  of  other  objefts  around  us,  to 
which  we  give  the  fame  name  ;  fuch  as  ftones,  fticks,  the 
bodies  of  animals,  &c.  Therefore  the  notion  which  we 
have  of  the  caufes  of  the  celeftial  *  motions  miift  be  the 
fame  with  that  which  we  have  of  the  caufes  of  motion 


in  thofe  more  familiar  bodies.  All  men  feem  to  have  Metaphor 
agreed  in  giving  the  name  forces,  or  moving 
to  the  caufes  of  thofe  familiar  motions.  This  is  a 
gurative  or  metaphorical  term.  The  true  and  original 
meaning  of  it  is,  the  exertion  which  w^e  are  confeious  of 
making  when  we  ourfelves  put  other  bodies  in  motion* 

Force,  when  ufed  without  figure,  always  fignifies  the 
exertion  of  a  living  and  a6ting  thing.  We  are  more 
interefted  in  thofe  produ£lions  of  motion  than  in  any. 
other,  and  our  recolleAions  of  them  are  more  numerous*. 

Hence  it  has  happened  that  we  ufe  the  fame  term  to 
exprefs  the  caufe  of  bodily  motion  in  general,  and  fay 
that  a  magnet  has  force,  that  a  fpring  has  force,  that 
a  moving  body  has  force. 

Our  own  force  is  always  exerted  by  the  intervention  of 
our  own  body  ;  and  we  find  that  the  fame  exertion  by 
which  we  move  a  Rone,  enables  us  to  move  another 
man  ;  therefore  we  conceive  his  body  to  refemble  a. 
ftone  in  this  refpea,  and  that  it  alfo  requires  the  exer¬ 
tion  of  force  to  put  it  in  motion.  But  when  we  reflect 
on  our  employment  of  force  for  producing  motion  in  a 
body,  we  find  ourfelves  puzzded  how  to  account  for  the 
motion  of  our  own  bodies.  Here  we  perceive  no  in¬ 
tervening  exertion  but  that  of  v/illing  to  do  it ;  yet  w6 
find  that  we  cannot  move  it  as  we  pleafe.  We  alfo  find 
that  a  greater  motion  requires  a  greater  exertion.  It 
is  therefore  to  this  exertion  that  the  refieding  man  re- 
ftrains  the  term  force ;  and  he  acknowledges  that  every 
other  ufe  of  it  is  metaphorical,  and  that  it  is  a  refem- 
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blance  in  the  ultimate  efFed  alone  which  difpofes  us  to 
employ  the  term  in  fuch  cafes  :  but  vve  find  no  great 
inconvenience  in  the  want  of  another  term. 

We  farther  find,  that  our  exertion  is  neceffary,  not 
only  for  producing  motion  where  there  was  none  be¬ 
fore,  but  alfo  for  producing  any  change  ofi^  motion  ; 
and  accurate  obfervation  (hews  us,  that  the  fame  force 
is  required  for  changing  a  motion  by  any  given  quan¬ 
tity,  as  for  producing  that  quantity  where  there  was 
none  before. 

Laftly,  we  are  confcious  of  exerting  force  when  we 
refift  the  exerted  force  of  another;  and  that  an  exertion, 
perfedly  fimilar  to  this,  will  prevent  fome  very  faniiliar 
tendencies  to  motion  in  the  bodies  around  us  :  thus  an 
exertion  is  neceffary  for  carrying  a  w^eight,  that  is,  for 
preventing  the  fall  of  that  weight. 

All  thefe  refemblances  between  the  effeds  of  our  for¬ 
cible  exertions  and  the  changes  of  motion  which  ac¬ 
company  the  meeting,  and  fometimes  the  mere  vicinity 
of  other  bodies,  jullify  us  in  the  ufe  of  this  figurative 
language.  The  refemblance  is  found  to  be  the  more 
perfed  as  we  obferve  it  with  more  care,  and,  in  fhort, 
appears  to  be  without  exception.  Bodies  are  therefore 
faid  to  a3  on  each  other,  to  rejijl  each  other,  to  rejijl  a 
change  of  motion^  &c.  : 

Therefore,  wherever  we  obferve  a  change  of  motion, 
we  infer  the  exiftence  and  exertion  of  a  changing  force ; 
and  we  infer  the  diredion  of  that  exertion  from  the  di-, 
redion  of  the  change  ;  and  the  quantity  of  the  exer¬ 
tion,  or  intenfity  of  the  force,  from  the  quantity  of  the 
change. 

The  lludy  of  the  caiifes  of  the  celeftial  motions  is 
therefore  hardly  different  from  the  ftudy  of  the  motions 
thcmfelves;  fince  the  agency,  the  kind,  and  the  degree 
of  the  moving  force,  are  immediate  inferences  from  the 
.  exiftence,  the  kind,  and  the  quantity  of  the  change  of 

I  ^  motion. 

^ur  notion  Our  notion  of  a  moving  power  is  that  of  a  power 
bf  a  moving  which  produce'^Htiotion,  that  is,  a  fuccefllve  change  of 
power.  place.  Continuation  of  the  motion  produced  is  there¬ 
fore  involved  in  the  very  notion  of  the  produdion  of 
motion  ;  therefore  the  continued  agency  of  the  moving 
power,  or  of  any  power,  is  not  neceffary  for  the  conti¬ 
nuation  of  the  motion.  Motion  is  confidered  as  a  ftate 
or  condition  of  the  body  ;  there  is  not  any  exertion  of 
power  therefore  in  the  continuation  of  motion  :  But 
every  change  is  indicative  of  a  changing  caufe  ;  and 
when  the  change  is  the  fame,  in  all  its  circumftances, 
the  caufe  is  neceffarily  conceived  to  be  the  fame,  or 
equal. 

The  condition  of  a  body,  in  refped  of  motion,  can 
differ  from  that  of  another  equal  body  only  in  its  di¬ 
redion  and  in  its  velocity.  If  the  diredions  are  the 
fame,  the  difference  of  conditions  can  only  be  in  the 
difference  of  velocity.  One  body  has  a  determination, 
by  which  it  would  defcribe  ten  feet  uniformly  in  a  fe- 
cond,  if  nothing  changed  this  determination ;  the  other 
4  has  a  determination,  by  which  it  would  defcribe  twenty 
!^eafiireof  feet  in  a  fecond.  Each  of  thefe  determinations  are  fup- 
yoving  pofed  to  be  the  effeds  of  forces  ading  fimilarly  in  every 
refped.  Therefore  thefe  determinations  are  the  only 
meafures  of  thefe  tw^o  forces;  that  is,  moving  forces  are 
conceived  by  us  as  having  the  proportion  of  the  veloci¬ 
ties  which  they  produce  in  a  body  by  ading  in  a  man¬ 
ner  perfedly  fimilar. 


We  can  conceive  a  force  ading  equally  or  unequally* 

If  we  fuppofe  it  to  ad  equally  or  uniformly,  w^e  fup- 
pofe  that  in  equal  times  it  produces  equal  effeds ;  that 
is,  equal  determinations,  or  equal  changes  of  determina¬ 
tion.  We  have  no  other  notion  of  equality  or  unifor¬ 
mity  of  adion.  Therefore  it  mull  produce  equal  aug¬ 
mentations  or  diminutions  of  velocity  in  equal  times  ; 
therefore  it  muft  produce  an  uniformly  accelerated  or  re¬ 
tarded  motion.  Uniformly  accelerated  or  retarded  mo-  Accelera¬ 
tion  is,  therefore,  the  mark  of  uniform  or  unvaried  ac-^^'^  motion 
tion.  In  fuch  a  motion,  the  changes  of  velocity  varfed 
proportional  to  the  times  from  the  beginning  of  the  ac-  adion ; 
tion ;  and  if  the  motion  has  begun  from  reft,  the  whole 
acquired  velocities  are  proportional  to  the  times  from 
the  beginning  of  the  motion.  In  this  cafe,  the  fpaces 
deferibed  are  as  the  fquares  of  the  times  from  the  be¬ 
ginning  of  the  motion  ;  and  thus  we  arrive  at  an  often- 
fible  mark  of  the  unvaried  adion  of  a  moving  force, 
viz.  fpaces  increaling  in  the  duplicate  ratio  of  the  times; 
for  fpace  and  time  are  all  that  we  can  immediately  ob¬ 
ferve  in  any  motion  that  is  continually  varying  ;  the 
velocity  or  determination  is  only  an  inference,  on  the 
fuppofition  that  the  motion  continues  unchanged  for 
fome  time,  or  that  all  adion  ceafes  for  fome  time. 

This  abftrad  reafoning  is  perfedly  agreeable  to  every 
phenomenon  that  we  can  obferve  with  diftindnefs. 

Thus  we  cannot,  or  at  leaft  we  do  not,  conceive  the 
weight  of  a  body  to  vary  its  adion  during  the  fall* 

We  confider  this  weight  as  the  caufe  of  the  fall — as  the 
moving  force — and  we  conceive  it  to  ad  uniformly* 

And,  in  fad,  a  body  falling  freely,  deferibes  fpaces 
which  are  proportional,  not  to  the  times,  but  to  the 
fquares  of  the  times,  and  the  fall  is  a  motion  uniformly 
accelerated.  In  like  manner,  the  motion  of  a  body 
rifing  in  the  air,  in  oppofition  to  gravity,  is  uniformly 
retarded.  5 

This  kind  of  motion  alfo  gives  us  a  certain  meafure  And  gives 
of  the  acquired  velocity,  altliough  there  is  not,  in  fad,  ^  meafure 

any  fpace  obferved  to  be  uniformly  deferibed  durinor  ^ 

^  ^  o  Quirco  vc^ 

any  time  whatever.  In  this  motion  we  know  that  theJJjcjty, 

final  determination,  produced  by  the  accumulated  or 
continued  adion  of  the  unvaried  force,  is  fuch  that  the 
body  would  defcribe  uniformly  twice  the  fpace  which  it 
has  deferibed  with  the  accelerated  motion. 

And  it  is  by  this  method  that  we  obtain  the  fimpleft 
meafure  of  any  moving  force,  and  can  compare  it  with 
another.  If  we  obferve  that  by  the  adion  of  one  force 
(known  to  be  uniform  by  the  fpaces  being  proportion¬ 
al  to  the  fquares  of  the  times)  ten  feet  have  been  de¬ 
feribed  in  a  fecond,  and  that  by  the  uniform  adion  of 
another  force  eighty  feet  are  deferibed  in  two  feconds, 
we  know  that  the  laft  force  is  double  of  the  firft  :  for 
in  the  fecond  motion,  80  feet  were  deferibed  in  two  fe-  ^ 
conds,  and  therefore  20  feet  of  this  were  deferibed  in  r 

the  firft  fecond  (becaufe  the  motion  is  uniformly  acce¬ 
lerated  ;  and  at  the  end  of  a  fecond,  the  firft  body  had 
a  determination  by  which  it  would  defcribe  20  feet 
uniformly  in  a  fecond  ;  and  the  fecond  body  had  ac¬ 
quired  a  determination  by  which  it  would  have  de¬ 
feribed  40  feet  uniformly  in  the  next  fecond,  had  not 
the  moving  force  continued  to  a£l  on  it,  and  made  it 
really  defcribe  60  feet  with  an  accelerated  motion. 

Becaufe  halves  have  the  fame  proportions  with  the 
units  of  which  they  are  the  halves,  it  is  plain  that  we 
may  take  the  fpaces,  deferibed  in  equal  times  with  mo- 
£  2  tions 
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tions  uniformly  accelerated,  as  meafurcs  of  the  forces 
which  have  produced  thofe  motions.  The  velocities 
m  generated  are,  however,  the  heft  meafures. 

Meafurcof  When  the  aaions  of  forces  are  not  uniform,  it  is 
the  velxity^y^Qj-g  difficult  to  learn  what  is  the  meafure  of  the  velo- 
produced  produced  by  their  accumulated  a^lion.  But  it  can 

be  determined  with  equal  accuracy ;  that  is,  we  can  de¬ 
form.  termine  what  is  the  velocity  which  <ivoM  ha<ve  been  pro¬ 
duced  by  the  uniform  aflion  of  the  force  during  the  fame 
time,  and  therefore  we  obtain  a  meafure  of  the  force. 
Mathematicians  are  farther  able  to  demonftrate,  that  if 
forces  vary  their  continued  adlion  in  any  manner  what¬ 
ever,  the  proportion  of  the  fpaces  defcribed  by  two  bo- 
di^s  in  equal  times  approaches  nearer  and  nearer  to  the 
proportion  of  the  fpaces  which  they  would  defcribe  in 
thofe  times  by  the  uniform  a6lion  of  the  forces,  as  the 
times  themfelves  are  fmaller  ;  and  therefore  whenever 
we  can  point  out  the  ultimate  ratio  of  the  fpaces  de* 
fcribed  in  equal  times,  thefe  times  being  diminifhed 
without  end,  we  obtain  the  ratio  of  the  forces. 

Motions  may  be  changed,  not  only  in  quantity,  by 
acceleration  or  retardation,  but  alfo  in  direftion,  by  de- 
fleftliig  a  body  from  its  former  diredion.  When  a 
Plate  VI.  body,  moving  uniformly  in  the  dire(R:ion  AB  (fig.  i.), 
has  its  motion  changed  in  the  point  B,  and,  inftead  of 
defcribing  BC  uniformly  in  the  next  moment  with  the 
former  velocity,  defcribes  BD  uniformly  in  that  mo¬ 
ment,  it  is  plain  that  the  motion  BD  will  be  the  fame, 
whether  the  body  had  begun  to  move  in  A,  or  in  F, 
or  in  G,  or  in  B,  provided  only  that  its  determination 
to  move,  or  its  velocity,  be  the  fame  in  all  thofe  points. 
Complete  the  parallelogram  BCDE.  It  is  well  known, 
that  if  one  force  a6l  on  the  body  which  would  make  it 
defcribe  BC,  and  another  which  would  make  it  defcribe 
Intenfity  body  will  defcribe  BD.  Hence  we  learn, 

and  d’rcc-  that  when  a  body  has  the  motion  BC  changed  into  the 
tion  of  de*  motion  BD,  it  has  been  a6fed  on  in  the  point  B  by  a 
flcdbing  force  which  would  have  caufed  a  body  at  reft  in  B  to 
Jorcci.  (lefcribe  BE.  Thus  we  can  difcover  the  intenfity  and 
direAion  of  the  tranfverfe  force  which  produces  any  de¬ 
flexion  from  the  former  direXion.  In  general,  the  force 
is  that  which  would  have  produced  in  a  body  at  reft  that 
motion  BE,  which,  when  compounded  with  the  former 
motion  BC,  produces  the  new  motion  BD. 

Thefe  two  principles,  viz.  ill,  that  forces  are  propor¬ 
tional  to  the  velocities  which  they  produce  in  the  fame 
circumftances,  and,  zd,  the  compofitlon  of  motion  or 
forces,  will  ferve  for  all  the  phyfical  inveftigations  in 
aftronomy.  All  the  celeftial  motions  are  curvilineal, 
and  therefore  are  inftances  of  continual  defleXion,  and 
of  the  continual  aXionof  tranfverfe  or  defleXing  forces. 
We  mull  therefore  endeavour  to  obtain  a  general  mea¬ 
fure  of  fuch  continual  defleXing  forces. 

Meamrcof  bodies  A  and  a  (fig.  2.)  defcribe  in  the  fame 

fhcfe  forces  time  the  arches  AC,  ar  of  two  circles.  They  are  de- 
obtained.  fleXed  from  the  tangents  AB,  ab.  Let  us  fuppofe  that 
the  direXion  of  the  defleXing  forces  is  known  to  be 
that  of  the  chords  AE,  ae  of  thefe  circles.  Let  thefe 
be  called  the  deflective  chords.  Draw  CB,  cb  pa¬ 
rallel  to  AE,  a  ey  and  CD,  cd  parallel  to  AB,  ab. 
Join  AC,  acy  CE,  and  c  e.  It  is  plain  that  the  angle 
BAG  is  equal  to  the  angle  CEA  in  the  alternate  feg- 
ment.  Therefore  ACD  is  alfo  equal  to  it  ;  and,  be- 
caufe  the  angle  CAD  is  common  to  the  two  triangles 
CAD  and  EAC,  thefe.  two  triangles  are  fimilar,  aad 
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ad  :  AC  =  AC 


AC’ 


;  AE,  and  AD  =  For  fimi- 

A 


lar  reafons  ad 


But  AD  and  ad  are  refpec- 
a  e  AC* 

tively  equal  to  BC  and  h  c.  Therefore  BC  z= 


AE' 


AC* 


and  Therefore  BC  \  h  c  zz  .  — ,  v.. 

'S>Q:hc  -  AC^X^^:  AE.  But  BC  and  bcht- 

ing  refpeXively  equal  to  AD  and  ad,  are  equal  to  the 
fpaces  through  which  the  defleXing  forces  would  have 
impelled  the  bodies  from  a  ftate  of  reft  in  the  time  of 
defcribing  the  arches  AC,  ac*  Therefore,  when  thefe 
times  are  diminiflied  without  end,  the  ulilmate  ratio  of 
AD  and  a  d  is  the  ratio  of  the  forces  which  defleX  the 
bodies  in  the  points  A  and  a.  But  it  is  evident  that 
the  ultimate  ratio  of  AC  to  a  c  k  the  ratio  of  the  ve- 
locity  in  the  point  A  to  the  velocity  in  the  point  a  ; 
becaufe  thefe  arches  are  fuppofed  to  be  defcribed  in 
the  fame  or  equal  times.  Therefore  the  defleXing  for- 
ces,  by  which  bodies  are  made  to  defcribe  arches  of 
circles,  are  to  each  other  as  the  fquares  of  the  velocities 
direXly,  and  as  the  defleXive  cords  of  thofe  circles  in- 
verfely.  I'his  ratio  may  be  expreffed  fymbolically  thus, 

V*  .  ... 

F  :  /*=:  TT  :  — ;  or  thus,  in  a  proportional  equation, 

/=-• 

*'  *  r  ^ 

It  is  eafy  to  fee  that  in  this  laft  formula  J'  expreues 
direXly  the  line  b  cy  or  the  fpace  through  which  the 
body  is  aXually  made  to  deviate  from  reXilineal  motion 
in  the  time  of  defcribing  the  arch  a  c.  It  is  a  third 
proportional  to  a  e  the  defleXive  chord,  and  a  c  the  arch 
of  the  circumference  defcribed  in  a  fmall  moment  of 
time.  This  is  the  meafure  afforded  immediately  by  ob- 
fervation.  We  have  obferved  the  arch  AC  that  is  de¬ 
fcribed,  and  know  the  direXion  and  the  length  of  AE 
from  fome  circumftances  of  the  cafe.  The  formula  which 
comes  to  us,  when  treating  this  queftipu  by  the  help  of 
2  v*  .  . 

fluxions,  is  f  ~ — •  This  is  perhaps  a  more  proper 

expreffion  of  the  phyfical  faX  ;  for  it  expreffes  twice 
the  line  h  r,  or  the  meafure  of  the  velocity  which  the 
defleXing  force  would  have  generated  in  the  body  by 
aXing  on  it  during  .the  time  of  its  defcribing  the  arch 
a  c.  But  it  is  indifferent  which  meafure  we  take,  pro¬ 
vided  we  always  take  the  fame  meafure.  The  firft;  ma¬ 
thematicians,  however,  have  committed  miftakes  by  mix¬ 
ing  them. 

The  planets,  however,  do  not  defcribe  circles  :  but 
»  all  the  curves  which  can  be  defcribed  by  the  aXion  of 
finite  defleXing  forces  are  of  fuch  a  nature,  that  we  can 
defcribe  a  circle  through  any  point,  having  the  fame 
tangent,  and  the  fame  curvature  which  the  planetary 
curve  has  in  that  point,  and  which  therefore  ultimately 
coalefces  with  it.  This  being  the  cafe,  it  is  plain  that 
the  planet,  while  paffing  through  a  point  of  the  curve, 
and  defcribing  an  indefinitely  fmall  arch  of  it,  is  in  the 
fame  condition  as  if  defcribing  the  coincident  arch  of 
the  equicurve  circle.  Hence  we  obtain  this  moft  gene¬ 
ral  propofition,  that  the  tranfverfe  force  by  voh'ich  a  pla¬ 
net  is  made  to  defcribe  any  curve,  is  direBly  as  the  fquare 
of  its  velocity,  and  inverfely  as  the  deJleBive  chord  of  the 
equicurve  circle* 

Farther :  The  velocity  of  a  body  in  any  point  A 
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(ficr.  2.)  of  the  curve,  is  equal  to  that  which  the  deflec¬ 
tive  force  in  that  point  would  generate  in  the  body  by 
adlmg  uniformly  on  it  along  AF,  one-fourth  part  of 
the  defle(5livc  cord  AE  of  the  equicurve  circle.  It  is 
the  fame  which  the  body  would  acquire  at  F,  after  a 
uniformly  accelerated  motion  along  AF. 

For  it  is  certain  that  there  is  fome  length  AF,  fuch 
that  the  velocity  acquired  at  F  is  the  fame  with  the  ve- 
locity  in  the  point  A  of  the  curve.  Draw  FG  parallel 
to  the  tangent,  and  join  AG.  Make  the  arch  ACL 
=  2AF.  Then,  becaufe  the  fpace  deferibed  with  a 
uniformly  accelerated  motion  is  one  half  of  the  fpace 
which  would  be  uniformly  deferibed  with  the  final  ve¬ 
locity,  the  arch  ACI  would  l>e  uniformly  deferibed 
with  the  velocity  which  the  body  has  at  A  in  the  time 
that  AF  is  deferibed  with  the  uniformly  accelerated  mo¬ 
tion  ;  and  the  arch  AB  will  be  to  the  arch  A I  as  the 
time  of  deferibing  AB  to  that  of  defcribing  AI  ;  that 
is,  as  the  time  of  falling  through  AD  to  that  of  falling 
through  AF.  But  the  motion  along  AF  being  uni¬ 
formly  accelerated,  the  fpaces  are  as  the  fquares  of  the 
times.  Therefore  AD  is  to  AF  as  the  fquare  of  the 
arch  AC  to  the  fquare  of  the  arch  AI.  But  AD  is 
to  AF  as  the  fquare  of  the  chord  AC  is  to  the  fquare 
of  the  chord  AG.  Therefore  the  arch  AC  is  to  the 
chord  AC  as  the  arch  AI  is  to  the  chord  AG.  But  the 
arch  and  chord  AC  are  ultimately  in  the  ratio  of  equa¬ 
lity.  Therefore  the  chord  AG  is  equal  to  the  arch  AI. 
Therefore  AG  is  double  of  AF.  But  becaufe  the  tri¬ 
angles  FAG  and  GAE  arc  fimiiar,  AF  is  to  AG  as 
AG  to  AE  ;  and  therefore  aE  is  double  of  AG  and 
quadruple  of  AF.  Therefore  the  velocity  at  A  in  the 
curve  is  that  which  would  be  produced  by  the  uniform 
impulfe  of  the  deflefling  force  along  the  fourth  part  of 
jQ  the  defle^live  chord  of  the  equicurve  circle. 

Twoufefal  Thefe  two  aftedions  or  properties  of  curvilineal  mo- 
affe<5tionsoftjQng  of  the  moil  extenfive  ufe,  and  give  an  eafier 
curvilineal  of  ^^^ofl  quellions  than  we  obtain  by  the  more 

motions*  methods,  and  deferve  to  be  kept  in  remembrance 

bv  fuch  as  engage  much  in  the  difcuiTion  of  q;ueftions 
of  this  kind. 

Thus  the  inveftigatioii  of  the  forces  which  regulate 
the  planetary  motions  is  reduced  to  the  talk  of  difeo- 
vering  the  velocity  of  the  planet  in  the  different  points 
of  its  orbit,  and  the  curvature  in  thofe  points,  and  the 
11  pofition  of  the  deflective  chords. 

Phyfical  The  phyfical  fcience  of  aftronomy  mufl:  confifl:  in  the 
fcience  of  difeovery  of  the  general  law’s  which  can  be  affirmed  with 
alionomy  the  exertion  of  thofe  forces,  w’he the r  with  re- 

fpeCt  to  their  direction  or  the  intenfity  of  their  aClion. 
If  the  mechanician  can  do  more  than  this,  and  ffiow  that 
every  motion  that  is  obferved  is  an  immediate  or  remote 
confequence  of  thofe  general  laws,  he  will  have  comple¬ 
ted  the  fcience,  and  explained  every  appearance. 
Comv^e^fd  This  has  accordingly  been  done  by  Sir  Ifaac  New^ton 
by  Newton  and  his  followers.  Sir  Ifaac  Newton  has  difeovered  the 
and  general  law^s  which  regulate  the  exertions  of  thofe  forces 

which  produce  the  planetary  motions,  by  reafoning  from 
general  phenomena  which  had  been  obferved  with  a  cer¬ 
tain  precifion  before  his  time  ;  and  has  alfo  fhown  that 
certain  confiderable  deviations  from  the  generality  which 
he  fuppofed  to  be  perfed  were  neceffary  confequences 
of  the  very  univerfality  of  the  phyfical  law,  although  the 
phenomenon  was  not  in  general  as  was  at  firfl  imagined. 
He  has  gone  farther,  and  has  pointed  out  fome  other 


minute  deviations  which  mufl  refult  from  the  phyfical 
law,  but  which  the  art  of  obfervation  was  not  then  fiif- 
ficiently  advanced  to  difeover  in  the  phenomena.  This 
excited  the  efforts  of  men  of  fcience  to  improve  the  art 
of  aflronomical  obfervation  ;  and  not  only  have  the  inti- follow- 
mations  of  Newton  been  verified  by  modern  obfervation,  grs. 
but  other  deviations  have  been  difeovered,  and,  in  pro- 
cefs  of  time,  have  alfo  been  fliown  to  be  confequences 
of  the  fame  general  law  of  rgency  :  And,  at  this  pre- 
fent  day,  there  is  not  a  fiiigle  anomaly  of  the  planetary 
motions  which  has  not  been  fliown  to  be  a  modification 
of  one  general  law  which  regulates  the  adion  ;  and 
therefore  charaderifes  the  nature  of  that  fingle  force 
which  aduates  the  whole  fyftem  of  the  fun,  and  his  at¬ 
tending  planets  and  comets. 

It  was  a  moil  fortunate  circumflance  that  the  confli- 
tution  of  the  folar  fyllem  was  fuch  that  the  deviations 
from  the  general  law  are  not  very  confiderable.  The 
cafe  might  have  been  far  otherwife,  although  the  law, 
or  nature  of  the  planetary  force,  were  the  fame,  and 
the  fyftem  had  been  equally  harmonious  and  beautiful. 

Had  two  or  three  of  the  planets  been  vaftly  larger  than 
they  are,  it  would  have  been  extremely  difficult  to  dif¬ 
eover  any  laws  of  their  motion  fufficiently  general  to 
have  led  to  the  fufpicion  or  the  difeovery  of  the  univer- 
fal  law  of  adion,  or  the  fpecific  circumftance  in  the  pla¬ 
netary  force  which  diftinguiflies  it  from  all  others,  and 
charaderifes  its  nature.  But  the  three  laws  of  the  pla¬ 
netary  motions  difeovered  by  Kepler  were  fo  nearly 
true,  at  lead  with  refped  to  the  primary  planets,  that 
the  deviations  could  not  he  obferved,  and  they  were 
thought  to  be  exad.  It  was  on  the  fuppofition  that 
they  were  exa8^  that  Newton  affirmed  that  they  were 
only  modifications  of  one  law  ftill  more  general,  nay 
univerfal. 

We  fhall  follow  fn  order  the  fteps  of  this  inveftiga- 
tion.  ^ 

Sir  Ifaac  Newton  took  it  for  granted,  that  "^hc  funihe  fleps 
and  planets  confilted  of  matter  which  refembled  thofe  hy  ul.i  h 
bodies  which  we  daily  handle,  at  lead  in  refped 
their  mobility  ;  and  that  the  forces  which  agitate 
them,  confidered  merely  as  moving  forces,  but  without 
confidering  or  attending  to  their  mode  of  operation,, 
were  to  be  inferred,  both  as  to  their  diredion  and  as 
to  their  intenfity,  from  the  changes  of  motion  which 
were  aferibed  to  their  agency.  He  firft  endeavoured 
to  difeover  the  dlreBion  of  that  tranfverfe  force  by 
which  the  planets  are  made  to  difeover  curve  lines. 

Kepler’s  firft  law  furniffied  him  with  ample  means  for 
this  difeovery.  Kepler  had  difeovered,  that  the  right 
line  joining  the  fun  and  any  planet  deferibed  areas  propor^ 
tional  to  the  times.  Newton  demonftrated,  that  if  a 
body  was  fo  carried  round  a  fixed  point  fituated  in  the 
plane  of  its  motion,  that  the  right  line  joining  it  with 
that  point  deferibed  areas  proportional  to  the  times, 
the  force  which  defleded  it  from  an  uniform  redilineal 
motion  was  continually  direded  to  that  fixed  point. 

This  makes  the  2d  propofition  of  his  immortal  work 
The  Mathematical  Principles  of  Natural  Philofcphy^  and 
it  is  given  in  the  article  Astronomy  of  the  Encyclo¬ 
paedia  Britannica,  J  260. 

Hence  Sir  Ifaac  Newton  inferred,  that  the  primary 
planets  were  retained  in  their  orbits  by  a  force  conti¬ 
nually  direded  to  the  fun  ;  and,  becaufe  Kepler’s  law 
of  motion  was  alfo  obferved  by  the  fecondary  planets  ■ 

in 
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in  their  revolutions  round  their  rerpe(Elive  primary  pla¬ 
nets,  this  inference  vras  extended  to  them. 

Centripetal  From  the  circumllance  that  the  planetary  denecting 
forces  forces  in  the  different  points  of  the  orbit  are  always  di- 
areaed  toward  one.  point  as  to  a  centre,  they  have  been 
l5  called  CEN  IRIPETAL  forces. 

Velocity  of  From  this  propofition  may  be  deduced  a  corollary 
a  planet  in  ^yhich  eftablifhes  a  general  law  of  the  motion  of  any 
the  difFe-  different  parts  of  its  orbit,  namely,  that 

its  wbiL'  the  velocity  which  a  planet  has  in  the  different  points 
’  of  its  path  are  inverfely  proportional  to  the  perpendi-  ^ 
culars  drawn  from  the  fun  on  the  tangents  to  the  orbit 
in  thofe  points  refpedively.  For,  let  AB,  a  If  (fig.  3.) 
be  two  arches  (extremely  fmall),defcribed  in  ecjual  times, 
thefe  arches  muff  be  ultimately  proportional  to  the  ve- 
locities  with  which  they  are  defcribed.  Let  SP,  S  ^ 
be  perpendicular  to  the  tangents  AP,  a  p.  The  tri¬ 
angles  ASB,  ^  S  ^  are  equal,  becatife  equal  areas  are 
defcribed  by  the  radii  ve&ores  S  A,  S  a,  in  equal  times  : 
but  in  equal  triangles,  the  bafes  AB,  a  by  are  recipro¬ 
cally  as  their  heights  SP,  S py  or  AB  ;  a  Sp  :  SP. 

This  corollary  gives  us  another  expreffion  of  the  ra¬ 
tio  of  the  centripetal  forces  in  different  points  A  and  a  of 
a  curve.  We  faw  by  a  former  propofition,  that  the  force 
at  A  (fig.  2.)  is  to  the  force  at  a  as  AC^  X  a  e  to 
ac^X  AE,  which  we  may  exprefs  thus  :  F  ;  /  =r  V* 
Xciv^XC.  If  we  exprefs  the  perpendiculars  SP,  S  p 
(in  fig.  3.)  by  the  fymbols  P,/,  we  have  :  P% 

and  therefore  F  :  /  =  /  X  r  :  P^  X  C.  The  centripetal 
forces  in  different  points  of  an  orbit  are  in  the  ratio  com¬ 
pounded  of  tl^e  inverfe  duplicate  ratio  of  the  perpendiculars 
draivn  to  the  tangents  in  thofe  points  from  the  centre  of 
forcesy  and  the  inverfe  ratio  of  the  defective  chords  of  the 
equicurve  circles. 

Law  of  We  are  now  in  a  condition  to  determine  the  law  of 
adtionof  adion  of  the  centripetal  force  by  which  a  planet  is  re- 
^ecal  force  orbit  round  the  fun,  or  the  relation  which 

peca  between  the  intenfity  of  its  adlion  and  the  di- 

ftance  of  the  planet  from  the  fun  :  for  we  know  the  el¬ 
liptical  figure  of  the  orbit,  and  we  can  draw  a  tangent 
to  it  in  any  point,  and  a  perpendicular  from  the  fun  to 
that  tangent. 

Kepler’s  fecond  law  or  obfervation  of  the  planetary 
motions  was,  that  each  primary  planet  defcribed  an  eUipfey 
having  the  fun  in  one  focus.  It  is  eafy  to  (how,  even 
without  any  knowledge  of  the  geometrical  properties  of 
the  ellipfe,  what  is  the  proportion  of  the  intenfities  of 
the  defledling  force  at  the  aphelion  and  perihelion  (fee 
fig.  4.)  At  thofe  two  points  of  the  orbit,  the  motion 
of  the  planet  is  at  right  angles  to  the  line  joining  it 
with  the  fim.  Therefore,  fince  the  areas  defcribed  in 
equal  times  are  equal,  the  arches  defcribed  in  equal  times 
muff  be  inverfely  at  the  dillances  from  the  fun  ;  or  the 
velocities  mull  be  inverfely  as  the  dillances  from  the 
fun.  But  the  curvature  in  the  aphelion  and  perihelion 
is  the  fame  ;  and  therefore  the  diameters  of  the  equi¬ 
curve  circles  in  thofe  points  are  equal.  But  thofe  dia¬ 
meters  are,  in  this  particular  cafe,  what  we  called  the 
defledlive  chords.  Therefore,  calling  the  aphelion  and 
perihelion  dillances  D  and  dy  the  velocities  in  the  aphe¬ 
lion  and  perihelion  V  and  Vy  let  the  common  defle&ive 
chord  be  C.  Then  we  have  F  :  /  z=  V*  X  C  ;  *1;*  X  C, 
^  V*  :  v*y  d^  :  D\  That  is,  the  forces  which  de- 
fledl  the  planet  in  the  aphelion  and  perihelion  are  in¬ 
verfely  as  the  fquares  of  the  dillances  from  the  fun,  A 
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perfon  almoll  ignorant  of  mathematics  may  fee  the  truth 
of  this  by  looking  into  a  table  of  natural  verfed  lines. 

He  will  obferve,  that  the  verfed  fine  of  one  degree  is  , 

quadruple  the  verfed  fine  of  half  a  degree,  and  fixteen 
times  the  verfed  fine  of  a  quarter  of  a  degree  j  in  Ihort, 
that  the  verfed  fines  of  fmall  arches  are  in  the  propor-  j 

tion  of  the  fquares  of  the  arches.  Now  fince  the  arches  j; 

defcribed  in  equal  times  are  inverfely  as  the  dillances, 
their  verfed  fines  are  inverfely  as  the  fquares  of  the  di-  j 

llances.  But  thefe  verfed  fines  are  the  fpaces  through 
which  the  centripetal  forces  at  the  aphelion  and  peri¬ 
helion  defied  the  planet  from  the  tangent.  There¬ 
fore,  &c.  ^  ' 

Thus  we  have  found,  that  in  the  aphelion  and  peri¬ 
helion  the  centripetal  force  ads  with  an  intenfity  that 
is  proportional  to  the  fquares  of  the  dillances  inverfely. 

As  thefe  are  the  extreme  fituations  of  a  planet,  and  as 
the  proportion  of  the  aphelion  and  perihelion  dillances 
are  confiderably  different  in  the  different  planets,  and 
yet  this  law  of  adion  is  obferved  in  them  all,  it  is  rea- 
fonable  to  imagine  that  it  holds  true,  not  in  thofe  fitua¬ 
tions  only,  but  in  every  intermediate  fituation.  But  a 
conjedure,  however  probable,  is  not  fufficient,  when 
we  aim  at  accurate  fcience,  and  it  is  neceffary  to  exa¬ 
mine  whether  this  law  of  adion  is  really  obferved  in 
every  point  of  the  elliptical  orbit. 

For  this  purpofe  it  is  neceffary  to  mention  fome  geo-  Demonftrj* 
metrical  properties  of  the  ellipfe.  Therefore  let  AD  BE  ted  with  re. 
(fig.  4.)  be  the  elliptical  orbit  of  a  planet  or  comet, fp^^^ 
having  the  fun  in  the  focus  S.  Let  AB  be  the  tranf-^^^^  *  | 

verfe  axis,  and  DE  the  conjugate  axis,  and  C  the  centre. 

Let  P  be  any  point  of  the  ellipfe.  Draw  PS  through 
the -focus.  Draw  the  tangent  PN,  and  SN  from  the 
focus,  perpendicular  to  PN.  Draw  PQ^perpendicular 
to  PN,  meeting  the  tranfverfe  axis  in  Q.  Draw  QO 
parallel  to  PN,  meeting  PS  in  O.  Alfo  draw  QR  per¬ 
pendicular  to  PS.  Bifed  PO  in  T. 

It  is  demonllrated  in  the  treatifes  of  conic  fedions, 
that  PO  is  one  half  of  the  chord  of  the  equicurve  or  of- 
culating  circle  drawn  through  the  point  P.  Therefore 
PO  is  one  half  of  the  defiedive  chord  of  the  planetary 
orbit.  It  is  alfo  demonllrated,  that  PR  is  one  half  of 
the  parameter  or  latus  reBum  of  the  tranfverfe  axis  AB, 
or  that  it  is  the  third  proportional  to  AC  and  DC. 
Therefore  PR  or  D  r  is  of  the  fame  conllant  magni¬ 
tude,  in  whatever  part  of  the  circumference  the  point 
P  is  taken. 

It  is  evident  that  the  triangles  NSP,  RPQ^  and 
QPO,  are  all  fimilar,  by  reafon  of  the  parallels  PN,  QO, 
and  the  right  angles  SNP,  PRQ>  PQO.  Therefore 
we  have  PR  :  P(^=  PQ_:  PO.  Therefore  PR  :  PO 
=z  PR^  :  PQ%  =  SN"  :  SP".  Therefore  PR  X  SP* 

=  PO  X  SN*.  But  the  latus  reBum  L  is  equal  to 
twice  PR,  and  the  defiedive  chord  C  is  equal  to  twice 
PO.  Therefoit;  L  X  SP*  =  C  X  SN*.  But  we  have 
feen,  that  when  a  curve  is  defcribed  by  means  of  a  cen¬ 
tripetal  force,  fo  that  areas  are  defcribed  proportional 
to  the  times,  and  therefore  the  velocities  are  reciprocal¬ 
ly  proportional  to  the  perpendiculars  drawn  from  the 
centre  of  forces  to  the  tangents,  the  forces  are  inverfely 
proportional  to  C  X  SN*.  Therefore,  in  the  elliptical 
motion  of  the  planets,  the  forces  are  inverfely  propor¬ 
tional  to  L  X  SP' ;  and  fince  L  is  a  conllant  quantity, 
the  centripetal  forces  are  inverfely  proportional  to  SP*, 
or  to  the  fquares  of  the  dillances  from  the  fun. 
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Thus  It  appears  that,  with  refpea  to  any  individual 
planet,  the  centripetal  force  which  continually  defleas 
it  from  the  tangent  to  its  orbit  diminiflies  in  the  inverfe 
rliferveain duplicate  ratio  of  the  diftance  from  the  fun.  The  fame 
le  motion  thing  is  obferved  to  be  very  nearly  true  in  the  moon’s 
■"the moon  round  the  earth,  and  in  the  motion  of  fuch  fa- 

tellites  of  Jupiter  and  Saturn  as  defcribe  orbits  which 
are  fenfibly  elliptical.  It  is  alfo  obferved  in  the  motion 
of  the  comets,  at  leaft  in  that  which  appeared  in  1682 
and  in  1759. 

It  was  therefore  very  natural  for  Sir  Ifaac  Newton  to 
examine  whether  the  like  diminution  of  force  obtained 
in  the  adlion  of  this  force  on  different  planets  ;  that  is, 
whether  the  deflexion  of  the  earth  from  the  tangent  of 
its  orbit  was  to  the  fimultaneous  defle^iion  of  Jupiter 
as  the  fquare  of  Jupiter’s  diflance  from  the  fun  to.  the 
fquare  of  the  earth’s  diftance.  This  vvas  very  probable, 
but  by  no  means  certain.  Its  probability  is  very  great 
Indeed,  when  we  know  that  a  comet  moves  fo  in  its  or¬ 
bit  that  its  defledlions  in  equal  times  arc  inverfely  as 
the  fquares  pf  its  diftances  from  the  fun,  and  that  the 
comet  pafles  through  the  orbits  of  all  the  planets  ;  and 
when  at  the  fame  diftance  from  the  fun  as  any  one  of 
them,  it  fuffers  the  fame  defle<ftion  with  it.  Newton 
therefore  calculated  the  adlual  fimultaneous  deflexions 
of  the  different  planets,  and  found  them  agreeable  to 
this  law.  But  it  was  defirable  to  obtain  a  demonftra- 
i^Lftrated  of  this  important  propofition  in  general  terms.  This 
in  general  was  fupplied  by  Kepler’s  third  general  obfervation  of 
the  motions,  viz.  that  the  fquares  of  the  periodic  times  of 
the  different  planets  were  proportional  to  the  cubes  of  their 
mean  diflances  from  the  fun.  The  orbits  of  the  planets 
are  fo  nearly  circular,  that  we  may  fuppofe  them  ex- 
aXly  fo  in  the  prefent  queftion,  without  any  remark¬ 
able  error.  In  this  cafe,  then,  the  defleXive  chords  are 
the  diameters  of  the  orbits  (for  DS  is  equal  to  AC), 
and  are  proportional  to  the  diftances,  which  are  their 
halves.  The  centripetal  forces,  being  proportional  to 

— ,  are  proportional  to^,  when  d  is  the  radius  of  the 

orbit,  or  the  mean  diftance  from  the  fun.  But  the  ve¬ 
locity  in  a  circular  orbit  fs  as  the  circumference  direXly, 
and  as  the  tifne  of  a  revolution  inverfely.  Therefore, 

inftead  of  *1;%  we  may  write  and  then  the  forces  will 

d^  d 

be  proportional  to  or  to  — ;  that  is,  direXly  as  the 

diftances,  and  Inverfely  as  the  fquares  of  the  times  of  re¬ 
volution.  But,  by  Kepler’s  obfervation,  n  is  propor¬ 
tional  to  dz.  Therefore  the  centripetal  forces  are  pro¬ 
portional  to or  to  ^  ;  that  is,  inverfely  as  the 

fquares  of  the  mean  diftaivces  from  the  fun. 

But  ft  nee  the  orbits  of  the  planets  are  not  accurate 
circles,  this  determination  is  but  an  approximation  to 
the  truth,  and  therefore  Infufficient  for  the  foundation 
of  fo  important  a  propofition  ;  at  any  rate,  it  will  not, 
apply  to  the  comets,  whofe  orbits  are  very  far  from  be-* 
ing  circular.  We  muft  obtain  a  more  accurate  demon- 
ftration. 

Therefore  draw  SD  (fig*  4*)  to  the  extremity  of  the 
conjugate  axis,  and  bifeX  it  in  /.  About  S,  with  the 
radius  SD,  defcribe  the  circle  DFG*  Let  D  t/,  D  ^  be 
equal  fmall  arches  of  the  ellipfe  and  the  circle..  Join 
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r/  S,  S.  It  is  well  known  that  D5  is  half  of  the  chord 
of  the  equiciirve  circle  at  D,  and  therefore  D  /  is  one 
fourth  part  of  it.  It  has  been  demonftrated,  that  the 
velocity  in  any  point  D  of  a  curve,  deferibed  by  means 
of  a  defletUng  force,  is  that  which  the  force  in  that 
point  would  communicate  to  it  by  uniformly  impelling 
it  along  the  fourth  part  of  the  defleXive  chord,  that  is, 
along  D  /.  But  if  a  body  revolved  round  S  in  a  circle 
DFG,  its  velocity  in  that  circle  would  be  that  which 
the  defleXing  force  w'ould  communicate  to  it  by  uni¬ 
formly  impelling  it  along  one-fourth  of  the  diameter,  that 
is,  along  D  t.  Therefore  the  planet,  if  projeXed  in  the 
direXion  D  «?,  with  the  velocity  which  it  has  in  the 
point  D  of  the  ellipfe,  would  defcribe  the  circle  DFG 
by  the  aXion  of  the  centripetal  force.  Farther,  it 
would  defcribe  it  in  the  fume  time  that  it  deferibes  the 
ellipfe  ;  for  becaufe  the  velocities  are  equal,  the  areas 
DSr/,  DS^  are  defeibed  in  the  fame  time.  But  the 
bafes  Df/,  Dj  being  equal,  thefe  areas  are  as  their 
heights  Sn  (or  CD),  and  SD  (or  CA).  But  becaufe 
the  diameter  of  the  circle  is  equal  to  AB,  the  area  of 
the  whole  ellipfe  is  to  the  area  of  the  circle  as  CD  is  to 
CA  ;  that  is,  as  the  area  DSr/  to  the  area  DS  ;  de- 
fcrlbed  in  the  fame  time.  Therefore  the  elliptical  and 
circular  areas  are  ftmilar  portions  of  ^he  ellipfe  and  cir¬ 
cle  ;  and  therefore  the  times  of  deferibing  them  are  fi- 
milar  portions  of  t'he  whole  revolutions  in  the  ellipfe 
and  in  the  circle.  Therefore  thefe  revolutions  are  per¬ 
formed  in  equal  times. 

And  thus  it  follows,  that  if  all  the  planets  and  co¬ 
mets  were  projeXed,  when  at  their  mean  diftances  from 
the  fun,  perpendicularly  to  the  radii  ve^ores,  they  would 
defcribe  circles  round  the  fun,  and  the  fquares  of  their 
periodic  times  would  be  proportional  to  the  cubes  of 
their  mean  diftances  from  the  fun,  as  Kepler  has  ob¬ 
ferved  ;  and  therefore  the  centripetal  forces  w^ould 
be  inverfely  as  the  fquai'es  of  their  diftances  from  the 
fun.  ,  ,  'll 

They  are  not  different  forces  therefore  which  retain  All  the  pla- 
the  different  planets  in  their  refpeXive  orbits,  but 
force,  aXing  by  the  fame  law  upon  them  all.  We  mayj^fpeaivc 
either  conceive  it  as  an  attraXive  force,  exerted  by  theorbicsby 
fun,  or  as  a  tendency  in  each  planet;  nay,  nothing  one  and^tl^ 
hinders  us  from  conceiving  it  ns  a  force  external,  both  ^ 

to  fun  and  planets,  impelling  them  towards  the  fun.  It 
may  be  the  impulfe  of  a  ftream  of  fluid  moving  conti¬ 
nually  towards  the  fun.  Sir  Ifaac  Newton  did  not  con¬ 
cern  himfelf  wdth  this  queftion,  but  contented  himfelf 
with  the  difeovery  of  the  law  according  to  which  its  ac¬ 
tion  was  exerted.  The  Heps  of  this  inveftlgation  fhew- 
ed  him,  that  a  body,  projeXed  in  any  direXion  what¬ 
ever,  and  with  any  velocity  whatever,,  and  fubjeXed  to 
the  aXion  of  a  force  direXed  to  the  fiin,  and  inverfely  • 
proportional  to  the  fquaie  of  the  diftance  from  the  fun, 
will  neceffarily  defcribe  a  conic  feXion,  having  the  fun 
in  the  focus.  This  will  be  a  parabola,  if  the  velocity 
of  projeXion  be  that  which  the  centripetal  force  in  that 
place  would  communicate  to  the  body  by  aXing  on  it 
uniformly  along  a  line  equal  to  half  its  diftance  from  the 
fun.  If  the  velocity  be  greater  than  this,  the  path  will 
be  a  hyperbola  ;  if  the  velocity  be  lefs  than  this,  the 
path  will  be  an  elliptical  orbit,  in  which  the  body  will 
revolve  for  ever  round  the  fun. 

The  3d  Keplerean  law  is  alfo  obferved  in  the  revolu^.- 
tions  of  the  fatellites  of  Jupiter,  Saturn,  and  the  lately 

difeovered- 
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diTcovered  planet ;  and  we  tnuft  infei  from  It,  that  they 
are  retained  in  their  orbits  round  their  refpedtive  pri* 
mary  planets,  by  forces  whofe  intenfity  decreafes  ac- 
cordinj^  to  the  fame  law  of  the  dlftances.  Alfo  the  el¬ 
liptical  motion  of  the  moon  round  the  earth,  (hews  that 
the  force  by  which  fhe  is  retained  in  her  orbit  varies  in 
the  fame  proportion  of  the  diftances.  But  when  W’e 
Compare  the  motion  of  a  fatellite  of  Jupiter  with  that 
of  one  of  the  fatellltes  of  the  other  two  planets,  we  find 
that  the  proportion  does  not  hold.  W^e  fliall  find  that, 
nt  equal  diftances  from  Jupiter  and  Saturn,  the  force 
toward  Jupiter  is  almoft  thrice  as  great  as  the  force  to¬ 
ward  Saturn.  We  fliall  alfo  find  that  the  force  toward 
Jupiter  is  three  hundred  times  greater  than  the  force 
which  retains  the  moon  in  its  elliptical  orbit  rpund  the 
earth,  when  adding  at  the  fame  diftance. 

Since  a  force  dire£led  to  the  fun,  and  inverfely  as  the 
fquare  of  the  diftance,  is  thus  found  to  pervade  all  the 
.planetary  orbits,  it  is  highly  Improbable  that  it  will  not 
a{Fe(ft  the  fecondary  planets  alfo.  The  moon  accompa¬ 
nies  the  earth  in  its  motion  round  the  fun.  It  may  ap¬ 
pear  fuificient  for  this  piirpofe,  that  the  moon  be  re- 
‘tained  in  its  orbit  by  a  force  diredled  to  the  earth.  Were 
the  moon  conne8:ed  with  the  earth  by  a  rope  or  chain, 
this  would  be  true ;  for  the  earth  could  get  no  motion 
without  dragging  the  moon  along  with  it  :  but  it  is 
quite  othenvife  with  bodies  moving  in  free  fpace,  with¬ 
out  any  material  connedlions.  When  a  body  that  is 
moving  uniformly  in  a  ftraight  line  is  accompanied  by 
another  which  defcribes  around  it  areas  proportional  to 
the  times,  the  force  which  continually  defledls  this  fa¬ 
il  tellite  is  always  dircdled  to  the  moving  central  body. 
The  fatal-  This  is  eafily  feen  ;  for  whatever  be  the  mutual  adlion 
thr  U  bodies,  and  their  relative  motions  in  confequence 

iiibjccfted  adlion,  if  the  fame  velocity  be  imprefled  at  once 

this  folar  on  both  bodies  in  the  fame  dlreiftion,  their  mutual  ac- 
a<5lioii.  tions  and  relative  motions  will  be  the  fame  as  they 
would  have  been  without  this  common  impulfe.  Thus 
every  thing  Is  done  in  a  fhip  that  is  failing  fteadily  in 
the  fame  manner  as  if  flie  were  at  reft.  If  therefore  the 
moon  be  obferved  to  defcribe  areas  round  the  earth, 
which  preclfely  proportional  to  the  times,  while  the 
earth  moves  in  an  orbit  round  the  fun,  we  muft  infer  that 
the  moon  receives,  in  every  inftant,  an  impulfe  the  fame 
in  every  refpedl  with  what  the  earth  receives  at  the  fame 
inftant;  or  that  the  moon  is  adled  on  by  a  force  paral¬ 
lel  to  the  earth’s  diftance  from  the  fun,  and  proportion¬ 
al  to  the  fquare  of  that  diftance  inverfely.  Now  this 
is  very  nearly  true  of  the  lunar  motions  ;  and  we 
muft  infer  that  the  moon  is  fubjedled  to  this  folar  ac¬ 
tion,  or  this  tendency  to  the  fun.  The  fame  muft  be 
affirmed  of  the  fatellites  of  the  other  planets. 

But  a  force  inverfely  proportional  to  the  fquare  of 
the  earth’s  diftance  from  the  fun  is  not  what  the  unlver- 
lality  of  the  law  requires :  It  muft  be  inverfely  as  the 
jquare  of  the  moon’s  diftance  from  the  fun;  and  it  muft 
not  be  parallel  to  the  earth’s  diftance  from  the  fun,  but 
muft  be  diredled  toward  the  fun  ;  and  therefore,  in  the 
quadratures,  it  muft  converge  to  the  earth’s  radhis  vec- 
tor.  Therefore,  fince  a  force  having  the  above  men¬ 
tioned  conditions  will  allow  the  defeription  of  areas 
round  the  earth  exadfly  proportional  to  the  times,  a 
force  aifting  on  the  moon,  inverfely  proportional  to  the 
fquare  of  her  diftance  from  the  fun,  and  direifted  exa6l- 
ly  to  the  fun,  is  incompatible  with  the  accurate  ellipti- 
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cal  motion  round  the  earth*  At  new  moon,  her  ten-  ^ 

dency  to  the  fun  exceeds  the  earth’s  tendency  to  him,  ir 

and  this  cxcefs  will  diminifli  her  tendency  to  the  earth,  ' 

and  her  motion  will  be  lefs  incurvated,  fo  that  fhe  moon's 
will  retire  a  little  from  the  earth.  At  full  moon,  the  motion 
earth’s  tendency  to  the  fun  exceeds  the  moon’s  tenden¬ 
cy  to  him,  and  the  earth  will  feparate  a  little  from  the 
moon,  fo  that  the  relative  orbit  will  again  be  lefs  incur- 
vated.  In  the  quadratures,  the  impulfe  on  the  moon  is 
indeed  equal  to  that  on  the  earth,  but  not  parallel,  and 
tends  to  make  the  moon  approach  the  earth,  and  increafe 
the  curvature  of  her  orbit.  In  other  lituatiofs  of  the 
moon,  this  want  of  equality  and  parallehfm  of  the  forces 
aefting  on  the  earth  and  moon,  muft  produce  other  dif- 
turhances  of  the  regular  elliptical  motion. 

Newton  faw  this  at  once  ;  and,  to  his  great  delight, 
he  faw  that  the  great  deviations  from  regular  motion, 
which  had  been  difeovered  by  Ptolemy  and  Tycho  Brahe, 
called  the  Annual  Equation^  the  Variation^  and  the  Evec- 
tiouy  were  fiich  as  moft  obvioufly  refulted  from  the  re- 
gular  influence  of  the  fun  on  the  moon.  The  firft  de¬ 
viation  from  the  regular  elliptical  motion  is  occafioned 
by  the  increafe  of  the  fun’s  difturbing  force  as  the  earth 
approaches  the  perihelion  ;  and  it  enlarges  the  lunar  or¬ 
bit,  by  dirqinifhing  the  tendency  to  the  earth,  and  in- 
creafes  the  periodic  time.  The  fecond  arifes  from  the 
direBion  of  the  difturbing  force,  by  which  it  accelerates 
the  moon’s  angular  motion  in  the  fecond  and  fourth 
quadrants  of  her  orbit,  and  retards  it  in  the  firft  and 
third.  The  laft  affeds  the  eccentricity  of  the  orbit,  by 
changing  the  ratio  of  the  whole  or  compound  tendency  ' 

of  the  moon  to  the  earth  in  her  perigee  and  apogee. 

This  fuccefs  incited  him  to  an  accurate  examination  of 
the  confequences  of  this  influence.  It  is  the  boaft  of  May  be  cal 
this  difeovery  of  the  law  of  the  planetary  defledlions,  cuUted 
that  all  its  effefts  may  be  calculated  with  the  utmoft 
precifion.  The  part  of  the  moon’s  defleiftion  toward 
the  fun,  which  is  neither  equal  nor  parallel  to  the  fimul- 
taneous  defleeftion  of  the  earth,  may  be  feparated  from 
the  part  which  is  equal  aneb  parallel  to  it,  and  it  may 
be  called  the  fun’s  difturbing  force.  Its  proportion  to 
the  moon’s  defiedion  towards  the  earth  may  be  accu¬ 
rately  afeertained,  and  its  inclination  to  the  line  of  the 
moon’s  motion  in  every  point  of  her  orbit  may  be  point¬ 
ed  out.  This  being  done,  the  accumulated  effe£f  of 
this  difturbing  force  after  any  given  time,  however  va¬ 
riable,  both  In  diredllon  and  intenfity  during  this  time, 
may  be  determined  by  the  39th  and  other  propofitions  of 
the  firft  book  of  the  Mathematical  Principles  of  Natural 
Philofophy.  And  thus  may  the  moon’s  motion,  when 
fo  difturbed,  be  determined  and  compared  with  her  mo¬ 
tion  really  obferved. 

All  this  has  been  done  by  Sir  Ifaac  Newton  with  the 
moft  aftonifliing  addrefs  and  fagaclty,/«fl  mathefi  facem 
preferentey  partly  in  the  Principia,  and  partly  in  his 
Lun.®  Theoria.  This  inveftigation,  whether  we  con- 
fider  the  complete  originality  of  the  whole  procefs,  or 
the  Ingenuity  of  the  method,  or  the  fagacity  in  feeing 
and  clearly  diferiminating  the  different  circumftances  of 
the  queftion,  or  the  wonderful  fertility  of  refource,  or 
the  new  and  moft  refined  mathematical  principles  and 
methods  that  he  employed — muft  ever  be  confidered  as 
the  moft  brilliant  fpecimen  of  human  invention  and  rea- 
foning  that  ever  was  exhibited  to  the  world. 

In  this  inveftigation  Newton  not  only  determined  the 
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T^uantity,  the  period,  and  the  changes  of  thofe  inequa 
iities,  which  had  been  fo  confiderable  and  remarkable  as 
to  be  obferved  by  former  aftronomers,  and  this  with  an 
exadnefs  far  furpafiing  what  could  ever  be  attained  by 
mere  obfervation ;  but  he  alfo  pointed  out  feveral  other 
periodical  inequalities,  which  were  too  fmall,  and  too 
much  implicated  with  the  reft,  ever  to  be  difcovered  or 
to  be  feparated  from  them.  We  do  not  fay  that  he 
completed  the  theory  of  the  lunar  motions  ;  but  he 
pointed  out  the  methods  of  inveftigation,  and  he  fur- 
niOied  all  the  means  of  profecuting  it,  by  giving  the 
world  the  elements  of  a  new  fpecies  of  mathematics, 
without  which  it  would  have  been  in  vain  to  attempt  it. 
Both  this  new  mathematics,  and  the  methods  of  apply¬ 
ing  it  to  fuch  queftions,  have  been  aftiduoufty  ftudied 
and  improved  by  the  great  mathematicians  of  this  cen- 
tury ;  and  the  lunar  theory  has  been  carried  to  fuch  a 
degree  of  perfedion,  that  we  can  compute  her  place  in 
the  heavens  for  any  paft  age  without  deviating  above 
one  minute  of  a  degree  from  the  adual  obfervation. 

^  There  is  one  empirical  equation  of  the  moon’s  mo¬ 
tion  w^hich  the  comparifon  of  ancient  and  modern  ecllp- 
fes  obliges  the  aftronomers  to  employ,  without  being 
able  to  deduce  it,  like  the  reft,  a  priori,  from  the  theory 
of  an  univerfal  force  inverfely  proportional  to  the  fqiiare 
The  fecii-  of  the  diftance.  It  has  therefore  been  confidered  as  a 
lar  equa-  ftumbling  block  in  the  Newtonian  philofophy.  This 
|m?on’s  equation  of  the  moon^s  mean 

jmean  di-^  motion.  The  mean  motion  is  deduced  from  a  compari- 
ftance  fon  of  diftant  obfervations.  The  time  between  them, 
being  divided  by  the  number  of  intervening  revolutions, 
gives  the  average  time  of  one  revolution,  or  the  mean 
lunar  period.  When  the  ancient  Chaldean  obfervations 
are  compared  with  thofe  of  Hipparchus,  we  obtain  a 
certain  period  ;  when  thofe  of  Hipp^chus  are  compa- 
red  with  fome  in  the  gth  century,  we  obtain  a  period 
fomewhat  ftiorter  ;  when  the  laft  are  compared  wdth 
thofe  of  Tycho  Brahe,  we  obtain  one  ftill  ftiorter  ;  and 
when  Brahe’s  are  compared  with  thofe  of  our  day,  we 
obtain  the  ftiorteft  period  of  all— and  thus  the  moon’s 
mean  motion  appears  to  accelerate  continually;  and  the 
accelerations  appear  to  be  in  the  duplicate  ratio  of  the 
times.  The  acceleration  for  the  century  which  ended 
in  1700  is  about  9  feconds  of  a  degree  ;  that  is  to  fay, 
the  whole  motion  of  the  moon  during  the  17th  centu- 
ry  muft  be  increafed  9  feconds,  in  order  to  obtain  its 
motion  duringthe  i8th;  and  as  much  mua  be  taken 
from  It,  or  added  to  the  computed  longitude,  to  obtain 
Its  motion  during  the  16th;  and  the  double  of  this  mutt 
be  taken  from  the  motion  during  the  16th,  to  obtain 
Us  motion  during  the  15th,  &c.  Or  it  will  be  fufficient 
to  calculate  the  moon’s  mean  longitude  for  any  time 
paft  or  to  come  by  the  fecular  motion  which  obtains  in 
the  prefent  century,  and  then  to  add  to  this  longitude 
the  produdl  of  9  feconds,  multiplied  by  the  fqiiare  of 
the  number  of  centuries  which  intervene.  Thus  having 
found  the  mean  longitude  for  the  year  1200,  add  9  fe¬ 
conds,  multiplied  by  36,  for  fix  centuries.  By  this  me¬ 
thod  we  ftiall  make  our  calculation  agree  with  the  moft 
ancient  and  all  intermediate  obfervations.  If  we  negled 
this  corredlion,  we  fhall  differ  more  than  a  degree  from 
the  Chaldean  obfervations  of  the  moon’s  place  in  the 
heavens. 

^  The  mathematicians  having  fucceeded  fo  completely 
m  deducing  all  the  obferved  inequalities  of  the  planeta- 
Suppu  VoL.  L  Part,  I. 
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ry  motions,  from  the  fingle  principle,  that  the  defledl- 
ing  forces  diminiftied  in  the  inverfe  duplicate  ratio  of 
the  diftances,  were  fretted  by  this  exeption,  the  reality 
of  which  they  could  not  conteft.  Many  opinions  were 
formed  about  its  caufe.  Some  have  attempted  to  de¬ 
duce  it  from  the  adlion  of  the  planets  on  the  moon  ; 
others  have  deduced  it  from  the  oblate  form  of  the 
earth,  and  thei  tranftation  of  the  ocean  by  the  tides; 
others  have  fuppofed  it  owing  to  the  refiftance  of  the 
ether  in  the^  celeftial  fpaces;  and  others  have  imagined 
that  the  adion  of  the  defledlng  force  requires  time  for 
its  propagation  to  a  diftance:  "But  their  dedudions  have 
been  proved  unfatisfadory,  and  have  by  no  means  the 
precifion  and  evidence  that  have  been  attained  in  the 
other  queftions  of  phyfical  aftronomy.  At  laft  M.  de 
la  Place,  of  the  Royal  Academy  of  Sciences  at  Paris, 
has  happily  fucceeded,  and  deduced  the  fecular  equation 
of  the  moon  from  the  Newtonian  law  of  planetary  de- 
fledion.  It  is  produced  in  the  following  manner  : 

Suppofe  the  moon  revolving  round  the  earth  undi-p. 
fturbed  by  any  defledion  toward  the  fun,  and  that  the 
time  of  her  revolution  is  exadly  afeertained.  Now  let  Newtonian 
the  influence  of  the  fun  be  added.  This  diminifttes  her  1^^  of  pla- 
tendency  to.  the  earth  in  oppofition  and  conjundion, 
and  Increafes  it  in  the  quadratures;  but  the  diminutions 
exceed  the  augmentations  both  in  quantity  and  dura¬ 
tion  ;  and  the  excels  is  equivalent  to  TT^th  of  her  ten¬ 
dency  to  the  earth.  Therefore  this  diminiftied  tenden- 
cy  cannot  retain  the  moon  in  the  fame  orbit  ;  ftic  muft; 
retire  farther  from  the  earth,  and  deferibe  an  orbit  which 
is  lefs  incurvated  by  part  ;  and  ftie  muft  emplov 

a  longer  time  in  a  revolution.  The  period  therefore 
which  we  obferve,  is  libt  that  which  would  have  obtain¬ 
ed  had  the  moon  been  influenced  by  the  earth  alone. 

We  ftiould  not  have  known  that  her  natural  period  was 
increafed,  had  the  difturbiiig  Influence  of  the  fun  re¬ 
mained  unchanged ;  but  this  varies  in  the  inverfe  tri¬ 
plicate  ratio  of  the  earth’s  diftance  from  the  fun,  and  is 
therefore  greater  in  our  winter,  when  the  earth  is  nearer 
to  the  fun.  This  is  the  fource  of  the  annual  equation, 
by  which  the  lunar  period  in  January  is  made  to  exceed 
that  in  July  nearly  24  minutes.  The  angular  velocity 
of  the  moon  is  diminiftied  in  general  -,4^,  and  this  nu¬ 
merical  coefficient  varies  in  the  Inverfe  ratio  of  the  cube 
of  the  earth’s  diftance  from  the  fun.  If  we  expand  this 
inverfe  cube  of  the  earth’s  diftance  into  a  feries  arran¬ 
ged  according  to  the  fines  and  cofines  of  the  earth’s 
mean  motion,  making  the  earth’s  mean  diftance  unity, 
we  fhall  find  that  the  feries  contains  a  term  equal  to  4 
of  the  fquare  of  the  eccentricity  of  the  earth’s  orbit. 

Therefore  the  expreffion  of  the  diminution  of  the  moon’s 
angular  velocity  contains  a  term  equal  to  ^4^  of  this  ve¬ 
locity,  multiplied  by  4  of  the  fquare  of  the  earth’s  ec¬ 
centricity  ;  or  equal  to  the  prodiid  of  the  fquare  of  the 
eccentricity,  multiplied  by  tfe  moon’s  angular  velocity 
and  divided  by  1 19,33  (4  of  179).  Did  this  eccentri¬ 
city  remain  conftant,  this  prodiid  would  alfo  be  con- 
ftant,  and  would  ftill  be  confounded  with  the  general 
diminution,  making  a  conftant  part  of  it :  but  the  ec¬ 
centricity  of  the  earth’s  orbit  is  known  to  diminifh,  and 
Its  diminution  is  the  refult  of  the  univerfality  of  the 
Newtonian  law  of  the  planetary  defledions.  Although 
this  diminution  is  exceedingly  fmall,  its  effed  on  the  lu¬ 
nar  motion  becomes  fenfible  by  accumulation  in  the 
courfe  of  ages.  The  eccentricity  diminiftiing,  the  dimi- 
F  nxition 
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nution  of  the  moon’s  angular  motion  niuft  alfo  diminifh, 
that  is,  the  angular  motion  rauft  increafe. 

During  the  i8th  century,  the  fquare  of  the  earth  s 
ccceniricity  has  diminifhed  0,0000015325,  the  mean 

dillance  from  the  fun  being  =  1.  This  has  increafed  the 
angular  motion  of  the  moon  in  that  timeo,oooooco  i  285* 
As  this  augmentation  is  gradual,  we  muft  multiply  the 
angular  motion  during  the  century  by  ;he  half  of  this 
quantity,  in  order  to  obtain  its  accumulated  effeft.  This 
will  be  found  to  be  9"  very  nearly,  which  exceeds  that 
deduced,  from  a  moll  careful  comparifon  of  the  motion 
of  the  lad  two  centuries,  only  by  a  fradion  of  a  fe- 
cond  ! 

As  long  as  the  diminution  of  the  fquare  ot  the  eccen¬ 
tricity  of  the  earth's  orbit  can  be  fuppofed  proportion¬ 
al  to  the  time,  this  efFe6l  will  be  as  the  fquares  of  the 
times.  When  this  theory  is  compared  with  obferva- 
tions,  the  coincidence  is  wonderful  indeed.  T.  he  efFe6l 
on  the  moon's  motion  is  periodical,  as  the  change  of  the 
folar  eccentricity  is,  and  its  period  includes  millions  of 
years.  Its  effed  on  tlie  moon's  longitude  will  amount 
to  feveral  degrees  before  the  fecular  acceleration  change 
to  a  retardation. 

Thofe  who  are  not  familiar  with  the  difquifitions  ot 
modern  analyfis,  may  conceive  this  queftion  in  the  fol- 
lowing  manner. 

Let  the  length  of  a  lunar  period  be  computed  for  the 
earth's  diftance  from  the  fun  for  every  day  of  the  year. 
Add  them  into  one  fum,  and  divide  this  by  their  nuni- 
ber,  the  quotient  will  be  the  mean  lunar  period.  This 
will  be  found  to  be  greater  than  the  arithmetical  me¬ 
dium  between  the  greateft  and  the  leaft.  Then  fuppofe 
the  eccentricity  of  the  earth's  orbit  to  be  greater,  and 
make  the  fame  computation.  The  average  period  will 
be  found  ftill  greater,  while  the  mediuin  between  the 
greateft  and  leaft  periods  will  hardly  differ  from  the 
former.  Something  very  like  this  may  be  obferved 
without  any  calculation,  in  a  cafe  very  fimilar.  The 
ano-ular  velocity  of  the  fun  is  inverfely  as  the  fquare  of 
his  diftance.  Look  into  the  folar  tables,  and  the  great¬ 
eft  diurnal  motion  will  be  found  3^73  >  leaft 

3433''.  The  mean  of  thefe  is  3553",  but  the  medium 
of  the  whole  is  3548''.  Now  make  a  fimilar  obfervation 
in  tables  of  the  motion  of  the  planet  Mars,  whofe  ec¬ 
centricity  is  much  greater.  We  (hall  find  that  the  me¬ 
dium  between  the  greateft  and  leaft  exceeds  the  true 
medium  of  all  in  a  much  greater  proportion.  ^ 

CcruLy  Thus  has  the  patient  and  affiduous  cultivation  of  the 
and  utility  Newtonian  difeoveries  explained  every  phenomenon,  and 
of  this  law.  enabled  us  to  forefee  changes  in  them  which  no  exami¬ 
nation  of  the  paft  appearances,  unaflifted  by  this  theory, 
could  have  pointed  out,  and  which  muft  have  exceed¬ 
ingly  embarraffed  future  aftronomers  This  great  but 
fimple  law  of  deflexion  reprefents  every ‘phenomenon  of 
the  fyftem  in  the  moft  minute  circumftances.  Far 
from  fearing  that  future  experience  may  overturn  this 
law,  we  may  reft  affured  that  it  will  only  confirm  it 
more  and  more;  and  we  may  confide  in  its  moft  remote 
confequences  as  if  they  were  a£lually  obferved. 
Reciprocal  -It  is  difeovered  by  obfervation,  that  the  deflexion  of 
deflexion  the  moon  to  the  earth,  and  of  the  planets  to  the  fun, 
of  the  earth  accompanied  by  an  equal  and  oppofite  deflection  of 
earth  to  the  moon,  and  of  the  fun  to  the  planets. 
funandVla-  The  tendency  of  the  earth  to  the  moon  is  plainly  in- 
ncts,  dicated  by  the  rife  of  the  waters  of  the  ocean  under  the 
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moon,  and  on  the  oppofite  fide  of  the  earth.  Sir  Ifaac 
Newton  tried  what  fhould  be  the  refult  of  a  tendency  of 
the  water  to  the  moon.  His  inveftigation  of  this  quef- 
tion  was  very  fimilar  to  that  in  his  lunar  theory.  We 
may  conceive  the  moon  to  be  one  of  many  millions  of 
particles  of  a  fluid,  occupying  a  globe  as  big  as  the  lu¬ 
nar  orbit.  Each  will  feel  a  fimilar  difturbmg  force, 
which  will  diminifh  its  tendency  to  the  earth  in  the 
neighbourhood  of  the  place  of  conjundfion  and  oppofi- 
tion,  and  will  increafe  it  in  the  neighbourhood  of  the  ^9 
quadratures.  They  cannot  therefore  remain  in  equili- Proved  by 
brio  in  their  fpherical  form  ;  they  muft  fink  in  the 
dratures,  and  rife  in  the  conjundion  and  oppofition,  till 
their  greater  height  compenfates  for  the  diminiflied  fea,  J 
weight  of  each  particle.  In  like  manner,  the  wateis  of  I 

the  ocean  muft  fink  on  thofe  parts  of  the  earth  where 
the  moon  is  feen  in  the  horizon,  and  muft  rife  in  thofe 
which  have  the  moon  in  the  zenith  or  nadir.  All  thefe 
tffeas  are  not  only  to  be  feeh  in  general,  but  they  inay 
all  be  calculated,  and  the  very  form  pointed  out  which 
the  fufface  of  the  ocean  muft  affume  ;  and  thus  a  ten¬ 
dency  of  every  particle  of  the  ocean  to  the  moon,  in¬ 
verfely  proportional  to  the  fquare  of  its  diftance  from 
it,  gives  us  a  theory  of  the  ebbing  and  flowing  of  the 
fca.  This  is  delivered  in  fufficient  detail  in  the  article 
Tide  of  the  Encyclopaedia  Britannica,  and  therefore 
need  not  be  infifted  on  in  this  place.  The  fame  infe- 
rence  muft  be  drawn  from  the  preceflioii  of  the  equi¬ 
noxes  produced  by  the  action  of  the  moon  on  the  pro-  | 

tuberant  matter  of  our  equatorial  regions.  See  Pre-  | 

CESSION  in  the  EncycL  ,  30 

But  the  mutual  tendency  of  the  earth  and  moon  is 
clearly  feen  in  a  phenomenon  that  is  much  more  fimple.  ferent  coi 
If  we  compute  the  fun's  place  in  the  heavens,  on 
fuppofition  that  the  earth  deferibes  areas  proportional  ^ 

to  the  times,  we  fhall  find  it  to  agree  with  obfervation  heavens, 
at  every  new  and  full  moon  :  But  at  the  firft  quarter 
the  fun  will  be  obferved  about  9  feconds  too  much  ad¬ 
vanced  to  the  eaftward  ;  and  at  the  laft  quarter  he  will 
be  as  much  to  the  weftward  of  his  calculated  place.  In 
all  intermediate  politions,  the  deviation  of  the  obferved 
from  the  computed  place  of  the  fun  will  be  9  feconds, 
multiplied  by  the  fine  of  the  moon's  diftance  from  com- 
junaion  or  oppofition.  In  fliort,  the  appearances  will 
be  the  fame  as  if  it  were  not  the  earth  which  deferibed 
areas  proportional  to  the  times  round  the  fun,  but  that 
a  point,  lying  between  the  earth  and  moon,  and  very 
near  the  earth’s  furface,  were  deferibing  the  ellipfe  round 
the  fun,  while  the  earth  and  moon  revolve  round  this 
point  in  the  courfe  of  a  lunation,  having  the  point  al¬ 
ways  in  the  line  between  them,  in  the  fame  manner  as 
if  they  were  on  the  extremities  of  a  rod  which  turns 
round  this  point,  while  the  point  itfclf  revolves  round 
the  fun. 

This  then  is  the  fad  with  refped  to  the  motions  j 
and  the  earth  in  a  month  deferibes  an  orbit  round  this 
common  centre  of  the  earth  and  moon.  It  cannot  do 
this  unlefs  it  be  continually  defleded  from  the  tangent 
to  this  orbit  ;  therefore  it  is  continually  defleded  to¬ 
ward  the  moon  :  and  the  momentum  of  this  defledion, 
that  is,  its  quantity  of  motion,  is  the  fame  with  that  of 
the  moon's  defledion,  becaufe  their  diftances  from  the 
common  centre  are  as  their  quantities  of  matter  in¬ 
verfely. 

Appearances  perfedly  fimilar  to  thefe  oblige  us  to 

affirm 
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Obferva- 


alSrm  that  the  fun  is  continually  defle<5led  toward  the 
planets.  Aftronomical  iriftruments,  and  the  art  of  ob- 
ferving,  have  been  prodigioufly  improved  fince  Sir  Ifaac 
Newton^s  time  ;  and  the  mofl  fcrupulous  attention  has 
been  paid  to  the  fun^s  motion,  becaufe  it  is  to  his  place 
in  the  univerfe  that  continual  reference  is  made  in  com¬ 
puting  the  place  of  all  the  planets.  He  is  fuppofed  at 
reft  in  the  common  focus  of  all  their  orbits  ;  and  the 
ohferved  diftance  of  a  planet  from  the  fun  is  always  con- 
fidered  as  the  radius  nicBor.  If  this  be  not  the  cafe, 
the  orbital  motions  contained  in  our  tables  are  not  the 
abfolute  motions  of  the  planets,  nor  the  defiedlions  from 
the  tangents  the  real  defledlions  from  abfolute  redlilineal 
motion  ;  and  therefore  the  forces  are  not  fuch  as  we  in¬ 
fer  from  thofe  miftaken  defledlions.  Accordingly  Sir 
tions  on  Ifaac  Newton,  induced  by  certain  metaphyfical  confi- 
jthe  third  derations,  aflumed  it  as  a  law  of  motion,  that  every  ac- 
tion  of  a  body  A  on  another  body  B,  is  accompanied 
by  an  equal  and  contrary  adfion  of  B  on  A.  We  do 
not  fee  the  propriety  of  this  afiertion  as  a  metaphyfical 
axiom.  It  is  perfedlly  conceivable  that  a  piece  of  iron 
will  always  approach  a  magnet  when  in  its  neighbour, 
hood  ;  but  we  do  not  fee  that  this  obliges  us  to  afiert, 
that  therefore  the  magnet  will  alfo  approach  the  iron. 
Thofe  who  explain  the  phenomena  of  niagnetifm  by 
the  impulfe  of  a  fluid,  muft  certainly  grant  that  there  is 
no  metaphyfical  necefiity  for  another  ftream  of  fluid  im¬ 
pelling  the  magnet  toward  the  iron.  And  accordingly 
this,  and  the  fimilar  reciprocity  in  the  phenomena  of 
elediricity,  have  airways  coiifidered  as  dedudlions 
of  experimental  philofophy ;  yet  we  obferve  the  fame  re¬ 
ciprocity  in  all  the  adtions  of  fublunary  bodies ;  and 
Newton^s  third  law  of  motion  is  received  as  true,  and 
'N<*w1:on*s  admitted  as  a  principle  of  reafoniiig.  But  we  appre- 
extenfion  bend  that  it  was  bally  in  this  great  philofopher,  and 
of  that  law  unlike  his  fcrupulous  caution,  to  extend  it  to  the  pla¬ 
netary  motions.  He  did,  however,  extend  it,  and  af- 
ferted,  that  as  each  planet  was  defledled  toward  the  fun, 
the  fun  was  equally  (in  refpedl  of  momentum)  defledled 
toward  each  planet,  and  that  his  real  motion  was  tiie 
compofition  of  all  thofe  fimultaneous  defledlions.  He 
afferted  that  there  was  a  certain  point  round  which  the 
fun  and  his  attending*  planets  revolved  ;  and  that  the 
orbit  of  a  planet,  which  our  meafurements  determined 
by  continual  reference  to  the  fun  as  to  a  fixed  body, 
was  not  the  true  orbit,  but  confilled  of  the  contempo- 
raneous  orbits  of  that  planet  and  of  the  fun  round  this 
fixed  point.  Any  little  fedlor  of  the  apparent  orbit 
was  greater  than  the  correfponding  fedlor  of  the  pla¬ 
net’s  true  orbit  in  abfolute  fpace,  and  the  apparent  mo¬ 
tion  was  compounded  of  the  true  motion  of  the  planet, 
and  the  oppofite  to  the  true  motion  of  the  fun.  After 
a  moft  ingenious  and  refined  inveftigation,  he  fhewed 
that,  notwithftanding  this  great  difference  of  the  Kep- 
lerean  laws  from  the  truth,  the  inference,  with  refpedl 
to  the  law  of  planetary  defledlion,  is  juft,  and  that  not 
only  the  apparent  defledlions  are  in  the  inverfe  dupli¬ 
cate  ratio  of  the  diftances  from  the  fun,  but  that  the 
real  defledlions  vary  in  the  fame  ratio  of  the  diftances 
from  the  fixed  point,  and  alfo  from  the  fun  ;  for  he 
fhewed  that  the  diftances  from  the  fun  were  in  a  coh- 
ftant  ratio  to  the  diftances  from  this  point.  He  fhew¬ 
ed  alfo  that  the  fame  forces  which  produced  the  con¬ 
temporaneous  revolution  of  a  planet  and  the  fun  round 
the  centre  of  the  fyftem,  would  produce  a  revolution  of 
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the  planet  in  a  fimilar  orbit  round  the  fun  (fuppofed 
to  be  held  faft  in  his  place)  at  the  fame  diftance  which 
really  obtains  between  them,  with  this  foie  difference, 
that  the  periodic  time  will  be  longer,  in  the  fubdupH- 
cate  ratio  of  the  quantity  of  matter  in  the  fun  to  the 
quantity  of  matter  of  the  fun  and  planet  together.  A- 
reas  will  be  deferibed  proportional  to  the  times,  and  the 
orbit  will  be  elliptical ;  but  the  ratio  of  the  fquares  of 
the  periodic  times  will  not  be  the  fame  wdth  the  ratio 
of  the  cubes  of  the  diftances,  unlefs  all  the  planets  arc 
equal. 

Thus  was  the  attention  of  aftronomers  diredled  to  a 
number  of  apparent  irregularities  in  the  motion  of  the 
earth,  which  muft  refult  from  this  derangement  of  the 
fun,  which  they  had  imagined  to  remain  ftedfall  in  his 
place.  They  were  told  what  to  expedl,  and  on  what 
pofitions  of  the  planets  the  kind  and  quantity  of  every 
irregularity  depended.  This  was  a  moft  inviting  field 
of  obfervation  to  a  curious  fpeculatift  ;  but  it  required 
the  niceft  and  moll  expenfive  inftruments,  and  an  unin¬ 
terrupted  feries  of  long  continued  obfervations,  fulficient 
to  occupy  the  whole  of  a  man’s  time.  Fortunately  the 
accurate  determination  of  the  folar  and  lunar  motions 
were  of  the  utmoft  importance,  nay,  indifpenfably  ne- 
ceffary  for  folving  the  famous  problem  of  the  longitude 
of  a  ftiip  at  fea  :  and  thus  the  demands  of  commercial 
Europe  came  in  aid  of  philofophical  Curiofity,  and  oc- 
cafioned  the  eredlion  of  obfeivatorles,  firft  at  Green¬ 
wich,  and  foon  after  at  Paris  and  other  places,  v;ith  ef- 
tablilhments  for  aftronomers,  who  ftiould  carefully  watch 
the  motions  of  the  fun  and  moon,  not  negledling  the 
other  planets, 

The  fortunate  refult  of  all  this  folicitude  has  been  the  Confirmed 
complete  eftablilhmeut  of  the  Newtonian  conjedlure  (for  obferva- 
fo  we  muft  ftill  think  it),  and  the  verification  of  New-^^®^‘ 
ton's  affertion,  that  adlion  was  accompanied;  through 
the  whole  folar  fyftem,  by  an  equal  and  contrary  re- 
aftion.  All  the  inequalities  of  the  folar  motion  pre-  ^ 
dided  by  Newton  have  been  obferved,  although  they 
are  frequently  fo  complicated  that  they  could  never  have 
been  dete(fted,  had  not  the  Newtonian  theory  direfted 
us  when  to  find  any  of  them  pretty  clear  of  complica¬ 
tion,  and  how  to  afeertain  the  accumulated  refult  of 
them  all  in  any  ftate  of  combination. 

But  in  the  courfe  of  this  attention  to  the  motions  of 
the  fun  and  moon,  the  planets  came  in  for  a  fliare,  and 
confiderable  deviations  were  found,  from  the  fuppofi- 
tlon  that  all  their  defle<ftions  were  diredled  to  the  fun, 
and  were  in  the  inverfe  duplicate  ratio  of  their  diftances. 

The  nice  obfervation  fhew¬ed,  that  the  period  of  Jupiter 
was  fomevvhat  (horter  than  Kepler’s  law  lequired. 

A  flight  refle£lion  fhewed  that  this  was  no  incon- 
fiftency  ;  becaufe  the  common  centre  of  the  conjoined 
orbits  of  the  fun  and  Jupiter  was  fenfibly  diftant  from 
the  centre  of  the  fun,  namely,  about  the  i  iccthpart  of 
the  radius  veaor  ;  and  therefore  the  real  defledlion  was 
about  a  2 20c th  part  lefs  than  was  fuppofed.  It  was  now 
plain  that  the  diftances  to  which  the  Keplereari  law  mufl 
be  applied,  are  the  diftances.  not  from  the  fun,  but  from 
the  fixed  point  round  which  the  fun  and  planets  revolve. 

This  difference  was  too  fmall  to  be  obferved  in  Kepler’s 
time  ;  but  the  feeming  error  is  only  a  confirmation  of 
the  Newtonian  philofophy. 

But  there  are  other  irregularities  which  cannot  be  ex¬ 
plained  in  this  manner.  The  planetary  orbits  change 
^  *  their 
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their  pofitioi) ;  their  aphelia  advance,  their  nodes  recede, 
their  inclination  to  each  other  vary.  The  mean  mo¬ 
tions  of  Saturn  and  Jupiter  are  fubjed  to  conhderable 
chanees,  which  are  periodical.  , 

Sir  Ifaac  Newton  had  no  fooner  difcovered  the  uni- 
vcrfalitv  and  reciprocity  of  the  defledions  of  the  pla¬ 
nets  and  the  fun,  than  he  alfo  fufpeaed  that  they  were 
continually  defleaed  towards^  each  other  He  imme- 
diatelr  obtained  a  general  notion  of  what  fhpuld  be  the 
more  general  refults  of  fuch  a  mutual  aaion.  1  hey 
may  be  conceived  in  this  way. 

Let  S  (fig.  S-)  reprefent  the  fun,  E  the  earth,  and  I 
Tuniter,  deferibing  concentric  orbits  round  the  centre  of 
the  fyftem.  Make  IS  :  EA  =  EP  :  SP  Then,  if 
IS  be  taken  to  reprefent  the  deflection  of  the  fun  to- 
ward  Jupiter,  EA  will  reprefent  the  defleaion  of  the 
Earth  to  Tupiter.  Draw  EB  equal  and  parallel  to  SI, 

^  35  complete  the  parallelogram  EBAD.  ED  will  re- 

hurof  fuch prefent- the  difturbing  force  of  Jupuer.  It  may  be  re- 
mutual  ac.  folved  into  EF,  pjerpendicular  to  ES^,  and  EGm  thedi- 
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reaion  of  SE.  By  the  firll  of  thefe  the  earth’s  angu¬ 
lar  motion  round  the  fun  is  affeaed,  and  by  the  fecond 
its  defledion  toward  him  is  diminifhed  or  increafed. 

In  confe'quence  of  this  firft  part  of  the  difturbing 
force,  the  angular  motion  is  increafed,  while  the  earth 
approaches  from  quadrature  to  conjundion  with  Jupi¬ 
ter  (which  is  the  cafe  reprefented  in  the  figure),  and  is 
diminifhed  from  the  time  that  Jupiter  is  in  oppofition 
till  the  earth  is  again  in  quadrature,  weftward  of  his 
oppofition.  The  earth  is  then  accelerated  till  Jupiter 
is  in  conjundion  with  the  fun  ;  after  which  it  is  retard¬ 
ed  till  the  brth  is  again  in  quadrature.  ^  ^ 

The  earth’s  tendency  to  the  fun  is  diminifhed  while 
Jupiter  is  in  the  neighbourhood  of  his  oppofition  or 
conjuriaion,  and  increafed  while  he  is  in  the  neighbour- 
hood  of  his  flationary  pofitions.  Jupiter  being  about 
looo  times  lefs  than  the  fun,  and  5  times  more  remote, 
IS  raufl  be  confidered  as  reprefenting 
earth’s  deflection  to  the  fun,  and  the  forces  ED  and 
EG  are  to  be  meafured  on  this  fcale. 

In  confequence  of  this  change  in  the  earth’s  tenden¬ 
cy  to  the  fun,  the  aphelion  fometimes  advances  by  the 
diminution,  and  fometimes  retreats  by  the  augmenta¬ 
tion.  It  advances  when  Jupiter  chances  to  be  in  oppo- 
lition  when  the  earth  is  in  its  aphelion ;  becaufe  this  di¬ 
minution  of  its  defleClion  towards  the  fun  makes  it  later 
before  its  path  is  brought  from  forming  an  obtufe  angle 
•with  the  radius  *veBor^  to  form  a  right  angle  with  it. 
Becaufe  the  earth’s  tendency  to  the  fun  is,  on  the  whole, 
more  diminiflied  by  the  diflurbiiig  force  of  Jupiter  than 
it'is  increafed,  the  aphelion  of  the  earth’s  orbit  advances 
on  the  whole. 

In  like  manner  the  aphelia  of  the  inferior  planets  ad¬ 
vance  by  the  difturbing  forces  of  the  fuperior  :  but  the 
aphelion  of  a  fuperior  planet  retreats  ;  for  thefe  reafons, 
and  becaufe  Jupiter  and  Saturn  are  larger  and  more 
powerful  than  the  inferior  planets,  the  aphelia  of  them 
all  advance  while  that  of  Saturn  retreats. 

In  confequence  of  the  fame  difturbing  forces,  the 
node  of  the  difturbed  planet  retreats  on  the  orbit  of  the 
difturbing  planet ;  therefore  they  all  retreat  on  the  eclip¬ 
tic,  except  that  of  Jupiter,  which  advances  by  retreat- 
in«-  on  the  orbit  of  Saturn,  from  which  it  fuffers  the 
icrreateft  difturbance.  This  is  owing  to  the  particular 
pofition  of  the  nodes  and  the  inclinations  of  the  orbits. 
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The  inclination  of  a  planetary  orbit  increafes  while 
the  planet  approaches  the  node,  and  diminilhes  whtle 
the  planet  retires  from  it.  ^ 

M.  de  la  Place  has  completed  this  dedii£lion  of  theApeculia- 
planetary  inequalities,  by  explaining  a  peculiarity  in  the  **^^7  ex- 
motions  of  Jupiter  and  Saturn,  which  has  long  employ-P^^^|^^^J^^ 
edthe  attention  of  aftronomers.  The  accelerations  and^^f 
retardations  of  the  planetary  motions  depend,  as  has  and  fjaturr 
been  Ihewn,  on  their  configurations,  or  the  relative  quar¬ 
ters  of  the  heavens  in  which  they  are.  Thofe  of  Mer¬ 
cury,  Venus,  the  Earth,  and  Mars,  arifing  from  their 
mutual  defle(ftions ;  and  their  more  remarkable  deflec¬ 
tions  to  the  great  planets  Jupiter  and  Saturn,  nearly 
compenfate  each  other,  and  no  traces  of  them  remain 
after  a  few  revolutions  :  but  the  pofitions  of  the  aphe»* 
lia  of  Saturn  and  Jupiter  are  fuch,  that  the  retardations 
of  Saturn  fenfibly  exceed  the  accelerations,  and  the  ano- 
maliftic  period  of  Saturn  increafes  almoft  a  day  every 
century  ;  on  the  contrary,  that  of  Jupiter  diminilhes. 

M.  de  la  Place  fliews,  that  this  proceeds  from  the  poii- 
tion  of  the  aphelia,  and  the  almoft  perfed  commenfiira- 
bility  of  their  revolutions  ;  five  revolutions  of  Jupiter 
making  21,675  days,  while  two  revolutions  of  Saturn 
make  21,538,  differing  only  137  days. 

Suppofing  this  relation  to  be  exad,  the  theory  Ihews 
that  the  mutual  adion  of  thefe  planets  mull  produce 
mutual  accelerations  and  retardations  of  their  mean  mo¬ 
tions,  and  afeertains  the  periods  and  limits  of  the  fecii- 
lar  equations  thence  arifing.  Thefe  periods  include  fe* 
veral  centuries.  Again,  becaufe  this  relation  is  not  pre- 
cife,  but  the  odd  days  nearly  divide  the  periods  already 
found,  there  muft  arife  an  equation  of  this  fecular  equa¬ 
tion,  of  which  the  period  is  immenfely  longer,  and  the 
maximum  very  minute.  He  (hews  that  this  retardation 
of  Saturn  is  now  at  its  maximum,  and  is  diminilhing 
again,  and  will,  in  the  courfe  of  years,  change  to  an 
acceleration. 

This  inveftigation  of  the  fmall  inequalities  is  the  moft 
intricate  problem  in  mechanical  philofophy,  and  has 
been  completed  only  by  very  flow  degrees,  by  the  ar¬ 
duous  efforts  of  the  greateft  mathematicians,  of  whom 
M.  de  la  Grange  is  the  moft  eminent.  Some  of  his  ge¬ 
neral  refults  are  very  remarkable. 

He  demonftrates,  that  fince  the  planets  move  in  one 
diredlion,  in  orbits  nearly  circular,  no  mutual  difturb- 
ances  make  any  permanent  change  in  the  mean  diftan- 
ces  and  mean  periods  of  the  planets,  and  that  the  peri¬ 
odic  changes  are  confined  within  very  narrow  limits. 

The  orbits  can  never  deviate  fenfibly  from  circles.  None  Ofciilatl 
of  them  ever  has  been  or  will  be  a  comet  moving  in  aofthepl 
very  eccentric  orbit.  The  ecliptic  will  never  coincide 
with  the  equator,  nor  change  its  inclination  above  two 
degrees.  In  fliort,  the  folar  planetary  fyftem  ofcillates, 
as  it  were,  round  a  medium  ftate,  from  which  it  never 
fwerves  very  far. 

This  theory  of  the  planetary  inequalities,  founded  on 
the  univerfal  law  of  mutual  deflexion,  has  given  to  our 
tables  a  precifion,  and  a  coincidence  with  obfervation,. 
that  furpaffes  all  expedlation,  and  infures  the  legitimacy 
6f  the  theory.  The  inequalities  are  moft  fenfible  in  the 
motions  of  Jupiter  and  Saturn  ;  and  thefe  prefent  them- 
felves  in  fuch  a  complicated  ftate,  and  their  periods  are 
fo  long,  that  ages  were  neceflary  for  difeovering  them 
by  mere  obfervation.  In  this  refpedl,  therefore,  the 
theory  has  outftripped  the  obfervations  on  which  it  is- 

founded. . 
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38  founded.  It  is  very  remarkable,  that  the  periods  which 
^uthenri-  Indians  affigii  to  thefe  two  planets,  and  which  ap- 
fndian  peared  fo  inaccurate  that  they  hurt  the  credit  of  the 
troii«my.  feience  of  thofe  ancient  aftronoiners,  are  now  found  pre- 
cifely  fuch  as  muft  have  obtained  about  three  thoufand 
years  before  the  Chriftian  era  ;  and  thus  they  give  an 
authenticity  to  that  ancient  allronorny.  The  periods 
which  any  nation  of  aftronomers  ailign  to  thofe  two 
planets  would  afford  no  contemptible  mean  for  deter¬ 
mining  the  age  in  which  it  w^as  obferved. 

The  following  circumftance  is  remarkable  :  Suppofe 
Jupiter  and  Saturn  in  conjuii6lion  in, the  firft  degree  of 
Aries  ;  twenty  years  after,  it  will  happen  in  Sagitta¬ 
rius;  and  after  another  twenty  years,  it  will  happen  in 
Leo.  It  will  continue  in  thefe  tlw’ee  figns  for  200  years. 
In  the  next  200  it  will  happen  in  Taurus,  Capricornus, 
and  Virgo;  in  the  next  200  years,  it  will  happen  in 
Gemini,  Aquarius,  and  Libra  ;  and  in  the  next  200 
59  years,  it  will  happen  in  Cancer,  Pifees,  and  Scorpio  ; 
Drigin  of  then  all  begins  again  in  Aries.  It  is  highly  probable 
icaMWi^*  thefe  remarkable  periods  of  the  oppofitions  of  Ju- 

ionofthe  ^’^d  Saturn,  progrellive  for  40  years,  and  ofcilla- 

leavch?.  ting  during  160  more,  occafioned  the  aftrological  divi- 
fion  of  the  heavens  into  the  four  trtgonsy  of  fire,  air, 
earth,  and  water.  Thefe  relations  of  the  figns,  wdiich 
compofe  a  trigon,  point  out  the  repetitions  of  the  chief 
irregularities  of  the  folar  fyflem. 

M.  de  la  Place  obferves  (in  1796),  that  the  laft  dif- 
covered  planet  gives  evident  marks  of  the  aftioii  of  the 
,  reft  ;  and  that  when  thefe  are  computed  and  taken  into 

the  account  of  its  bygone  motions,  they  put  it  beyond 
doubt  that  it  was  feen  by  Flamftead  in  1690,  by  Mayer 
in  1756,  and  by  Monnier  in  1769. 

AtJlion  of  We  have  hitherto  overlooked  the  comets  in  our  ac- 
tke comets,  count  of  the  mutual  difturbances  of  the  folar  fy Item. 

Their  number  is  very  great,  and  they  go  to  all  quarters 
j  of  the  univerfe  :  but  we  may  conclude,  from  the  won¬ 

derful  regularity  of  the  planetary  motions,  when  all  their 
own  mutual  a<ftions  are  taken  into  account,  that  the 
quantity  of  matter  in  the  comets  is  very  inconfiderable. 
They  remain  but  a  fhort  time  in  the  neighbourhood  of 
the  planets,  and  they  pafs  them  with  great  rapidity. 
Some  of  them  have  come  very  near  to  Jupiter,  but  left 
no  trace  of  their  adlion  in  the  motions  of  his  fatellites. 
They  donbtlefs  contribute,  in  general,  to  make  the  ap- 
fides  of  the  planetary  orbits  advance. 

They  are  On  the  other  hand,  the  comets  may  be  confiderably 
iffedted  by  affeded  by  the  planets.  The  very  important  phenome^ 
ihe  planets.  of  the  return  of  the  comet  of  1682,  which  was  to 
decide  whether  they  were  revolving  planets  deferibing 
ellipfes,  or  bodies  w'hich  came  but  once  into  the  plane¬ 
tary  regions,  and  then  retired  for  ever,  caufed  the  aftro- 
nomers  to  confider  this  matter  with  great  care.  Plalley 
had  fiiewn,  in  a  rough  way,  that  this  comet  muft  have 
been  confiderably  affefted  by  Jupiter.  Their  motion 
near  the  aphelion  muft  be  fo  very  (low,- that  a  very  fniall 
change  of  velocity  or  dire<ftion,  while  in  the  planetary 
regions,  muft  confiderably  afteeft  their  periods.  Halley 
thought  that  the  adlion  of  Jupiter  might  change  it  half 
a  year.  Mr  Clairaut,  by  confidering  the  difturbing  forces 
of  Jupiter  and  Saturn  through  the  whole  revolution, 
fnewed  that  the  period  then  running  would  exceed  the 
former  nearly  two  years  (618  days),  and  afligned  the 
middle  of  April  1759  ^or  the  time  of  its  perihelion.  It 
really  paffed  its  perihelion  on  the  12th  of  March.  This 


was  a  wonderful  precifion,  when  we  reflcift  that  the  co¬ 
met  had  been  feen  but  a  very  few  days  in  its  former  ap¬ 
paritions. 

A  comet  obferved  by  Mr  Profperin  and  others  in 
1771  has  greatly  puzzled  the  aftronomers.  Its  motions 
appear  to  have  been  extremely  irregular,  and  it  certainly 
came  fo  near  Jupiter,  that  his  momentary  influence  was 
at  leaft  equal  to  the  fun’s.  It  has  not  been  recognifed 
fince  that  time,  although  there  is  a  great  probability 
that  it  is  continually  among  the  planets.  •  4^ 

It  is  by  no  means  impoflible,  nor  highly  impr^-jbable,  Corfe. 
that  in' the  ccurfe  of  ages,  a  comet  may  adlually  meet  ^1’"^^^^®  * 

one  of  the  planets.  The  effed  of  fuch  a  concoiirfe  muft 
be  dreadful;  a  change  of  the  axis  of  diurnal  rotation 
muft  refult  from  it,  and  the  fea  muft  defert  its  former 
bed  and  overflow  the  new  equatorial  regions.  The 
fhock  and  the  deluge  muft  deftroy  all  the  wprks  of  man, 
and  moft  of  the  race.  The  remainder,  reduced  to  mi- 
fery,  muft  long  ftruggle  for  exiftence,  and  all  remem¬ 
brance  of  former  arts  and  events  muft  be  loft,  and  every 
thing^miift  be  invented  anew.  There  are  not  wanting 
traces  of  fuch  devaftations  in  this  globe  :  Itrata  and 
things  are  now  found  on  mountain  tops  which  were  cer¬ 
tainly  at  the  bottom  of  the  ocean  in  former  times  ;  re¬ 
mains  of  tropical  animals  and  plant?  are  now  dug  up  in 
the  circumpolar  regions.  T^etn^ora  mutantur,  et  nos  mu^ 
iamnr  in  illis* 

It  is  plain,  that  when  we  know  the  diredlion  and  the 
intenfity  of  the  difturbing  force,  we  can  tell  what  will 
be  the  accumulated  effeS  of  its  adlion  for  any  time. 

The  direction  is  eafily  determined  by  means  of  the  di- 
ftance  :  but  how  fliall  w^e  determine  the  intenfity  ?  Since 
we  fee  that  the  whole  waters  of  the  ocean  are  deflt6led 
toward  the  moon,  and  have  fuch  probable  evidence  that 
planetary  defledlion  is  mutual  ;  it  follows  that  the  moon 
is  deflefted  towards  every  drop  of  water,  and  that  alV 
the  matter  in  one  body  is  deflefted  tow^ards  all  the 
matter  in  another  body  ;  and  therefore  that  the  deflec¬ 
tion  towards  the  fun  or  a  planet  is  greater  or  lefs  in 
proportion  to  its  quantity  of  matter.  Newton  indeed 
thought  it  unreafonable  to  fuppofe  that  a  planet  w^as 
defle<fted  to  the  centre  of  the  fun,  which  had  no  dillin- 
guifhing  phyfical  property  ;  and  thought  it  move  pro¬ 
bable  that  the  defledfiofi  of  a  planet  to  the  fuii  was  the 
accumulated  defledlion  of  every  particle  in  the  plane!  to 
every  particle  in  the  fun.  But  he  was  too  fcrupulous 
to  take  this  for  granted.  He  therefore  endeavoured  to 
difeover  what  wmuld  be  the  fenfible  defledlion  of  one 
fphere  to  another, when  each  confifted  of  mattei*,  every' 
particle  of  which  was  defledled  to  every  particle  of  the 
other  with  an  irtenfity  inverfely  proportional  to  the 
fquare  of  the  diftance  from  it.  By  help  of  a  moft  beau- Xerdency 
tiful  and  Ample  procefs,  he  difebvered,  that  the  ten-of  fpherical: 
dency  of  a  particle  of  matter  to  a  fpherical  Turface,  fhell,  to- 
or  folid,  of  uniform  denfity  at  equal  diftanccs  from 
centre,  was  the  fame  as  if  all  the  particles  in  the  fur-reitlyastlm 
face,  fliell,  or  folid,  were  united'in  its  centre  :  hence  itqniu  tity  of 
legitimately  followed,  that  the  mutual  tendency  of  fphe- 
rfcal  furfaces,  fliells,  or  folids,  was  proportional  to  tbe 
quantities  of  matter  in  the  attracting  body,  and  inverfevof 
ly  as  the  fquare  of  the  diftance  of  their  centres  ;  and  fiat  of 
thus  the  law  of  attradion,  competent  to  every  particle 
of  planetary  matter,  was  the  fame  with  that  which 
obferved  among  fpherical  bodies  confifting  of  fuch  mat¬ 
ter.  And  it  is  remarkable,  that  the  inverfe  duplicate  ra¬ 
tio 


( 
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tio  of  the  diftances  h  the  only  law  that  will  bold,  both 
with  refpeft  to  Tingle  particles  and  to  globes  compofed 
of  fuch  particles.  He  alfo  demonftrated,  that  a  particle 
placed  within  a  Tphere  was  not  afFe6led  by  all  the  fhell, 
which  was  more  diftant  than  itfelf  from  the  centre,  be¬ 
ing  equally  attra£led  on  every  fide,  and  that  it  tended 
toward  the  centre  of  a  homogenous  fpherc,  on  the  fur- 
face  of  which  it  was  placed,  with  a  force  proportional 
to  its  diftance  from  the  centre. 

Newton  faw  a  cafe  in  which  it  was  pofiible  to  difco- 
ver  whether  the  tendency  of  the  matter  of  w^hich  the 
planets  confided  was  diredfed  to  a  mathematical  centre 
void  of  any  phyfical  properties,  or  whether  it  was  the 
refult  of  its  united  tendency  to  all  the  matter  of  the 
planet.  He  demonftrated  that  if  the  earth  confifted  of 
matter  which  tended  to  the  centre,  it  behoved  it  to  af- 
fume  the  form  of  an  elliptical  fpheroid,  in  confequence 
of  the  centrifugal  force  arifing  from  its  diurnal  motion, 
and  that  the  polar  axis  muft  be  to  its  equatorial  diame¬ 
ter  as  577  to  578  ;  but  if  every  particle  tends  to  every 
other  particle  in  the  iiiverfe  duplicate  ratio  of  the  di- 
llance  from  it,  the  form  muft  ftill  be  elliptical,  but  more 
protuberant,  and  the  polar  axis  muft  be  to  the  equato¬ 
rial  diameter  as  230  to  231.  Then  only  will  a  column 
of  water  from  the  pole  to  the  centre  balance  a  column 
from  the  equator  to  the  centre.  He  alfo  fhewed  what 
fhould  be  the  vibrations  of  pendulums  in  different  lati¬ 
tudes,  on  both  fuppofitions.  Mathematicians  were  ea¬ 
ger  therefore  to  make  thofe  experiments  on  pendulums, 
and  to  determine  the  figure  of  the  earth  by  the  meafurc- 
ment  of  degrees  of  the  meridian  in  different  latitudes. 
The  refult  of  their  endeavours  has  been  decidedly  in  fa¬ 
vours  of  the  mutual  tendency  of  all  matter.  This  has 
been  farther  confirmed  by  the  obfervations  of  the  ma¬ 
thematicians  who  meafured  the  degrees  of  the  meridian 
in  Peru,  and  by  Dr  Mafl<elyne  in  Britain,  w'ho  found 
that  a  pendulum  fufpended  in  the  neigbourhood  of  a 
great  and  folid  mountain,  fenfibly  deviated  from  the 
true  vertical,  and  was  defle£led  toward  the  mountain. 
Pfopor-  From  a  colledfive  view  of  all  thefe  circumftances.  Sir 
tionalquan- Jfaac  Newton  concluded,  with  great  confidence,  that 

o  deflcdlion  toward  any  planet  was  the  united  deflec- 

m'<it  er  in  .  ,  •  1  ^  r  •  1  •  • 

the  fun  and  €very  particle  of  matter  contained  in  it. 

pla’.etsde-  This  enabled  him  to  determine  tfie  intenfity  of  the  pla¬ 
netary  difturbing  forces,  by  previoufly  afcertaining  the 
proportions  of  their  quantities  of  matter.  This  pro¬ 
portion,  the  difcovery  of  which  feems  above  our  reach, 
is  eafily  afcertained  in  all  thofe  bodies  which  have  others 
revolving  round  them  :  for  the  defle£lion  of  the  revol¬ 
ving  body,  being  occafioned  by  all  the  matter  in  the 
central  body,  will  be  proportional  (cai^teris  parthu.s )  to 
the  quantity  of  matter  in  the  central  body,  and  there¬ 
fore  will  give  us  a  meafure  of  that  quantity.  Would  we 
compare  the  quantity  of  matter  in  Jupiter  with  the 
quantity  of  matter  in  the  fun,  w'e  have  only  to  fuppofe 
that  a  planet  revolves  round  the  fun  at  the  diftance  of 
Jupiter's  fourth  fatellite.  Kepler's  third  law  will  tell 
us  the  time  of  its  revolution.  The  diftances,  in  this 
cafe,  being  the  fame,  the  centripetal  forces,  and  confe- 
quently  the  quantities  of  matter  in  the  central  bodies, 
will  be  inverfely  as  the  fquares  of  the  periodic  times  of 
the  revolutions  around  them.  In  this  way  have  the 
quantities  of  matter  been  determined  for  the  Sun,  the 
Earth,  Jupiter,  Saturn,  and  the  laft  difcovered  pla- 


44 


termincd. 


N  O  M  Y. 

net.  If  the  quantity  in  the  Earth  be  confidered  as  the 
unit,  w'e  have. 

The  Earth  ....  1 

The  newly  difcovered  planet  - 

Saturn  -  ...  -  86, 16 

Jupiter  -  -  -  -  " 

The  Sun  -  -  .  -  33^343* 

Thus  we  fee  that  the  fun  is  incomparably  bigger  than 
any  planet,  having  more  than  a  thoufand  times  as  much 
matter  as  Jupiter,  the  moft  mafly  of  them  all.  There 
is  a  confiderable  uncertainty,  however,  in  the  proportion 
to. the  fun,  becaufe  we  do  not  know  his  diftance  nearer 
than  wuthin  part.  The  proportions  of  the  reft 

to  each  other  are  more  accurate.  The  quantities  of 
matter  in  Mercury  and  Mars  can  only  be  guefled  at : 
the  quantity  in  Mercury  may  be  called  0,1,  and  Mars 
may  be  called  o,  i2.  Venus  is  fuppofed  nearly  equal  to 
the  Earth.  This  is  concluded  from  the  efFe£l  which 
Ihe  produces  on  the  precefTion  of  the  equinoxes  and  the 
equation  of  the  fun's  motion.  The  moon  is  fuppofed 
to  be  about  ^V^h  of  the  earth,  from  the  effedl  (he  pro¬ 
duces  on  the  tides  and  the  preccflion  of  the  equinoxes, 
compared  with  thofe  produced  by  the  fun.  ^  45 

When  thefe  quantities  of  matter  are  introduced  into  Sun’s  plan 
the  computation  of  the  planetary  inequalities,  and  J s 
intenfity  of  the  difturbing  forces  aflumed  accordingly, 
the  refults  of  the  computations  tally  fo  exa£lly  with  ob- termincd 
fervation,  that  we  can  now  determine  the  fun's  place  exadly. 
for  any  moment  within  two  or  three  feconds  of  a  de¬ 
gree,  and  are  certain  of  the  tranfit  of  a  planet  within 
one  beat  of  the  clock  !  ' 

yam  duhtos  nulla  caltgine  pragravat  error  ; 

^eis  fuperum  penetrare  domos  atque  ardua  cedi 
Scandere  fublimts  genii  concejjlt  acumen, 

Halley. 

Sir  Ifaac  Nev/ton  having  already  made  the  great  dif¬ 
covery  of  an  univerfal  and  mutual  defledlion  of  all  the 
matter  in  the  folar  fyftem,  was  one  day  fpeculating  on 
this  fubjeft,  and  comparing  it  with  other  defledlions 
which  he  obferved  among  bodies,  fuch  as  magnets,  &c. 

He  confidered  terreftrial  gravity  as  a  force  of  this  kind. 

By  the  weight  of  terreftrial  bodies  they  kept  united 
with  the  earth.  By  its  weight  was  the  water  of  the  P;ogref<?  0 
ocean  formed  into  a  fphere.  This  force  extended,  wuth-  Newton’s 
out  any  remarkable  diminution,  to  the  tops  of  the  ^ 

eft  mountains.  Might  it  not  reach  much  farther  ?  May 
it  pot  operate  even  at  the  diftance  of  the  moon  \  In 
the  fame  manner  that  the  planetary  force  defle£ls  the 
moon  from  the  tangent  to  her  orbit,  and  caufes  her  to 
deferibe  an  ellipfe,  the  weight  of  a  cannon  ball  defledls 
it  from  the  line  of  its  diredfion,  and  makes  it  deferibe  a 
parabola.  What  If  the  deflefting  force  which  incur- 
vates  her  path  towards  the  earth  be  the  fimple  weight 
of  the  moon  ?  If  the  weight  of  a  body  be  the  fame  with 
the  general  planetary  force,  it  will  diminifti  as  the  fquarc 
of  its  diftance  from  the  earth  increafes.  Therefore, 
faid  he  to  himfelf,  iince  the  diftance  of  the  moon  from 
the  centre  of  the  earth  is  about  50  times  greater  than 
the  diftance  of  the  ftone  which  I  throw  from  my  hand, 
and  which  is  defle£led  16  feet  in  one  fecond,  the  weight 
of  this  ftone,  if  taken  up  to  the  height  of  the  moon, 
ftiould  be  reduced  to  the  25COth  part,  and  ftiould  there 
defledf^f-j-'^^th  of  i6feet  in  a  fecond  j  and  the  moon  ftiould 

defied 


The  uni- 
vetfal  law 
of  gravita¬ 
tion, 


ASTRO 

deiled  as  much  from  the  tangent  in  a  fecond.  Having 
the  dimenfions,  as  he  thought,  of  the  moon’s  orbit,  he 
immediately  computed  the  moon’s  defledlion  in  a  fe¬ 
cond  ;  but  he  found  it  confiderably  different  from  what 
he  wifhed  it  to  be.  He  therefore  concluded  that  the 
planetary  force  was  not  the  weight  of  the  planet.  For 
fome  years  he  thought  no  more  of  it  ;  but  one  day,  in 
the  Royal  Society,  he  heard  an  account  read  of  mea- 
furements  of  a  degree  of  the  meridian,  which  fhewed 
him  that  the  radius  of  the  earth  and  the  diftance  of  the 
moon  were  very  different  from  what  he  had  believed 
them  to  be.  When  he  went  home  he  repeated  his  com¬ 
putation,  and  found,  that  the  deflexion  of  a  done  was 
to  the  fimultaneous  defledlion  of  the  moon  as  the  fquare 
of  the  moon’s  diftance  from  the  centre  of  the  earth  to 
the  fquare  of  the  ftone’s  diftance.  Therefore  the  moon 
is  defledfed  by  its  weight  ;  and  the  fall  of  a  done  is  juft 
a  particular  inftance  of  the  exertion  of  the  univerfal  pla¬ 
netary  force.  This  computation  was  but  roughly  made 
at  firft  ;  but  it  was  this  coincidence  that  excited  the 
philofopher  to  a^more  attentive  review  of  the  whole  fub- 
jedf.  When  every  ciicumftance  which  can  affedl  the 
refult  is  taken  into  account,  the  coincidence  is  found  to 
be  moft  accurate.  The  fall  of  the  ftone  is  not  the  full 
effedl  of  its  weight ;  for  it  is  diminifhed  by  the  rotation 
of  the  earth  round  its  axis  :  It  is  alfo  diminifhed  by  the 
weight  of  the  air  which  it  difplaces :  It  is  alfo  dimi¬ 
nifhed  by  its  tendency  to  the  moon.  Gn  the  other 
hand,  the  moon  does  not  revolve  round  the  earth,  but 
round  a  common  centre  of  the  earth  and  moon,  and  its 
period  is  about  Tv^th  fhorter  than  if  it  revolved  round 
the  earth ;  and  the  moon’s  defledlion  is  afiedled  by  the 
fun’s  difturbing  force.  But  all  thefe  corredlions  can  be 
accurately  made,  and  the  ratio  of  the  full  weight  of  the 
ftone  to  the  full  defledlion  of  the  moon  afcertained. 
This  has  been  done. 

Terreftrial  gravity  therefore,  or  that  power  by  which 
bodies  fall  or  prefs  on  their  fupports,  is  only  a  particu¬ 
lar  inftance  of  that  general  tendency  by  which  the  pla¬ 
nets  are  retained  in  their  orbits.  Bodies  may  be  fald  to 
p'avitate  whtn  they  give  indications  of  their  being 
vis  or  heavy,  that  is,  when  they  fall  or  prefs  on  their 
fupports;  therefore  the  planets  may  be  faid  to  gravi¬ 
tate  when  they  give  fimilar  indications  of  the  fame  ten¬ 
dency  by  their  curvelineal  motions.  The  general  fact, 
that  the  bodies  of  the  folar  fyftem  are  mutually  deftedl- 
cd  toward  each  other,  may  be  exprefled  by  the  verbal 
noun  GRAVITATION.  Gravitation  does  not  exprefs  a 
quality,  but  an  event,  a  defledlion,  or  a  preflure. 

The  weight  of  a  terreftrial  body,  or  its  prefliire  on 
ks  fiipport,  is  the  effedl  of  the  accumulated  gravitation 
of  all  its  particles  ;  for  bodies  of  every  kind  of  matter 
fall  equally  faft.  This  has  been  afcertained  with  the 
utmoft  accuracy  by  Sir  Ifaac  Newton,  by  comparing  the 
vibrations  of  pendulums  made  of  every  kind  of  matter. 
Therefore  their  united  gravitation  is  proportional  to  their 
quantity  of  matter ;  and  VvC  have  concluded,  that  every 
atom  of  terreftnal  matter  is  heavy,  and  equally  heavy. 
We  extend  this  conclufion  to  the  fun  and  planets,  and 
fay,  that  the  obferved  gravitation  of  a  planet  is  the  uni¬ 
ted  gravitation  of  every  particle.  Therefore  Sir  iraao 
Newton  inferred,  from  a  colledled  view  of  all  the  phe¬ 
nomena,  that  all  matter  gravitated  to  all  matter  with  a 
force  in  the  inverfe  duplicate  ratio  of  the  diftance. 

But  we  do  not  think  that  this  inference  is  abfolutely 
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certain.  We  acknowledge  that  the  experiments  on 
pendulums,  confifting  of  a  vaft  variety  of  terreftrial  mat¬ 
ter,  all  of  which  performed  their  ofciMations  in  equal 
times,  demonftrate  that  the  acceleration  of  gravity  on 
thofe  pendulums  was  proportional  to  their  quantities  of 
matter,  and  that  equal  gravitation  may  be  affirmed  of  all 
terreftrial  matter. 

The  elliptical  motion  of  a  planet  is  full  proof  that 
the  accelerating  power  of  its  gravity  varies  in  the  in¬ 
verfe  duplicate  ratio  of  the  diftance  ;  and  the  propoVr 
tionality  of  the  fquares  of  the  jjeriods  to  the  cubes  of 
the  diftances,  fliews  that  the  whole  gravitations  of  the 
planets  vary  by  the  fame  law.  But  this  third  obferva- 
tion  of  Kepler  might  have  been  the  fame,  although  the 
gravitation  of  a  particle  of  matter  in  Jupiter  had  been 
equal  to  that  of  a  particle  of  terreftrial  matter,  provided 
that  all  the  matter  in  Jupiter  did  not  gravitate.  If 
^yth  of  Jupiter  had  been  fuch  gravitating  matter,  his 
deflexion  from  the  tangent  of  his  orbit  would  have 
been  the  fame  as  at  prefent,  and  the  time  of  his  revolu¬ 
tion  would  have  been  what  we  obferve.  In  order  that 
the  third  law  of  Kepler  may  hold  true  of  the  planetary 
motions,  no  more  is  required  than  that  the  accumulated 
gravitation  of  the  planet  be  proportional  to  its  quantity 
of  matter,  and  thus  the  matter  which  does  not  gravi- 
tate  will  be  compenfated  by  the  fuperlor  gravitation  of 
the  reft. 

But  becaufe  wx  have  no  authority  for  faying  that 
there  is  matter  which  gravitates  differently  from  the 
reft,  or  which  does  not  gravitate,  we  are  intitled  to 
fuppofe  that  gravity  operates  alike  on  all  matter. 

And  this  is  the  ultimatum  of  the  Newtonian  philo-  Which  is 
fophy,  that  the  folar  fyftem  confifts  of  bodies  compofed 
of  matter,  every  particle  of  which  is,  in  fad,  continually 
defleded  by  its  weight  toward  every  other  particle  in  the  ^  ^  ^ 
fyftem  ;  and  that  this  defledlon,  or  adual  deviation,  or 
adual  preflure,  tending  to  deviation  from  uniform  rec¬ 
tilineal  motion,  is  in  the  inverfe  duplicate  ratio  of  the 
diftance. 

This  dodrine  has  been  called  the  fyjlem  of  univerfal 
gravitation;  and  it  has  been  blamed  as  introducing  an  ^he  law 
unpliilofopbical  principle  into  fcience.  Gravitation 
faid  to  be  an  occult  quality  ;  and  therefore  as  unfit  forfouuded. 
the  explanation  of  phenomena  as  any  of  the  occult  qua¬ 
lities  of  Ariftotle  But  this  reproach  is  unfounded  ; 
gravitation  does  not  exprefs  any  quality  whatever,  hut 
a  matter  of  fad,  an  event,  an  adual  defledion,  or  an 
adual  preflure,  producing  an  adual  defledion  of  the 
body  preffed.  Thefe  are  not  occult,  but  matters  of 
continual  obfervatloii.  True,  indeed,  Newton  does  not 
deny,  although  he  does  not  pofitively  fay,  that  this  de¬ 
fledion,  preffure,  or  gravitation,  is  an  effed  having  a 
caufe.  Gravity  is  faid  to  be  this  caufe.  Gravity  is  the 
being  gravis  or  heavy^  and  gravitation  is  the  giving  indi¬ 
cations  of  being  heavy,  Heavinefs  therefore  is  the  word 
which  expreffes  gravitas,  and  our  notion  of  the  caufe  of 
the  planetary  defledions  is  the  fame  with  our  notion  of 
heavinefs.  This  may  be  indiftind  and  unfatisfadory  to 
a  mind  faftidioufly  curious ;  but  nothing  can  be  more 
fatniliar.  The  planet  is  defleded,  becaufe  it  is  heavy. 

We  are  fuppofed  to  explain  the  fall  of  a  ftone  through 
water  very  fatisfadorily,  and  without  having  recourfc 
to  any  occult  quality,  when  we  fay  that  it  is  heavier 
than  the  water  ;  and  we  explain  the  rife  of  a  piece  of 
cork,  when  we  fay  that  it  is  not  fo  heavy  as  the  water. 

The 
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The  explanations  of  tlie  mutual  aftions  of  the  planets 
are  equally  fatisfadory,  founded  on  the  fame  principles, 
and  equally  free  from  all  fophiftry  or  employment  of 
occult  caufes.  The  wei|^ht  of  a  body  is  not  its  heavi- 
iiefs,  but  the  effea  of  its  heavinefs.  It  is  a  gravitation, 
an  adual  prelTure,  indicated  by  its  balancing  the  fup- 
pofed  heavinefs  of  another  body,  or  by  its  balancing 
the  known  elafticity  of  a  fpring,  or  by  balancing  any 
Other  riirtural  power.  It  is  limilar  to  the  preffure  which 
a  magnet  exerts  on  a  piece  of  iron.  This  may  pa*haps 
be  produced  by  the  impulfe  of  a  ftream  of  fluid  ;  fo 
may  the  weight  of  a  heavy  body.  Tut  we  do  not  con¬ 
cern  ourfelves  with  this  queftion.  We  gain  a  moft  ex- 
tenfive  and  important  knowledge  by  our  knowledge  of 
this  univerfal  law  ;  for  we  can  now  explain  every  phe¬ 
nomenon,  by  pointing  out  how  it  is  contained  in  this 
law  ;  and  we  can  predi6I  the  whole  events  ot  the  folar 
fyftem  with  unerring  exa^lnefs.  This  fhould  fatisfy  the 
TOoft  inquifltive  mind. 

But,  mtmur  in  vetltum,  femper  cupimufque  negaia. 

There  feems  to  be  a  fatal  and  ruinous  difpofition  in  the 
human  mind,  a  fort  of  prlapifni  of  the  underftanding, 
that  is  irritated  by  every  interdict  of  natural  imperfec¬ 
tion.  We  would  take  a  microfeope  to  look  at  light ; 
we  would  know  what  knowing  is,  and  we  would  weigh 

heawnefs,  .  r  a  ‘n  1 

"  All  who  are  acquainted  with  the  writings  of  Ariftotle 

have  fomc  notion  of  his  whimfical  opinions  on  this  fub- 
je6f.  He  imagines  that  the  planets  are  conduced  in 
their  orbits  by  a  fort  of  intelligences,  ocrj'.fp  '^vx^eciy  which 
animate  the  orbs  that  wheel  them  round.  Although 
this  crude  conception  met  with  no  favour  in  later  times, 
another,  not  more  reafonable,  was  maintained  by  Leib¬ 
nitz,  who  called  every  particle  of  matter  a  monad,  and 
gave  it  a  perception  of  its  fltuation  in  the  liniveife,  of 
Its  diftance  and  direaion  from  every  other,  and  a  power 
and  will  to  move  itfclf  in  conformity  to  this  fltuation, 
by  certain  conftant  laws.  This  oo-^tep  in  the  Mo¬ 

nad  is  nothing  but  an  aukward  fubftitute  for  the  prin¬ 
ciple  of  gravitation,  which  the  learned  infifted  that  New¬ 
ton  placed  in  every  particle  of  matter  as  an  Innate 
power,  and  which  they  reprobated  as  unphilofophical. 

But  in  what  refped  this  perception  and  adlve  propen- 
nty  is  better,  we  do  not  perceive.  It  is  more  com¬ 
plex,  and  involves  every  notion  that  is  reprehenfible  in 
the  other ;  and  it  offers  no  better  explanation  of  the 

phenomena.  ^ 

But  Newton  is  equally  anxious  with  other  philoio- 
phers  not  to  aferibe  gravity  to  matter  as*  an  innate  in¬ 
herent  property.  In  a  letter  to  Hr  Bently,  he  earneft- 
ly  reqiiefts  him  not  to  charge  him  with  fuch  an  abfurd 
opinion.  It  is  an  avowed  principle,  that  nothing  can  a£l 
on  any  thing  that  is  at  a  diftance  ;  and  this  is  confider- 
ed  as  unintuitive  axiom.  But  it  isfurely  very  obfeure  ; 
for  we  cannot  obtain,  or  at  leall  convey,  clear  notions 
of  the  terms  in  which  it  is  exprefled.  The  word  adi  is 
entirely  figurative,  borrowed  from  animal  exertions ;  it 
is  therefore  unlike  the  expreffion  of  apy  thing  intitled 
to  the  appellation  of  intuitive,.  If  we  try  to  exprefs  it 
without  figure,  w^  find  our  confidence  in  its  certainty 
greatly  diminiflied.  Should  we  fay  that  the  condition 
of  a  body  A  cannot  depend  on  another  body  B  that  is 
at  diftance  from  it,  we  believe  that  no  perfon  will  fay 
that  he  makes  this  affertion  from  perceiving  the  abfur- 
dity  of  the  contrary  propofitioii.  In  the  deraonftration, 
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as  it  is  called,  of  tfve  perfeverance  of  a  body  in  a  ftate  of 
reft,  the  only  argument  that  is  offered  is,  that  no  caufe 
can  be  affigned  why  it  fhould  move  in  one  dire(S:ion  ra¬ 
ther  than  in  another :  but  fhould  any  one  fay  that  ano¬ 
ther  body  is  near  it,  to  the  right  hand,  and  that  this  is 
a  fiifficient  reafon  for  its  moving  that  way,  we  know 
no  method  by  which  this  affertion  can  be  fliewn  to  be 
falfe. 

Such,  however,  has  been  the  uniform  opinion  of  phi- 
lofophers.  Nihil  movetur  (fays  Leibnitz)  nift  a  contigua 
et  moto.  The  celebrated  mathematician  Euler  having 
difeovered,  as  he  thought,  the  produ£lion  of  a  preffure, 
like  gravity,  from  motiefn,  fays,  as  motion  may  arife 
from  preffing  powers,  fo  we* have  feen  that  preffing 
powers  may  arife  from  motion.  We  fee  that  both  exift 
in  the  univerfe.  It  is  the  bufinefs  of  a  philofopher  to 
difeover,  by  reafon  and  obfervation,  which  is  the  origin 
of  the  other.  It  is  incompatible  with  reafon  that  bo¬ 
dies  fhould  be  poffeffed  of  inherent  tendencies ;  much 
more  that  powers  fhould  exift  independently,  h'arther, 
that  philofopher  miift  be  reckoned  to  have  affigned  the 
true  caufes  of  phenomena,  who  demonftrates  that  they 
arife  from  motion  ;  for  motion,  once  exifting,  muft  be 
preferved  for  ever.  In  the  prefent  inftance  (a  certain 
whimfical  fa6f  of  a  ball  running  round  the  iiifide  of  a 
hoop)  we  fee  how  a  preffing  power  may  be  derived  from 
motion  ;  but  we  cannot  fee  how  powers  can  exert  them- 
felves,  or  be  preferved,  without  motion.  Wherefore  we 
may  conclude  that  gravity,  and  all  other  powers,  are 
derived  from  motion  ;  and  it  is  our  bufinefs  to  invefti- 
gate  from  what  motions  of  what  bodies  each  obferved 
power  derives  its  origin.*^ 

Accordingly  many  attempts  have  been  made  to  trace 
the  planetary  deflexions  to  their  origin  in  the  motion 
of  fome  impelling  matter ;  but  thefe  attempts  could  not 
be  fuccefsful,  becaufe  they  are  all  built  on  hypothefes. 

It  has  been  affumed,  that  there  is  a  matter  diffufed 
through  the  celeftial  fpaces  ;  that  this  matter  is  in  mo¬ 
tion,  and  by  its  impulfe  moves  the  planets  :  but  the  on¬ 
ly  reafon  that  can  be  given  for  the  exiftence  of  this 
matter  is  the  difficulty  we  find  in  explaining  the  plane¬ 
tary  deflexions  without  it.  Even  if  the  legitimate  con- 
fequences  of  this  hypothefis  were  confiftent  with  the 
phenomena,  we  have  not  advanced  in  our  knowledge, 
nor  obtained  any  explanation.  We  have  only  learned, 
that  the  appearances  are  fuch  as  would  have  obtained 
had  fuch  a  matter  exifted  and  aXed  in  this  manner. 

The  obferved  laws  of  the  phenomena  are  as  extenfive 
as  thofe  of  the  hypothefis  ;  therefore  it  teaches  us  no¬ 
thing  but  what  we  knew  without  it. 

But  this  is  not  all  that  can  be  faid  again  ft  thofe  at-inconfiflei 
tempts  ;  their  legitimate  confequences  are  inconjiflent  with  cy  of  fonn 
the  phenomena.  By  legitimate  confequences  we  mean 
the  laws  of  motion.  Thefe  muft  be  admitted,  and  are  pheno 
admitted,  by  the  philofopher  who  attempts  to  explain  mena, 
the  planetary  motions  by  impulfe.  ft  would  be  ridicu¬ 
lous  to  fuppofe  a  matter  to  fill  the  heavens,  having  laws 
of  impulfe  different  from  thofe  that  are  obferved  by 
common  matter,  and  which  laws  muft  be  contrived  fo 
as  to  anfwer  the  purpofe.  It  would  be  more  Ample  at 
once  to  affign  thofe  pro  re  nata  laws  to  the  planets 
themfelves. 

Yet  fuch  was  the  explanation  which  the  celebrated 
Defcartes  offered  by  his  hy  pothefis  of  vortices,  in  which 
the  planets  were  imraerfed  and  whirled  round  the  fun. 

It 
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53  It  IS  aflonifhing  tliat  fo  crude  a  conception  ever  obtain- 
Vf  jticeg  of  partJfans ;  yet  it  long  maintained  its  authority, 

t  cartes  zealous  defenders.  Till  Sir  Ifaac  Newton 

faw  the  indifpenfable  necefiity  of  mathematical  inveftiga- 
tion  in  every  quellioii  of  matter  in  motion,  no  perfon 
had  taken  the  trouble  of  giving  any  thing  like  a  diftin£l 
defcription  of  thofe  vortices,  the  circumftances  of  their 
motion,  and  the  manner  of  their  adlion  ;  all  determined 
with  that  precifion  that  is  required  in  the  explanation  : 
for  this  muft  always  be  kept  in  mind,  that  we  want  an 
explanation  of  the  precife  motions  nvhlch  have  been  oh- 
ferved,  and  which  will  enable  us  to  predidl  thofe  which 
are  yet  to  happen.  Men  were  contented  with  fome 
vague  notion  of  a  fort  of  fimilarity  between  the  effedls 
of  fuch  vortices  and  the  planetary  motions  in  a  few  ge¬ 
neral  circumftances  ;  and  were  neither  at  the  trouble  to 
confider  how  thefe  motions  were  produced,  nor  liow  far 
they  tallied  with  the  phenomena.  Their  account  of  things 
was  only  fit  for  carelefs  chat,  but  unworthy  of  the  at- 
tention  of  a  naturalift.  But  fince  this  explanation  came 
from  a  perfon  defervedly  very  eminent,  it  w/ds  refpefted 


54 


^  -  X - — J  A  A- 1^  W'UV.  VA 

Examined  by  Newton,  and  he  honoured  it  with  a  ferious  exami- 
by  Newton.  It  is  to  this  examination  alone  that  we  are  in¬ 


debted  for  all  the  knowledge  that  we  have  of  the  con- 
ftitution  of  a  fluid  vortex,  of  the  motions  of  which  it 


is  fufceptible,  of  the  manner  in  which  it  can  be  produ¬ 
ced,  the  laws  of  its  circulation,  and  the  effedts  which  it 
can. produce.  We  have  this  account  in  Sir  Ifaac  New¬ 
ton’s  Principles  of  Natural  Philofophy;  and  it  contains 
many  very  curious  and  interefting  particulars,  which 
have  been  found  of  great  fervice  in  other  branches  of 
mechanical  philofophy.  But  the  refult  of  the  examina¬ 
tion  was  fatal  to  the  hypothefis  ;  fliewing  that  the  mo¬ 
tions  which  were  poflible  in  the  vortices,  and  the  effeds 
which  they  muft  produce,  are  quite  incompatible  with 
the  appearances  in  the  heavens.  We  do  not  know  one 
perfon  who  has  acquired  any  reputation  as  a  mechani¬ 
cian  that  now  attempts  to  defend  it ;  nor  do  we  know 
of  any  other  perfon  befides  Newton  who  has  attempted 
to  explain  mathematically  how  the  circulatioi^  of  a  fluid 
can  produce  the  revolution  of  a  planet,  if  we  except  Mr 
Leibnitz,  the  celebrated  rival  of  the  Britifli  philofopher. 
iypothefis  This  gentleman  publifhed  in  the  Leipfic  Review  in 
i  Uibmtz.  1689^  three  years  after  the  publication  of  the  Principia, 
an  attempt  to  explain  the  elliptical  motion  of  the  pla¬ 
nets,  and  the  defcription  of  areas  proportional  to  the 
times,  by  the  impulfe  of  a  vortex.  It  muft  not  be  paffed 
over  in  this  place,  becaufe  it  acquired  great  authority 
in  Germany,  and  many  of  that  country  ftill  affirm  that 
Leibnitz  is  the  difcoverer  of  the  law  of  planetary  gra¬ 
vitation,  and  of  the  mechanical  conftitution  of  the  folar 
fyftem.  We  cannot  help  thinking  this  explanation  the 
moft  faulty  of  any,  and  a  moft  difingenuous  plagiarifm 
from  the  writings  of  Newton. 

Mr  Leibnitz  fuppofes  a  fluid,  circulating  round  the 
fun  in  fuch  a  manner  that  the  velocity  of  circulation  in 
every  part  is  inverfely  as  its  diftance  from  the  fun. 
{N.  B.  Newton  had  fhewn  that  fuch  ^  circulation  was 
polfible,  and  that  it  was  the  only  one  which  could  be 
generated  in  a  fluid  by  an  adlion  proceeding  from  the 
centre).  Leibnitz  calls  this  harmonical  circulation.  He 
fuppofes^  that  the^  planet  adopts  this  circulation  in  every 
part  of  its  elliptical  orbit,  obeying  without  any  refift- 
ance  the  motion  of  this  fluid.  He  does  not  aferibe  this 
to  the  impulfe  of  the  fluid,  hfing  exprefsly  that  the  pla- 
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net  follows  its  motion,  non  ahrepta  tamen,  fed tranqutUU 
ter  qunft  natante.  The  planet  therefore  has  no  tenden¬ 
cy  to  perfevere  in  its  former  ftate  of  motion.  Why 
therefore  does  it  not  follow  this  harmonic  motion  ex- 
adlly,  and  deferibe  a  circle  tranquilliter  natans  ?  This  is 
owing,  fays  Leibnitz,  to  its  centrifugal  force,  by  which 
it  perfeveres  in  a  ftate  of  redlilineal  motion.  It  has  no 
tendency  to  preferve  its  former  velocity,  but  it  perfe¬ 
veres  in  its  former  diredlion.  The  planet  therefore  is 
not  like  common  matter,  and  has  laws  of  motion  pecu¬ 
liar  to  itfelf ;  it  was  needlefs  therefore  to  employ  any 
impulfe  to  explain  its  motions.  But  to  proceed :  This 
centrifugal  force  muft  be  counteradled  in  every  point  of 
the  orbit.  Leibnitz  therefore  fuppofes  that  it  is  alfo 
urged  toward  the  cefitre  by  a  felicitation  like  gravity 
or  attradlion.  He  calls  it  the  paracentric  force.  He 
computes  what  muft  be  its  iritenfity  in  different  parts  of 
the  orbit,  in  order  to  produce  an  elliptical  motion,  and 
he  finds  that  it  muft  be  *inverfely  as  the  fquare  of  the 
diftance  from  the  centre  (for  this  reafon  he  is  frequent¬ 
ly  quoted  by  Bernoulli,  AVolff,  and  others,  as  the  difco¬ 
verer  of  the  law  of  gravitation).  But  Leibnitz  arrives 
at  this  refult  by  means  of  feveral  mathematical  blunders, 
either  arifing  from  his  ignorance  at  that  time  of  fluxio- 
nary  geometry,  or  from  his  perceiving  that  an  accurate 
procedure  would  lead  him  to  a  coiichifion  which  he  did 
not  wifh  :  for  we  have  feen  (and  the  demonftration  is 
adopted  by  Leibnitz  in  all  his  pofterror  writings  of  this 
kind),  that  if  the  ordinary  laws  of  motion  are  obferved, 
a  body,  adluated  by  this  paracentric  force  alone,  will 
deferibe  an  ellipfe,  performing  both  its  motion  of  har¬ 
monic  circulation,  and  its  motion  of  approach  to  and  re- 
cefs  from  the  centre,  without  farther  help.  Therefore, 
if  the  harmonic  circulation  is  produced  by  a  vortex,  a 
force  inverfely  as  the  fquare  of  the  diftance  from  the 
centre,  combined  with  the  harmonic  circulation,  will 
produce  a  motion  entirely  different  from  the  elliptical. 

demonftrated,  that  the  force  which  is  neceffary  for 
defcnbing  circles  at  different  diftances,  with  the  angu¬ 
lar  velocity  of  the  different  parts  of  the  orbit,  is  not  in 
the  inverfe  duplicate,  but  in  the  inverfe  triplicate,  ratio 
of  the  diftances.  Bhis  muft  have  been  the  nature  of 
his  paracentric  force,  in  order  to  counteradl  the  centri¬ 
fugal  force  arifing  from  the  harmonic  circulation.  There-  n-r  • 
fore  Leibnitz  has  not  arrived  at  Ills  coiicliifion  by  juft  ty  0"^^”' 
reafoning,  nor  can  be  faid  to  have  difeovered  it.  He  author, 
^ys.  Video  hanc  propofitionem  innotuijfe  viro  celiberrimo 
Ifadco  Nf'totoM,  licet  non  pojm  judicare  quomodo  ad  cam 
f^venent.  This  is  really  fomewhat  like  impudence 
1  he  Prtncipm  were  piibliflied  in  1686.  They  were  re^ 
viewed  at  Leipfic,  and  the  Review  publiftied  in  1687 
Leibnitz  was  at  that  time  the  principal  manager  of  that 
Review.  When  Newton  publiftied,  Leibnitz  was  liS 
at  Hanover,  and  a  copy  was  fent  him  within  twf 
months  of  Its  publication,  by  Nicholas  Facio,  lonir  be 
fore  the  Review.  The  language  of  the  Review  has 
feveral  fingularities,  which  are  frequent  in  Leibnitz’s 
own  compofition;  and  few  doubt  of  its  being  his  wri- 
ting.  Befides,  this  propofition  In  the  Prindpia  l^^ 
been  given  to  the  Royal  Society  feveral  years  before 
andwas  in  the  records  before  1684.  vLfe  were  a  1 
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We  think  that  the  opinion  which  a  candid  perfon 
Jtiuft  form  of  the  whole  is,jhat  Leibnitz  knew  thepr^ 


polition. 
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pofitlon,  and  attempted  to  demonftrate  it  m  a  way  that 
would  make  it  pafs  for  his  own  difcovery  ;  or  that  he 
only  knew  the  enunciation,  without  underftanding  the 
principles.  His  harmonic  circulation  is  a  clumfy  way 
of  explaining  the  proportionality  of  areas  to  the  times  ; 
and  even  this  circulation  is  borrowed  from  Newton  s  dil- 
fertation  on  the  Cartefian  vortices,  which  is  alfo  con¬ 
tained  in-the.Leipfic  Review  above  mentioned.  Lem- 
nitz  was  by  this  time  a  competitor  with  Newton  tor 
the  honour  of  inventing  the  fiuxionary  mathematics,  and 
-  was  not  giiiltlefs  of  aas  of  dlfingenmty  in  afTerting  his 
claim.  He  publithed  at  the  fame  time,  in  the  fame  Re¬ 
view,  an  almoft  unintelligible  diflertation  on  the  reiiit- 
ance  of  fluids,  which,  when  examined  by  one  who  has 
learned  the  fubjed  by  reading  the  Prmcipa  of  Newton, 
affords  an  enigmatical  defcription  of  the  very  theory 
publiflied  by  Newton,  as  a  neceffary  part  ot  his  great 

work.  ,  T  •  >  a-u 

But  befides  all  the  above  objedlions  to  Leibnitz  s  theo- 

rv  of  elliptical  motion,  we  may  allt.  What  is  this  paracen¬ 
tric  force  ?  He  calls  it  like  gravity.  This  is  precifely 
Newton’s  dodrine.  But  Leibnitz  fuppofes  this  alfo  to 
be  the  Impulfe  of  a  fluid.  It  would  have  been  enough 
had  he  explained  the  adion  of  this  fluid,  without  the 
other  circulating  harmonically.  He  defers  this  ei^la- 
nation,  however,  to  another  opportunity.  It  mull  have 
very  fingular  properties  :  it  muft  impel  the  planet  with¬ 
out  dihurbing  the  other  fluid,  or  being  difturbed  by  it. 

He  alfo  defers  to  another  opportunity  the  explaining 
how  the  fquares  of  the  periodic  times  of  different  pla¬ 
nets  are  proportional  to  the  cubes  of  the  mean  diftances; 
for  this  is  quite  incompatible  with  the  harmonic  circu¬ 
lation  of  his  vortex.  This  would  make  the  fquares  of 
the  periods  proportional  to  the  diftances.  He  has  per¬ 
formed  neither  of  thefe  promifes.  Several  years  after 
this  he  made  a  correction  of  one  of  his  mathematical 
blunders,  by  which  he  deflroyed  the  whole  of  his  de- 
monftration.  In  fhort,  the  whole  Is  fuch  a  heap  of  ob- 
fcure,  vague,  inconfillent  alfumptions,  and  fo  replete  with 
mathematical  errors,  that  it  is  aftonifhing  that  he  had 
ry  the  ignorance  or  the  effrontery  to  publifh  it. 

Htypothefis  There  is  another  hypothefis  that  has  acquired  fome 
>f  LeSage.  reputation.  M.  le  Sage  of  Geneva  fuppofes,  that  there 
pafles  through  every  point  of  the  univerfe  a  ftream  of 
fluid,  in  every  direftion,  with  aftonifhing  velocity.^  He 
fuppofes  that,  in  the  denfeft  bodies,  the  vacuity  is  in¬ 
comparably  more  bulky  than  the  folid  matter  ;  fo  that  a 
folld  body  foinewhat  refembles  a  piece  of  wire  cage- 
work.  The  quantity  of  fluid  which  pafles  through  will 
be  incomparably  greater  than  that  of  the  intercepted 
fluid  ;  but  the  impulfe  of  the  Intercepted  fluid  will  be 
fenfibly  proportional  to  the  quantity  of  folid  matter  of 
the  body.  A  Angle  body  will  be  equally  impelled  in 
every  dire£lion,  and  will  not  be  moved  ;  but  another 
body  will  intercept  fome  fluid.  Each  will  intercept 
fome  from  the  other ;  and  the  impulfe  on  B,  that  is  In¬ 
tercepted  by  A,  will  be  nearly  proportional  to  the  mat¬ 
ter  in  A,  and  inverfely  proportional  to  the  fquare  of 
its  diftance  from  B  ;  and  thus  the  two  bodies  will  ap¬ 
pear  to  tend  toward  each  other  by  the  law  of  gravita- 
tion. 

M.  le  Sage  publiflied  this  in  a  work  called  Chimie 
^  Mecbantquey  and  read  ledfures  on  this  dodlrine  for  many 
years  in  Geneva  and  Paris  to  crowded  audiences.  It  is 
alfo  publifhed  by  Mr  Prevoft  in  the  Berlin  Memoirs, 


N  O  M  Y. 

under  the  name  of  Lucrece  Nemtonien s  there  are- 
many  who  coniider  it  as  a  good  explanation  of  grayita- 
tion  :  for  our  part,  we  think  it  inconceivable.  1  he 
motions  of  the  planets,  with  undimlniflied  velocity,  tor 
more  than  four  thoufand  years,  appears  incompatible 
with  the  impelling  power  of  this  fluid,  be  its  ve^city 
what  it  will.  The  abfolute  precifion  of  the  law  ot  gra¬ 
vitation,  which  does  not  Ihew  the  fmalleft  error  during 
that  time,  is  Incompatible  with  an  impulfe  which  cannot 
be  exaah  proportional  to  the  quantity  of  matter,  iior 
to  the  reciprocal  of  the  fquare  of  the  diftance,  nor  the 
fame  on  a  body  moving  with  the  rapidity  of  the  comet 
of  1 680  in  its  perihelion,  as  on  the  planet  Saturn, 
whofe  motion  is  almoft  Incomparably  flower.  What  is 
the  origin  of  the  motion  of  this  fluid  ?  Why  does  it 
not  deftroy  itfelf  by  mutual  impulfe,  fince  it  is  conti¬ 
nually  paffmg  through  every  point  ?  &c.  jg 

We  have  already  obferved  that  Newton  exprefted  the  £ther  of 
fame  anxiety  to  avoid  the  fuppofition  of  aaion  among  Neiyton 
bodies  at  a  diftance.  He  alfo  feemed  ^o  (how  fome 
pofitlon  to  account  for  gravitation  by  the  adtion  ot 
contiguous  fluid.  This  is  the  fubterfuge  fo  much  re- 
curred  to  by  precipitate  fpeculatifts,  by  the  name  ot 
the  ether  of  Sir  Ifaac  Nekton.  He  fuppofes  it  highly 
elaftic,  and  much  rarer  In  the  pores  ot  bodies,  and  m 
their  vicinity,  than  at  a  diftance  ;  therefore  exceedingly 
rare  in  the  fun,  and  denfer  as  we  recede  from  him.  Be- 
nig  highly  elaftic,  and  repelled  by  all  bodies,  it  muft 
impel  them  to  that  fide  on  which  it  is  moft  rare  ;  there¬ 
fore  It  muft  impel  them  toward  the  fun.  This  is  enough 
of  its  general  conftitution  to  enable  us  to  judge  of  its 
fitnefs  for  Newton’s  purpofe.  It  is  wholly  unfit  \  for 
fince  it  is  fluid,  unequally  denfe  and  elaftic,  its  particles 
are  not  In  conta6l.  Particles  that  are  elaftic,  and  in  a 
ftate  of  compreflion,  and  in  contact,  cannot  be  fluid  ; 
they  muft  be  like  fo  many  blown  bladders  comprefled  in 
a  box;  therefore  they  are  not  in  contact;  therefore  they 
are  elaftic  by  mutual  repulfion  ;  that  is,  by  adling  on 
each  other  at  a  diftance.  It  is  indifferent  whether  this 
diftance  is  a  million  of  miles,  or  the  millionth  part  of  a 
hair’s  breadth  ;  therefore  this  fluid  does  not  free  Newton 
from  the  fuppofition  which  he  wifhes  to  avoid.  Nay,  it 
can  be  demonftrated,  that  in  order  to  fofm  a  fluid 
which  fliall  vary  In  denfity  from  the  fun  to  the  extre- 
mity  of  the  folar  fyftem,  there  muft  be  a  mutual  repul- 
fion  extending  to  that  diftance.  This  is  introducing  mil¬ 
lions  of  millions  of  the  very  difficulties  which  Newton 
wiflied  to  avoid  ;  for  each  particle  prefents  the  fame  ; 

difficulty  with  a  planet.  ...  .  \ 

We  would  now  afle  thefe  atomical  philofophers,  why 
they  have,  in  all  ages,  been  fo  anxious  to  trace  the  ce- 
leftial  motions  to  the  effeas  of  impulfe  ?  They  imagine 
that  they  have  a  clear  perception  of  the  communication 
of  motion  by  impulfe,  while  their  perception  of  the  pro- 
duaion  of  it  in  any  other  way  Is  obfeure.  Seeing,  in 
a  very  numerous  and  familiar  colleaion  of  faas,  that 
motion  is  communicated  by  impulfe,  they  think  that  it 
is  communicated  in  no  other  way,  and  that  impulfe  is 
the  only  moving  power  in  nature.  ^  ^  5p 

But  is  it  true  that  our  notion  of  impulfe  is  more  clear  Our  noti^ 
than  that  of  gravitation?  Its  being  more  familiar  is 
argument.  A  caufe  may  be  real,  though  it  has  exerted 
itfelf  but  once  fince  the  beginning  of  time.  In  no  cafe  vitation. 
do  we  perceive  the  exertion  of  the  caufe  we  only  per¬ 
ceive  the  change  of  motion.  The  conftitution  of  our 
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mind  makes  us  confidcr  this  as  an  efFedl,  indicating  a 
caufe  which  is  inherent  in  that  body  which  we  always 
fee  aflbciated  with  that  change.  Granting  that  our  per¬ 
ception  of  the  perfeverance  of  matter  in  its  ftate  of  mo¬ 
tion  is  intuitive,  it  by  no  means  follows  that  the  body 
A  in  motion  muft  move  the  body  B  by  ftriking  it. 

!j  The  moment  it  ftrikes  B,  all  the  metaphyfical  argu¬ 

ments  for  A's  continuance  in  motion  are  at  an  end,  and 
they  arc  not  in  the  lead  affedled  by  the  fuppofition  that 
A  and  B  fhould  continue  at  reft  after  the  ftroke  ;  and 
we  may  defy  any  perfon  to  give  an  argument  which  will 
prove  that  B  will  be  moved;  nay,  the  very  exiftence  of 
B  may,  for  any  thing  we  know  to  the  contrary,  be  a 
fufficient  reafon  for  the  ceflation  of  the  motion  of  A. 
The  produdlion  of  motion  in  B,  by  the  impulfe  of  A, 
muft  therefore  ftand  on  the  fame  foundation  with  evei'y 
other  produdlion  of  motion.  It  indicates  a  moving 
power  in  A  ;  but  this  inherent  power  feems  to  have  no 
dependence  on  the  motion  of  A  :  (See  what  is  con. 
talned  in  n®8i.  of  the  article  Physics,  and  no  67.  of 
.Optics  of  the  EncycL)  We  fee  there  a  motion  pro¬ 
duced  in  B  without  impulfe,  and  taken  from  A,  fimilar 
in  every  refpedl  to  every  cafe  of  impulfe  ;  and  we  fee 
that  the  motion  of  A  is  neceffary  for  producing  fuch  a 
motion  in  B  as  is  obferved  in  all  cafes  of  impulfe,  mere¬ 
ly  in  order  that  the  moving  power,  which  is  inherent 
in  A,  whether  it  be  in  reft  or  in  motion,  may  a<ft  du¬ 
ring  a  fufficient  time.  Our  confidence  in  the  commu¬ 
nication  of  motion,  in  the  cafe  mentioned  there,  is  de¬ 
rived  entirely  from  experience,  which  informs  us  that 
i  A  poflefles  a  moving  power  totally  different  from  im- 

"  pulfe.  Our  belief  of  the  impelling  power  of  matter 

I  therefore  does  not  neceffarily  flow  from  our  intuitive 

knowledge  of  the  perfeverance  of  matter,  although  it 
gives  us  the  knovdedge  of  this  perfeverance.  It  is  like 
a  mathematical  demon ftration,  a  road  to  the  dlfcovery 
of  the  property  of  figure,  but  not  the  caufe  of  that 
property.  The  impulfion  of  matter  is  merely  a  fadf, 

!  ^  like  its  gravitation,  and  we  know  no  more  of  the  one 

than  of  the  other. 

It  is  not  a  clearer  perception,  therefore,  which  has 
procured  this  preference  of  impulfion  as  the  ultimate 
explanation  of  motion,  and  has  given  rife  to  all  thefool- 
iffi  hypothefes  of  planetary  vortices,  ethers,  animal  fpi- 
rits,  nervous  fluids,  and  many  other  crude  contrivances 
for  explaining  the  abftrufe  phenomena  of  nature. 

Impulfe  does  it  deferve  any  preference  on  account  of  its 

rarely  ob-  greater  familiarity.  Juft  the  contrary;  for  one  fad  of 
fcrvcd.  undoubted  impulfe,  we  fee  millions  where  nodmpulfe  is 
obferved.  Confider  the  motion  produced  by  the  explo- 
fion  of  gunpowder.  Where  is  the  original  Impulfe?  Sup- 
^ofe  the  impulfe  of  the  fir  ft  fpark  of  fire  to  be  immenfe, 
how  comes  it  that  a  greater  impulfe  is  produced  by  a 
greater  quantity  of  gunpowder,  a  greater  quantity  of 
quiefeent  matter  ?  The  ultimate  impulfe  on  the  bullet 
fhould  be  lefs  on  this  account.  Here  are  plain  exer¬ 
tions  of  moving  powers,  which  are  not  reducible  to  im¬ 
pulfe.  Confider  alfo  the  fads  in  animal  motion.  Re¬ 
ded  alfo,  that  there  has  been  more  motion,  without  any 
obferved  impulfe,  produced  in  the  waters  of  a  river  fince 
the  beginning  of  the  world,  than  by  all  the  impulfe  that 
man  has  ever  obferved.  Add  to  thefe,  all  the  motions 
in  magnetifm,  eledriclty,  &c.  Impulfe  is  therefore  a 
phenomenon  which  is  comparatively  rare. 

Have  we  ever  obferved  motion  communicated  by  pure 


impulfe,  without  the  adion  of  forces  at  2  diftance? 

This  appears  to  us  very  doubtful.  Every  one  acquaint¬ 
ed  with  Newton’s  difeoveries  in  optics  will  grant,  that 
the  colours  which  appear  between  two  objed  glaffes  of 
long  telefcopes,  when  they  are  preffed  together,- de- 
monftrate  that  the  glaffes  do  not  touch  each  other,  ex- 
cept  in  the  place  where  there  is  a  black  fpot.  It  re¬ 
quires  more  than  a  thoufand  pounds  to  produce  a  fquare 
inch  of  this  fpot.  Therefore  every  communication  of 
motion  between  two  pieces  of  glafs,  which  can  be  pro¬ 
duced  by  one  of  them  ftriking  the  other,  is  produced 
withoutimpulfe,unlefs  their  mutual  preffure  has  exceeded 
1000  pounds  on  the  fquare  inch  of  the  parts  which  ad 
on  each  other.  Nay,  fince  we  fee  that  a  black  fpot  ap- 
pears  on  the  top  of  a  foap  bubble,  in  the  middle  of  the 
coloured  rings,  we  learn  that  there  is  a  certain  thick- 
nefs  at  which  light  ceafes  to  be  vifibly  refleded ;  there¬ 
fore  the  black  fpot  between  the  glaffes  does  not  prove 
that  they  touch  in  that  part ;  therefore  we  cannot  fay 
that  any  force  whatever  can  make  them  touch.  The 
ultimate  repulfion  may  be  infuperable.  It  this  be  the 
cafe,  the  produdion  of  motion  by  impulfe  is,  in  every 
inftance,  like  the  produdion  of  motion  between  the 
magnets  in  n‘^81.  of  the  article  Physics  in  the  EncycL 
and  is  of  the  fame  kind  with  the  produdion  of  motion 
by  gravity.  ^ 

^  Therefore  no  explanation  of  gravitation  can  be  de-  Cntervening 
rived  from  any  hypothefis  whatever  of  intervening  fluids,  fiuids  muU 
They  only  fubftitute  millions  of  bodies  for  one,  and  ftill* 
leave  the  adion  e  diftanti  the  fame  difficulty  as  before. 

It  is  not  in  the  leaft  neceffary  that  we  ffiall  be  able  to 
conceive  how  a  particle  of  matter  cah  be  influenced  by 
another  at  a  diftance  ;  if  we  have  difeovered  in  every 
inftance  the  precife  degree  and  diredion  of  the  effed 
of  this  influence,  we  have  made  a  moft  important  addi¬ 
tion  to  our  knowledge  of  nature  ;  and  our  fuccefs  in 
the  cafe  of  the  power  of  gravity  fhould  make  us  affidu- 
ous  in  our  endeavours  to  difeover,  from  the  phenomena, 
the  laws  which  regulate  the  other  adions  e  diflanily 
which  obfervation  is  daily  finding  out.  A  knowledge 
equally  accurate  of  the  law  of  magnetic  and  eledric  ac¬ 
tion  may  enable  us  to  give  theories  of  magnetifm  and 
eledricity  equally  exad  with  the  Newtonian  theory  of 
gravitation. 

Having,  we  hope,  evinced  the  truth  of  this  theory, 
by  following  out  the  inveftigations  to  which  Newton 
w^as  gradually  led,  we  might  proceed  to  confider,  in  or¬ 
der,  the  complicated  and  fubordinate  phenomena  which 
depend  on  it.  The  lunar  and  planetary  inequalities  are 
the  fubjeds  that  naturally  come  firft  in  our  way  ;  but 
they  have  already  been  explained  in  all  the  detail  that 
this  concife  account  will  admit,  as  they  occurred  to 
Newton  as  tefts  of  the  truth  of  his  conjedure.  If  the 
law  be  fuch  as  he  fufpeded,  its  confequences  muft  be  fo 
and  fo;  if  the  celeftial  motions  do  not  agree  with  them, 
the  law  muft  be  rejeded.  We  ffiall  not  repeat  any  thing 
therefore  on  this  head,  but  confine  our  obfervations  to 
fuch  applications  of  the  theory  of  univerfal  gravitation, 
as  newdy  difeovered  objeds,  or  the  improvement  of  af- 
tronomical  obfervation  and  of  fluxionary  aiialyfis,  have 
enabled  us  to  make  fince  the  time  of  Newton. 

^  The  fubferviency  of  the  eclipfes  of  Jupiter’s  fatel- 
lites  to  geography  and  navigation  had  occafioned  their 
motions  to  be  very  carefully  obferved,  ever  fince  thefe 
ufes  of  them  were  firft  fuggefted  by  Galileo,  and  their 
G  2  theory 
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theory  is  as  far  advanced  as  that  of  the  primary  planets. 

It  has  peculiar  difficulties.  Being  very  near  to  Jupiter, 
the  great  deviation  of  his  figure  from  perfed  fphericity 
makes  the  relation  between  their  dlftances  from  his 
centre  and  their  gravitations  toward  it  vaftly  complica¬ 
ted.  But  this  only  excited  the  mathematicians  fo  much 
the  more  to  improve  their  analyfis;  and  they  favv,  in 
this  little  fyttem  of  Jupiter  and  his  attendants,  an  epi¬ 
tome  of  the  folar  fyftem,  where  the  great  rapidity  of 
the  motions  muft  bring  about  in  a  fliort  time  every  va¬ 
riety  of  configuration  or  relative  pofition,  and  thus  give 
us  an  example  of  thofe  mutual  dillurbaiices  of  the  pri- 
mary  planets,  which  require  thoufands  of  years  for  the 
difcovery  of  their  periods  and  limits.  We  have  derived 
..  fome  very  remarkable  and  iifeful  pieces  of  information 
Eternal  dn- from  this  inveRigation  ;  and  have  been  led  to  the  dil- 
rability  of  covery  of  the  eternal  durability  of  the  folar  iyltem,  a 
the  folar  which  Newton  greatly  doubted  of. 

Mr  Pound  had  obferved  long  ago,  that  the  irregula¬ 
rities  of  the  three  interior  fatellites  were  repeated  in  a 
period  of  437  days  ;  and  this  obfervation  is  found  to  be 
juR  to  this  day. 

247  revolutions  of  the  firR  occupy  437d.  sh.  44' 

123  fecond  437  3  4^ 

61  third  437  3  3^ 

26  435  14 

This  naturally  led  mathematicians  to  examine  their  mo¬ 
tions,  ahd  fee  iu  what  manner  their  relative  pofitions  or 
configurations,  as  they  are  called,  correfponded  to  this 
period  :  and  it  is  found,  that  the  mean  longitude  of  the 
firR  fatellite,  minus  thrice  the  mean  longitude  of  the  fe¬ 
cond,  plus  twice  the  mean  longitude  of  the  third,  al¬ 
ways  made  180  degrees.  This  requires  that  the  mean 
motion  of  the  firR,  added  to  twice  that  of  the  third, 
/hall  he  equal  to  thrice  the  mean  motion  of  the  fecond. 
This  correfpondence  of  the  mean  motions  is  of  itfelf  a 
fingular  thing,  and  the  oddsagainR  its  probability  feems 
infinitely  great  ;  and  when  we  add  to  this  the  particu¬ 
lar  pofitions  of  the  fatellites  in  any  one  moment,  which 
is  neceflary  for  the  above  conRaiit  relation  of  their  lon¬ 
gitudes,  the  improbability  of  the  coincidence,  as  a  thing 
quite  fortuitous,  becomes  infinitely  greater.  Doubts 
were  firR  entertained  of  the  coincidence,  becaufe  it  was 
not  indeed  accurate  to  a  fecond.  The  refult  of  the  in¬ 
veRigation  is  curious.  When  we  follow  out  the  con- 
fequences  of  mutual  gravitation,  we  find,  that  although 
neither  the  primitive  motions  of  proje£lion,  nor  the 
points  of  the  orbit  from  which  the  fatellites  wei^e  pro- 
jeaed,  were  precifely  fuch  as  fuited  thefe  obferved  rela¬ 
tions  of  their  revolutions  and  their  contemporaneous 
longitudes  ;  yet,  if  they  differed  from  them  only  by 
very  minute  quantities,  the  mutual  gravitations  of  the 
fatellites  would  in  time  bring  them  into  thofe  pofitions, 
and  thofe  Rates  of  mean  motion,  that  would  induce  the 
obferved  relations;  and  when  they  are  once  induced, 
they  will  be  continued  for  ever.  There  will  indeed  be 
a  fmall  equation,  depending  on  the  degree  of  unfuit- 
ablenefs  of  the  firR  motions  and  pofitions;  and  this 
caufes  the  whole  fyRem  to  ofcillate,  as  it  were,  a  little, 
and  but  a  very  little  way  on  each  fide  of  this  exa6l  and 
permanent  Rate.  The  permanency  of  thefe  relations 
will  not  be  deRroyed  by  any  fecular  equations  arifmg 
from  external  caufes ;  fuch  as  the  aftion  of  the  fourth 
fatellite,  or  of  the  fun,  or  of  a  refiRing  medium  ;  be.- 


caufe  their  mutual  adions  will  diRribute  this  equation 
as  it  did  the  original  error. 

This  curious  refult  came  Into  view  only  by  degrees, 
as  analyfis  improved  and  the  mathematicians  were  ena- 
bled  to  manage  more  complicated  formulas,  including 
more  terms  of  the  infinite  feriefes  that  were  ^employed 
to  exprefs  the  different  quantilies.  It  Is  to  M.  de  la 
Grange  that  we  are  indebted  for  the  completion  of  the 
difcovery  of  the  permanency  of  the  fyRem  in  a  Rate 
very  little  different  from  what  obtains  in  any  period  of 
its  exiRence.  Although  this  required  all  the  knowledge 
and  addrefs  of  this  great  mathematician,  in  the  manage¬ 
ment  of  the  moR  complicated  analyfis,  the  evidence  of 
its  truth  may  be  perceived  by  any  perfon  acquainted 
with  the  mere  elements  of  fliixionary  geometry.  The 
law  of  the  compofition  of  forces  enables  us  to  exprefs 
every  aftlon  of  the  mutual  forces  of  the  fun  and  plaiieta 
by  the  fines  and  cofines  of  circular  arches,  which  in- 
creafe  with  an  uniform  motion,  like  the  perpetual  lapfe 
of  time.  The  nature  of  the  circle  fhows,  that  the  va¬ 
riations  of  the  fines  aud  cofines  are  proportional  to  the 
cofines  and  fines  of  the  fame  arches.  The  variations  of 
their  fquares,  cubes,  or  other  powers,  are  proportional 
to  the  fines  or  cofines  of  the  doubles  or  triples,  or  other 
multiples  of  the  fame  arches.  Therefore  fince  the  in¬ 
finite  feriefes  which  exprefs  thofe  adlions  of  forces,  and 
their  variations,  include  only  fines  and  cofines,  with 
their  powers  and  fluxions,  it  follows,  that  all  accumu¬ 
lated  forces,  and  variations  of  forces,  and  variations  of 
variations,  through  infinite  orders,  are  Rill  expreflible  by 
repeated  fums  of  fines  or  cofines,  correfponding  to  arch- 
es  which  are  generated  by  going  round  and  round  the 
circle.  The  analyR  knows  that  thefe  quantities  become 
alternately  pofitive  and  negative  ;  and  therefore,  ia 
whatever  way  they  are  compounded  by  addition  of 
themfelves,  or  their  multiples,  or  both,  we  muR  always, 
arrive  at  a  period  after  which  they  will  be  repeated  with 
all  their  intermediate  variations.  It  may  be  extremely 
difficult,  it  may  be  impoffible,  in  our  prefent  Rate  of  ma¬ 
thematical  knowledge,  to  afeertain  all  thofe  periods.  It 
has  required  all  the  efforts  of  all  the  geniufes  of  Europe 
to  manage  the  formulas  which  include  terms  containing 
the  fourth  and  fifth  powers  of  the  eccentricities  of  the 
planetary  orbits."  Therefore  the  periods  which  we  have 
already  determined,  and  the  limits  to  which  the  inequa¬ 
lities  expreffed  by  fecular  equations  arrive,  are  Rill  fub- 
jedled  to  fmaller  correftions  of  incomparably  longer 
periods,  which  arife  from  the  terms  negleAed  in  our 
formulas.  But  the  corredion  arifing  from  any  negledt- 
ed  term  has  a  period  and  a  limit ;  and  thus  it  will  hap¬ 
pen  that  the  fyRem  works  itfelf  into  a  Rate  of  perma-, 
nency,  containing  many  intervening  apparent  anomalies. 
The  elliptical  motion  of  the  earth  contains  an  anomaly 
or  deviation  from  uniform  circular  motion;  the  action 
of  Jupiter  produces  a  deviation  from  this  elliptical  mo¬ 
tion,  which  has  a  period  depending  on  the  configuration 
of  the  three  bodies;  Saturn  introduces  a  deviation  from 
this  motion,  which  has  alfo  a  period  ;  and  fo  on. 

There  is  another  accurate  adjuRment  of  motions 
which  has  attraded  attention,  as  a  thing  in  the  higheR 
degree  improbable,  in  events  wholly  independent  on  each 
other.  This  is  the  exadl  coincidence  of  the  period  of 
the  moon’s  revolution  round  the  earth  with  that  of  her 
rotation  round  her  own  axis.  The  ellipticity  or  oval 
fliape  of  the  moon  differs  fo  infenfibly  from  a  fphere, 

that 


53 


A  STRONOMY, 


that  if  the  original  rotation  had  differed  confiderably 
from  the  period  of  revolution,  the  pendular  tendency  to 
the  earth  could  never  have  operated  a  change  :  but  if 
the  difference  between  thofe  two  motions  was  fo  fmall 
that  the  pendular  tendency  to  the  line  joining  the  cen¬ 
tres  of  the  earth  and  moon  was  able  to  overcome  it  af- 
^  ter  fome  time,  the  pole  of  the  lunar  fpheroid  would  de¬ 
viate  a  little  from  the  line  joining  the  earth  and  moon, 
and  then  be  brought  back  to  it  with  an  accelerated 
motion  ;  would  pafs  it  as  far  on  the  other  fide,  and 
then  return  again,  vibrating  perpetually  to  each  fide  of 
the  mean  pofition  of  the  radius  ^e8or.  The  extent  of 
•  this  vibration  would  depend  on  the  original  difference 
between  the  motion  of  rotation  and  the  mean  motion  of 
revolution.  This  difference  mufl  have  been  very  fmall, 
becaufe  this  pendular  vibration  is  not  fenfible  from  the 
earth.  The  obferved  libration  of  the  moon  is  pre- 
cifely  what  afifes  from  the  inequality  of  her  orbital  mo¬ 
tion.  For  the  fame  reafons,  the  effedls  of  the  fecular 
equations  of  the  moon  . (which  would,  in  the  courfe  of 
ages,  have  brought  her  whole  furface  into  our  view,  had 
her  rotation  been  ftri6lly  uniform)  are  counteradled  by 
her  pendular  tendency,  which  has  a  force  fufficient  to 
alter  her  rotation  by  nearly  the  fame  flow  and  infenfiblc 
changes  that  obtain  in  her  mean  motions.  The  fame 
qaufes  alfo  preferve  the  nodes  of  her  equator  and  of  her 
orbit  in  the  fame  points  of  the  ecliptic.  The  complete 
demonftration  of  this  is  perhaps  the  moft  delicate  and 
elegant  fpecimen  that  has  been  given  of  the  modern  an- 
alyfis.  We  owe  it  to  M,  de  la  Grange :  and  he  makes 
it  appear  that  the  figure  of  the  moon  is  not  that  which 
a  fluid  fphere  would  acquire  by  its  gravitation  to  the 
earth  ;  it  muft  be  the  effe<5t  of  a  more  confiderable  el- 
63  lipticity,  or  internal  inequality  of  denfity. 

Depends  on  This  permanency  of  the  fyftem,  within  very  narrow 
T)lanet^  v^  limits  of  deviation  from  its  pjrefent  ftate,  depends  entire- 
defledlion,  ^7  planetary  defledfion.  Had  it  been  di- 

redlly  or  inverfely  as  the  diflance,  the  deviations  would 
have  been  fuch  as  to  have  quickly  rendered  it  wholly 
unfit  for  its  prefent  purpofes.  They  would  have  been 
I  very  great,  had  the  planetary  orbits  differed  much  from 

circles;  nay,  had  fome  of  them  moved  in  the  oppofite 
direftion.  The  fele<!-dion  of  this  law,  and  this  form  of 
the  orbits,  flrikea  the  mind  of  a  Newton,  and  indeed 
any  heart  pofTeffed  of  fenfibility  to  moral  or  intelledlual 
excellence,  as  a  mark  of  wifdom  prompted  by  benevo¬ 
lence.  But  De  la  Place  and  others,  infeded  with  the 
Theophobia  Gallica  engendered  by  our  licentious  de- 
fires,  are  eager  to  point  it  out  as  a  mark  of  fatalifm. 
They  fay  that  it  is  effential  to  all  qualities  that  are  dif- 
fufed  from  a  centre  to  diminifh  in  the  inverfe  duplicate 
ratio  of  the  diflance.  But  this  is  falfe,  and  very  falfe  : 
it  is  a  mere  geometrical  conception.  \Ve  indeed  fay, 
that  the  denfity  of  illumination  decreafes  in  this  propor¬ 
tion  ;  but  who  fays  that  thia  is  a  quality  ?  Whether  it 
be  confidered  as  the  emiffion  of  luminous  corpufcles,  or 
an  undulation  of  an  elaflic  fluid,  it  is  not  a  quality  eina- 
jiating  from  a  centre  :  and  even  in  this  eflimation,  it 
feems  gratuitous,  whether  we  fhall  confider  the  bafe  of 
the  luminous  pyramid,  or  its  whole  contents,  as  the  ex- 
preffion  of  the  quantity.  Nay,  if  all  qualities  mull  di¬ 
minifh  at  this  rate,  all  adion  e  dijlanti  mufl  do  the  fame; 
for  when  the  dillances  bear  any  great  proportion  to  the 
diameters  of  the  particles,  their  adion  deviates  infenfibly 
from  this  law,  and  is  perceived  only  by  the  accumula¬ 


tion  of  its  effeds  after  a  long  time.  It  is  only  thus  that 
the  effeds  of  the  oblate  figure  of  Jupiter  "are  perceived 
in  the  motion  of  his  fatellites.  The  boalled  found  phi- 
lofophy,  which  fees  fatal  neceflity  where  the  mojl  fuccefs- 
ful Jludents  of  nature  faw  moral  excellence,  has  derived 
very  little  credit  or  title  to  the  name  of  wifdoniy  by  let¬ 
ting  loofe  all  thofe  propenfities  of  the  human  heart 
which  are  effentially  dellrudive  of  focial  happinefs, 

Thefe  propenfities  were  always  known  to  lurk  in  the  And  evin- 
heart  of  man  ;  and  thofe  furely  were  the  wifefl  who  la-ce?  the  wif. 
boured  to  keep  them  in  check  by  the  influence  of  moral 
principles,  and  particularly  by  cherifliiiig  that  difpofition 
of  the  human  heart  which  prompts  us  to  fee  contrivance 
wherever  we  fee  nice  and  refined  adjullment  of  means 
to  ends ;  and,  from  the  admirable  beauty  of  the  folar 
fyftem,  to  cry  out, 

“  Thefe  are  thy  glorious  works.  Parent  of  good ! 

**  Almighty,  thine  this  univerfal  frame, 

“  Thus  wond’rous  fair;  thyfelf  how  wond’rous  then  ! 

Unfpeakable,  who  fitt’ft  above  thefe  heavens, 

“To  us  invifible,  or  dimly  feen 
In  thefe  thy  lowed  works  ;  yet  thefe  declare 
“  Thy  goodnefs  beyond  thought,  and  power  divine.” 

Par,  Lojl,  b.  V. 

“  But  wandering  oft,  with  brute  unconfcioiis  gaze, 

“  Man  marks  not  Thj^,  marks  not  the  mighty  hand 
“  That,  ever  bufy,  wheels  the  filent  fpheres.” 

Thomson. 

The  moft  important  addition  (in  a  philofophical  view) 
that  has  been  made  to  aftronomical  fcience  fince  the 
difcO|^ry  of  the  aberration  of  light  and  the  nutation  of 
the  earth’s  axis,  is  that  of  the  rotation  of  Saturn’s  ring.  6c 
The  ring  itfelf  is  an  obje£l  quite  fingiilar  ;  and  when  it  Saturn’s 
was  difeovered  that  all  the  bodies  which  had  any  imme-'^^’^'S* 
diate  conne<flion  with  a  planet  were  heavy,  or  gravita¬ 
ted  toward  that  planet,  it  became  an  iiiterefting  quef- 
tion,  what  was  the  nature  of  this  ring  ?  what  fupport- 
ed  this  immenfe  arch  of  heavy  matter  without  its  red¬ 
ing  on  the  planet ;  what  maintains  it  in  perpetual  con¬ 
centricity  with  the  body  of  Saturn,  and  maintains  its 
furface  in  one  invariable  pofition  ? 

The  theory  of  univerfal  gravitation  tells  us  what 
things  are  poflible  in  the  folar  fyftem  ;  and  oiir  conjec¬ 
tures  about  the  nature  of  this  ring  mull  always  be  re¬ 
gulated  by  the  circumftance  of  its  gravitation  to  the 
planet.  Philofophers  had  at  firft  fuppofed  it  to  be  a 
luminous  atmofphere,  thrown  out  into  that  form  by  the 
great  centrifiigal’force  arifirig  from  a  rotation  ;  but  its 
well  defined  edge,  and,  in  particular,  it&  being  two  very 
natrow  rings,  extremely  near  each  other,  yet  perfe6lly 
feparate,  rendered  this  opinion  of  its  conftitution  more 
improbable. 

Dr  Herfchel’s  difeovery  of  brighter  fpots  on  its  fur-^^^ '^^ery 
face,  and  that  thofe  fpots  were  permanent  during  the?^. 
whole  time  of  his  obfervation,  feems  to  make  it  more  j^g 
probaHf  that  the  parts  of  the  ring  have  a  folid  connec¬ 
tion.  Mr  Herfchel  has  difeovered,  by  the  help  of 
thofe  fpots,  that  the  ring  turns  round  its  axis,  and  that 
this  axis  is  alfo  the  axis  of  Saturn’s  rotation.  The  time 
of  rotation  is  loh.  But  the  other  cirqumdances 

are  not  narrated  with  the  precif*on  fufficient  for  an  ac¬ 
curate  comparifon  with  the  theory  of  gravity..  He  in- 
forms  us,  that  the  rj^dii  of  the  four  edges  of  the  ring  are' 

590,  751,  774,  830,  of  a  certain  fcale^  and  that  the 

angle: 
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angle  fiib tended  by  the  ring  at  the  mean'diftance  from 
the  earth  is  46I".  Therefore  its  elongation  is  23I'. 
The  elongation  of  the  fecond  Caflinian  fatellite  is  56^', 
and  its  revolution  is  id.  44'.  This  fhould  give, 
by  the  third  law  of  Kepler,  lyh.  10'  for  the  revolution 
of  the  outer  edge  of  the  ring,  or  rather  of  an  atom  of 
that  edge,  in  order  that  it  may  maintain  itfelf  in  equi- 
librio.  The  fame  calculation  applied  to  the  outer  edge 
of  the  inner  ring  gives  about  J  3h.  36' ;  and  we  obtain 
iih.  16'  for  the  inner  edge  of  this  ring.  Such  varie¬ 
ties  are  inconliftent  with  the  permanent  appearance  of  a 
fpot.  We  may  fuppofe  the  ring  to  be  a  luminous  fluid 
or  vapour,  each  particle  of  which  maintains  its  Situation 
by  the  law  of  planetary  revolution.  In  fuch  a  ftate,  it 
would  confill  of  concentric  ftrata,  revolving  more  flowly 
as  they  were  more  remote  from  the  planet,  like  the  con¬ 
centric  ftrata  of  a  vortex,  and  therefore  having  a  relative 
motion  incompatible  with  the  permanency  of  any  fpot. 
Befides,  the  rotation  obrer\^ed  by  Herfchel  is  too  rapid 
even  for  the  innermoft  part  of  the  ring.  We  think 
therefore  that  it  confifts  of  cohering  matter,  and  of  con- 
fiderable  tenacity,  at  leaft  equal  to  that  of  a  very  clam¬ 
my  fluid,  fuch  as  melted  glafs. 

We  can  tell  the  figure  which  a  fluid  ring  muft  have, 
fo  that  it  may  maintain  its  form  by  the  mutual  gravita¬ 
tion  of  its  particles  to  each  other,  and  their  gravitation 
to  the  planet.  Suppofe  it  cut  by  a  meridian.  It  may 
be  in  equillbrio  if  the  fedlion  is  an  ellipfe,  of  which  the 
longer  axis  is  diredled  to  the  centre  of  the  planet,  and 
very  fmall  in  comparifon  with  its  diftance  from  the 
centre  of  the  planet,  and  having  the  revolution  of  its 
middle  round  Saturn,  fuch  as  agrees  with  the  Keplerean 
law.  Thefe  circumftances  are  not  very  confiftent  with 
the  dimenfions  of  Saturn’s  inner  ring.  The  diftance 
between  the  middle  of  its  breadth  and  the  centre  of  Sa¬ 
turn  is  670,  and  its  breadth  is  i6i',  nearly  one-fourth 
of  the  diftance  from  the  centre  of  Saturn.  De  la  Place 
fays,  that  the  revolution  of  the  inner  ring  obferved-by 
Herfchel  is  very  nearly  that  required  by  Kepler’s  law  : 
but  we  cannot  fee  the  grounds  of  this  afiertion.  The 
above  comparifons  with  the  fccond  Caflinian  fatellite 
fhows  the  contrary.  The  elongation  of  that  fatellite  is 
taken  from  Bradley’s  obfervations,  as  is  alfo  its  periodic 
time.  A  ring  of  detached  particles  revolving  in  loh. 
32  j  muft  be  of  much  fmaller  diameter  than  even  the  in¬ 
ner  edge  of  Saturn’s  ring.  Indeed  the  quantity  of  mat¬ 
ter  in  it  might  be  fuch  as  to  increafe  the  gravitation 
confiderably  ;  but  this  would  be  feen  by  its  difturbing 
the  feventh  and  fixth  fatellites,  which  are  exceedingly 
Its  proba-  near  it.  We  cannot  help  thinking  therefore  that  it  con- 
bleconfift-  fj^s  of  matter  which  has  very  confiderable  tenacity.  An 
equatorial  zone  of  matter,  tenacious  like  melted  glafs, 
and  whirled  brifldy  round,  might  be  thrown  off,  and, 
retaining  its  great  velocity,  would  ftretch  out  while 
whirling,  enlarging  in  diameter  and  diminifhing  in  thick- 
nefs  or  breadth,  or  both,  till  the  centrifugal  force  was 
balanced  by  the  united  force  of  gravity  and  tenacity. 
We  find  that  the  equilibrium  will  not  be  fenfibly  difturb- 
ed  by  confiderable  deviations,  fuch  as  unequal  breadth, 
or  even  want  of  flatnefs.  Such  inequalities  appear  on 
this  ring  at  the  time  of  its  difparition,  when  its  edge  is 
turned  to  the  fun  or  to  us.  The  appearances  of  its 
different  fides  are  then  confiderably  different. 

Such  a  ring  or  rings  muft  have  an  ofcillatory  motion 
roitnd  the  centre  of  Saturn,  in  confequence  of  their  mu^ 
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tual  a<ftion,  and  the  a<Slion  of  the  fun,  and  their  own  ir¬ 
regularities  ;  but  there  will  be  a  certain  pofition  which 
they  have  a  tendency  to  maintain,  and  to  which  they 
will  be  brought  back,  after  deviating  from  it,  by  the 
eilipticity  of  Saturn,  which  is  very  great.  The  fun 
will  occafion  a  nutation  of  Saturn’s  axis  and  a  precef- 
fion  of  bis  equinoxes,  and  this  will  drag  along  with  it 
both  the  rings  and  the  neighbouring  fatellites. 

The  atmofphere  which  furrounds  a  whirling  planet 
cannot  have  all  its  parts  circulating  according  to  the 
third  law  of  Kepler.  The  mutual  attrition  of  the  pla¬ 
net,  and  of  the  different  ftrata,  arifing  from  their  diffe¬ 
rent  velocities,  muft  accelerate  the  flowly  moving  ftrata, 
and  retard  the  rapid,  till  all  acquire  a  velocity  propor¬ 
tional  to  their  diftance  from  the  axis  of  rotation  j  and 
this  will  be  fuch  that  the  momentum  of  rotation  of  the 
planet  and  its  atmofphere  remains  always  the  fame.  It 
will  fwell  out  at  the  equator,  and  fink  at  the  poles,  till 
the  centrifugal  force  at  the  equator  balances  the  weight 
of  a  fuperficial  particle.  The  greateft  ratio  which  the 
equatorial  diameter  can  acquire  to  the  polar  axis  is  that 
of  four  to  three,  unlefs  a  cohefive  force  keeps  the  par¬ 
ticles  united,  fo  that  it  conftitiites  a  liquid,  and  not  an 
elaftic  fluid  like  air ;  and  an  elaftic  fluid  cannot  form  an 
atmofphere  bounded  in  its  dimenfions,  unlefs  there  be  a 
certain  rarity  which  takes  away  all  elafticity.  If  the 
equator  fwells  beyond  the  dimenlion  which  makes  the 
gravitation  balance  the  centrifugal  force,  it  muft  imme¬ 
diately  diflipate. 

If  we  fuppofe  that  the  atmofphere  has  extended  to 
this  limit,  and  then  condenfes  by  cold,  or  any  chemical 
or  other  caufe  different  from  gravity,  its  rotation  ne- 
ceflarily  augments,  preferring  its  former  momentum,  and 
the  limit  will  approach  the  axis  ;  becaufe  a  greater  velo¬ 
city  produces  a  greater  centrifugal  force,  and  requires  a 
greater  gravitation  to  balance  It.  Such  an  atmofphere  And  origin, 
may  therefore  defert,  in  fucceflion,  zones  of  its  own  mat¬ 
ter  In  the  plane  of  its  equator,  and  leave  them  revol¬ 
ving  in  the  form  of  rings.  It  is  not  unlikely  that  the 
rings  of  Saturn  may  have  been  furnifhed  in  this  very 
way;  and  the  zones  having  acquired  a  common  velocity 
in  their  different  ftrata,  will  preferve  it;  and  they  are 
fufceptible  of  irregularities  arifing  from  local  caufes  at 
the' time  of  their  feparation,  which  may  afford  perma¬ 
nent  fpots.  .  rr  1  ^9 

We  think  that  the  rotation  of  Saturn’s  ring  affords  ft  mayfur* 
fome  hopes  of  deciding  a  very  important  queftion  about  nifh  tl^e 
the  nature  of  light.  If  light  be  the  propagation 
elaftic  undulations,  its  velocity  depends  entirely  on 
elafticity  and  denfity  of  the  fluid  :  but  if  it  be  the  emif- jight. 
fion  of  corpiifcles,  their  velocity  may  be  affedled  by 
otlier  caufes.  The  velocity  of  Saturn’s  ring  is  of 
that  of  the  earth  in  its  orbit,  and  therefore  about  Tis“e-7j?r 
of  the  velocity  of  light.  The  wellern  extremity  (to  us  ‘ 
in  the  northern  regions)  is  moving  from  us,  and  the 
eaftern  is  moving  toward  us.  If  light,  by  which  we  fee 
it,  be  refledled  like  an  elaftic  ball  from  an  elaftic  body, 
there  will  be  an  excefs  in  the  velocity  of  the  light  by 
which  we  fee  the  eaftern  limb  above  the  velocity  of  the 
light  by  which  we  fee  the  weftern  limb.  This  excefs 
will  be  of  the  mean  velocity  of  light.  This  fhould 

be  difeovered  by  a  difference  in  the  refradion  of  the 
two  lights.  If  an  acromatic  prifm  could  be  made  to  re- 
fra61:  fourteen  degrees,  and  if  Saturn  be  viewed  through 
a  tekfeope  with  this  prifm  placed  before  it,  there  fliould 
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be  a  change  of  ihape  amounting  to  Gxteen  feconds  ;  if 
the  axis  of  the  prifm  be  parallel  to  the  longer  axis  of 
the  ling,  it  will  diftort  it  prodigiouily,  and  give  it  an 
oblique  pofition. 

A  fimilar  effed  will  be  produced  by  placing  the  prifm 
between  the  eye-glafs  and  the  image  in  the  focus  of  the 
obje^f-glafs. 

Our  expe6lation  is  founded  on  this  unqueflionable 
principle  in  dynamics,  that  when  a  particle  of  light 
pafles  through  the  a£live  ftratum  of  a  tranfparent  body 
which  refrads  light  toward  the  perpendicular,  the  addi¬ 
tion  made  to  the  fquare  of  its  velocity  by  the  refradf- 
ing  forces  is  equal  to  the  fquare  of  the  velocity  which 
thofe  forces  would  communicate  to  a  particle  at  reft  on 
the  furface  of  this  refradting  ftratum  of  the  tranfparent 
body.  I'herefore  if  the  velocity  of  the  incident  light 
be  increafed,  the  ratio  of  the  fine  of  incidence  to  the 
fine  of  refra<^ion  will  be  diminifiied.  It  is  confonant  to 
common  fenfe,  that  when  the  incident  light  has  a  great¬ 
er  velocity,  it  pafles  more  rapidly  through  the  attrafting 
ftratum,  and  a  fmaller  addition  is  made  to  the  velocity. 
When  the  velocity  of  the  incident  light  is  loooo  times 
greater  than  that  of  the  earth’s  annual  motion,  the  line 
of  incidence  is  to  the  fine  of  refradfion  in  glafs  as  20  to 
3  i,  or  as  lOOOO  to  15500.  If  this  be  increafed 
making  it  T0004,  the  ratio  will  be  that  of  10004  to 
15502,62,  or  of  10000  to  13496,4.  The  difference 
between  the  refradlions  of  the  light  from  the  eaftern 
and  weftern  extremities  of  the  ring  wdll  be,  to  all  fenfe, 
the  fame,  if  the  velocity  of  the  one  be  diminifiied  to 
9998,  and  the  other  increafed  to  10002. 

We  may  juft  add  here,  by  the  way,  that  the  adfion 
of  another  body  may  confiderably  change  the  conftitu- 
Prohable  tion  of  this  atmofphere.  Thus,  fuppofing  that  the 
reafon  why  moon  had  originally  an  atmofphere,  the  limit  will  be 
we  lee  no  diftance  from  the  moon  where  the  centrifugal  force, 

arifing  from  the  moon’s  rotation,  added  to  the  gravita- 
moon.  tion  to  the  earth,  balances  the  gravitation  to  the  moon. 

If  the  moon  be  /p-th  of  the  earth,  this  limit  will  be 
about  -J-th  of  the  moon’s  diftance  from  the  earth.  If 
at  this  diftance  the  clafticity  of  the  atmofphere  is  not 
annihilated  by  its  rarefaclion,  it  will  be  all  taken  off 
by  the  earth,  and  accumulate  round  it.  This  may 
be  the  reafon  why  we  fee  no  atmofphere  about  the 
moon. 

What  has  been  faid  in  the  article  lL\TyE(EncycI.)y 
will  explain  the  trade-winds  on  the  earth  and  in  Jupi¬ 
ter  and  Saturn.  On  the  earth  they  are  increafed  by 
the  expanfion  of  the  air  by  heat.  This  caufes  it  to  rife 


in  the  parts  warmed  by  the  fun,  and  flow  off  toward  the 
poles,  where  it  is  again  cooled  and  condenfed.  The 
under  ftratum  of  colder  and  denfer  air  is  continually 
flowing  in  from  the  poles.  This  having  lefs  velocity  of 
circulation  than  the  equatorial  parts  of  the  earth,  muff 
have  a  relative  motion  contrary  to  that  of  the  earth,  or 
from  eaft  to  weft,  and  this  muft  augment  the  current 
produced  by  gravitation. 

Thus  we  fee  that  all  the  mechanical  phenomena  of 
the  folar  fyftem,  whether  relating  to  the  revolutions 
round  the  various  centres  of  gravitation,  or  to  the  figure 
of  the  planets  and  the  ofcillations  of  the  fluids  which 
cover  them,  or  to  the  rotations  round  their  refpe(ftive 
axes — are  neceflary  coiifequences  of  one  limple  principle 
of  a  gravitation  in  every  particle,  decreafing  in  the  re-  71 
ciprocal  duplicate  ratio  of  the  diftance.  We  fee  that ^he  mc» 
this,  combined  with  a  primitive  projedfion,  will  produce 
every  motion  that  we  obferve.  It  was  not  neceflary,  as^a  of  the 
Copernicus  imagined,  to  imprefs  three  motions  on  the  folar  fyf- 
earth  :  one,  by  which  it  was  made  to  revolve  round  the^®^ 
fun  ;  a  fecond,  caufing  it  to  turn  round  an  axis  inclined?^. 
to  that  of  its  orbit ;  and  a  third,  by  which  this  axis  de-ciple.  ^ 
feribed  that  conic  furface  which  forms  the  preceflion  of 
the  equinoxes.  One  impulfe,  not  paffmg  through  the 
centre  of  the  earth,  nor  in  the  plane  of  the  ecliptic,  will 
produce  the  two  firft  motions,  and  the  protuberant  mat¬ 
ter  produced  by  the  rotation  will  generate  the  third 
motion,  by  the  tendency  of  its  parts  to  the  other  hea-^ 
venly  bodies.  Without  this  principle,  the  elliptic  mo¬ 
tion  of  the  planets  and  comets,  their  various  inequali¬ 
ties,  fecular  or  periodical,  thofe  of  the  moon  and  of  the 
fatellites  of  Jupiter,  the  preceflion  of  the  equinoxes,  the 
nutation  of  the  earth’s  axis,  the  figure  of  the  earth,  the  / 

undulations  of  its  ocean— all  would  have  been  imperfedl- 
ly  known,  as  matters  of  fadi,  wholly  different  from  each 
other,  and  folitary  and  unconnedled.  It  is  truly  de- 
ferving  admiration,  that  fuch  an  immenfe  variety  of  im¬ 
portant  phenomena  flow  fo  palpably  from  one  principld> 
of  fuch  limplicity,  and  fuch  univerfality,  that  no  pheno¬ 
menon  is  now  left  out  unexplained,  and  predided  with, 
a  certainty  almoft  equal  to  adtual  obfervation, 

^<£  totus  animos  veterum  torfere  fophorum^ 

^ijcque  fcholas  hodle  raitco  ceriamine 
Ohvia  confpicimusy  nuhem  pellenle  Mathsfi, 

Siirglte  mor tales ^  terrenas  mittiie  curasy. 

Aique  bine  caligena  vires  dignoftite  mentis^ 

A  pecudum  vita  longe  lateque  remoter* 


AST 


Aftrothe* 

mata 


Afymme- 


ASTROTHEMATA,  the  places  or  pofitions  of  the 
ftars,  in  an  aftrological  fcheme  of  the  heavens. 

ASTROTHESIA,  is  ufed  by  fome  for  a  conftella- 
tion  or  colleftion  of  ftars  in  the  heavens. 

ASTRUM,  or  Astron,  a  conftellation  or  aflem- 
blage  of  ftars  :  in  which  fenfe  it  is  diftinguiihed  from 
Afiery  which  denotes  a  Angle  ftar.  Some  apply  the 
term,  in  a  more  particular  fenfe,  to  the  Great  Dog,  or 
rather  to  the  large  bright  ftar  in  his  mouth. 

ASYMMETRY,  the  want  of  proportion >  otlierwife 


A  S  Y 

called  mcommenfur ability y  or  the  relation  of  two  quanti-  Afymp- 
ties  which  have  no  common  meafure,  as  between  i  and 
4/2,  or  the  fide  and  diagonal  of  a  fquare.  w— y— 

ASYMPTOTES  (fee  EncycL)  are,  by  fome,  di- 
ftinguilhed  into  various  orders.  The  afymptote  is  faid 
to  be  of  the  firft  order,  when  it  coincides  with  the  bafe 
of  the  curvilinear  figure;  of  the  fecond  order,  when  it 
is  a  right  line  parallel  to  the  bafe  ;  of  the  third  order, 
when  it  is  a  right  line  oblique  to  the  bafe;  of  the  fourth, 
order,  when  it  is  the  common  parabola,  having  its 

axis 


f 
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Atrar  axis  perpendicular  to  the  bafe  ;  and,  in  general,  of  the 
n .  /z  4-  2  order,  when  it  is  a  parabola  whofe  ordinate  is  al- 
the  n  power  of  the  bafe.  The  afjrmptote  is  ob¬ 
lique  to  the  bafe,  when  the  ratio  of  the  firll  fluxion  of 
the  ordinate  to  the  fluxion  of  the  bafe  approaches  to  an 
aflignable  ratio,  as  its  limit ;  but  it  is  parallel  to  tjjie 
bafe,  or  coincides  with  it,  when  this  limit  is  not  affign- 
able. 

ATTAR  OF  ROSES.  See  RosFSy  Otter  of,  both  in 
the  Encyclopaedia  and  in  this  Supplement. 

AVANT  FOSS,  or  Ditch  of  the  Counterfcarp,  in  for¬ 
tification,  is  a  wet  ditch  furrounding  the  counterfcarp 
on  the  outer  fide,  next  to  the  country,  at  the  foot  of 
the  glacis.  It  would  not  be  proper  to  have  fuch  a 
ditch  if  it  could  be  laid  dry,  as  it  would  then  ferve  as  a 
lodgment  for  the  enemy. 

AUBIGNE.  See  Stuart  in  this  Supplement. 

AUMIL,  in  Bengal,  a  native  colledfor  or  manager 
®f  a  diilrid  on  the  part  of  government. 

AUTENTQUA,  a  large  and  beautiful  country  in 
.  Africa,  lying  to  the  eaft  of  the  Cape  of  Good  Hope, 
and  inhabited,  part  of  it,  by  Dutch  coloniils.  The 
word  ^uteniqua  fignifies,  m  the  Hottentot  language, 

3  man  loaded  with  honey  a  name  which  is  not 
improperly  given  to  the  country,  fince,  as  you  enter  it 
from  the  Cape,  you  cannot  proceed  a  flep  without  iee- 
ing  a  thoufand  fwarms  of  bees.  The  flowers  011  which 
they  feed  fpring  up  in  myriads  ;  and  your  attention  is 
engaged,  and  your  courfe  fufpended,  by  the  mixed 
odours  which  exhale  from  them,  by  their  colours  and 
variety,  and  by  the  pure  cool  air  which  you  breathe. 
Nature  has  made  thefe  enchanting  regions  like  fairy 
land.  The  calyxes  of  all  the  flowers  abound  with  ex¬ 
cellent  juices,  from  w'hich  the  bees  extra£l  the  honey 
that  they  everywhere  depofite  in  hollow  rocks  and  trees. 

This  country  was  vifited  in  1782  by  M.  Vaillant, 
who  calls  it  the  mofl  delightful  region  in  the  univerfe ; 
and  fays,  that,  as  he  approached  it,  he  beheld,  from  the 
top  of  a  very  high  mountain,  an  immenfe  valley,  adorn¬ 
ed  with  agreeable  hills,  variegated  in  an  infinite  num¬ 
ber  of  fhapes,  and  extending  in  an  undulating  manner 
as  far  as  the  fea ;  whilfl  enamelled  meads,  and  the  mofl; 
beautiful  paftures,  ftill  added  to  the  magnificent  fcene. 
It  abounds  wnth  fmall  rivulets,  W'hich,  flowing  down 
from  the  mountains,  run  into  the  fea  through  an  hun¬ 
dred  different  channels.  The  water  of  thefe  rivulets  has 
-the  colour  of  Madeira  wine,  and  a  ferruginous  tafl;e  ; 
but  our  traveller  did  not  examine  whether  this  tafte  and 
colour  proceed  from  their  flowing  through  fome  mine 
in  their  paflage,  or  from  the  roots  and  leaves  of  trees 
which  they  carry  along  with  them. 

The  whole  of  Auteniqua,  from  the  chain  of  moun¬ 
tains  which  divides  it  from  the  country  of  that  race  of 
Hottentots  called  Gonaquas  to  the  fea,  is  inhabited  by 
feveral  planters,  who  rear  a  number  of  cattle,  make  but¬ 
ter,  cut  down  timber,  and  colleft  honey  ;  all  of  which 
they  tranfport  to  the  Cape  :  but  it  appears  that  they 
make  not  the  moft  of  their  fituation.  Can  it  be  be¬ 
lieved  {fays  M.  Vaillant),  that  the  diteftors  of  the  Com¬ 
pany,  for  their  own  ufe,  fhould  order  fhips  to  be  fent 
every  year  from  Amflerdam,  loaded  with  planks  and 
boards  of  every  kind,  whilfl;  in  this  country  there  are 
immenfe  forefls,  and  the  mofl;  beautiful  trees  in  the 
world?  This  abfurdity,  however,  is  not  at  all  aftonifh- 
Ing.  The  Company  gratuitoufly  furnifhes  the  gover¬ 


nor  and  all  the  officers  with  whatever  wood  they  have  Auteniq 
occafion  for ;  and  it  is  delivered  to  them  at  their  houfes 
without  any  expence.  The  governor  therefore  has  no 
perfonal  interefl;  to  extend  his  views  to  this  part  of  the 
adminillration,  and  to  abolifh  an  abufe  fo  prejudicial  to 
the  colony.’* 

But  the  colonifts  themfelves  muft  be  a  very  indolent 
and  ftupid  kind  of  people  ;  fince,  if  our  traveller  de- 
ferves  credit,  they  negledl  advantages  with  which  the 
perfonal  interefl  of  the  governor  cannot  polfibly  inter¬ 
fere.  ‘"I.was  filled  with  indignation  (fays  M.  Vail¬ 
lant)  to  fee  people,  who  have  wood  within  their  reach, 
employ  it  in  commerce,  and  not  have  the  courage  to 
build  for  themfelves  habitable  houfes.  They  live  in 
wretched  hovels,  conftruAed  of  wicker-work,  daubed 
over  with  clay  ;  the  flein  of  a  buffalo,  fixed  at  the  four 
corners  to  as  many  flakes,  ferves  them  for  a  bed  ;  and 
the  door,  which  is  at  the  fame  time  a  window,  is  fhut 
by  a  mat  ;  while  two  or  three  mutilated  chairs,  a  few 
pieces  of  plank,  a  kind  of  table,  and  a  pitiful  box  of 
two  feet  fquare,  form  all  the  furniture  of  thefe  colonial 
habitations.  Thus  is  the  pi6lure  of  the  mofl;  profound 
mifery  contrafled  with  the  charms  of  this  terreflrial  pa- 
radife  ;  for  the  beauties  of  thefe  regions  extend  even 
beyond  Auteniqua.  The  people,  however,  though 
their  houfes  be  bad,  live  well.  They  have  game  and 
falt-water  fifh  in  abundance  ;  and  enjoy  exclufively,  over 
all  the  other  cantons  of  thefe  colonies,  the  advantage 
of  having,  for  the  whole  year  without  interruption,  ve¬ 
getables  of  every  kind  in  their  gardens.  For  this  they 
are  indebted  to  the  excellence  of  the  foil,  and  to  its  be¬ 
ing  naturally  watered  by  fmall  ftreams,  which  crofs  each 
other  in  a  thoufand  different  directions,  and,  as  one 
may  fay,  lay  the  four  feafons  under  contribution  to  fer¬ 
tilize  Auteniqua.  Thefe  ftreams,  which  frequently  over-  f 
flow  their  banks,  but  never  dry  up,  proceed  from  a  caufe 
well  known;  the  high  mountains  towards  the  eaft,  which 
are  covered  with  forefts,  flop  the  clouds  and  the  fogs 
carried  from  the  fea,  and  this  occafions  very  abundant 
rains.” 

In  thefe  mountainous  regions,  which,  as  well  as  the 
plain,  our  author  comprehends  under  the  denomination 
of  Auteniqua,  there  are  multitudes  of  elephants,  buffa¬ 
loes,  panthers,  hyenas,  and  antelopes  of  every  fpecies  ; 
and  all  thefe  animals  are  hunted  and  killed  by  the  na¬ 
tives,  as  well  for  food  as  for  the  proteClion  of  their 
flocks  aud  herds  from  fuch  of  them  as  are  beafts  of 
prey.  Our  author  has  eaten  the  fiefh  of  every  one  of 
them'  except  the  hyena  ;  and  declares,  that  the  foot  of 
an  elephant,  baked  after  the  Hottentot  manner,  is  one 
of  the  moft  delicious  morfels  that  he  ever  tafted.  He 
gives  directions  for  hunting  them  all  ;  but  warns  his 
readers  from  attacking  elephants  when  he  finds  them  in 
droves,  for  then,  he  fays,  they  are  invincible.  He  even 
thinks  it  exceedingly  dangerous  for  one  man,  however 
well  armed,  to  attack  a  Angle  elephant  in  the  plain. 

The  buffalo  he  deferibes,  contrary  to  moft  other  travel¬ 
lers,  as  a  timid  animal,  which  never  refifts  till  his  fitua¬ 
tion  becomes  defperate;  and  he  thinks  that  there  would 
be  no  difficulty  in  training  him,  if  caught  when  a  calf, 
to  the  yoke  like  the  bullocks  of  Europe. 

The  kites  and  vultures  of  this  country,  our  traveller 
reprefents  as  in  the  higheft  degree  voracious  and  fierce,in-  , 
fomuch  that  it  is  hardly  poffible  to  fright  them  from  their 
prey, '  He  had  on  one  occafion  killed  two  buffaloes, 

which 
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lutf^nlqua.  which  he  ordered  to  be  cut  i*r>to  very  fmall  pieces,  that 
they  might  be  more  eafily  faked,  and  expofed  after¬ 
wards  to  the  air  and  the  fun.  His  wagons,  as  well  as 
the  buHies  and  trees  which  furrounded  him  and  his  peo¬ 
ple,  were  loaded  v/itb  the  bloody  fragments  of  thefe  two 
animals,  and  they  had  begun  their  operation  of  faking  ; 
but  on  a  fudden,  while  they  were  not  expefting  it, 
they  found  themfelves  attacked  by  flights  of  kites  and 
vultures,  which,  without  exhibiting  the  leak  fymptoms 
of  fear,  perched  in  the  midfl:  of  them.  The  kites  were 
above  all  the  mofl:  impudent.  They  feized  upon  the 
morfels  of  flefli,  and  even  contended  furioufly  with  his 
people.  When  they  had  each  carried  away  (fays  he) 
a  pretty  large  piece,  they  retired  to  fome  branch,  at 
the  diitance  of  ten  paces  from  us,  and  devoured  it  before 
our  eyes.  Though  we  fired  our  fiifees  they  were  not 
frightened,  but  returned  incefiaiitly  to  the  charge  ;  fo 
that  finding  our  powder  walled  in  vain,  we  refolved  to 
keep  them  off  with  large  poles  until  our  provifioiis 
fliouid^  be  quite  dry.  This  manoeuvre,  which  for  a 
loug  time  haraffed  my  people,  did  not  prevent  us  from 
being  plundered  without  mercy  ;  but  had  we  not  em¬ 
ployed  it,  nothing  would  have  remained  to  us  of  our 
two  buffaloes.” 

Tlfis  battle  with  the  kites  took  place  on  the  confines 
of  the  Dutch  fettlemeius  ;  but  when  M.  Vaillant  had 
with  difRcuky  paffed  over  the  mountains  w'hich  bound 
them,  the  profpeds  became  more  magnificent,  the  foil 
feemed  to  be  more  fruitful  and  rich,  nature  appeared  to 
be  more  majeillc  and  grand,  and  the  lofty  mountains 
prefented  on  all  fides  more  charming  and  delightful 
points  of  view  than  any  that  he  had  ever  before  met 
with.  Thefe  feenes,  contrafted  with  the  dry  and  parch¬ 
ed  fields  of  the  Cape,  made  him  exclaim,  he  fays,  in 
ecftacy,  What!  fhall  thefe  fuperb  regions  be  eternally 
inhabited  by  tigers  and  lions  ?  What  fpeculator,  with 
the  fordid  view  only  of  effablifning  a  kind  of  centre  for 
commerce,  could  have  preferred  the  ftormy  Table  Bay 
to  the  numberlefs  roads  and  commodious  harbours  which 
are  to  be  found  on  the  eaffern  coafls  of  Africa  ?  Thus 
(continues  he)  was  I  refleding  within  myfelf,  whilft  I 
was  climbing  the  m.ountain,  and  forming  vain  wifhes  for 
the  conquell  of  this  beautiful  country,  which  the  indo¬ 
lent  policy  of  the  Kuropean  nations  will  perhaps  never 
gratify.” 

If  his  defeription  of  its  beauties  and  fertility  be  not 
greatly  exaggerated,  it  is  indeed  wonderful  that  either 
the  Dutch  or  fome  other  maritime  power  of  Europe  has 
not  long  ago  taken  poffeffion  of  jt.  After  he  had  paffed 
the  mountain,  one  could  not,  he  fays,  choofe  a  more 
agreeable  or  advantageous  fpot  than  that  upon  which 
he  then  was  for  eftablilhing  a  thriving  colony.  The  fea 
advances  through  an  opening  of  about  a  thoufand  paces 
in  breadth,  and  penetrates  into  the  country  to  the  di- 
ftance  of  more  than  two  leagues  and  a  half.  The  bafon 
which  it  forms  is  more  than  a  league  in  extent  (he 
does  not  fay  whether  in  breadth  or  in  circumference)  ; 
and  the  whole  coaft,  both  on  the  right  and  the  left,  is 
bordered  with  rocks,  which  intercept  all  communication 
with  it.  T.  he  land  is  watered  by  limpid  and  refrefliing 
ftreams,^  which  flow  down  on  all  fides  from  the  eaffern 
mountains;  and  thefe  mountains,  crowned  with  majef- 
tic  woods,  extending  as  far  as  the  bafon,  and  winding 
round  it  with  a  number  of  finuofities,  exhibit  a  huu« 
SuppL.  VoL.  1.  Part  I. 
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dred  groves,  which  are  naturally  variegated,  and  each  Auteniqua. 
more  agreeable  than  another.  ’ 

The  author  proceeding  forwards  about  two  days 
journey,  arrived  at  a  bay  known  to  navigators  by  the 
name  of  the  Bay  of  Agoa^  but  called  by  the  colonifts 
Blettenherg^s  Bay,  from  its  having  been  vinted  fome 
time  before  by  a  Governor  Blettenberg,  who  ordered 
his  name,  together  with  the  year  and  day  of  his  arrival, 
to  be  engraven  on  a  ffone  column.  This  bay  is  a  little 
beyond  the  limits  of  the  country  called  Auteiiiqua;  but 
it  is  not  foreign  from  the  purpofe  of  this  article  to  iii- 
fert  in  this  place  our  traveller’s  account  of  it,  and  of  the 
country  around  it. 

The  bay  itfelf,  he  fays,  is  very  fpacioiis,  and  has  a 
fufficient  depth  of  w’ater  for  the  largeff  veffels.  The 
anchoring  ground  is  fure,  and  boats  can  fail  to  a  beau¬ 
tiful  part  of  the  fhore,  which  is  not  confined  by  the 
rocks,  as  they  are  all  there  detached  from  one  another. 

By  advancing  a  league  along  the  coaff,  the  crews  would 
arrive  at  the  mouth  of  a  confiderable  river  called  the 
^eur-Booniy  where  they  would  find  whaler.  Refrefli- 
ments  might  he  procured  from  the  inhabitants  of  the 
environs;  and  the  bay  would  fupply  them  with  excel- 
lent  fifli,  with  which  it  abounds. 

T.  his  bay  is  one  of  thofe  places  where  government 
might  eftablifli  warehoufes  and  repofitories  for  timber  ; 
and  it  is  for  this  reafou  that  we  have  introduced  it  to 
notice  in  this  article.  The  forefls  around  it,  fays  M. 

Vaillant,  are  everywhere  magnificent,  and  the  trees 
could  be  more  eafily  cut  down  than  anywhere  elfe  ;  for 
it  is  not  to  fteep  mountains,  that  one  muff  go  for  wood, 
as  at  Auteniqua  ;  it  is  here  ready  at  hand  ;  and  during 
the  fine  monfoon  might  be  tranfported  to  the  Cape  with 
little  trouble  and  no  rifle.  The  inexhauffible  and  fer¬ 
tile  lands  in  the  neigtibourhood  of  the  bav,  if  once  cul¬ 
tivated,  would  produce  abundant  crops,  and  draw  toge¬ 
ther  a  great  number  of  intelligent  planters,  on  account 
of  the  ready  communication  which  they  w^ould  have 
with  the  Cape.  In  a  word,  the  Company,  Continues 
he,  have  nothing  to  do  fo  much  for  their  own  ^iiitereff 
as  to  form  here  a  proper  effablifhment.  To  the  general 
profits  of  fuch  an  inffitution,  would  be  added  thofe  of 
individuals,  which  could  not  fail  to  be  of  great  import¬ 
ance.  They  might,  for  example,  cut  down  a  certain 
tree  cjilled  Jlinking  avoody  and  export  it  to  Europe, 

W'here  it  would  undoubtedly  be  foon  preferred  to  maho¬ 
gany  and  every  other  kind  of  wood  employed  by  cabi¬ 
net  makers. 

The  Hottentots,  who  in  fcattered  kraals  inhabit  this 
delightful  country,  cur  author  deferibes  as  a  faithful, 
gentle,  and  rather  timid  race.  He  affirms  that  they 
have  no  religious  impreffions  whatever,  nor  any  notion 
of  fuperior  powers  who  govern  the  world.  But  this,  if 
not  a  wilful  falfehood  didated  by  the  philofopliy ’of 
France,  is  probably  a  miffake  arifing  from  his  fcanty 
knowledge  of  their  language,  and  total  ignorance  of  the 
meaning  of  their  religious  ceremonies.  His  great  ma¬ 
ker,  as  well  as  the  maker  of  his  fed,  Luerrtius,  might 
have  taught  him,  that  fear,  if  not  a  better  principle,  will 
generate  the  notion  of  fuperior  beings  in  the  minds  of 
favages  ;  and  from  fear,  by  his  own  account,  the  inha¬ 
bitants  of  Auteniqua  are  far  fi;om  being  free.  He  like- 
wife  affirms,  and  feems  to  confider  it  as  much  to  their 
credit,  th-at  this  race  of  gentle  beings,  fo  far  from  being 
H  a 
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Automa  a  prey  td  the  palfion  of  iealoiify  (as  other  travellers 
have  reprefentcd  the  Hottentots  in  general),  are  fo  obli- 
'-""“-V —  as  to  lend  their  wives  to  travellers  who  vifit  them, 

and  that  they  actually  accommodated  his  Hottentots  in 
this  way.  Auteniqiia,  as  laid  down  in  M.  Vaillant^s 
map,  lies  between  3^'  34""  5^'  latitude, 

and  between  20^  and  23^^  40'  of  call  longitude  ;  and 
his  rout  through  the  country  was  from  foutli-welt  to 

Tioith-eaft,  or  nearly  fo.  ^  ,  1  r 

automaton.  Under  this  title  and  that  ot 
Androides  full  credit  was  allowed  iii  the  Encyclop^fta 
Brhannica  to  the  ftory  of  M.  de  KempePs  mechanical 
chefs-playery  and  a  detail  at  fome  length  was  given  of 
the  feats  of  that  figure,  as  well  as  of  lome  other  furpri- 
fing  automata.  No  man  more  readily  admits  the  powers 
of  the  flcilful  mechanician  than  the  writer  of  tins  inert, 
article  ;  but  having  many  years  ago  deteded  the  impo. 
fition  which  was  pra<flifed  on  the  public  in  fome  parts 
of  Scotland  by  a  circumforaneous  mountebank,  who 
exhibited  a  figure  apparently  capable  of  writing  a  cer- 
tain  number  of  w*ords,  he  has  ever  fince  fufpedled  im- 
pofture  in  all  automata  which  appear  to  have  the  power 
of  varying  their  motions  according  to  circumflances. 
With  Vefpea  to  the  chefs-player,  there  is  now  fufheient 
evidence  that  his  fufpicions  were  well  founded. 

In  the  defeription  of  this  figure  {EncycL  Vol.  I. 

787.),  it  is  faid  that  the  automaton  could  not 
Hay  unlefs  M.  de  Kempel  or  his  fubilitute  was  near  it 
to  direct  its  moves.  A  finall  box  during  the  game  was 
frequently  confulted  by  the  exhibit er  ;  and  herein  con- 
filled  the  fecret,  which  he  faid  he  could  in  a  moment 
communicate.”  The  fecret  was  indeed  fimple  :  “  A 
well  taught  boy,  very  thin  and  fmall  of  his  age,  was 
concealed  in  this  box  almoa  immediately  under  the 
chefs-board,  and  agitated  the  whole  machine.”  This 
we  learn  from  Thomas  Collinfon,  Efq;  who  was  let  in- 
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to  the  fecret  at  Di  efden  by  a  gentleman  of  rank  and  ta-  Autom*. 
leiits,  named  Jofeph  Frcidrick  FreyherCy  by  whom  the 
Vitality  and  /??// of  the  chefs-playing  figure  had  fome  ^ ^ 
time  before  been  completely  difeovered.  Mr  Collinfon, 
finding  that  Dr  Hutton  had  given  the  fame  credit  with 
us  to  the  reality  of  mechanical  cl.efs-playing,  undecei¬ 
ved  his  friend,  by  communicating  the  diicovery  of  Frey- 
here  in  a  letter,  which  the  Doclor  has  wdth  great  pro¬ 
priety  publifhed  in  the  Jckknda  to  his  Mathematical 
Didlionary,  Mr  Collinfon  adds,  and  we  doubt  not 
with  truth,  that,  “  even  after  this  abatement  of  its  be¬ 
ing  llriaiy  an  automaton,  much  ingenuity  remains  to 
the  contriver.”  This  was  in  fome  degree  true  of  the 
mechanifm  of  the  writing  figure,  of  which  the  compiler 
of  this  article  deteded  the  bungling  impoflure  of  the 
two  exhibiters.  The  figure  itfelf,  with  all  the  principles 
of  its  motion,  were  very  ingenioufly  coiifmidcd  ;  but 
the  two  men  who  exhibited  it  were  ignorant  and  awk¬ 
ward,  and  could  not  conceal  from  a  ferutinizing  eye, 
that  the  automaton  wrote  fometimes  well  and  fometimes 
ill,  and  never  wrote  at  all  when  they  were  both  prefent 
to  the  company.  It  w^as  by  infifting  upon  feeing  them 
both  together,  and  threatening  to  expofe  the  cheat  to 
the  whole  town,  that  the  prefent  writer  prevailed  upon 
him  who  appeared  to  be  the  principal  exhibiter,  to  con-_ 
fefs  in  private  that  his  companion  was  concealed  be¬ 
hind  a  fereen,  and  to  fiiow  how,  from  thence,  he  dired- 
ed  the  movements  of  the  figure. 

Conjugate  AXIS,  or  Second  Ax'iSy  in  the  ellipfe 
and  hyperbola,  is  the  diameter  pafllng  through  the  cen¬ 
tre,  and  perpendicular  to  the  tranfverfe  axis ;  and  is  the 
fhorteft  of  all  the  conjugate  diameters. 

Tranfn)erfe  AxiSy  in  the  ellipfe  and  hyperbola,  is  the 
diameter  paffing  through  the  two  foci  and  the  two  prin¬ 
cipal  vertices  of  the  figure.  In  the  hyperbola  it  is  the 
Ihorteft  diameter,  but  in  the  ellipfe  it  is  the  longeft. 
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Bahrdt  ■RAHRDT  (Dr  Carl  Friedirich)  was  fo  deeply  con- 
^  „  X>  cerned  in  a  combination  of  philofophers  formed,  as 

they  faid,  for  the  advancement  of  fcience  and  virtue, 
that  an  account  of  his  life  muftbe  interefting,  if  it  were 
only  to  fhovv  the  effeds  of  this  philofophic  culture  on 
his  own  morals.  We  triift  therefore  that  our  readers 
•will  be  pleafed,  perhaps  improved,  by  the  following  nar¬ 
rative,  taken  from  documents  the  moil  authentic,  by  a 
*  See  Pro-  man*  whofe  communications  on  other  fubjeds  do  cre- 
feffor  Rohi-  this  volume. 

fonofEdin-  Friedirich  Bahrdt  was,  in  1741,^  born  at  Leip- 

Prfofs  of  a  fig>  where  his  father,  then  a  parifh  minifter,  and  after- 
Confpiracy  wards  profeflor  of  theology,  died  in  1775.  It  is  natu- 
egahf  all  y2l\  to  fuppofe  that  fuch  a  parent  would  be  at  due  pains 
the  Rdigiorts  his  fon  the  principles  of  piety, 

virtue,  and  patriotifm,  which  is  indeed  a  branch  of  vir- 
^  tue  i  but  if  fo,  he  lived  to  fee  that  his  labour  had  been 


in  vain.  While  yet  at  college,  where  the  courfe  of  his  Bahrdt^; 
ftudies  was  calculated  to  fit  him  for  the  important  of-  v-— 
fice  of  preaching  the  gofpel,  the  young  man  enlifted  as 
a  huflar  in  the  Prufiian  fervice  ;  but  being  bought  off, 
he  returned  to  the  univerfity,  where,  in  1761,  he  was 
admitted  to  the  degree  of  M.  A.  Soon  afterw^ards  he 
became  catechift  in  his  father’s  church,  w^as  a  popular  : 

preacher,  and  in  1765  publifhed  fermons,  and  fome  j 

controverfial  writings,  which  evinced  that  he  pofieffed 
both  learning  and  genius.  Neither  learning  nor  genius, 
however,  nor  both  united,  could  attach  him  to  thw 
caufe  of  virtue,  or  make  him  obferve  even  the  common 
rules  of  decorum  ;  for  immediately  after  this  publica¬ 
tion  he  began  to  indulge  in  conviviality,  and  to  give 
fcope  to  his  refentments  in  anonymous  pafquinades,  in 
the  higheft  degree  bitter  and  offenfive.  From  the  fhafts 
of  his  malice  no  perfon  was  fafe^  ProfefTors,  magiftrate?. 
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Bahrdt,  and  clergyman,  had  indeed  his  chief  notice  ;  but  be 
condcfcendcd  occafionally  to  attack  ftudents,  and  fpared 
not  even  his  own  comrades  or  his  friends. 

WhiUt  he  was  thus  labouring  to  make  enemies  of  all 
.to  whom  he  was  known,  unfortunately,  for  his  own  cha- 
radler,  his  temperament  was  what  the  atomical  philofo- 
phers  (who  can  explain  every  thing  by  ethers  and  vi¬ 
brations)  call  fanguine  ;  and  he  was,  as  be  himfelf  ac¬ 
knowledged,  a  paffionate  admirer  of  the  ladies.  Coming 
home  from  his  midnight  revels,  he  frequently  met  in 
his  way  a  young  girl  neatly  dreffed  in  a  rofe-coloured 
hlk  jacket  and  train,  and  a  coftly  fable  bonnet  ;  and 
one  evening,  after  having,  as  he  fays,  indulged  freely  in 
fome  old  Rhenifh,  he  faw  her  home  to  her  lodgings. 
Some  time  after  this  interview,  the  miftrefs  of  the  houfe 
(a  Madam  Godfchufl<y)  came  into  his  room,  and  faid 
that  the  poor  maiden  whom  he  had  debauched  was  preg¬ 
nant.  This  was  a  misfortune  which  he  could  not  help  ; 
but  as  it  would  ruin  his  charadler  if  known,  he  gave  to 
the  old  lady  a  bond  for  200  dahlers  (about  L.40  fter- 
ling),  to  be  paid  by  inftalments  of  twenty-five,  to  keep 
the  matter  fecret.  ‘‘  The  girl  (he  fays)  wdiS feriftble 
good ;  and  as  her  converfation,  for  which  he  had  al¬ 
ready  paid,  was  agreeable,  he  did  not  difcoiitinue  his 
acquaintance.’’ 

It  could  not  be  fuppofed  that  fuch  vifits,  by  a  cler¬ 
gyman,  would  pafs  unobferved,  however  cautioufly 
made,  in  the  midfi:  of  a  town,  of  which  the  inhabitants 
had  been  the  indiferiminate  obje^ls  of  his  fatire;  and  he 
could  hardly  be  furprifed  when  told  by  a  friend,  that 
one  Bel,  a  magiftrate  whom  he  had  lampooned,  w^as 
accquainted  with  the  whole  affair,  and  would  bring  it  in¬ 
to  a  court  ofjuftice,  unlefs  the  bond  was  immediately 
retired. 

This  bond  w^as  the  only  evidence  which  could  be  pro¬ 
duced  againfl  Bahrdt,  but  it  was  fuflicient  to  blaft  his 
charadler  in  Leipfig,  and  muft  therefore  by  any  means 
be  removed  out  of  the  way.  To  accomplifh  this,  how¬ 
ever,  was  a  matter  of  fome  difficulty  ;  for.  neither  he  nor 
his  friend  could  raife  the  money.  In  this  dilemma  they 
fell  upon  a  contrivance  worthy  ®f  themfelves.  They 
invited  Madam  Godfchuflcy  to  meet  them  in  another 
houfe  to  receive  the  200  dahlers  due  to  her  by  Bahrdt ; 
but  when  (he  was  ufiiered  into  the  room,  and  found  no 
perfon  waiting  for  her  but  Bahrdt’s  friend,  fhc  could 
not  be  prevailed  upon  to  produce  the  bond  till  the  mo¬ 
ney  fhould  be  put  into  her  hands,  together  with  a  pre¬ 
fen  t  to  herfelf.  The  Gentleman  tried  to  intimidate  her. 
He  drew  his  fword  ;  fhowed  her  how  men  fence ;  made 
pufhes  at  the  wall  and  then  at  her:  but  finding  that  (he 
could  not  be  frightened  out  of  her  fenfes,  he  threw  away 
his  fword,  and  endeavoured  to  take  the  bond  from  her 
by  force.  It  was  fome  time  before  he  prevailed  ;  but 
at  lad  getting  the  paper  out  of  her  pocket,  he  tore  it 
ill  pieces,  opened  the  door  of  a  clofet  in  which  Bahrdt 

was  concealed,  and  faid,  “  There,  you  h - ;  there  is 

the  honourable  fellow  whom  you  an’d  your  whore  have 
bullied  ;  but  it  is  with  me  you  have  now  to  do,  and  you 
know  tliat  I  can  bring  you  to  the  gallows.” 

Bahrdt,  from  whofe  memoirs  of  himfelf  this  ftory  is 
taken,  admits  that  there  was  a  great  fquabblc  on  the 
occafion  ;  but  he  went  home,  comforting  himfelf  with 
the  belief  that  he  fhould  now  have  no  farther  trouble 
from  Madam  Godfchuflcy  or  her  girl.  He  chanced,' 
however,  to  be  miftaken.  The* magiftrate  Bel  had  fome 


how  been  made  acquainted  with  this  nefarious  tranfac-  Bahrdt. 
tion,  and  brought  it  into  court  on  the  day  that  our 
hero  was  to  make  fome  very  reverend  appearance  at 
church.  The  cafe  of  Bahrdt  was  now  hopelels  ;  for 
after  fome  unfuccefsful  attempts  of  his  poor  father  to 
fave  him,  he  was  obliged  to  give  in  his  gown  and  band, 
and  to  quit  Leipfig. 

To  a  parent  the  public  difgrace  of  a  child  is  one  of 
the  feverefl  calamities  to  which  human  nature  is  liable  ; 
but  for  this  calamity  the  father  of  Bahrdt  mufl  have 
been  long  prepared,  as  his  foil  appears  to  have  been  re* 
niarkably  undiitifiil.  Of  this  wt  have  one  memorable 
inflance  recorded  by  himfelf.  His  father,  he  fays,  was 
feverc,  and  his  own  temperament  hafty,  fo  that  lie  fome- 
times  forgot  himfelf.  “  One  day  (continues  he)  I  laid 
a  loaded  piflol  on  the  table,  and  told  him  that  he  fhould 
meet  with  that  if  he  went  on  fo  ;  but  I  was  then  only 

SEVENTEEN  !  ’ 

On  his  being  obliged  to  leave  the  place  of  his  nati¬ 
vity,  the  friends  of  Bahrdt,  and  in  particular  Semler, 
an  eminent  theological  writer,  who  had  formed  a  very 
favourable  opinion  of  his  talents,  were  affiduous  in  their 
endeavours  to  procure  an  eflablifhmcnt  for  him  elfe- 
where ;  but  his  high  opinion  of  himfelf,  his  impetuous 
and  precipitant  temper,  and  that  fatirical  habit  which 
he  had  fo  freely  indulged  in  his  outfet  in  life,  made 
their  endeavours  long  ineffe^lual.  At  lafl  he  got  a 
profefforfhip  at  Erlangen,  then  at  Erfurth,  and  in  1771 
at  Gieffen.  But  in  each  of  thefe  places  he  was  no 
fooner  fettled  than  he  got  into  difputes  with  his  col¬ 
leagues  and  with  the  eflablifhed  church  ;  for  he  was  a 
ftrenuous  partizan  of  the  innovations  then  attempted  to 
be  made  in  the  doftrines  of  Chriflianity.  In  bis  publi¬ 
cations,  which  were  generally  anonymous,  he  did  not 
trufl  to  rational  difculTion  alone,  but  had  recourfe  to  ri¬ 
dicule  and  perfonal  anecdotes,  and  indulged  in  the  moil 
cutting  farcafms  and  grofs  fcurrility. 

His  love  for  convivial  company  continuing,  his  in¬ 
come  was  infufficient  for  the  craving  demand.  Finding 
therefore  that  anecdote  and  flander  always  procured 
readers,  and  pofTeffing  a  wonderful  acElivity  and  facility 
in  writing,  he  never  ceafed  from  publifhing  lampoons 
and  fatircs,  in  which  he  fpared  neither  friends  nor  foes. 

But  it  was  impolfible  to  prevent  thefe  publications  from 
being  traced  to  their  author;  and  his  avowed  theological 
writings  being  fuch  as  could  not  be  fuffered  in  a  pro- 
felTor  of  divinity,  the  hofl  of  enemies  which  he  had  been 
at  fo  much  pains  to  raife  againil  himfelf,  were  furniflied 
with  fufficient  grounds  for  fubjeding  his  condn£l  to  le* 
gal  cognizance  ;  even  the  very  iludeiits  at  Gieffen  were 
fhocked  at  fome  of  his  liberties. 

The  confequence  of  all  this  was,  that,  after  much 
wrangling  in  the  churcli  judicatories,  he  was  jiifl  about 
to  be  difmiffed  from  his  profefforfliip,  when  he  got  an 
invitation  to  Marfchlins  in  Switzerland  to  fuperintend 
an  academy. 

To  Marfchlins  he  went  about  the  year  1776,  and 
began  his  new  career  by  forming  the  feminary  after  the 
model  of  an  academy  which  had  fome  time  before  been 
fet  up  in  the  principality  of  Anhalt  Deflau  by  one  Ba- 
fedow,  a  man  of  talents  and  learning,  who  gave  to  it 
the  appellation  of  philanthropine.  The  plan  of  this 
academy  was  very  different  from  thofe  of  the  iiniverfi- 
ties  ;  for  its  author  profeffed  to  confider  languages, 
fcienccs,  and  the  ornamental  exercifes,  as  mere  acceflb- 
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nes,  his  aim  being  to  form  the  young  mind  to  the  love 
of  mankind  and  of  virtue,  by  a  courfe  of  moral^  educa¬ 
tion  certainly  fpeclous,  and  apparently  unexceptionable. 
To  make  this  novel  inftkutlon  the  more  extenfively  ufe- 
ful,  the  rules  by  which  the  education  was  to  be  con¬ 
duced  were  framed  in  fuch  a  manner  as,  it  was  thought, 
would  remove  from  the  minds  of  Catholics,  Lutherans, 
and  Calvinifts,  all  uneafinefs  refpe6llng  the  faith  of  their 
children,  as  It  related  to  thofe  particular  tenets  which 
feparatcd  them  into  different  communions.  It  was  even 
propofed  to  banifli  from  the  phllanthropine  all  pofuive 
religion  whatever,  and  to  Inftru<Ji  the  youth  educated 
there  In  the  principles  only  of  natural,  or,  as  It  was 
called,  pJnlofophical  religion. 

This  plan  was  peculiarly  fuited  to  Bahrdt’s  tafte,  be- 
caufe  it  left  him  at  liberty  to  introduce  into  his  academy 
any  fyftem  of  religious  or  irreligious  opinions  that  he 
pleafed ;  a  liberty  of  which  he  refolved  to  avail  himfelf, 
and,  though  now  a  doctor  In  theology,  to  outftrip,  in 
llcentloufnefs,  even  the  founder  of  the  phllanthropine, 
who  was  not  in  orders.  By  meditating  on  the  work¬ 
ings  of  his  own  mind,  he  had  by  this  time  formed  his 
theory  of  human  nature,  which  was  Indeed  very  fimple. 

**  The  leading  propenfitles  of  the  human  mind  (he  fays) 
are  three  ;  InftlnCive  liberty,  inilim^Ive  adfivlty,  and 
inftinftive  love.”  By  thefe  exprelfions  we  fuppofe  he 
means,  “Innate  love  of  liberty,  inftindl  prompting  to 
a6lIon,  and  the  fexual  appetite  and  be  immediately 
adds,  that  “  If  a  man  Is  obflruAed  in  the  gratification 
of  any  of  thefe  propenfitles,  he  fuffers  an  injury.  The 
bufinefs  therefore  of  a  good  education  is  to  teach  us 
how  they  are  to  be  gratified  in  the  highefl  degree.” 

That  fuch  an  education  would  be  approved  of  by  the 
uncorrupted  natives  of  Switzerland  was  hardly  to  be 
expefted  ;  and  Bahrdt  foon  found  his  fituatlon  at 
Marfchlins  as  uncomfortable  as  it  had  been  at  Gieffen. 
“  The  Grifons  (he  fays)  were  a  ftrong  inftance  of  the 
immenfe  importance  of  education.  They  knew  nothing 
but  their  handicrafts  ;  and  their  minds  were  as  coarfe 
as  their  perfons.”  He  quarrelled  with  them  all,  and 
was  obliged  to  abfcond  after  lying  fome  time  in  prifon.  ^ 

From  Marfchlins  he  went  to  Durkheim,  a  town  in 
the  Palatinate,  where  his  father  had  been  minifter,  and 
where  his  literary  talents  were  well  known.  After  fome 
little  time  he  got  an  afTociatlon  formed  for  erecting  and 
fupporting  a  Phllanthropine  or  houfe  of  education.  A 
large  fund  was  collefted  ;  and  he  was  enabled  to  travel 
into  Holland  and  England  to  engage  pupils,  and  was 
furnllhed  with  proper  recommendations. 

In  London  he  gained  the  frlendfiiip  of  a  clergyman, 
whom  he  reprefents  as  a  perfon  In  the  highefl  degree 
accompllfhed.  “  With  found  judgment  (fays  Bahrdt), 
great  genius,  and  correft  tafte,  he  was  perfedlly  a  m*an 
of  the  world.  He  was  my  friend,  and  the  only  perfon 
who  warmly  Interefted  himfelf  for  my  inftitutlon.  To 
his  earneft  and  repeated  recommendations  I  owe  all  the 
pupils  that  I  got  in  England,  and  many  moft  refpeft- 
able  connexions  ;  for  he  was  univerfally  efteemed  as  a 
man  of  learning  and  of  the  moft  unblemlfhed  charaXer. 
He  was  my  friend,  my  conduXor,  and  I  may  fay  my 
preferver  ;  for  when  I  had  not  bread  for  two  days,  he 
took  me  to  his  houfe,  and  fupplied  all  my  wants.” 

For  fo  much  kindnefs  the  reader  doiibtlefs  fuppofes 
that  the  heart  of  Bahrdt  overflowed  with  gratitude  ; 
but  if  fuch  be  his  opinion,  he  is  a  ftraiiger  to  the  prin- 
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ciples  of  thofe  who  have  on  the  continent  of  Europe 
afloclated  for  the  purpofe  of  enlightening  the  world.  ^ 
This  amiable  man,  whofe  charaXer  is  here  fo  juftly 
drawn,  was  afterwards  depiXed  by  the  monfter  whom 
he  had  faved  from  perifhing  by  hunger,  as  a  wretch  loft 
to  all  feiife  of  fhame  and  decency,  as  an  apoftate  from 
the  Chrlftian  faith,  and  as  a  notorious  frequenter  of  the 
London  brothels  !  Fortunately  he  was  able  to  vindicate 
his  charaXer  completely  from  this  flanderous  abufe,  and 
to  conviX  Bahrdt  of  having  publiftied  what  could  not 
pojjihly  he  true. 

This  ungrateful  liar  returned  from  England,  and  car¬ 
ried  into  execution  his  plan  of  the  Phllanthropine.  The 
caftle  of  Count  Lelning  Hartzburgh  at  Heldefhelm, 
having  gardens,  park,  and  every  handfome  accommoda¬ 
tion,  had  been  fitted  up  for  It  ;  and  in  177^ 
confecrated  by  a  folemn  religious  feftival.  But  his  old 
misfortunes  purfued  him.  He  had  indeed  no  colleagues 
with  whom  he  could  quarrel  ;  but  his  avovoed  publica¬ 
tions  became  every  day  more  obnoxious  ;  and  when  any 
of  his  anonymous  pieces  had  a  great  run,  he  could  not  fo 
far  ftifle  his  vanity  as  to  conceal  that  he  was  the  au¬ 
thor.  Of  thefe  pieces  fome  were  fhocking  to  decency,, 
and  others  fo  horribly  injurious  to  the  charaXers  of  the 
moft  refpeXable  men  in  the  ftate,  that  lie  was  conti¬ 
nually  under  the  correXion  of  the  courts  of  juftice.  It 
was  hardly  poffible  for  a  man  of  letters  to  be  in  his 
company,  and  not  fuffer  by  it  ;  for  it  was  his  conftant 
pra6tice  to  attribute  every  ftep  which  he  took  towards 
athelfm,  to  the  force  of  the  arguments  urged  by  fome 
of  his  friends. 

To  be  his  friend,  or  to  obtain  his  appiaufe,  was  in- 
deed  fo  great  a  misfortune,  that  when  the  reader  fees 
any  perfon  celebrated  by  Dr  Bahrdt,  in  the  beginning 
of  a  book,  for  found  fenfe,  profound  judgment,  accurate 
reafoning,  or  pralfed  for  aXs  of  frlendfhip  to  himfelf, 
he  may  be  afliired,  that  before  the  clofe  of  the  book 
this  man  fhall  be  reprefented  as  having  in  private  con- 
verfatlon  convinced  the  author,  that  fome  doXrine,  che- 
rifhed  and  venerated  by  all  Chriftlans,  is  a  piece  of  kna- 
vifti  fuperftitlon. 

Dr  Bahrdt  had  married,  while  at  Gieffen,  a  woman 
with  a  fmall  fortune  ;  but  fuch  a  ftranger  was  he  to  the 
delicacies  of  wedded  love,  fo  loft  indeed  to  all  fenfe  of 
decency,  that  he  contrived  one  day  to  entice  his  wife 
naked  iViXo  the  bath  in  the  garden  of  his  Phllanthropine, 
where,  in  the  w'ater,  he,  being  alfo  tiaked^  toyed  with 
her  in  the  fight  of  all  his  pupils.  It  was  his  boaft  that 
he  held  his  opinions  independent  of  all  manki-nd,  and 
was  indifferent  whether  they  procured  him  praife  or  re¬ 
proach  ;  but  it  appears  from  this  faX,  that  he  was 
equally  regardlefs  of  the  praife  or  cenfure  which  might 
be  attached  to  his  aXions  ;  for  furely  the  groffeft  hog 
that  ever  before  him  battened  in  the  Epicurean  fly 
would  not  have  prefented  fuch  an  exhibition  to  boys. 

The  confequence  of  all  this  was,  that  he  was  obliged 
to  fly  from  Heldefheim,  leaving  his  fureties  in  the  Phi- 
lanthroplne  to  pay  about  14,000  dahlers,  befides  debts 
without  number  to  his  friends.  He  was  imprifoned  at 
Dienhelm  ;  but  being  foon  releafed,  he  fettled  at  Halle, 
where  he  funk  to  he  the  keeper  of  a  tavern  and  billiard- 
table.  His  houfe  became  of  courfe  the  refort  and  the 
bane  of  the  ftudeiits  in  the  univerfity,  and  he  was  obli¬ 
ged  to  leave  the  city.  He  had  fomehow  got  money 
fufiicient  to  purchafe  a  little  vineyard,  pleafantly  fitua- 

ted 
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Bahrdt.  ted  In  the  neighbourhood.  This  he  fitted  up  with 
every  accommodation  that  could  invite  the  ftudents, 
and  called  it  Bahrdfs  Ruhe  (Bahrdt’s  repofe)  ;  where 
he  lived  for  two  years,  directing  the  operations  of  a  fe- 
cret  fociety  called  the  German  Union,  for  rooting 
OUT  Superstition  and  Prejudices,  and  for  advan¬ 
cing  TRUE  Christianity. 

With  Bahrdt’s  qualifications  for  advancing  the  inte- 
refls  of  genuine  Chriftianity,  the  Chrillian  reader  is  al¬ 
ready  fufticiently  accquainted  ;  but  he  will  not  wonder 
at  his  appointment  to  this  high  office,  when  he  is  in¬ 
formed  that  the  German  Union  is  nothing  more  than 
a  fpawn  of  the  fecret  fociety  of  Illuminati  (fee  Illu¬ 
minati  in  this  Supplement)  ;  and  that  its  objedl  is  to 
abolifh  the  religion  of  the  gofpel,  and  to  teach  in  its 
ftead  the  fatalifm  of  the  Stoics.  With  this  view  Chri- 
fliaiiity  is  confidered  in  the  union  as  a  rnyftical  fociety, 
and  its  Divine  Founder  as  the  grand  mailer  of  a  lodge  ! 
The  apoftles  Peter,  James,  John,  and  Andrew,  were  the 
ELECT,  brethren  of  the  third  degree,  and  initiated  into 
all  the  myfteries.  The  remaining  apoftles  were  only  of 
the  fecond  degree  ;  and  the  feventy-two,  of  the  JirJl  :  a 
degree  into  which  ordinary  Chriftians  may  be  admitted, 
and  prepared  for  farther  advancement.  The  great  my- 

ftery  is,  that  J -  C -  was  a  naturalist,  and 

taught  the  do6Irine  of  a  fupreme  mind,  the  fpedlator 
but  not  the  governor  of  the  w^orld. 

To  propagate  thefe  impious  and  abfurd  notions, 
Bahrdt  publifhed  many  books  of  the  moll  antichriftian 
tendency,  and  fome  of  them  calculated  to  make  their 
readers  lhake  off  all  moral  obligation.  But  the  labours 
of  the  fociety  were  not  confined  to  religion  :  it  incul¬ 
cated  on  its  members  the  moft  dangerous  maxims  of  ci¬ 
vil  condudl  :  for,  as  we  learn  from  Bahrdt  himfelf,  the 
objedls  at  wffiich  the  Union  aimed  were — Advancement 
of  feience — a  general  interejl  and  concern  for  arts  and  leani^ 
ing-^excitement  of  talents — check  of  fcr  'thblivg — good  edu^ 
cation — liber  t  y — e  ctu  a  l  i  x  v  — hofpitality — delivery 
OF  MANY  FROM  MISFORTUNES — Union  of  the  learned — 
and  at  lajl — perhaps — A  men. 

What*  the  meaning  of  this  enigmatical  conclufion  is 
we  can  only  guefs  ;  and  we  agree  with  the  real  philofo- 
pher  from  whom  w^e  have  taken  this  account,  that  our 
conjedlures  cannot  be  favourable.  Bahrdt  was  a  villain, 
and  could  be  affociated  only  with  villains,  wffioft  affairs 
he  managed  with  the  help  of  an  old  man,  who  lived  at 
bed  and  board  in  his  houfe  for  about  fix  fliillings  a-week, 
and  difeharged  the  office  of  fecretary  to  the  Union. 

When  he  had  toiled  in  this  caufe  near  two  years, 
fome  of  the  fecrets  of  the  Union  tranfpired  ;  his  former 
condiift  and  his  conftant  imprudence  made  him  fufped- 
ed  ;  his  aftociated  friends  lodged  informations  againft 
him  ;  his  papers  were  feized  ;  and  he  himfelf  was  Tent 
to  prifon,  firft  at  iTalle  and  then  at  Magdeburgh.  After 
fomething  more  than  a  year’s  confinement,  he  w^as  fet 
at  liberty,  and  returned  to  his  Ruhe^  not,  alas  I  to  live 
at  eafe,  or  to  exhibit  fymptoms  of  repentance,  but  to 
lie  down  on  a  fick-bed,  where,  after  many  months  dif¬ 
fering  of  increafing  pain,  he  died  on  the  23d  of  April 
1793,  the  moft  wretched  and  loathfome  vidim  of  un¬ 
bridled  fenfuality. 

Such  w^ere  the  fruits  of  the  German  Union,  and  of 
that  illumination  which  was  to  refine  the  heart  of  man, 
and  bring  to  maturity  the  feeds  of  native  virtue,  which 
are  choaked  in  the  heart  by  fuperftition  and  defpotifm. 
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Dr  Bahrdt  affeded  to  be  the  enlightener  and  reformer  Bahnlt. 
of  the  world  ;  and  affirmed  that  all  the  evils  of  life  pri- 
ginated  from  defpotifm  and  fuperftition,  “  In  vain 
(fays  he)  do  w'e  complain  of  the  inefficacy  of  religion, 
Allpofitive  religion  is  founded  on  injuftice.  No  prince 
has  a  right  to  prefevibe  or  fandion  any  fiicli  lyftem  ; 
nor  would  he  do  it,  were  not  the  priefts  the  firmeft  pil¬ 
lars  of  his  tyranny,  and  fuperftition  the  ftrongeft  fetters 
for  his  fubjeds.  He  dares  not  fttow  Religion  as  ftie  is, 
pure  and  undefiled — ftie  would  charm  the  eyes  and  the 
hearts  of  mankind,  would  immediately  produce  true  mo¬ 
rality,  would  open  the  eyes  of  freeborn  man,  would 
teach  him  what  are  his  rights  and  who  are  his  oppref- 
fors,  and  princes  would  vaniffi  from  the  face  of  the  earth.” 

Therefore,  without  troubling  oiirfelvcs  with  the  truth 
or  falfehood  of  his  religion  of  nature,  and  affuming  it  as 
an  indifputable  point,  that  Dr  Bahrdt  has  feen  it  in  this 
natural  and  fo  effedive  purity,  it  is  furely  a  very  perti¬ 
nent  queftion,  “Whether  has  the  fight  produced  on  his 
mind  an  efted  fo  far  fuperior  to  the  acknow  ledged  faint- 
nefs  of  the  impreffion  of  Chriftianity  on  the  bulk  of 
mankind,  that  it  will  be  prudent  to  adopt  the  plan  of 
the  German  Union,  and  at  once  put  an  end  to  the  di- 
vifions  wdiich  fo  unfortunately  alienate  the  minds  of  pro- 
feffiiig  Chriftians  from  each  pther  The  account  here 
given  of  Dr  Babrdt’slife  feems  to  decide  the  queftion. 

But  it  will  be  faid  that  we  have  only  related  fo  ma¬ 
ny  inftances  of  the  quarrels  of  priefts  and  their  flaviffi 
adherents  with  Dr  Bahrdt.  Net  us  view  him  in  his 
ordinary  condud,  not  as  the  champion  and  martyr  of 
illumination,  but  as  an  ordinary  citizen,  a  hufband,  a  fa¬ 
ther,  a  friend,  a  teacher  of  youth,  a  clergyman. 

When  Dr  Bahrdt  w^as  a  pariffi  minifter,  and  prefidcnt 
of  fome  inferior  ecclefiaftical  diftrid,  he  was  empow^ered 
to  take  off  the  cenfurcs  of  the  church  from  a  young  wo¬ 
man  who  had  born  a  baftard  child.  By  violence  he 
again  reduced  her  to  the  fame  condition,  and  efcaped 
cenfure  by  the  poor  girl’s  dying  of  a  fever  before  her 
pregnancy  was  far  advanced,  or  even  legally  document¬ 
ed.  On  the  night  of  the  folemn  farce  of  confecrating 
his  Philantliropine,  he  debauched  the  maid-fervant,  w  ho 
bore  twins,  and  gave  him  up  for  the  father.  The 
thing  was  not  judicially  proved,  but  was  afterwards 
made  fufficiently  evident  by  letters  found  among  his 
papers,  and  publiffied  by  one  of  his  friends  in  the  Union. 

Having  (iipported  thefe  infants,  in  a  pitiful  manner,  for 
little  more  than  a  year,  he  caufed  them  to  be  taken, 
aw’ay  from  tlieir  mother,  during  night,  fome  time  in 
the  month  of  February  1780;  and  they  were  found 
expofed,  the  one  at  Ufstein,  and  the  other  at  Worms, 
many  miles  diftant  from  each  other,  and  almoft  frozen 
to  death. 

So  much  for  the  purity  of  his  morals  and  his  reli¬ 
gion,  as  he  appears  in  the  charader  of  a  father  and 
of  a  clergyman.  ITis  decency  as  a  hufband,  and  his 
gratitude  to  his  friend,  we  have  already  feen  ;  and 
we  (hall  now  fee  his  kindnefs  and  fidelity.  After 
wafting  the  greateft  part  of  his  wife’s  little  fortune, 
he  was  fo  provoked  becaufe  her  brother  would  not 
give  him  up  the  remainder,  amounting  to  about  L.iio, 
that  he  ever  afterwards  treated  her  with  the  greateft 
cruelty,  and  exhibited  her  to  contempt  and  ridicule  in 
two  infamous  novels.  At  Halle  he  brought  a  miftrefs 
into  the  houfe,  and  committed  to  her  the  care  of  his  fa¬ 
mily,  confining  his  wife  and  daughter  to  their  0W4. 

apartment  % 
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En’Ht,  apartment;  and  the  laft  thing  which  he  did  was  to 
fend  fora  bookfeller,  who  had  publilhed  fome  of  his 

' - - -  vileft  pieces,  and,  without  a  thought  of  his  injured  vvite, 

recommend  his  ftrumpet  and  her  children  to  liis  protec- 

“Think  not,  indignant  reader  (fays  Arbuthnot), 
that  this  man’s  life  is  ufelefs  to  mortals.”  _  It  diows  in 
a  ftrong  light  the  falfity  of  all  his  declamations  in  favour 
of  his  fo  much  praifcd  natural  religion  and  univerfal 
kindnefs  and  humanity.  No  man  of  the  party  writes 
with  more  perfuaiive  energy,  and,  though  his  petulance 
and  precipitant  felf-conceit  lead  him  frequently  aftray, 
no  man  has  occafionally  put  all  the  arguments  of  thefc 
philofophers  in  a  clearer  light  ;  yet  we  fee  that  all  is 
falfe  and  hollow.  He  is  a  vile  hypocrite,  and  the  real 
aim  of  all  his  writings  is  to  make  money,  by  fofteniig 
the  feiifual  propenfities  of  human  nature,  although  he 
fees  and  feels  that  the  completion  of  the  plan  of  the 
German  Union  would  be  an  event  more  deftrudfive  and 
lamentable  than  any  that  can  be  pointed  out  in  the  an¬ 
nals  of  fiiperftition.  We  will  not  fay  that  all  the  parti- 
fans  of  illumination  are  hogs  of  the  fty  of  Epicurus  like 
this  wretch  ;  and  it  would  be  extremely  unjuft  to  cot- 
llder  his  vices  as  the  eftedfs  of  his  illumination.  He 
was  fenfual,  ungrateful,  and  profane,  before  he  was  ad¬ 
mitted  into  the  order  of  the  Illuminati ;  but  bad  the 
views  of  that  order  been  fuch  as  were  held  out  to  the 
world  at  large,  its  fagacious  founder  would  not  have  ini¬ 
tiated  a  wretch  fo  notorioully  profligate  as  Dr  Bahrdt. 
Tiieir  views,  however,  being  to  govern  mankind  thro’ 
the  medium  of  their  fenfual  appetites,  and  to  reign  in 
hell,  rather  than  ferve  in  heaven,  they  could  not  have 
employed  a  better  inftrument.  Dr  Bahrdt  was  a  true 
riifciple  of  illumination  ;  and  though  his  torch  was  made 
of  the  coarfeft  materials,  and  ferved  only  to  difcover 
fights  of  woe,  the  horrid  glare  darted  into  every  corner, 
roufmg  hundreds  of  filthy  vermin,  and  direamg  their 
flight  to  the  rotten  carrion,  where  they  could  beft  de- 
pofite  their  poifon  and  their  eggs.  Whilft  the  more  de- 
cent  members  of  the  Union  laboured  to  pervert  the  re¬ 
fined  part  of  mankind  by  declamations  on  the  rights  of 
man  and  the  bleffings  of  liberty,  Bahrdt  addreffed  him- 
felf  to  readers  of  all  defcriptions,  and  affailed  at  once  the 
imacrination  and  the  appetites.  He  taught  them,  that 
religion  is  an  impofture  ;  that  morality  is  convenience  ; 
and,  with  blafphcmy  peculiar  to  liimlelf,  that  he  and 
his  order,  by  their  licentious  doftrines,  were  to  complete 

the  plan  and  aim  of  J -  C  .  ,  ,  r 

BAILLY  (Jean-Sylvian),  who  made  f^uch  a  figure 
during  the  firft  years  of  the  French  revolution,  was  born 
at  Paris  on  the*  15th  of  September  1736,  of  a  family 
which  had  been  diftinguifhed  painters  during  four  fuc- 
ceflive  generations.  He  was  bred  to  the  fame  piofef- 
fion,  but  fhowed  an  early  tafte  for  poetry  and  the  belles 
lettres.  Chancing,  however,  to  become  acquainted  with 
the  geometer  La  Caille,  this  circumftance  decided  his 
genius,  and  he  thenceforth  devoted  himfelf  to  the  culti¬ 
vation  of  fcience.  He  calculated  the  orbit  of  the  co¬ 
met  of  1759;  and  on  the  29th  of  January  1763  was 
received  into  the  Academy  of  Sciences.  In  that  year 
he  publiihed  an  ufefiil  and  laborious  compilation,  being 
t  he  reduftion  of  the  obfervations  made  by  La  Caille  in 
1760  and  1761,  on  the  zodiacal  bars.  He  likewife  be- 
gan  to  confider  the  theory  of  Jupiter’s  fatellites,  and,  in 
the  competition  for  this  prize  qiieftion  of  1764,  had  a 
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formidable  rival  in  I.a  Grange,  who  already  promifed  to  ^ 
become  the  fird  mathematician  in  Europe.  The  re- 
fiihs  of  his  inyeiligations  were  collefted  into  a  treatife 
piibliihed  in  <766,  containing  alfo  the  hiftory  of  that 
part  of  ailronomy.  In  1771  he  gave  a  moll  curious 
and  important  memoir  011  the  light  of  the  fatellites,  and 
introduced  a  degree  of  accuracy  till  then  unknown  in 
the  obfervations  of  their  eclipfes. 

His  ftudies  were  not  confined  to  the  abftraft  fcieiices;^ 
for  he  cultivated  letters  with  fuccefs.  His  eloges  ot 
Charles  V.  of  Corneille,  of  I.eibhitz,  of  Moliere,  and 
afterward  thofe  of  Cook,  La  Caille,  and  Greflet,  were 
much  admired.  His  eloquence  pointed  him  out  as  a 
proper  pcrfoii  to  fill  the  charge,  vacant  in  1771,  of  fe- 
cretary  to  the  Academy  of  Sciences  ;  and,  under  the 
patronage  of  Bulfon,  he  Hood  candidate  for  that  en¬ 
viable  place.  He  failed  :  but  it  was  the  high,  birth  and 
promiiing  talents  of  the  young  Condorcet,  joined  to  the 
aftive  influence  of  D’Alembert,  that  carried  the  prize. 

In  1775  appeared  the  firfl  volume  of  the  Hiftory  of 
AHronomy,  which  indeed  ftrews  the  path  of  fcience 
with  flowers,  and  in  every  refpeft  is  a  moll  valuable 
work — full  of  animated  defeription,  of  luminous  narra¬ 
tive,  and  intcrelling  detail.  His  very  peculiar  ideas 
concerning  the  early  Hate  of  Upper  Afia  gave  rife  to 
an  ingenious  correfpondeiice  and  difeuflion  with  the  ve¬ 
teran  philofophcr  Voltaire,  the  fubflance  of  which  foon 
appeared  in  two  volumes,  intitled,  “  Letters  on  the  Ori¬ 
gin  of  Sciences,”  and  “  Letters  on  the  Atlantide  of 
Plato.”  If  imagination  Ihone  forth  in  thefe  eflays,  eru¬ 
dition  was  no  lefs  confpicuous  in  a  great  work  compo- 
fed  in  the  years  1781  and  1782,  on  the  fables  and  reli¬ 
gious  creeds  of  antiquity  ;  which  Hill  exills  in  maiiu- 
feript,  and  the  publication  of  which  would  afiuredly  ex¬ 
tend  the  fame  of  its  author,  and  gratify  the  learned 
world.  His  opinions  on  fome  points  happening  to  co¬ 
incide  with  the  theories  of  Buffon,  he  contrafted  with 
that  celebrated  naturalift  a  clofe  friendfhip,  which  \yas 
diffolved  by  Bailly’s  uncourtly  oppofition  to  the  eleftion 
of  the  Abbe  Maury  into  the  Academte  Frangaife,  Of 
that  academy  he  had  been  chofen  fecretary  in  1784; 
and  he  was  admitted,  in  the  following  year,  into  the 
Academy  of  inferiptions  and  Belles  Lettres  ;  the  only 
inftance,  fince  Fontenelle,  of  the  fame  perfon  being  at 
once  a  member  of  all  the  three  academies.  In  the  mean¬ 
time,  the  other  volumes  of  the  Hiftory  of  Aftronomy 
fucceftively  appeared,  and  that  capital  work  was  com¬ 
pleted  in  1787  by  the  Hiftory  of  the  Indian  and  Orien¬ 
tal  Aftronomy  ;  a  produdlion  of  fingular  acutenefs,  re- 
fearch,  and  nice  calculation. 

In  1784  he  made  an  elegant  report  to  the  Academy 
of  Sciences  on  the  animal  magnetifm  of  Mefmer ;  and 
in  1786  another  report,  which  difplays  the  judgment 
and  humanity  of  its  author,  on  a  projea  for  a  new 
hoteUdteu  or  infirmary. 

We  now  approach  the  eventful  period  which  fum- 
moned  Bailly  from  his  retirement,  to  enter  on  a  politi- 
cal  career,  that  was  full  of  difficulty  and  danger,  and 
for  which  his  habits  and  ftudies  appear  not  to  have  fitted 
him.  He  had  feen,  as  others  faw,  the  defeas  of  the  old 
government  of  France.  His  heart  panted  for  civil  and 
ecclefiaftical  liberty  ;  but  unfortunately,  like  many  other 
philofophers  both  in  his  own  country  and  in  this,  he 
bad  toiiHed  notions  of  that  blefling  which  experience 
ftiould  have  taught  him  can  never  be  realifed  among  be¬ 
ings 
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Hallly,  uigs  fo  imperfed  as  the  bulk  of  mankind.  When  the 

■""“v— ^  ftates-general  were  fummoned  to  meet,  he  was  on  the 
26tli  of  April  1789  nominated  fecretary  by  the  elee- 
tors  of  Paris,  and  then  appointed  one  of  the  deputies, 
lie  was  ehofen  prefident  of  the  Tiers  Eiot ;  and  when 
that  ehamber  was  eonflituted  the  National  AlTembly, 
he  eontinued  in  the  ehair,  and  coneurred  in  all  the  le¬ 
velling  deerees  whieh  laid  the  foundation  of  the  prefen t 
mifery  of  his  eoiiutry,  as  well  of  moil  other  eountries  of 
Europe. 

After  the  taking  of  the  Baftilc,  when  the  king  was 
removed  to  Paris  on  the  15th  of  July,  Bailly  was  called 
by  public  acclamation  to  the  head  of  that  city,  with 
the  title  of  Mayor,  In  his  feveral  fundlions  he  aded 
with  integrity,  courage,  and  moderation.  He  reached 
the  fiimmit  of  glory  : — but  how  mutable,  alas  !  is  hu¬ 
man  grandeur  !  That  middle  coiirfe  of  condud,  the 
aurea  mediocritas^  at  which  virtue  aims,  is  fitted  to  pleafe 
neither  of  the  contending  parties  in  the  rnidfi;  of  revolu¬ 
tions  ;  and  fiich  proved  the  ruin  of  Biiily.  His  po¬ 
pularity  began  to  decline,  and  was  at  length  changed 
into  inveterate  enmity  by  an  unfortunate  accident.  On 
the  17th  of  July  1791,  the  populace  having  colleded 
tumultuoufly  to  demand  the  abolition  of  monarchy, 
Bailly  was  orckred  by  the-  National  AlTembly  to  dif- 
perfe  the  mob.  He  was  obliged  to  proceed  to  the 
Champ-de-Mars  at  the  rifle  of  his  life  ;  and,  in  fpite  of 
all  his  exertions  and  forbearance,  fome  fnots  were  fired 
by  the  foldiery.  It  was  no  longer  defirable  to  hold  his 
perilous  charge,  and  on  the  16th  of  November  follow- 
ing  he  give  way  to  the  afcendiiig  reputation  of  Petion. 
The  impaired  ftate  of  his  health,  too,  rendered  it  expe¬ 
dient  to  retire  from  the  focus  of  turbulence.  He  fpent 
the  year  1792  and  part  of  1793  in  travelling  through 
different  provinces  of  France.  During  this  period  he 
wrote  memoirs  of  the  events  which  he  had  witneffed, 
and  in  which  he  had  often  been  a  principal  a6lor.  Thefe 
come  down  only  to  the  2d  of  October  1789,  but 
would  make  a  large  quarto  volume  ;  and  I^a  Lande, 
from  whofe  Eloge  de  Bailly  this  article  is  taken,  gives 
us  hopes  that  the  manufeript  will  be  publifhed.  He 
was  advifed  by  his  friends  to  withdraw  from  France, 
but  he  chofe  rather,  like  Socrates,  to  fubmit  to  the  in- 
juftice  and  ingratitude  of  his  country.  At  the  nod  of 
a  vulgar  tyrant  he  was  arrefted,  fuminarily  condemned 
by  a  fanguinary  tribunal,  and  on  the  1 5th  of  November 
1793  delivered  over  to  appeafe  the  vengeance  of  an 
jncenfed  and  indiferiminate  populace.  His  faflferiiigs 
were  ftiidioufiy  protracted,  but  he  bore  them  with  the 
calmnefs  and  magnanimity  of  a  fage.  Nature  recoils 
at  the  recital  of  fiich  barbarities. 

In  1787  M.  Bailly  married  the  wndow  of  one  who 
had  been  during  25  years  his  intimate  friend  ;  a  wo¬ 
man  more  qualified  by  her  age  and  condition  to  infpire 
refped  than  the  paflion  of  love.  He  was  lall  in  his 
perfon,  of  a  ferious  deportment,  and  joined  firmnefs  to 
fenfibility.  Never  did  philofoplier  diftingiiifli  himfelf  in 
fo  many  different  lines,  nor  acquire  fuch  deferred  repu¬ 
tation  in  them  all.  Fils  difintereflednefs  was  pure  and 
unaffeCfed  ;  and  during  his  magiflracy  he  fpent  a  part  of 
his  fortune  in  relieving  the  wants  of  the  poor.  Flis 
virtue  remained  as  untainted  in  his  various  public  fta- 
tions  as  in  the  fweet  retirement  of  domeftic  life. 

Such  is  the  encomium  paffed  upon  this  philofopher 
and  ftatefman  by  no  lefs  a  man  than  the  celebrated  af- 
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tronomer  M.  de  la  Lande  ;  but  to  thofe  who  are  not  Baliol 
infeCted  with  the  mania  of  freedom,  it  will  doiibtlefs  ap- 

pear  greatly  exaggerated.  That  M.  Bailly  w^as  a  man  i _ ^ _ 

of  eminence  in  the  republic  of  letters,  is  known  to  all 
the  learned  of  Europe  ;  that  in  his  political  condu6l  he 
meant  to  promote  the  good  of  his  country,  it  would 
certainly  be  prefumptuous  in  us  to  deny  ;  and  that  he 
fuffered  unjuftly,  is  incontrovertible  :  But  let  it  be  re¬ 
membered  that  he  fuffered  in  a  ftorm,  which  he  exerted 
all  his  abilities  to  ralfe  ;  and  that  he  fet  an  example  of 
injuftice,  w^hen  he  concurred  in  the  degradation  of  the 
privileged  orders,  and  in  the  violent  coiififcation  of  the 
property  of  the  church. 

BALIOL  (John),  the  competitor  with  Bruce  for 
the  crown  of  Scotland,  was  not  (as  he  is  fald  to  have 
been  in  the  Encyclopiedia)  the  brother  of  King  Alex¬ 
ander,  but  the  great  grandfon  of  David  Earl  of  Hun¬ 
tington,  third  foil  of  King  David  1. 

BALLISTIC  Pendulum,  an  ingenious  machine 
invented  by  Benjamin  Robins,  for  afeertaining  the  velo¬ 
city  of  military  projedliles,  and  confequently  the  force 
of  fired  gunpowder.  It  confifts  of  a  large  block  of 
wood,  annexed  to  the  end  of  a  ffrong  iron  Item,  having 
a  crofs  fteel  axis  at  the  other  end,  placed  horizontally, 
about  wliich  the  whole  vibrates  together  like  the  pen¬ 
dulum  of  a  clock.  The  machine  being  at  reft,  a  jjifttcuj 
of  ordnance  is  pointed  llraight  towards  the  wooden  DicUojTary^ 
block  or  ball  of  this  pendulum,  and  then  difeharged: 
the  confequence  is  this  —the  ball  difeharged  from  the 
gun  Ilrikes  and  enters  the  block,  and  caufes  the  pendu¬ 
lum  to  vibrate  more  or  lefs  according  to  the  velocity  of 
the  projedlile  or  the  force  of  the  blow  ;  and  by  obfer- 
ving  the  extent  of  the  vibration,  the  force  of  that  blow 
becomes  known,  or  the  greateil  velocity  with  which  c’ne 
block  is  moved  out  of  its  place,  and  confequently  the- 
velocity  of  the  projectile  itfelf  which  ftruck  the  blow 
and  urged  the  pendulum, 

BANKA  (fee  Banca,  EncyeL')  is  noted  throughout: 

Afia  for  its  tin  mines.  It  lies  oppofite  to  the  river  Pa- 
lambang,  in  the  Ifland  of  Sumatra,  on  which  the  fove- 
relgn  of  Banka,  poffeffor  alfo  of  the  territory  of  Paliinv- 
bang,  keeps  his  conffaiit  reiidence.  This  prince  main¬ 
tains  his  authority  over  his  own  fubjedts,  and  his  inde¬ 
pendence  of  the  neighbouring  Sovereigns,  cliielly  by  the 
afilftance  of  the  Dutch,  who  have  a  fettlement  and  troops 
at  Pdlambang,  and  enjoy  the  benefit  of  a  contrail  with 
the  king  of  Banka  for  the  tin  wliich  his  fubjedis  procure 
from  that  ifland.  Such  at  lead  was  the  cafe  in  1793, 
when  Lord  Macartney  touched  at  Banka  on  liis  way  to 
China.  At  that  period  the  fovereigii  compelled  his  fub- 
jedls,  and  probably  does  fo  at  preient,  to  deliver  the  tin 
to  him  at  a  low  price,  and  fold  it  to  the  Dutch  at  a  fmall 
advance,  pnrfuant  to  his  contradl.  Thofe  miners,  from 
long  pradiice,  have  arrived  at  great  perfection  in  redu¬ 
cing  the  ore  into  metal,  emjlloying  wood  as  fuel  in  their 
furnaces,  and  not  foffile  coal,  ovcoak,  which  is  feldom  fi> 
free  from  fiilphur  as  not  to  afieCi  the  malleability  of  the 
metal.  It  is  fometimes  preferred  therefore  to  Europeau 
tin  at  the  Canton  market ;  and  the  profit  upon  it  to  the 
Dutch  company  was,  at  the  period  mentioned  above, 
fiippofed  to  have  long  been  not  lefs  than  L.  150,000  a- 
year.  Into  whole  hands  this  trade  lias  now  fallen  we 
know  not  ;  probably  it  is  in  a  great  degree  negleCled. 

BANTAM,  the  capital  of  a  kingdom  of  the  fame 
name  in  the  ifland  of  Java,  is,  in  the  Encyclopedia,  find 

to 
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to  be  a  latgc  town  with  a  good  harbour  and  fortided 
calUe  Sir  George  Staunton,  however,  who  vifitcd  Ban¬ 
tam  hnce  that  article  was  publiAted,  gives  a  very  diffe¬ 
rent  account  both  of  the  town  and  of  its  harbour.  Once 
indeed  it  was  a  place  of  confiderable  confequence,  heing 
the  great  mart  for  pepper  and  other  fpices,  whence  they 
were  diffributed  to  the  reft  of  the  world.  The  chief 
fadory  of  the  EngliOi  as  well  as  Dutch  Eaft  India  Com¬ 
pany  was  fettled  there.  The  merchants  of  Arabia  and 
Hindoftan  reforted  to  it.  Its  fovereigns  were  fo  deft- 
rous  of  encouraging  trade,  by  giving  fecurity  to  foi*eign 
merchants  againft  the  violent  and  revengeful  difppfition 
of  the  natives,  that  the  crime  of  murder  was  never  par¬ 
doned  when  committed  againft  a  ftranger,  but  might  be 
commuted  by  a  foreigner  for  a  fine  to  the  relations  of 
the  deceafed.  This  place  flourilhed  for  a  confiderable 
time  ;  but  the  Dutch  having  conquered  the  neighbour¬ 
ing  province  of  Jacatra,  where  they  fince  have  built  Ba¬ 
tavia,  and  transferred  their  principal  bufinefs  to  it,  and 
the  Englifh  having  removed  to  Hindoftan  and  China, 
and  trade  in  other  refpeds  having  taken  a  new  courfe, 
Bantam  was  reduced  to  a  poor  remnant  of  its  former 
opulence  and  importance.  Other  circumftances  have 
accelerated  its  decline.  The  bay  is  fo  choaked  up  with 
daily  acceffions  of  new  earth  vvafhed  dowm  from  the 
mountains,  as  well  as  by  coral  fhoals  extending  a  confi- 
derable  way  to  the  eaftw^ard,  that  it  is  inacceffible  at 
prefent  to  veffels  of  burden  ;  even  the  party  who  w^nt 
there  from  the  Lion,  the  flu'p  which  carried  Lord  Ma¬ 
cartney  to  China,  was  obliged  to  remove  from  her  pin¬ 
nace  into  a  canoe,  in  order  to  reach  the  town.  With 
the  trade  of  Bantam  the  power  of  its  fovereign  decli¬ 
ned.  In  his  wars  with  other  princes  of  Java  he  called 
in  the  affiftance  of  the  Dutch  ;  and  from  that  period 
he  became  in  fa6l  their  captive.  He  refides  in  a  palace 
built  in  the  European  ftyle,  with  a  fort  garrifoned  by 
a  detachment  from  Batavia,  of  which  the  commander 
takes  his  orders  not  from  the  king  of  Bantam,  but  from 
a  Dutch  chief  or  governor,  who  lives  in  another  fort 
adjoining  the  town,  and  nearer  to  the  fea-fide.  His 
Bantamefe  majefty  is  allowed,  however,  to  maintain  a 
body  of  native  troops,  and  has  feveral  fmall  armed  vef¬ 
fels,  by  means  of  which  he  maintains  authority  over 
fome  parts  of  the  fouth  of  Sumatra,  His  fubjc^ls  are 
obliged  to  fell  to  him  all  the  pepper  they  raife  in  either 
iflancl,  at  a  low  price,  wliich  he  is  under  coutrad  with 
the  Dutch  to  deliver  to  them  at  a  fmall  advance,  and 
much  under  the  marketable  value  of  that  commodity. 
The  prefent  king  joins  the  fpiritual  to  the  temporal 
power,  and  is  high  prieft  of  the  religion  of  Mahomet  ; 
with  which  he  mingles,  indeed,  fome  of  the  rites  and 
fuperftitions  of  the  aboriginal  inhabitants  of  Java  ;  ado¬ 
ring,  for  inftance,  the  great  banyan,  or  Indian  fig-tree, 
which  is  likewife  held  facred  in  Elindoftan,  and  under 
which  religious  rftes  might  be  conveniently  performed  ; 
in  like  manner,  as  all  affairs  of  ftate  are  actually  tranf- 
adled  by  the  Bantamefe  under  femr  (hadowing  tree  by 
moon-light.  To  complete  the  ruin  of  Bantam,  a  fire 
fome  time  ago  deftroyed  molt  of  the  houfes,  and  few 
have  been  fince  rebuilt. 

BANYAN-TREE.  See  Ficus, 

British  BARILLA,  is  the  name  given  by  Mr 
James  King  of  Newcaftle  upon  Tyne,  to  a  material  in¬ 
vented  by  him  to  fupply  the  place  of  Spaiiifh  barilla  in 
the  making  of  crown  window-glafs,  broad  window-glafs, 
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and  glafs- bottles,  as  alfo  in  the  rnaniifacfturing  of  foap  Barilla, 
and  alum.  For  thefe  purpofes  he  affirmed  that  it  an  -  B-rthelcmC 
fwered  much  better  than  any  other  material  then  in 
ufe  ;  and  in  confequence  of  that  afliimatioii  he  obtain¬ 
ed  a  patent  for  his  Invention,  dated  March  4.  lySr. 

Though  we  can  hardly  allow  to  this  invention  all  the 
merit  claimed  for  it  by  its  fond  author,  yet  as  it  t/i/r/y  be 
of  ufe  to  different  manufadurers,  we  fhall  lay  before 
our  readers  bis  method  of  making  the  Brltifti  barilla. 

It  is  as  follows  ;  “Take  a  certain  quantity  of  allies  ob¬ 
tained  by  burning  the  loppings  or  branches  of  alh,  oak, 
beech,  elm,  alder,  pr  any  other  kind  of  green  wood  or 
bramble  :  Take  an  equal  quantity  of  the  afhes  obtained 
by  burning  the  green  vegetables  known  by  the  name  ot 
fern,  brecon,  bean  and  pea-ftraw,  whins,  common  field 
and  high-way  thiftles,  the  ftalks  of  rape  or  muftard- 
feed,  or  the  bent  or  rufiies  that  grow  by  the  fea-fhore.'* 

Though  we  know  not  in  what  qualities  the  allies  ob¬ 
tained  from  the  former  fubftanccs  differ  from  thofe  ob¬ 
tained  from  the  latter,  the  author,  as  if  the  difference 
was  very  great,  direds  thefe  equal  quantities  to  be  mix¬ 
ed  together,  fifted  through  a  fine  fieve,  and  laid  upon  a 
boarded  floor,  where  a  quantity  of  foapers  wafte-afhes, 
equal  to  the  whole  compound  mafs,  is  to  be  added  to  it, 
and  well  mixed  with  it  by  means  of  a  fhovel  or  other 
inftrumerit.  To  this  mixture  of  vegetable  afhes  and 
foapers  wafte-afhes  is  to  be  added  a  quantity  of  fine 
quick-lime,  in  the  proportion  of  one  hundred  weight  to 
twelve  hundred  of  the  blended  afhes,  and  the  lime  and 
allies  are  to  be  well  mixed  together.  After  this  the 
whole  is  to  be  put  into  an  iron  pan,  into  which  is  to  be 
poured  a  quantity  of  fea -water  fufficient,  fays  the  au¬ 
thor,  to  diffolve  the  alhes  and  lime  ;  and  the  whole  is 
to  be  ftirred  with  an  iron  rake  till  it  incorporate.  This 
being  done,  a  coal  fire  is  to  be  lighted  up  under  the  pan, 
and  kept  burning  for  two  days  and  two  nights  without 
intermiffion,  additional  quantities  of  fea-w'ater  being 
conftantly  fupplied  to  impregnate  the  materials  with  fa-- 
line  matter  fufficient  for  calcination  in  a  reverberating 
furnace  or  calcar.  In  this  calcar  the  faliue  mafs,  which 
w^as  boiled  In  the  pan,  Is  by  intenfe  heat  to  be  diffolvcd, 
and  kept  in  a  ftate  of  fufion  for  the  fpace  of  an  hour  ; 
during  which  time  the  volatile  part  flies  off,  and  leaves 
remaining  a  fixed  alkaline  fait,  which,  cooled  in  Iron 
pans,  is  the  Britifli  barilla,  and  has  the  appearance  of 
Spanilli  barilla.  See  Barilla,  EncycL 

BARTFIELEMI  (Jean  Jacques),  the  Neftor  of 
French  literature,  was  a  man  fo  eminent  for  his  know¬ 
ledge  of  antiquities,  that  every  claffical  reader  mull  be 
interclled  in  his  fate.  He  was  born,  we  believe,  at  Pa¬ 
ris  about  the  latter  end  of  the  year  1715  ;  and  being 
educated  for  the  fervice  of  the  church,  he  became  prior 
of  Cqurcay,  keeper  of  the  medals  and  antiques  in  the 
French  king's  cabinet,  and  in  i  747  was  eleded  a  mem¬ 
ber  of  the  Academy  of  Infcriptlons,  From^  that  period 
his  life  was  wholly  devoted  to  letters  ;  and  in  recording 
the  principal  events  of  it,  we  can  only  enumerate,  in 
their  order,  his  various  publications. 

A  differtatioii  of  his  on  the  river  Padolus  was  read 
1748  {Htfl.  dePJcacL  X.  29.)  ;  Refledions  on  a  Me¬ 
dal  of  Xerxes,  King  of  Arfamata  {Mem,  de  VAcad, 
XXXVIL  lyi-)?  found,  or  fald  to  be  found,  by  Four- 
moiit  in  the  temple  of  Apollo  Anycleus  (XXXIX. 

129.);  Effay  on  Numifmatic  Palaeography,  ih,  223; 
Diffevtation  on  two  Samaritan  Medals  of  Antlgonus 

King 


BAR  [  65  0  BAR 


l^arthe*  King  of  JuJea,  257  ;  Remarks  on  fome  Infcvlptions 
publiflied  by  different  authors,  XLV.  99  ;  Differtation 
~  on  Arabic  Coins,  ik  143  ;  by  which  it  appears  that  the 
Mohammedan  princes  copied  the  heads  of  Greek  and 
Roman  ones  on  their  coins,  and  gave  Arabic  inferip* 
tions  of  their  own  names  on  the  reverfe.  On  the  An¬ 
cient  Alphabet  and  Language  of  Palmyra,  tb.  179  ;  on 
the  Ancient  Monuments  of  Rome,  the  refult  of  a  lour 
in  Italy  to  colledl  medals  for  the  royal  cabinet,  to  which 
he  added  300,  XLIX.  151  ;  on  fome  Phoenician  Mo¬ 
numents,  and  the  Alphabets  formed  from  them,  LIIT. 
23.  The  charadlers  on  the  written  mountains,  which 
he  here  cites,  have  been  proved  of  no  value ;  and  he  il- 
luflrates  the  conformity  between  the  Phoenician  and 
the  Egyptian  charadlers  from  the  latter  on  the  banda¬ 
ges  of  the  mummies.  Explanation  of  the  Mofaic  Pave¬ 
ment  of  the  Temple  of  Prasnelle,  tb.  149;  of  which  there 
have  been  four  engravings  fince  its  firil  difeovery  in  1 650, 
and  which  Barthelemi  refers  to  the  voyage  of  Adrian 
into  Egypt.  It  may  be  of  that  date,  but  there  is  no 
reafon  to  fuppofe  that  it  reprefents  any  thing  more  than 
an  Egyptian  landfcape.  The  form. pf  letters  determines 
the  date  in  the  judgment  of  the  learned  Abbe.  On 
the  Relations  of  the  Egyptian,  Phoenician,  and  Greek 
Languages,  LVIl.  383  ;  on  fome  Medals  publifhed  by 
different  authors,  LIX.  iyo;  Explanation  of  an  In- 
feription  under  a  Bas-relief  in  the  Bifhop  of  Carpen- 
-  tras's  Library,  1767,  ib.  365  ;  on  the  Number  of  Pieces 
reprefented  in  one  Day  on  the  Theatre  at  Athens, 
LXXII.  286  ;  three  Comedies,  as  many  Tragedies,  a 
Satire,  and  a  Petite  Piece;  Remarks  on  fome  medals  of 
the  Emperor  Antoninus  flruck  in  Egypt,  LXXX.  484. 
1775(A). 

His  interpretation  of  the  Phoenician  infeription  at 
Malta,  LIII.  23,  was  controverted  by  our  learned  lin- 
guill,  Mr  Swinton,  in  Pliilof.  Tranfad.  i.IV.  art.  xxii, 
p.  119;  in  farther  remarks,  ib.  art.  Ixx.  p.  393. 

In  1792  he  publifhed  a  differtation  011  an  ancient 
Greek  infeription,  containing  an  account  of  expences  of 
the  public  feafts  under  the  archontate  of  Glaucippus, 
410  years  before  Chrifl. 

The  intimate  acquaintance  which  he  had  cultivated 
with  claffical  antiquity,  enabled  him,  in  the  clofe  of  a 
long  life,  to  compofe  that  chef-d^c£uvrey  the  “  Travels 
of  the  Younger  Anachavhs  into  Greece*'  in  the  mid¬ 
dle  of  the  fourth  century  before  the.  vulgar  era.  In  re- 
prefentlng  the  curiofity  of  a  Scythian  favage  (for  we 
cannot  confider  in  any  other  light  the  man  who  put 
mufic  and  the  exceffes  of  the  table  on  the  fame  level), 
he  takes  occafion  to  interweave  very  curious  and  inilruc- 
tive  details  on  the  laws,  religion,  manners,  cufioms,  and 
general  fpirit,  of  a  great  nation,  as  well  as  its  progrefs 
in  arts  and  fciences.  The  epoch  which  he  has  chofen 
is  that  of  letters  and  arts,  combining  the  age  of  Pericles 
with  that  of  Alexander,  the  revolution  which  changed 
the  appearance  of  Greece,  and  foon  after  overturned  the 
empire  of  Perfia.  The  iiitrodudion  comprehends  the 
1250  years  elapfed  from  the  age  of  Cecrops  to  the  fup- 
pofed  era  of  Anacharfis,  in  two  intervals;  the  firft  reach¬ 
ing  to  the  commencement  of  the  Olympiads,  the  fecond 
to  the  capture  of  Athens  by  the  Lacedemonians.  The 
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hiftory  of  the  Athenians  commences  about  150  years  Barthe- 
after  the  firft  Olympiad,  including  the  age  of  Solon,  or 
that  of  legifiation  ;  that  of  Themiftocles  and  Ariftides,  '~“Y— ^ 
or  that  of  glory,  of  luxury,  and  arts.  In  the  fecond, 
fpeaking  of  war,  his  obfervation,  that  ‘‘  the  example  of 
one"  nation,  that  prefers  death  to  fiavery,  is  too  import¬ 
ant  and  too  inftru6Iive  to  be  pafled  in  filcnce,"  fhould 
have  preferved  him  from  the -horrors  of  a  long  confine¬ 
ment  in  an  advanced  age,  from  which  he  was  delivered 
only  to  die.  But  arts,  fciences,  and  literature,  are  alike 
forgotten  and  overwhelmed  in  France.  In  the  third 
interval,  fpeaking  of  the  corruption  of  manners  intro¬ 
duced  by  Pericles  to  fupport  his  power,  he  has  this  ob- 
fervation,  applicable  to  every  ftate  ;  Corrupted  mo¬ 
rals  are  not  reftored  but  by  the  lofs  of  liberty,  which 
brings  that  poverty  inconfiftent  with  foftnefs,  and  infe- 
parable  from  abftemioufnefs,  if  not  that  rigid  principle 
of  a  healthy  mind,  which  is  properly  called  virtue,"*  In 
this  period,  though  the  arts  were  encouraged,  philofo- 
phy  was  negledled. 

In  this  diverfified  undertaking,  where  the  pidiire  of 
ancient  Greece,  in  its  minuteft  parts,  both  of  public  and 
private  ufe,  is  brought  before  our  eyes,  the  Abbe  is  fre¬ 
quently  more  brilliant  than  folid,  and  occafionally  lofes 
the  fubftance  of  a  refiedlion  in  purfuit  of  fometliing  in¬ 
genious  to  add  to  it.  The  plans,  views,  and  maps, 
are  executed  with  great  fpirit  and  accuracy  by  Mr  Bar¬ 
ber,  a  young  man  of  very  promifing  talents  ;  and  to  the 
charts  many  ufeful  tables  are  added.  The  beauties  of 
the  daffies  are  diffufed  in  a  very  pleafing  manner,  and 
interfperfed  with  anecdotes  little  known. 

Such  was  the  man  whom  the  French  government 
detained  in  prifon  for  months,  and  releafed  on  the  fall 
of  Robefpierre.  As  he  concurred  in  the  revolution,  we 
know  of  no  caufe  for  his  imprifonment  but  the  mildnefs 
of  his  difpofition,  and  the  jealoufy  of  that  tyrant,  which 
purfued,  with  relentlefs  cruelty,  every  man  fufpeded  of 
being  a  friend  to  peace.  Of  the  perfecution  of  Barthe¬ 
lemi,  in  the  extremity  of  old  age,  the  convention  itfelf 
feemed  to  be  aftiamed  ;  for  it  unanimoufly  voted  him  a 
penfion  :  s  fome  recompence  for  his  fufferings.  But,  alas ! 
the  recompence  came  too  late  :  the  old  man  lived  but 
a  few  months  after  his  liberation,  having  died  at  Paris 
on  the  4th  of  May  1795  ;  and  the  day  after  the  fol¬ 
lowing  tribute  was  paid  to  his  memory  by  Dufiaulx,  in 
the  national  convention  : 

“  Legiflators,  your  liberality  conferred  honour  on  the 
latter  days  of  the  life  of  our  refpedable  fellow  citizen, 
Barthelemi.  Our  fucceflbrs,  I  have  no  doubt,  will 
confecrate  his  memory  fu  foon  as  the  period  fixed  by 
the  law  fhall  permit  them.  May  his  old  friend,  how^- 
ever,  be  permitted,  in  a  few  words,  to  point  out  the  rare 
qualities  of  that  Neftor  of  French  literature  ?  It  might, 
perhaps,  be  fufficient  to  tell  you,  as  Xenophon  faid  with 
fo  much  fimplicity  of  one  of  his  moft  illuftrious  con¬ 
temporaries,  that  Barthelemi  was  an  excellent  man  in 
all  refpedls.  In  fad,  thofe  who  knew  him  w^ere  at  a 
lofs  which  to  admire  moft — his  immortal  Anacharfis, 
or  his  own  life.  His  policy  confifted  in  goodnefs  ;  his 
fcience  was  an  immenfe  treafure  of  every  thing  that 
could  purify  the  morals,  perfed  the  tafte,  render  man 
I  more 


U) 


The  references  here  are  .to  the  duodecimo  edition  of  the  Memoirs  of  the  Academy  of  inferiptions. 
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Barthdemi  more  dear  to  n.an,  and  contrib^e  to  the 

.„„ntrv  A  fingle  trait  will  convince  you  ot  tne 

bUp!.iL.i-«p-  •  wv 

'  permitted  (he  often  (aid)  to  a  mortal  to  bequMlh  prof- 
re*"  h  a  teUo».c,e.,oreaP  After  ha.mg  been  over- 
Sled  with  the  f..o«.a  of  fortune,  "h'oh  «■"'  o- 
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ears,  or  at  leaft  the  external  part  of  four  «ar8,  each 
ear  being  double;  the  outer  fold,  which  ferves  as 
a  covering  to  the  inner,  is  very  ample,  being  two  inches 
elsht  lines  high,  and  nearly  as  broad  when  ftretched 
out  On  the  nofe  alfo  a  membrane  (lands  ereift,  one 

inch  four  lines  in  height,  which  might  be  taken  for  an- 
•.  1  _ 1  Ills 


Bit  avia. 


wneimeuw.u.ithe  favours  of  fortune,  whicl  ^he  ftiape  of  one.  This 

expeaedly  and  unfought,  he  became  ’  membrane,  as  well  as  the  ears  and  wings  of  animal, 

ratter,  far  from  finking  under  the  prelTur  ’  ^  ,  of  a  rufty  red,  paler  below  than  above.  The  body 

new  refpett;  andhe  is  only  three  inches  long,  and  is  covered  with  very  fine 

dignity,  is  not  lefs  honourable  than  wealth  accomp  i,air.  Its  width,  from  the  tip  of  one  wing  to 

Ji^h  b'^’nevolence.  Perfecuted,  Z  ^  •« 

lightened  citizens  were,  he  carried  with  f  our  author,  for  inferting  thefe  trifling  de- 

gLn  of  that  tyranny  which  you  have  fo  g  Ay  melfurement,  of  which  I  am  not  more  fond  than 

(Iroyed,  the  confiancy  and  ferenity  of  S(5crate8.  i t  v  uimfelf-  but  they  appeared  to  me  neceffary  here,  to 

there  that  the  venerable  old  man  offered  to  is  c  p  »  :Aai  n(  the  exti-aordinarv  length  of 


tVipre  that  the  veneraDie  oiu  luan  ^  ,  r  a 

.lions  in  misfortune  the  magnificent  ^  2°° 

man  llriigTling  with  adverfity.  I  have  faid  that  he  vvao 
rich  i  but  let^us  not  forget  that  Iw  was  not  rich  at  the 
expen-e  of  the  unfortunate,  and  that  he  adopted  all  t 
branches  of  his  numerous  family. 

trained  by  that  family  good  citizens,  who  ferve  her  in 
fhe  moft^ifeful  and  brilliant  manner.  Barthelemi  felt 
that  the  period  of  his  diffolution  was  approaching;  yet 

the  weight  of  8o  years,  his  fenfibility  was  fiill  vigorous, 
and  your  iull  decrees  made  the  doling  feene  of  his  life 
happV  When  he  heard  that  you  were  endeavouring  to 
repair  the  ills  under  which  fo  many  thoufand  innocent 
mL  laboured,  he  lifted  up  his  hands  to  heaven,  and 
exclaimed,  ‘  Glory  to  God  -honour  to  the  nationa 
conventlon-I  have  lived  long  enough!  I"  ^ 
fent  pofture  of  affairs,  the  country  demands  all  youi  at 
lent  poi  mvfelf  to  requef 


himieit  y  out  incy  i  4.V, 

convey  an  accurate  idea  of  the  extraordinary  length  ot 
the  ears  of  this  animal,  which  are  certainly  larger  m  pro¬ 
portion  than  thofe  of  any  other  we  are  acquainted  vvith, 
fince  they  are  only  four  lines,  or  the  third  part  of  au 

inch,  ftiorter  than  the  body  itfelf. ,  ^  , 

BATAVIA,  the  capital  of  the  Dutch  fettlements 
in  the  Eafl:  Indies, dias  been  already  deferibed  under  the 
article  Java  in  the  Encyclopaedia.  The  following  ac¬ 
count  of  it,  however,  as  well  as  of  the  country  around 
it,  and  the  manners  and  cuftoms  of  its  various  inhabi- 
tants,  as  they  prefented  themfelves  to  Sir  George  Staun¬ 
ton  in  March  1793,  will  probably  prove  acceptable  to 

many  of  our  readers.  ,  r  ,  r  ra. 

The  city  of  Batavia,  including  the  fuburbs,  connits 

of  near  eight  thoufand  houfes,  inhabited  by 
Chinefe,  and  natives  of  Java.  The  houfes 
nefe  are  low,  and  crammed  with  people.  The  Dutch 


re  of  affairs,  the  country  demands  ^'1  and  fpacious,  and  their  con 

tention.  I  fhall  therefore  ftruttionforthe  1ft  part ’well  fuited  to  the  climate, 

the  favour  due  to  the  manes  o  refpec-  The  doors  and  windows  are  wide  and  lofty.  i  he 

mi.  One  of  his  nephews,  I  do  not  mean  your  p  ,  a  covered  with  flags  of  marble,  which 

lie  ambaffador  at  Bade,  ^  fprinkle^^^^^^^^  with  w!ter,  give  a  pleafant 

for  25  years,  difeharged  all  the  duties  of  a  fon  to  bis  bemg^*-^^  apalent;  but  a  confiderable  propor- 
uncle,  and  for  a  long  time  has  per  orm  ^  national  tion  of  thofe  was  untenanted,  which  denoted  a  declining 
of  keeper  of  the  medals  and  antiquities  of  .  fe,tlement  Among  other  circumftances  which  announ- 

cabinet  I  move,  that  the  cUizen  Courcey  be  appoint-  were  thofe  of  the  Company’s  veffels  lying 

ed  to  that  office,  which  he  has  already  proved  himfelf  in  tTe  road,  for  want  of  cargoes  to  fill,  or  men 

fo  worthy  to  fill.”  _  .  ,  •  .  „  tr.  navigate  them;  no  (hips  of  war  to  protett  their  com- 

Whatever  became  of  this  motion,  which  was  r  g  ;  pirates  who  attacked  their  veffels 

to  the  committee  of  P^bbe  larbanifc  fTmeles  in  Ae  %ht  of  Batavia  road;  an  invafion 

the  p-overnment  purfiied  the  family  ;  and  the  late  nUre  in  no  con- 

^  ri.*  hv  the  direaory,  of  which  he 


tX/rothe^ephew  by  the  direaory,  of  which  he 
was  a  member,  furpaffes,  if  poffibk,  the  injuftice  of 
Robefpierre  to  the  uncle.  But  their  cr™es  were  the 
fame  :  both  Barthelemis  were  men  of  mild  difpofitions 
and  friends  to  peace. 

BARYTES,  one  of  the  earths._  See  Chemistry 
in  this  Supplement,  Part  I.  Chap.  iv.  ,  , 

BASTER,  the  name  given  by  the  Dutch  at  the 
Cape  of  Good  Hope  to  the  offspring  of  a  white  man 

and  Hottentot  woman.  ,  ,  .  j  v 

BAT,  an  animal  which  has  been  deferibed  under  its 
generic  name  Vespi rtiulio  in  the  EncycL  but  hnce 
that  article  was  written,  we  have  met  with  an  account 
of  a  new  fpecies,  fo  very  fwgular,  that,  if  the  veracity 
of  our  author  can  be  depended  on,  it  is  well  mtitled 


iometimes  in  ine  ngut 

threatened  from  the  Ifle  of  France  ;  the  place  m  no  con¬ 
dition  of  defence,  particularly  againft  an  enemy  lels  at- 
fetted  by  the  climate  than  Europeans  ;  fometimes  as 
many  of  the  troops  in  hofpitals  as  fit  for  duty  ;  com- 
miffioners  expetted  from  Holland  to  reform  abufes. 
Such  a  commiffion,  implying  a  general  fufpicion,  could 
not  be  welcome  ;  nor  was  it  quite  certain  whether,  m 
fome  minds,  its  arrival,  or  that  of  the  enemy,  was  depre¬ 
cated  the  moft  cordially.  .  .  .  ,  r  r„ 

The  fortifications  of  Batavia,  though  a  place  ot  lo 
much  importance,  were  not,  when  Sir  George  faw 
them,  fiich  as  would  be  deemed  form.dabkm  Europe  ; 
but  when  the  difficulties  were  confidered  of  forcing 
the  paffage  of  the  river,  or  of  landing  troops  on  other 
parts  of  the  ifland,  it  might  perhaps  be  thought  of 


of  our  author  can  be  depended  on,  ft  is  we  1  mut  ed  eXrthan  it  firft  view  have 

to  a  place  here.  This  fpecies  was  d'fcove^d  in  the  g  ^^ft  g^^  ^ 

country  of  the  Nimiquas,  in  the  interior  o  .  ’  jJ  fituated  at  its  entrance,  having  mounted  or  dif- 

M.  VaUlant,  during  the  courfe  of  Ins  y^^rteen  guns  and  two  howitzers.  It  con- 


BAT  [  67  ]  BAT 


by  a  wall ;  but  the  parapet  was  much  negkaed,  and 
the  wall  nearly  deftroyed  by  the  conftant  working  of 
the  fea.  This  fort  was  protefted  on  the  land  fide  by 
a  noxious  fwamp,  and  towards  the  fea,  on  the  north- 
weft,  by  extenfive  flats,  over  \vhich  even  boats  could 
not  pafs.  The  only  good  approach  was  that  by  the 
channel,  which  it  fees  and  defends.  The  next  work 
upon  the  river  was  on  the  weft  fhore,  about  a  quarter 
of  a  mile  from  the  water  fort.  It  is  a  battery  mount¬ 
ing  feven  guns,  bearing  down  the  river.  Oppofite  to 
tlm  was  a  battery  of  fix  guns,  facing  the  river,  and  two 
to  the  eaftward.  This  formed  one  flank  of  a  line  that 
occupied  the  low  land  to  the  north-eaft  of  the  town. 
The  line  was  a  low  breaft-work  of  earth,  that  was 
fcarcely  difcoverable.  The  canals  which  interfed  the 
town  joined  the  great  canal  or  river,  at  the  diftance  of 
half  a  mile  from  the  entrance.  Below  the  jundioii  a 
boom  was  laid  of  wood,  armed  with  iron  fpikes.  A 
little  above  was  the  caftle,  a  regular  fquare  fort,  but 
without  ravelins  or  other  outworks.  It  had  two  guns 
mounted  on  each  flank,  and  two,  or  fometimes  three,  on 
each  face  :  they  were  not  en  barbette^  nor  properly  en 
embrafure,  but  in  a  fituation  between  both,  having  both 
their  difadvantages  without  the  advantage  of  either. 
The  wall  was  of  mafonry,  about  24  feet  high.  It  had 
no  ditch,  but  a  canal  furrounded  it  at  fome  diftance.  It 
had  no  cordon.  The  length  of  the  exterior  fide  of  the 
work  was  about  *700  feet.  The  town  is  redangular, 
three  quarters  of  a  mile  long,  and  half  a  mile  broad, 
inclofed  by  a  wall  of  about  20  feet  in  height.  Small  pro- 
jedions  were  conftruded,  of  various  forms,  at  intervals  of 
about  3 50 feet.  Thefe  generally mountedthree  guns  each. 
It  was  alfo  furrounded  by  a  canal,  having  feveral  fluices. 
At  fliort  diftances  from  the  town,  three  or  four  fmall 
ftar  forts  of  earth  were  ereded  in  particular  paffes,  per¬ 
haps  for  defence  againft  the  Inhabitants  of  the  ifland. 

The  eftablifhment  of  regular  troops  was  1200  Euro¬ 
peans,  of  whom  300  were  to  be  artillery,  the  reft  infan¬ 
try..  But  as  it  was  found  impoflible,  on  account  of  the 
climate,  to  keep  the  number  complete,  recourfe  was  had 
to  the  natives,  of  whom  500  were  employed ;  fo  that 
the  eftablifhment  of  European  regulars  was  reduced  to 
7C0.  There  were  alfo  300  volunteers  of  the  town,  who 
were  formed  into  two  companies,  but  they  were  not 
difciplined.  Their  regulars  were  very  numerous,  con- 
fifting  of  enrolled  natives  of  Java,  who  were  never  em¬ 
bodied,  and  of  Chlnefe,  of  whom  the  Dutch  were  fo  jea¬ 
lous  as  to  arm  them  with  lances  only.  Much  depen¬ 
dence  was  not  to  be  placed  on  the  exertions  of  either 
of  thefe  bodies  in  favour  of  the  Dutch  ;  and  as  they 
lofe  many  of  their  European  troops  every  year,  their 
eftablifhment  appeared  too  fmall  for  any  effedual  re- 
hftance.  The  chief  protedion  of  their  ill-manned  vef- 
fels  lying  here,  muft  be  from  the  fortified  ifland  of  On- 
ruft,  well  fituated  to  command  the  channel  that  affords 
the  principal  paffage  into  the  road.  The  work  upon 
that  ifland  was  of  a  pentagonal  form  ;  its  baftions  were 
fmall  and  low,  not  more  than  12  feet  the  higheft,  and 
not  always  conneded  by  curtains.  A  few  batteries 
were  lately. conftruded  on  the  outfide  of  this  work,  that 
bore  towards  the  fea.  On  th^fe  and  ou  the  baftions 
about  40  guns  were  mounted  in  different  diredions. 
South  of  thefe  was  another  ifland,  at  the  diftance  of  a 
few  hundred  yards,  on  which  two  batteries,  mounting 
together  12  guns,  had  been  lately  ereded. 


The  caftle  is  built  of  coral  rock,  brought  from  fome 
of  the  adjoining  iflands,  compofed  of  that  material  ;  and 
has  the  advantage  of  a  fortification  of  brick,  in  which 
cannonball  is  apt  to  bury  itfelf  without  fpreading  fpliii- 
ters  or  fliatteriiig  the  wall.  A  part  of  the  town  wall  is 
built  of  lava,  wdiich  is  of  a  dark  blue  colour,  of  a  very 
hard  denfe  texture,  emits  a  metallic  found,  and  refem- 
bles  very  much  fome  of  the  lava  of  Vefuviiis.  It  is 
brought  from  the  mountains  in  the  centre  of  Java,  where 
a  crater  is  ftill  fmoking.  No  ftone  of  any  kind  is  to  be 
found  for  many  miles  behind  the  city  of  Batavia.  Mar¬ 
ble  and  granite  are  brought  thither  from  China,  in  vef- 
fels  belonging  to  that  country,  commonly  called  junks^ 
w'hich  generally  fail  for  Batavia  from  the  ports  of  the 
provinces  of  Canton  and  Fokien,  on  the  fouthern  and 
fouth-eaft  coafts  of  that  empire,  laden  chiefly  with  tea, 
porcelain,  and  filks. 

The  chief  protedion  of  Batavia  againft  the  attacks 
of  a  foreign  enemy,  arifes  from  the  havoc  w^hich  it  is 
well  known  the  climate  would  make  amongft  Euro¬ 
pean  troops.  This  was  acknowdedged  to  Lord  Ma¬ 
cartney  by  fome  of  the  Dutch  officers  themfelves,  and 
even  by  one  of  the  counfellors  of  the  Indies.  Such  in¬ 
deed  is  the  climate,  that  there  have  been  very  few  ex¬ 
amples  of  ftrangers  remaining  long  in  Batavia  without 
being  attacked  by  fever,  wffiich  is  the  general  denomina¬ 
tion  in  that  place  for  illnefs  of  every  kind.  Europeans 
foon  after  their  arrival  firft  become  languid  and  feeble, 
and  in  a  few  weeks,  or  even  in  a  few  days,  are  taken  fe- 
rioufly  ill.  The  diforder  at  firft  is  commonly  a  tertian 
ague,  which  after  tw^o  or  three  paroxyfms  becomes  a 
double  tertian,  and  then  a  continued  remittent,  that  fre¬ 
quently  carries  oiF  the  patient  in  a  fhort  time.  Many 
fall  vidims  to  the  fecond  or  third  fit;  but  in  thefe  cafes 
a  conftant  delirium,  and  a  great  determination  of  the 
blood  to  the  brain,  accompany  the  other  fymptoms.  In 
fome  it  begins  in  a  quotidian  form,  with  regular  inter- 
miffions  for  a  day  or  two  ;  and  then  becomes  a  contlniied 
remittent,  attended  with  the  fame  fatal  confequences  as 
the  former.  Of  the  Europeans  of  all  clafles  who  come 
to  fettle  at  Batavia,  it  is  fuppofed  that  not  half  the  num¬ 
ber  always  furvives  the  year.  The  place  refembles  in 
that  refped  a  field  of  battle  or  a  towm  befieged.  The 
frequency  of  deaths  renders  familiar  the  mention  of  them, 
and  little  figns  are  (hewn  of  emotion  or  furprife  on  hear¬ 
ing  that  the  companion  of  yefterday  is  to-day  no  more. 
It  is  probable,  female  Europeans  fuffer  lefs  at  Batavia 
than  the  men.  The  former  feldoin  cxpofe  themfelves  to 
the  heat  of  the  fun,  make  frequent  ufe  of  the  cold  bath, 
and  live  more  temperately  than  the  other  fex. 

But  it  is  not  to  thofe  who  have  lately  arrived  from 
FLurope  that  this  havoc  is  wdiolly  confined.  The  great- 
eft  number  of  the  Dutch  fettlers,  even  thofe  who  had 
refidcd  long  in  the  country,  appeared  wan,  weak,  and 
languid,  as  if  labouring  with  the  “  difeafe  of  death. 
Their  place  of  refidence,  indeed,  is  fituated  in  the  midft 
of  fwamps  and  ftagnated  pools,  from  whence  they  are 
every  morning  faluted  witji  ‘‘  a  congregation  of  foul 
and  peftilential  vapours,*’  whenever  the  fea  breeze  fets 
in,  and  blows  over  this  morafs.  The  meridian  fun  raifes 
from  the  lhallow  and  muddy  canals,  with  which  the 
towm  is  interfered,  deleterious  miafmata  into  the  air  ; 
and  the  trees,  with  which  the  quays  and  ftreets  are 
crowded,  emit  noxious  exhalations  in  the  night. 

The  general  reputation  of  the  unhealthinefs  of  Bata- 
I  2  via 
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via  is  indeed  fuch  as  to  deter  even  Dutchmen,  who  can 
refide  at  home  with  any  comfort,  from  coming  to  it, 
notwithftanding  the  temptation  of  fortunes  to  be  quick¬ 
ly  amaffed  in  it.  From  this  circumftance  it  happens, 
that  offices  and  profeffions  are  often  neceffanly  entrua- 
ed  to  perfons  little  qualified  to  fill  them.  One  of  the 
clergymen,  and  the  principal  phyfician  of  the  place, 
were  both  fald  to  have  originally  been  barbers.  I  he  U m- 
ted  Provinces  furniffi  even  few  military  recruits.  The 
red  are  chiefly  Germans,  many  of  whom  are  faid  to  have 
been  kidnapped  into  the  fervice.  Though  nominally 
permitted,  after  a  certain  length  of  time,  to  return 
home,  they  are  in  faA  compelled  to  enlifl  for  a  longer 
time,  the  pay  being  too  fcanty  to  allow  them  to  fove 
enough  to  defray  the  expence  of  their  palfage  to  Eu- 
rope.  The  government  is  accufed  of  the  barbarous  po¬ 
licy  of  Intercepting  all  correfpondence  between  thofe 
people  and  their  mother  country;  by  which  means  they 
are  deprived  of  the  confolation  of  hearing  from  their 
friends,  as- well  as  of  the  chance  of  receiving  fuch  af- 
fiftance  as  might  enable  them  to  get  home. 

Difficult,  however,  as  it  is,  on  account  of  the  cli¬ 
mate,  to  recruit  the  army,  fuch  is  the  defire  of  accumu- 
lating  wealth  in  a  foreign  land,  that  it  draws  annually 
great  numbers  of  Chinefe  as  well  as  of  Dutch  to  Eata- 
vla.  Both  indeed  belong  generally  to  the  humbler  claf- 
fes  of  life,  and  are  bred  in  fimilar  habits  of  induftry  in 
their  own  country;  but  the  different  circumftances  that 
attend  them  after  their  arrival  in  Batavia  put  an  end  to 
any  further  refemblance  between  them.  The  Chinefe 
have  there  no  way  of  getting  forward  but  by  the  conti¬ 
nuance  of  their  former  exertions  in  a  place  where  they 
are  more  liberally  rewarded,  and  by  a  ftria  economy 
in  the  prefervation  of  their  gains.  They  have  no  chance 
of  advancing  by  favour,  nor  are  public  offices  open  to 
their  ambition  ;  but  they  apply  to  every  Induftrious  oc¬ 
cupation,  and  obtain  whatever  either  care  or  labour  can 
accornplifh.  'fhey  become  in  town  retailers,  clerks, 
apd  agents ;  in  the  country  they  are  farmers,  and  are 
the  principal  cultivators  of  the  fugar-cane.  They  flo¬ 
at  length  acquire  fortunes,  which  they  value  by  the 
time  and  labour  required  to  earn  them.  So  gradual  an 
acquifition  makes  no  change  In  their  difpofitlon  or 
mode  of  life.  Their  induftry  is  not  diminifhed,  nor 
their  health  impaired.  The  Dutch,  on  the  contrary, 
who  are  fent  out  by  the  Company  to  adminifter  their 
affairs  in  Afia,  become  foon  fenfible  that  they  have  the 
power,  wealth,  and  pofTeffions  of  the  country  at  their 
difpofal.  They  who  furvive  mount  quickly  into  offices 
that  are  lucrative,  and  not  to  them  laborious.  They 
rife  to  the  dignity  of  governor- general  and  counfellors  of 
the  Indies,  as  the  members  of  the  Batavian  govern¬ 
ment  are  called.  Their  influence  likewife  enables  them 
to  fpeculate  in  trade  with  vafl  advantage.  The  drud¬ 
gery  and  detail  of  bufmefs  are  readily  undertaken  by 
the  Chinefe  ;  while  their  principals  find  It  difficult,  un¬ 
der  fuch  new  circumftances,  to  retain  their  former  ha¬ 
bits,  or  to  refift  a  propenfity  to  indolence  and  voliiptu- 
oufnefs,  though  often  attended  with  the  facrifice  of 
health.  If  not  of  life.  Convivial  pleafilrcs,  among  others, 
are  frequently  carried  to  excels. 

In  feveral  houfes  of  note  throughout  the  fettlement, 
the  table  Is  fpread  in  the  morning  at  an  early  hour  : 
befide  tea,  coffee,  and  chocolate,  fifli  and  flefh  are  ferved 
for  breakfaft ;  which  is  no  fooner  over  than  Madeira, 
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claret,  gin,  Dutch  fmall  beer,  and  Englifh  porter,  are 
laid  out  in  the  portico  before  the  door  of  the  great  hall, 
and  pipes  and  tobacco  prefented  to  every  gueft,  and  a 
bright  brafs  jar  placed  before  him  to  receive  the  phlegm 
which  the  tobacco  frequently  draws  forth.  This  oc¬ 
cupation  continues  fometimes  with  little  interruption  till 
near  dinner  time,  which  is  about  one  oVlock  in  the  af¬ 
ternoon.  It  is  not  very  uncommon  for  one  man  to  drink 
a  bottle  of  wine  in  this  manner  before  dinner;  and  thofe 
who  have  a  prediledlion  for  the  liquor  of  their  own 
country  fwallow  feveral  bottles  of  Dutch  fmall  beer, 
which  they  are  told  dilutes  their  blood,  and  affords 
plenty  of  fluids  for  a  free  perfpiration.  Immediately 
before  dinner,  two  men  flaves  go  round  with  Madeira 
wine,  of  which  each  of  the  company  takes  a  bumper  as 
a  tonic  or  wlietter  of  the  appetite.  Then  follow  three 
females,  one  with  a  filver  jar  containing  water,  fome¬ 
times  rofe>vvater,  to  wafh  ;  a  fecond  with  a  filver  bafon 
and  low  cover  of  the  fame  metal,  pierced  with  holts,  to 
receive  the  water  after  being  ufed  ;  and  the  third  with 
towels  for  wiping  the  hands.  During  dinner  a  band  of 
mufic  plays  at  a  little  diftance  :  the  muficians  are  all 
flaves,  and  pains  are  taken  to  inftrucl  them.  A.coufi- 
derable  number  of  female  flaves  attend  at  table,  which 
is  covered  with  a  great  variety  of  difhes  ;  but  little  is 
received,  except  liquors,  into  flomachs  already  cloyed. 
Coffee  immediately  follows  dinner.  The  24  hours  are 
here  divided,  as  to  the  manner  of  living,  into  two  days 
and  two  nights;  for  each  perfon  retires,  foon  after 
drinking  coffee,  to  a  bed,  which  confllfs  of  a  mattrafs>, 
bolfler,  pillow,  and  chintz  counterpane,  but  no  fheets 
and  puts  on  his  night  drefs,  or  muflin  cap  and  loofe 
long  cotton  gown.  If  a  bachelor,  which  is  the  cafe  of 
much  the  greateft  number,  a  female  flave  attends  to  fan 
him  while  he  fleeps.  About  fix  they  rife,  drefs,  drink 
tea,  take  an  airing  in  their  carriages,  and  form  parties  to 
fpend  the  evening  together  to  a  late  hour.  The  morn¬ 
ing  meetings  confift  generally  of  men,  the  ladies  feldom 
choofing  to  appear  till  evening. 

Few  of  tbefe  are  natives  of  Europe,  but  many  are 
defeended  from  Dutch  fet tiers  here,  and  are  educated 
with  fome  care.  The  features  and  outlines  of  their 
faces  are  European  ;  but  the  complexion,  charadler, 
and  mode  of  life,  approach  more  to  thofe  of  the  native 
inhabitants  of  Java.  A  pale  languor  overfpreads  the 
countenance,  and  not  the  lead  tint  of  rofe  is  letn  in  any 
cheek.  White  In  their  own  houfes  they  drefs  like  their 
flaves,  with  a  long  red  checkered  cotton  gown  defeend- 
ing  to  the  ankles,  with  large  wide  fleeves.  They  wear 
no  head-drefs,  but  plait  their  hair,  and  faften  it  with  a 
filver  bodkin  011  the  top  of  the  head,  like  the  country 
girls  in  feveral  cantons  of  Switzerland.  The  colour  of 
their  hair  is  aim  oil  univerfally  black  ;  they  anoint  it 
with  the  oil  of  the  cocoa  nut,  and  adorn  it  with  chap¬ 
lets  of  flowers.  When  they  go^  abroad  to  pay  vifits, 
or  to  take  an  airing  in  their  carriages,  and  particularly 
when  they  go  to  their  evening  parties,  they  drefs  mag¬ 
nificently,  in  gold  and  filver  fpanglcd  muflin  robs,  with 
a  profufion  of  jew^els  in  their  hair,  wdiich,  however,  is 
worn  without  powder.  They  never  attempt  to  mould 
or  regulate  the  fhape  by  any  fancied  idea  of  elegance, 
or  any  ftandard  of  fafhion  i  and  confequently  formed  a 
ftriking  contrail  with  fuch  few  ladies  as  were  lately  ar¬ 
rived  from  Holland,  who  had  powdered  hair  and  fair 
comulexions,  had  contracted  their  waifts  with  flays. 
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wore  large  head-dreflcs  and  hoops,  and  perfevered  in  the 
early  care  of  forcing  back  the  elbows,  chin,  and  fhoul- 
ders.  Every  native  lady  is  conftantly  attended  by  a  fe¬ 
male  Have  handfomely  habited,  who,  as  foon  as  her  mi- 
llrefs  is  feated,  fits  at  her  feet  before  her,  on  the  floor, 
holding  in  her  hands  her  miflrefs’s  gold  or  filver  box, 
divided  into  compartments,  to  contain  areca  nut,  carda¬ 
mom  feeds,  pepper,  tobacco,  and  flacked  lime  ;  all 
which,  mixed  together  in  due  proportions,  and  rolled 
within  a  leaf  of  betel,  conllitute  a  malllcatory  of  a  ve¬ 
ry  pungent  tafte,  and  in  general  ufe.  When  in  the 
public  aflemblies  the  ladies  find  the  heat  difagreeable, 
they  retire  to  free  themfelves  from  their  coftly  but  in¬ 
convenient  habits,  and  return  without  ceremony  in  a 
more  light  and  loofe  attire,  when  they  are  fcarcely  re¬ 
cognizable  by  ftrangers.  The  gentlemen  follow  the  ex¬ 
ample  ;  and  throwing  off  their  heavy  and  formal  drefles, 
appear  in  white  jackets,  fometimes  indeed  adorned  with 
diamond  buttons.  The  elderly  gentlemen  quit  their 
periwigs  for  nightcaps.  Except  in  thefe  moments  the 
members  of  this  government  have  always  combined  their 
perfqnal  gratification  with  the  eaftern  Policy  of  flriking 
awe  into  vulgar  minds,  by  the  affumption  of  exterior 
and  exclulive  diflin(ffions.  They  alone,  for  inflaiice, 
appear  abroad  in  crimfon  velvet.  Their  carriages  are 
diflinguifhed  by  peculiar  ornaments.  When  met  by 
others,  the  latter  mufl  flop  and  pay  homage  to  the  for¬ 
mer.  One  of  the  gates  of  the  city  is  opened  only  to 
let  them  pafs.  They  certainly  fucceed  in  fupporting 
abfolute  fway  over  a  vafl  fuperiority  in  number  of  the 
defeendants  of  the  original  inhabitants  of  the  country, 
as  well  as  of  the  flaves  imported  into  it,  and  of  the  Chi- 
nefe  attracted  to  it  by  the  hope  of  gain  ;  thofe  clafTes, 
though  healthy,  adive,  and  as  if  quite  at  home,  readily 
obeying  a  few  emaciated  Europeans.  Such  is  the  con- 
fequence  of  dominion  once  acquired;  the  prevalence  of 
the  mind  over  mere  bodily  exertions,  and  the  effedf  of 
the  combination  of  power  againft  divided  flrength. 

The  native  Javanefe  are  in  general  too  remote  from 
civilization  to  have  any  wants  that  are  not  eafily  fatis- 
fied  in  a  warm  and  fertile  climate.  No  attempt  is  made 
to  enflave  their  perfons ;  and  they  find  the  government 
of  the  Dutch  lefs  vexatious  than  that  of  others,  who 
divide  fome  fliare  of  the  fovereignty  of  the  ifland  with 
them.  The  fultan  of  Mataran  rules  to  the  eaft,  the  em¬ 
peror  of  Java  in  the  centre,  and  the  king  of  Bantam  to 
the  weft  ;  while  the  coaft  and  effedlive  power  almoft 
entirely  belong  to  Holland.  Thofe  other  fovereigns 
are  defeended  from  foreigners  alfo  ;  being  Arabians, 
who  imported  the  Mahometan  religion  into  Java,  and 
acquired  the  dominion  of  the  country  ;  a  few  inhabi¬ 
tants  in  the  mountains  excepted,  who  have  preferved 
their  Independence  and  their  faith,  and  among  other  ar¬ 
ticles  that  of  the  tranfmigration  of  fouls.  According 
to  the  Dutch  accounts,  nothing  can  be  more  tyrannic 
than  thofe  Mahometan  rulers.  The  Emperor  Is  faid  to 
maintain  his  authority  by  an  army  of  many  thoufand 
men  difperfed  throughout  his  territories,  befide  a  nume¬ 
rous  female  guard  about  his  perfon.  Thefe  military  la¬ 
dies  are  trained,  it  feems,  to  arms,  without  negleding 
thofe  accomplifliments  which  may  occafion  a  change  in 
the  occupation  of  fome  among  them,  rendering  them 
the  companions,  inftead  of  being  the  attendants,  of  his 
Imperial  majefty.  This  Angular  inftitution  ma,y  owe 
its  origin  to  the  facility  of  obtaining  recruits,  if  it  be 


true,  as  the  fame  accounts  pretend,  that  the  number  of 
female  births  exceeds  very  confiderably  that  of  males  in 
Java. 

Moft  of  the  flaves  are  imported  into  it  from  Celebes 
and  other  eaftern  iflands.  They  do  not  form  a  corps, 
or  have  any  bond  of  union  :  nor  is  the  general  condmft 
of  their  owners  towards  them  calculated  to  aggravate 
the  misfortune  of  being  the  property  of  others.  They 
are  not  forced  to  exceflive  labour.  They  have  fuflicient 
fuftenance  ;  but  many  of  the  males  among  them,  who 
had  formerly  perhaps  led  an  independent  life  till  made 
captives  in  their  wars,  have  been  found  to  take  offence 
againft  their  mafters  upon  very  flight  occr.fions,  and  to 
wreak  their  vengeance  by  a ffafli nation.  The  apprehen- 
fion  of  fuch  an  event  is  among  the  motives  for  prefer¬ 
ring  at  Batavia  female  flaves  for  every  ufe  to  which  they 
can  be  applied  ;  fo  that  the  number  purchafed  of  them 
much  exceeds  that  of  the  other  fex.  The  flaves  when 
determined  on  revenge  often  fvvallow,  for  the  purpofe  of 
acquiring  artificial  courage,  an  extraordinary  dofe  of 
opium,  and  foon  becoming  frantic  as  w^cll  as  defperate, 
not  only  flab  the  obje<^ls  of  their  hate,  but  fally  forth 
to  attack  in  like  manner  every  perfon  they  meet,  till 
felf-prefervation  renders  it  neceffary  to  deftroy  them. 
They  are  faid  in  that  ftate  to  be  running  a  much;  and 
jnftances  of  it  are  not  more  common  among  flaves  than 
among  free  natives  of  the  country,  who,  in  the  anguifli 
for  lofing  their  money,  effedfs,  and  fometimes  their  fa¬ 
milies,  at  gaming,  to  which  they  are  violently  addidfed, 
or  under  the  preffure  of  fome  other  paffion  or  misfor¬ 
tune,  have  recourfe  to  the  fame  remedy,  with  the  fame 
fatal  effedfs. 

In  the  country  round  Batavia  the  c'ye  looks  in  vain 
for  the  common  animals  and  vegetables  which  it  had 
been  daily  accuftomed  to  meet  in  Europe.  The  moft 
familiar  bird  about  the  houfe  of  the  ambaffador’s  hofL 
was  the  crowm  bird,  as  it  was  called  at  Batavia,  which 
was  not,  how^ever,  the  ardea  fa^jontna  of  Linn  as  us,  but 
the  columba  crijiata^  having  nothing  except  its  creft  in 
common  with  the  former.  The  fame  gentleman  had  al¬ 
fo  at  his  country- houfe  fome  large  caffowary  birds, 
which,  though  long  in  his  pofieffion,  and  having  the  ap¬ 
pearance  of  tamenefs,  fometimes  betrayed  the  fierceneU 
of  their  nature,  attacking  with  their  ftrong  bill  thofe 
who  approached  too  near  them.  The  vegetation  of 
the  country  is  llkewife  new.  Even  the  parterres  in  the 
gardens  are  bordered,  inftead  of  boxwood,  by  the  Ara¬ 
bian  jefl'aminc,  of  which  tl\e  fragrant  flowers  adorn  the 
pagodas  of  Hindoftan.  The  Dutch,  who  are  fo  fond 
of  gardens  in  Holland,  have  transferred  that  tafte,  where 
it  can  certainly  be  cultivated  with  more  fuccefs,  and  in¬ 
dulge  it  to  a  great  extent  at  their  hoiifes  a  little  way 
from  the  city  of  Batavia  ;  b.ut  fliil  within  that  fenny 
diftridt,  concerning  which  an  intelligent  gentleman  up¬ 
on  the  fpot  ufed  the  ftrong  expreflion,  that  the  air  was 
peftilential  and  the  water  poifonous.  Yet  the  country 
is  everywhere  fo  verdant,  gay,  and  fertile  ;  it  is  inter- 
fperfed  with  fuch  magnificent  lioufes,  gardens,  avenues, 
canals,  and  draw-bridges  ;  and  is  fo  formed  in  every  re- 
fpedf  to  pleafe,  could  health  be  preferved  in  it^that  a 
youth  coming  juft  from  fca,  and  enraptured  with  the 
beauty  of  every  objedf  he  faw  around  him,  but  mindful 
of  the  danger  there  to  life,  could  not  help  exclaiming, 
‘‘what  an  excellent  habitation  it  would  be  for  immortals! 
The  moft  tolerable  feafon  here  is  from  March  or  A- 
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Satavia.  pi  jl  to  November  ;  when  the  rains  begin,  and  lafl  the 
' — veil  of  the  year.  The  fea  breeze  fets  in  about  ten 
o’clock  in  the  morning,  and  continues  till  four  or  five 
in  the  afternoon.  It  becomes  then  calm  till  feven  or 
eight,  when  the  land  breeze  commences,  and  continues 
at  intervals  till  day-break,  followed  by  a  calm  for  the 
remaining  hours  of  the  24.  Fahrenheit’s  thermometer 
was,  in  Batavia  road,  during  the  Lion’s  remaining  there, 
from  S6^  to  88^,  and  in  the  tov.m  from  88‘’’to  92®;  but 
its  variations  by  no  means  correfponded  to  the  fenfa- 
tions  produced  by  the  heat  on  the  human  frame  •,  the 
latter  being  tempered  by  any  motion  of  the  air,  which 
circumftance  has  little  effedl  upon  the  thermometer. 
Nor  are  the  animal  fufFerings  here  from  heat  to  be  mea- 
fured  by  its  intenfenefs  at  any  given  moment  of  the 
day,  but  by  its  perlilling  through  the  night  ;  when,  in- 
ilead  of  dimini fhing,  as  it  does  in  colder  countries,  fome- 
times  20  degrees,  it  keeps  generally  here  within  four  or 
five  of  what  it  attains  in  the  fiiade,  when  the  fun  is  at 
its  higheft  elevation. 

The  native  Javanefe  derive,  however,  one  advantage 
at  Icall  from  an  atmofphere  not  fubjeft  to  the  viciffi- 
tudes  of  temperature  experienced  in  the  northern  parts 
of  Europe,  where  difeafes  of  the  teeth  are  chiefly  pre¬ 
valent  ;  as  they  are  here  entirely  exempt  from  fuch  com¬ 
plaints.  Their  habit  of  living  chiefly  on  vegetable  food, 
and  of  abflaining  from  fermented  liquors,  no  doubt 
contributes  to  this  exemption  ;  yet  fuch  is  the  caprice 
of  tafle,  that  jet  black  is  the  favourite  colour  and  ftan- 
dard  of  beauty  for  the  teeth  amongfl;  them,  comparing 
to  monkeys  thofe  who  keep  them  of  the  natural  colour. 
They  accordingly  take  care  to  paint,  of  the  deepell 
black,  all  their  teeth,  except  the  two  middle  ones,  which 
they  cover  with  gold  leaf.  Whenever  the  paint  or  gild¬ 
ing  is  worn  off,  they  are  as  attentive  to  replace  it  on  the 
proper  teeth,  as  the  belles  of  Europe  are  to  purify  and 
whiten  tl^eirs. 

We  have  mentioned  the  rich  vegetation  of  the  coun¬ 
try  and  the  gardens  which  the  Dutch  have  planted.  In 
thefe  gardens  or  orchards  they  cultivate  the  nutmeg, 
the  clove,  the  camphor,  and  the  cinnamon  trees,  toge¬ 
ther  with  the  pepper  plant,  which,  creeping  like  a  vine, 
is  fupported  on  a  living  tree.  It  is  a  fpecies  of  the 
pepper  plant  that  affords  the  leaf  called  chewed  fo 
iiniverfally  by  the  fouthern  Aflat ics,  and  ferving  for  the 
inclofure  of  a  few  flices  or  bits  of  the  areca,  from  thence 
erroneoully  called  the  hetel  nut.  The  areca  nut  tree  is 
among  the  fmaileft  of  the  tribe  of  palms,  but  comes 
next  in  beauty  to  the  mountain  cabbage  tree  of  the  Well 
Indies,  the  latter  differing  chiefly  in  its  fize  and  amazing 
height  from  the  areca  nut  tree,  the  diameter  of  whofe 
jointed  trunk  feldom  exceeds  four  inches,  or  height  12 
feet.  But  the  fymmetry  of  each  is  perfedl  ;  the  columns 
of  a  temple  cannot  be  more  regular  than  the  trunk, 
which  rifes  without  a  branch,  while  the  broad  and 
fpreading  leaves  which  crown  the  top  form  the  orna¬ 
mented  capital.  The  areca  nut,  when  dried,  has  fome 
firailitude  in  form  and  taffe  to  the  common  nutmeg,  but 
is  of  a  lefs  flze. 

It  would  have  been  very  extraordinary,  and  very  cul¬ 
pable,  in  Sir  George  Staunton,  and  Dr  Gillan  phyfleian 
to  the  embaffy,  if  they  had  not,  when  on  the  fpot,  in¬ 
quired  into  the  truth  of  Foerfeh’s  account  of  the  upas 
or  poifon  tree  of  Java  (fee  Poison  Tree  of  En- 

cycl.)  But  the  moft  minute  inquiries  were  made  re- 


fpedling  it ;  and  the  refult  of  them  was,  that  no  fuch  Batav.a, 
tree  is  known  at  Batavia,  and  certainly  does  not  exiff 
where  Foerfeh  has  planted  it.  It  is  indeed  a  common 
opinion  at  Batavia,  that  there  exifts  in  that  country  a 
vegetable  poifon,  which,  rubbed  on  the  daggers  of  the 
Javanefe,  renders  the  flightefl;  wounds  incurable;  though 
fome  European  practitioners  have  of  late  afferted  that 
they  had  cured  peifons  ftabbed  by  thofe  weapons,  but 
not  without  having  taken  the  precaution  of  keeping  the 
wound  long  open,  and  procuring  a  fuppuration..  One 
of  the  keepers  of  the  medical  garden  at  Batavia  affured 
Dr  Gillan,  that  a  tree  diflilling  a  poifonous  juice  was  in 
that  collection,  but  that  its  qualities  were  kept  fecret 
from  moil  people  in  the  fettlement,  left  the  knowledge 
of  them  fliould  find  its  way  to  the  Haves,  who  might  be 
tempted  to  make  an  ill  ufe  of  it.  In  the  fame  medical 
garden,  containing  it  feems  hurtful  as  well  as  grateful 
fiibftances,  is  found  alfo  the  plant  from  whence  is  made 
the  celebrated  gout  remedy,  or  moxa  of  Japan,  men¬ 
tioned  in  the  works  of  Sir  William  Temple,  and  de- 
feribed  in  the  Encyclopaedia  under  the  titles  of  Arte¬ 
misia  and  Moxa. 

The  whole  country  abounds  with  efculent  fruits,  and, 
amoiift  others,  with  the  mangofteen,  which  is  ripe  in 
March,  and  is  confldered  as  the  moft  delicious  of  all  , 

fruits  (fee  Garcinia,  Pine  apples  are  in  Ja-  1 

va  planted  not  in  gardens,  but  in  large  fields  ;  and  arc 
carried  like  turneps  in  heaps  upon  carts  to  market,  and 
fold  for  conflderably  lefs  than  a  penny  each,  where  mo¬ 
ney  is  cheaper  than  in  England.  It  was  a  common 
pradfice  to  clean  fwords,  or  other  inftruments  of  fteel 
or  iron,  by  running  them  through  pine  apples,  as  con¬ 
taining  the  ftrongeil  and  cheapell  acid  for  diffolving  the 
ruft  that  covered  them.  Sugar  fold  for  about  five-pence 
a  pound.  All  forts  of  proviflons  were  cheap,  and  the  ' 

(hips  crews  fed  on  frefh  meat  every  day. 

The  ferpents  and  noxious  reptiles  in  Java  have  been 
mentioned  elfewhere  ;  but  Sir  George  Staunton  affures 
us,  that  not  many  accidents  happen  from  them.  Among 
the  pagan  Javanefe,  the  crocodile,  he  fays,  is  an  objedl 
not  only  of  fear,  but  alfo  of  religious  veneration,  to 
which  offerings  are  made  as  to  a  deity.  When  a  Java¬ 
nefe  feels  himfelf  difeafed,  he  will  fometimes  build  a 
kind  of  coop,  and  fill  it  with  fuch  eatables  as  he  thinks 
moft  agreeable  to  the  crocodiles.  He  places  the  coop 
upon  the  bank  of  the  river  or  canal,  in  the  perfedl  con¬ 
fidence  that,  by  the  means  of  fuch  offerings,  he  will  get 
rid  of  his  complaints  ;  and  perfuaded,  that  if  any  per- 
fon  could  prove  fo  wicked  as  to. take  away  thofe  viands, 
fuch  perfon  would  draw  upon  himfelf  the  malady  for 
the  cure  of  which  the  offering  was  made.  According  ^ 

to  Sir  George  Staunton,  Batavia  road  lies  in  G"  id  fouth  | 

lat.  and  106^  51'  eaft  long,  from  Greenwich. 

BEER  is  a  liquor  fo  palatable  to  the  natives  of  Bri¬ 
tain,  and,  when  properly  made,  fo  wholefome,  efpecially 
in  long  voyages  at  fea,  that  Mr  Thornton  of  Eaft 
Smithfield  obtained  a  patent,  dated  April  15.  1778, 
for  inventing  a  method  of  reducing  malt  and  hops  to  an 
effence  or  ext  rad,  from  which  beer  may  be  made  any¬ 
where,  either  at  fea  or  in  diftant  countries.  Though 
we  do  not  perceive  any  great  degree  of  ingenuity  dif-  'J 

played  in  this  invention,  yet  as  the  account  of  it  is  I 

fliort,  we  fhall  lay  it  before  our  readers. 

His  method  then  of  preparing  an  effence  or  extrad 
of  malt  and  hops  is,  by  the  tranfmitted  heat  of  com- 
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Beetle,  prefled  vapour  of  boiling  water,  and  a  proper  apparatus 
for  that  purpofe.  This  apparatus  may  be  made  of  iron, 
tin,  or  copper  :  it  conlifts  of  a  boiler  of  any  dimenfions, 
a  double  veffel,  and  conducing  tubes.  The  double  vef- 
iel  confifts  of  one  veflel  placed  within  another,  and  fitted 
tight  at  their  rims.  The  upper  veflel  forms  the  upper 
part  of  the  under  veflel,  and  contains  the  liquor  to  be 
evaporated.  The  under  veffel  is  everywhere  inclofed 
except  at  an  aperture  communicating  with  the  boiler, 
and  at  another  aperture  communicating  with  the  con¬ 
ducing  tubes  ;  and  is  conftruCed  fo  as  not  to  allow 
any  part  of  the  vapour  condenfed  into  drops  within  it 
to  efcape,  except  back  again  into  the  boiler ;  it  is  not 
fo  extenfive  as  to  aC  as  a  common  refrigeratory,  and 
yet  is  capacious  enough  to  prevent  the  liquor  boiling 
over.  The  aperture  communicating  with  the  boiler  is 
large  enough  to  freely  admit  the  vapour  from  the  boiler 
into  the  under  veflel ;  and  the  aperture  communicating 
with  the  conducing  tubes  is  of  a  proper  fize  to  allow 
of  the  vapour  in  the  under  veflel  being  comprefled,  to 
a  degree  capable  of  tranfmittiug  to  the  liquor  to  be 
evaporated  a  proper  heat,  and  at  the  fame  time  to  ferve 
as  a  paflage  for  more  heat  than  is  neceflary  to  keep  up 
that  degree  of  compreflion.  The  conduCing  tubes  are 
to  convey  this  fiiperfluous  heat  or  vapour,  to  be  ufed 
for  farther  purpofes,  or  immediately  out  of  the  build- 
ing. 

BEETLE,  an  infeC  deferibed  in  the  Encyclopaedia 
under  the  name  given  to  it  by  naturalifls,  Scarabteus. 
Since  that  aticle  was  publiflied,  we  have  met  with  an 
account  of  a  nondefeript  fpecies,  which  is  furnifhed 
with  very  Angular  armour  for  its  own  defence.  It  was 
brought  to  M.  Vaillant  in  the  interior  parts  of  Africa 
by  a  Nimiqua  woman,  and  is  by  him  called  a  fuperb 
beetle,  not  to  be  found  in  any  cabinet  of  Europe. 

“  While  I  was  examining  this  beautiful  infeC  (fays  he) 
with  attention,  I  felt  my  face  fuddenly  wetted  by  a  cauf- 
tic  liquor,  of  a  very  ftrong  alkaline  fmell.  The  fprink- 
ling  wa's  accompanied  by  a  fort  of  explofion,  loud  enough 
to  be  heard  at  fome  diflance.  Unfortunately  fome  of 
the  liquor  entered  one  of  my  eyes,  and  occafioned  fuch 
infupportable  pain,  that  I  thought  I  fhould  have  lofl 
the  fight  of  it.  I  was  obliged  to  keep  it  covered  for 
feveral  days,  and  bathe  it  from  time  to  time  with  milk. 
In  every  part  of  my  face  that  the  alkaline  liquor  had 
touched,  I  felt  the  pain  of  a  burn;  and  everywhere  the 
fkin  changed  to  a  deep  brown,  which  wore  out  only  by 
degrees  and  a  long  time  after.  This  will  not  be  furpri- 
fing  to  many,  who  already  are  acquainted  with  the  fame 
property  in  feveral  infeCs  of  the  fame  genus  ;  for  in- 
ftance,  in  that  beautiful  golden  green  bupreflis,  which 
is  fo  common  in  our  kitchen  gardens  in  Europe  :  but 
as  the  infeC  of  which  I.  am  here  fpeaking  is  much  lar¬ 
ger,  and  inhabits  a  very  hot  country,  it  is  natural  that 
the  effed  produced  by  it  ihould  be  more  ftriking  ;  tho* 
the  liquor  which  our  golden  bupreftis  ejedsat  its  enemy 
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oecaAons  a  very  fenfible  fmart,  and  its  fmell  is  confider- 
ably  pungent.** 

The  naturalifls  Dorci  and  Olivier  have  given,  in  their 
Entomology,  the  Agure  of  this  African  infed,  which 
our  author  communicated  to  them,  but  they  have  given 
it  erroneoufly.  The  human  face,  obfervable  on  its  an¬ 
terior  corcelet  in  their  Agure,  does  not  exifl  in  nature  ; 
but  M.  Vaillant  having  given  no  Agure  of  it  himfelf, 
we  cannot  gratify  our  readers  with  a  corred  reprefen- 
tation. 

BEG  AH,  a  land  meafure  in  Bengal,  about  one-third 
of  an  Englifli  acre. 

BEHADER  (Valiant)^  a  title  of  honour  conferred 
by  the  Mogul  emperors  upon  either  Mahomedans  or 
Hindoos,  and  placed  after  their  name  or  other  title. 

BEHEM  (Martin),  though  hitherto  little  talked  of, 
was  one  of  the  moft  enterprifing  men  that  ever  lived, 
and  deferves  to  have  his  name  tranfmitted  with  reve¬ 
rence  to  the  latefl  poflerity.  Born  at  Nuremberg,  an 
Imperial  city  in  the  circle  of  Franconia,  of  a  noble  fa¬ 
mily  not  yet  extind,  he  had  the  befl  education  which 
the  darknefs  of  that  age  would  permit  him  to  have  ; 
and  the  fludies  to  wdiich  from  his  infancy  he  was  mofl 
addided,  were  thofe  of  geography,  aftronomy,  and  na-'*" 
vigation.  As  he  advanced  in  life,  he  often  thought  of 
the  exiflence  of  the  antipodes  and  of  a  weflern  conti¬ 
nent,  of  which  he  was  ambitious  to  make  the  difeo- 
ver)^ 

Filled  with  this  great  idea,  in  1459  he  paid  a  vifit 
to  Ifabella,  daughter  of  John  I.  king  of  Portugal,  at 
that  time  regent  of  the  duchy  of  Burgundy  and  Flan¬ 
ders  ;  and  having  informed  her  of  his  defigns,  he  pro¬ 
cured  a  veflel,  in  which,  failing  weflwa.rd,  he  was  the  Aril 
European  wdio  is  known  to  have  landed  on  the  ifland  of 
Fayal.  He  there  eflabliihed  in  1460  a  colony  of  Fle¬ 
mings,  whofe  defeendantsyet  exifl  in  the  Azores,  which 
were  for  fome  time  called  the  Flemiih  Iflands.  This  cir- 
cumflance  is  proved,  not  only  by  the  writings  of  con¬ 
temporary  authors,  but  alfo  by  the  manufcripts  prefer- 
ved  in  the  records  of  Nuremberg  ;  from  the  Latin  of 
which  the  following  is  tranflated  :  “Martin  Behcm  ten¬ 
dered  his  fervices  to  the  daughter  of  John  king  of  Lu- 
Atania,  who  reigned  after  the  death  of  Philip  of  Bur¬ 
gundy,  furnamed  the  Good ;  and  from  her  procured  a 
fliip,  by  means  of  which,  having  failed  beyond  all  the 
then  knowm  limits  of  the  Weflern  Ocean,  he  was  the 
Arfl  who  in  the  memory  of  man  difeovered  the  ifland  of 
Fayal,  abounding  with  beech  trees,  which  the  people  of 
LuAtania  call  faye;  whence  it  derived  its  name.  Af¬ 
ter  this  he  difeovered  the  neighbouring  iflands,  called 
by  one  general  name  the  A^ores^  from  the  multitude  of 
hawks  which  build  their  nefls  there  (for  the  LuAtanians 
ufe  this  term  for  hawks,  and  the  French  too  ufe  the 
word  ejfos  or  efores  in  their  purfuit  of  this  game)  ;  and 
left  colonies  of  the  Flemifli  on  them,  when  they  began 
to  be.  called  Fleraifh  Iflands  (a).** 
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(a)  Although  this  record  is  contrary  to  the  generally  received  opinion,  that  the  Azores  were  difeovered  by 
Gonfalva  Velho,  a  Portuguefe,  yet  its  authenticity  feems  unqueflionable.  It  is  confirmed  not  only  by  feveral 
contemporary  writers,  and  by  Wagenfeil,  one  of  the  mofl  learned  men  of  the  laft  century,  but  likewife  by  a  note 
written  on  parchment  in  the  German  language,  and  fent  from  Nuremberg,  a  few  years  ago,  to  M.  Otto,  who  was 
then  invefligating  the  difeovey  of  America.,  The  note  contained,  with  other  things,  the  followdng  fads:  “  Mar- 
tin  Beham,  Efq;  fon  of  Mr  Martin  Beham  of  Scoperin,  lived  in  the  reign  of  John  II.  king  of  Portugal,  in  a& 
ifland  which  he  difeovered,  and  called  the  ifland  of  one  of  the  Azores,  lying  in  the  Weflern  Ocean,. 
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After  having  obtained  from  the  regent  a  grant  of 
Fayal,  and  refided  there  about  twenty  years,  Behem 
applied  in  1484.  (eight  years  before  Columbus’s  expe¬ 
dition)  to  John  IL  king  of  Portugal,  to  procure  the 
means  of  undertaking  a  great  expedition  towards  the 
fouth-weil.  'Phis  prince  gave  him  fome  {hips,  with 
which  he  difcovercd  that  part  of  America  which  is  now 
called  Brazil  ;  and  he  even  failed  to  the  Straits  of  Ma¬ 
gellan,  or  to  the  country  of  fome  favage  tribes  whom 
he  called  Patagonians,  from  the  extremities  of  their  bo¬ 
dies  being  covered  with  a  fldn  more  like  a  bear’s  paws 
than  human  hands  and  feet. 

A  fadl  fo  little  known,  and  apparently  fo  derogatory 
to  the  fame  of  Columbus,  ought  not  to  be  admitted 
without  iulhcient  proof;  but  the  proofs  which  have 
been  urged  in  fupport  of  its  authenticity  are  fuch  as 
cannot  be  controverted.  They  are  not  only  the  letters 
of  Behem  lilmfelf,  written  in  i486,  and  preferved  in 
the  archives  of  Nuremberg,  but  like  wife  the  public  re¬ 
cords  of  that  city  ;  in  which  we  read  that  “  Martin 
Behem,  traverfing  the  Atlantic  Ocean  for  feveral  years, 
examined  the  American  illands,  and  difeovered  the  ftrait 
which  bears  the  name  of  Magellan  before  either  Chrif- 
topher  Columbus  or  Magellan  failed  thofe  feas;  whence 
he  mathematically  delineated,  on  a  geographical  chart, 
for  the  king  of  Lufitania,  the  lituatioii  of  the  coaft  a- 
round  every  part  of  that  famous  and  renowned  ftrait 
long  before  Magellan  thought  of  his  expedition.” 

This  wonderful  difeovery  has  not  efcaped  the  notice 
of  contemporary  writers.  The  following  pafTage  is 
traiiflated  from  the  Latin  chronicle  of  Hartman  Schedl: 
««  In  the  year  1485,  John  II.  king  of  Portugal,  a  man 
of  a  magnanimous  fpirit,  furniflied  fome  galleys  with 
provifions,  and  fent  them  to  the  fouthvvard,  beyond  the 
Straits  of  Gibraltar.  He  gave  the  command  of  this 
iquadron  to  James  Canus,  a  Portuguefe,  and  Martin 
Behem,  a  German  of  Nuremberg  in  Upper  Germany, 
defeended  of  the  family  of  Bonna  :  a  man  very  well  ac¬ 
quainted  with  the  fituation  of  the  globe  ;  blelTed  with 
a  conftitution  able  to  bear  the  fatigues  of  the  fea  j  and 
who,  by  adlual  experiments  and  long  failing,  had  made 
himfelf  perfedly  maftcr  with  regard  to  the  longitudes 
and  latitudes  of  Ptolemy  in  the  weft.  Thefe  two,  by 
the  bounty  of  Heaven,  coaftlng  along  the  Southern 
Ocean,  and  having  crofted  the  equator,  got  into  the 
other  hcmifphere,  where,  facing  to  the  eaftward,  their 
(hadovvs  projedled  towards  the  fouth  and  right  hand. 
Thus,  by  their  induftry,  they  have  opened  to  us  ano- 
ther  world  hitherto  unknown,  and  for  many  years  at¬ 
tempted  by  none  but  the  Genoefe,  and  by  them  in  vain. 
Having  finiflaed  this  cruize  in  the  fpace  of  26  months, 
they  returned  to  Portugal  with  the  lofs  of  many  of  their 
feamen  by  the  violence  of  the  climate.” 

Befides  this  evidence  of  the  firft  difeovery  of  America 
having  been  made  by  Behem,  we  find  the  following 
particulars  in  the  remarks  made  by  Petrus  Mateus  on 
the  canon  law,  two  years  before  the  expedition  of  Co¬ 
lumbus  :  ‘‘  Prim<s  na’vlgatlones ^  &c.  The  firft  Chriftian 
voyages  to  the  newly  difeovered  iflands  became  frequent 
under  the  reign  of  Henry,  fon  of  John,  king  of  Lufi¬ 
tania.  After  his  death  Alphonfus  V.  profecuted  the 
^  defign  ;  and  John,  who  fucceeded  him,  followed  the 
plan  of  Alphonfus,  by  the  aftiftance  of  Martin  Behem, 
a  very  llcilful  navigator;  fo  that  in  a  (hort  time  the  name 
of  Lufitania  became  famous  over  the  whole  world.” 


Cellarius,  one  of  the  moll  learned  men  of  his  age,  fays  Behem, 
exprefsly,  “  Behaimeus  non  modo,  &c.  Boehm  did  not  — *\r— 
think  it  enough 'to  fiirvey  the  ifland  of  Fayal,  which  he 
firft  difcpvered,  or  the  other  adjacent  ifiairds  which  the 
Lufitaiiians  call  Azores^  and  we,  after  the  example  of 
Boehm’s  companions,  call  Fleml/h  iflands,  but  advanced 
ftill  farther  and  farther  fouth,  until  he  arrived  at  the  re- 
mot  eft  ftrait,  through  which  Ferdinand  Magellan,  fol¬ 
lowing  his  track,  afterwards  failed,  and  called  it  after 
his  own  name.” 

All  thefe  quotations,  which  cannot  be  thought  te¬ 
dious,  fince  they  ferve  to  prove  a  fa6l  almoft  unknown, 
feem  to  demon ftrate,  that  the  firft  difeovery  of  America 
is  due  to  the  Portuguefe  and  not  to  the  Spaniards;  and 
that  the  chief  merit  belongs  to  a  German  aftronomer. 

The  expedition  of  Ferdinand  Magellan,  which  did  not 
take  place  before  the  year  1519,  arofe  from  the  follow¬ 
ing  fortunate  circumftance  :  This  perfon,  being  in  the 
apartment  of  the  king  of  Portugal,  faw  there  a  chart  of 
the  coaft  of  America  drawn  by  Behem,  and  at  once 
conceived  the  bold  project  of  following  the  fteps  of  this 
great  navigator.  Jerome  Benzon,  who  publifhed  a  de- 
feription  of  America*  in  1550,  fpeaks  of  this  chart  ;  a 
copy  of  which,  fent  by  Behem  himfelf,  is  preferved  in 
the  archives  of  Nuremberg.  The  celebrated  aftronomer 
Riccioli,  though  an  Italian,  yet  docs  not  feem  willing 
to  give  his  countryman  the  honour  of  this  Important 
difeovery.  In  his  Geograpbla  Reformata^  book  iii.  p.  90. 
he  fays,  “  Chriftopher  Columbus  never  thought  of  an 
expedition  to  the  Weft  Indies  until  his  arrival  in  the 
ifland  of  Madeira,  where,  amufing  himfelf  in  forming 
and  delineating  geographical  charts,  he  obtained  infor¬ 
mation  from  Martin  Boehm,  or,  as  the  Spaniards  fay, 
from  Alphonfus  Sanches  de  Huelva,  a  pilot,  who  had 
chanced  to  fall  in  with  the  ifland  afterwards  called  Do^ 
minicaP  And  In  another  place  :  “  Let  Boehm  and 
Columbus  have  each  their  praife  ;  they  were  both  ex¬ 
cellent  navigators  ;  but  Columbus  would  never  have 
thought  of  his  expedition  to  America,  had  not  Boehm 
gone  there  before  him.  His  name  is  not  fo  much  cele¬ 
brated  as  that  of  Columbus,  Americus,  or  Magellan, 
although  he  is  fuperior  to  them  all.” 

That  Behem  rendered  fome  very  important  ferviceji 
to  the  crown  of  Portugal,  is  put  beyond  all  controverfy 
by  the  recompence  beftowed  on  him  by  King  John  ;  of 
which  the  following  account  has  been  given  to  the  pub¬ 
lic  from  the  archives  of  Nuremberg.  ‘‘  In  the  year  148 5, 
on  the  18th  of  Feb.  in  Portugal,  in  the  city  of  Allafa- 
vas,  and  in  the  church  of  St  Salvador,  after  the  mafs, 

Martin  Behem  of  Nuremberg  was  made  a  knight,  by 
the  hands  of  the  moft  puiftant  Lord  John  II.  king  of 
Portugal,  Algarve,  Africa,  and  Guinea  ;  and  his  chief 
fquirc  was  the  king  himfelf,  who  put  the  fword  in  his 
belt;  and  tlie  Duke  of  Begla  w^as  his  fecond  fquire, 
who  put  on  his  right  fpur ;  and  his  third  fquire  was 
Count  Chriftopher  de  Mela,  the  king’s  coiifin,  who  put 
on  his  left  fpur;  and  his  fourth  fquire  was  Count  Mar¬ 
tini  Marbarinis,  who  put  on  his  iron  helmet ;  and  the 
king  himfelf  gave  him  the  blow  on  the  fhoulder,  which 
was  done  in  the  prefeiice  of  all  the  princes,  lords,  and 
knights  of  the  kingdom  ;  and  he  efpoiifed  the  daughter 
of  a  great  lord,  in  confideration  of  the  important  fer- 
vlces  he  had  performed  ;  and  he  was  made  governor  of 
the  ifland  of  Fayal.” 

Thefe  marks  of  diftindlion,  conferred  on  a  ftranger, 
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n^jhem.  could  not  be  meant  as  a  recompence  for  die  dlfcovery  of 
'  the  Azores,  which  was  made  twenty  years  before,  but 
as  a  reward  for  the  dlfcovery  of  Congo,  from  whence 
the  Chevalier  Behem  had  brought  gold  and  different 
kinds  of  precious  wares.  This  difcovery  made  much 
greater  impreffion  than  that  of  a  wefterii  world  made 
at  the  fame  time,  but  which  neither  increafed  the  wealth 
of  the  royal  treafury,  nor  falished  the  avarice  of  the 
merchants. 

In  1492  the  Chevalier  Behem,  crowned  with  honours 
and  riches,  undertook  a  journey  to  Nuremberg,  to  vifit 
his  native  country  and  his  family.  He  there  made  a 
terreftrial  globe,  which  is  looked  on  as  a  mafterpiece  for 
that  time,  and  which  is  ftill  preferved  in  the  library  of 
that  city.  The  outline  of  his  difcoveries  .may  there  be 
feen,  under  the  name  of  weftern  lands ;  and  from  their 
fituation  it  cannot  be  doubted  that  they  are  the  prefcnt 
coafts  of  Brazil,  and  the  environs  of  the  Straits  of  Ma¬ 
gellan.  This  globe  was  made  in  the  fame  year  that  Co¬ 
lumbus  fet  out  on  his  expedition  ;  therefore  it  is  im- 
poffible  that  Behem  could  have  profited  by  the  works 
of  that  navigator,  who  befides  went  a  much  more  north¬ 
erly  courfe. 

After  having  performed  feveral  other  interefting  voy¬ 
ages,  the  Chevalier  Behem  died  at  Liffon  in  July  1506, 
regretted  by  every  one,  but  leaving  behind  him  no  other 
work  than  the  globe  and  chart  which  we  have  juil  been 
fpeaking  of.  The  globe  is  made  from  the  writings  of 
Ptolemy,  Pliny,  Strabo,  and  efpecially  from  the  account 
of  Mark  Paul  the  Venetian,  a  celebrated  traveller  of 
the  13th  century  ;  and  of  John  Mandeville,  an  Englifh- 
man,  who,  about  the  middle  of  the  14th  century,  pub- 
lifiied  an  account  of  a  journey  of  33  years  in  Africa  and 
Afia.  He  has  alfo  added  the  important  difcoveries  made 
by  himfclf  on  the  coafts  of  Africa  and  America. 

From  thefe  circumftantial  accounts,  but  very  lately 
brought  to  light,  there  can  be  little  doubt,  we  think, 
but  that  America  was  difcovered  by  Martin  Behem. 
Dr  Robertfon  is  indeed  of  a  different  opinion  :  but 
great  as  we  willingly  acknowledge  his  authority  to  be, 
wT  may  differ  from  him  without  prefumption,  fince  he 
had  it  not  in  his  power  to  confult  the  German  docu¬ 
ments  to  which  we  have  appealed,  and  has  himfelf  ad¬ 
vanced  fads  not  eafily  to  be  reconciled  to  his  own  opi¬ 
nion.  He  allows  that  Behem  was  very  intimate  with 
Chriftopher  Columbus ;  that  he  was  the  greateft  geo¬ 
grapher  of  his  time,  and  fcholar  of  the  celebrated  John 
Muller,  or  Regiomontanus ;  that  he  had  difcovered,  in 
1483,  the  kingdom  of  Congo,  upon  the  coaft  of  Afri¬ 
ca  ;  that  he  made  a  globe  which  Magellan  made  ufe  of; 
that  he  drew  a  map  at  Nuremberg,  containing  the  par¬ 
ticulars  of  his  difcoveries  ;  and  that  he  placed  in  this 
chart  land  which  is  found  to  be  in  the  latitude  of 
Guiana.  He  adds  indeed,  without  proof,  that  this  land 
was  a  fabulous  ifland  ;  but  if  authentic  records  are  to 
give  place  to  bare  affertion,  there  is  an  end  of  all  hifto- 
rical  evidence.  If  Behem  took  for  an  iflaqd  the  lirft 
land  which  he  difcovered,  it  was  a  miftake  furely  not  fo 
grofs  as  to  furnifti  grounds  for  queftroning  his  veracity, 
or  for  withholding  from  him  for  ever  that  Juftice  which 
has  been  fo  long  delayed. 

But  this  very  delay  will  by  fome  be  thought  a  power- 
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ful  objection  to  the  truth  of  Behem’s  claim  to  the  dif¬ 
covery  of  America  ;  for  if  it  was- really  difcovered  by 
him,  why  did  not  he  leave  behind  him  fome  writing  to 
confirm  the  difcovery  to  himfelf?  and  why  did  not  the 
court  of  Portugal,  fo  jealous  of  the  difcovery  of  the 
new  world,  proteft  againft  the  exclufive  cLim  of  the 
Spaniards  ? 

Po  thefe  objeflions  we  may  reply,  that,  how’ever 
plaufible  they  may  at  firft  appear,  they  do  not  in  the 
fmalleft  degiee  invalidate  the  pofitive  evidence  v\hich 
WT  have  urged  for  the  Chevalier  Behem's  being  the  real 
difeoverer  of  the  new  w^orld  ;  for  it  would  furely  be 
very  abfurd  to  oppofe  the  d'tj^cidty  cf  (ijjtgmng  mot  'wes  for 
certain  adlions  performed  at  a  remote  period,  to  ther^^- 
lity  of  other  saions  for  which  we  have  the  teftimony  of 
a  cloud  of  contemporary  witneffes.  Suppofmg  it  were 
true,  therefore,  that  Behem  had  left  behind  him  uo  wri¬ 
ting  claiming  to  himfelf  the  difcovery  of  any  part  of 
the  continent  of  America,  the  only  inference  which 
could  be  drawn  from  his  fileiice  would  be,  either  that  he 
was  a  man  of  great  modefty,  or  that  his  mind  was  in¬ 
tent  only  on  the  acquifition  of  knowledge  to  himfelf, 
without  feeling  the  ufual  impulfe  to  communicate  that 
knowledge  to  others.  But  it  is  not  true  that  he  has 
left  behind  him  no  claim  of  this  difcovery  to  himfelf. 
The  letters  to  which  we  have  appealed,  and  which  are 
prefeived  in  the  archives  of  Nuremberg,  together  with 
the  globe  and  map,  which  he  certainly  made,  furnilh  as 
complete  a  confirmation  of  his  claim  as  could  have  been 
furnifhed  by  the  mod  elegant  account  of  his  voyages. 

For  the  filence  of  the  Portuguefe,  many  reafons 
might  be  alTigned.  The  difcoveries  of  Columbus  were 
made  fo  much  farther  north  than  tliofe  of  Behem,  that, 
in  an  age  when  geographical  knowledge  was  fo  very  li- 
mited,  both  Spaniards  and  Portuguefe  might  very  na¬ 
turally  believe  that  the  country  difcovered  by  the  for- 
mer  of  thefe  navigators  had  no  connexion  with  that 
difcovered  by  the  latter.  At  any  rate,  the  Portuguefe, 
vvhofe  difcoveries  proceeded  from  avarice,  were  fatisfied 
with  feraping  together  gold  wherever  they  could  find 
It;  and  finding  it  in  Africa,  they  thought  not  of  fearcli- 
ing  for  it  in  a  more  diftant  region,  till  the  fuccefs  of  the 
Spaniards  fhewed  them  their  miftake. 

One  thing  more  Is  worthy  of  attention.  The  long 
ftay  of  Columbus  at  Madeira  makes  his  interview  with 
Behem  more  than  probable.  It  is  impolfible  that  he 
fliould  have  neglefted  feeing  a  man  fo  interefting,  and 
who  could  give  him  every  kind  of  information  for  the 
execution  of  the  plan  which  lie  had  formed.  The  ma¬ 
riners  who  accompanied  the  Chevalier  Behem  might 
alfo  have  fpread  reports  at  Madeira  and  the  Azores 
concerning  the  difcovery  of  which  they  had  been  wlt- 
neffes.  What  ought  to  confirm  us  in  this  is,  that  Ma¬ 
nana  fays  himfelf  (book  xxvi.  chap,  iii.),  that  a  certain 
velTel  going  to  Africa,  was  thrown  by  a  gale  of  wind 
upon  certain  unknown  lands;  and  that  the  fallors  at 
their  return  to  Madeira  had  communicated  to  Chrifto¬ 
pher  Columbus  the  circumftances  of  their  voyage.  All 
authors  agree  that  this  learned  man  had  fome  informa¬ 
tion  refpeftmg  the  weftern  lliores  ;  but  they  foeak  in 
a  very  vague  manner.  The  expedition  of  the  Chevalier 
Behem  explains  the  myftery  (b). 

K  BEREANS, 


Behem. 


.J 


(b)  For  the  greater  part  of  this  memoir  we  are  indebted  to'  M.  Otto’s  paper  on  the  difcovery  of  America. 

publifhed 
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BEREANS,  In  ancient  church  hlftory,  the  Inhabi-  therefore  he  entertains  no 
tants  of  Berea.  Th^y  are  highly  commended  in  Scrip¬ 
ture  for  their  ready  reception  of  the  gofpel,  upon  a  fair 
and  impartial  examination  of  its  agreement  with  the  Old 
Teftament  prophecies.  Sopater,  a  Berean,  attended  the 
apoftle  Faul  to  Afia.  Ads  xvii.  lo— 13.  and  xx.  4. 

Bereans,  in  modern  church  hlftory,  a  fed  of  Pro- 
teftant  dilTenrers  from  the  church  of  Scotland,  who 
take  their  title  from,  and  profefsto  follow,  the  example 
of  the  ancient  Bereans,  in  building  their  fyftem  of  faith 
and  pradice  upon  the  Scriptures  alone,  without  regard 
to  any  human  authority  whatever.  ^ 

The  Bereans  agree  with  the  great  majority  of  Chril- 
tians,  both  Protellants  and  Catholics,  refpedmg  the 


E  R 

—  - . - .  doubts  either  of  his  faiths  or  Bereans. 

his  confequent  falvatlon  through  the  merits  of  Chrlft,  v  - 
who  died  and  rofe  again  for  that  purpofe.  In  a  word, 
they  argue,  that  the  Gofpel  would  not  be  what  it  is 
held  forth  to  be,  glad  tidings  of  great  joy,’^  if  it  did 
not  bring  full  perfonal  affurance  of  eternal  falvation  to 
the  believer  :  w^hich  affurance,  they  infill,  “  is  the  pre¬ 
fen  t  infallible  privilege  and  portion  of  every  individual 
believer  of  the  Gofpel.’’  Thefe  definitions  of  faith,  and 
its  infeparable  concomitant  affurance,  they  prove  bv  a 
variety  of  texts,  which  our  room  permits  us  not  to 
quote. 

3.  Confiftently  with  the  above  definition  of  faith, 
they  fay,  that  the  fin  againfl  the  Holy  Ghoft,  which 


tlans,  both  Proteitants  and  Uatnoiics,  reipcciuig  .cvjr,  .  ---  ,  -  •  '  i  • 

doai’ine  of  the  Trinity,  which  they  hold  as  a  fundamen-  has  alarmed  and  puzzled  fo  many  in  all  ages,  is  >totlnng 
tal  article  of  the  Chriftian  faith  ;  and  they  alfo  agree  in  elfe  h^t  unbehef;  and  that  the  expreffion,  that  .t  fhall 
a  Ireat  meafure  with  the  prbfejfed  principles  of  both  our  not  be  forgiven,  neither  in  //.u  werW  nor  that  which  is 
elfablled  churches  refpeaing  predeftination  and  elec-  to  come,”  means  only,  that  a  perfon  dying  m  infidelity 
Sn  though  they  allege  that  thefe  doarines  are  not  con-  woiifd  not  be  forgwen,  neither  under,the  former  dilpen- 
fiftently  taught  In  eitLr  church.  But  they  differ  from  fation  by  Mofes  (the  then  prefent  d'fpenfat.on,  kingdom, 
the  maloritv^of  all  feas  of  Chriftians  in  various  other  or  government  of  God),  "oi' “"der  the  Gofpel  difpen- 
mp™tint  particulars.  Such  as,  -  fation,  which,  in  refpea  of  the  Mofaic,  was  a  kind  of 

^  Refne^aing  our  knowledge  of  the  Deity.  Upon  future  vyorld  or  kingdom  to  come. 

thi  4ubjea,  they  fay  that  the  majority  of  profelfed  4-  The  Bereans  interpret  a  great  part  of  the  Old 


Teftament  prophecies,  and  in  particular  the  whole  of 
the  Pfalms,  excepting  fuch  as  are  merely  hiftorical  or 
laudatory,  to  be  typical  or  prophetical  of  Jefus  Chrift, 
his  fufferings,  atonement,  mediation,  and  kingdom:  and 
they  efteem  it  a  grofs  perverfion  of  thefe  Pfalms  and 
prophecies  to  apply  them  to  the  experiences  of  private 
Chriftians.  In  proof  of  this,  they  not  only  urge  the 
words  of  the  apoftle,  that  “  no  prophecy  is  of  any  pri¬ 
vate  interpretation,”  but  they  infift  that  the  whole  of 
the  quotations  from  the  ancient  prophecies  in  the  New 
Teftament,  and  particularly  thofe  from  the.  Pfalms,  are 
exprefsly  applied  to  Chrift.  In  this  opinion  many  other 
claffes  of  Proteftants  agree  with  them. 

5.  Of  the  abfolute  allfuperintending  foyereignty  of 
the  Almighty,  the  Bereans  entertain  the  higheft  ideas, 
as  well  as  of  the  uninterrupted  exertion  thereof  over 
all  works  in  heaven,  earth,  and  hell,  however  unfearch- 
able  by  his  creatures.  “  A  God  without  ekaion  (they 
argue),  or  choice  in  all  his  works,  is  a  god  without  ex¬ 
igence _ a  mere  idol — a  non-entity.  And  to  deny  God’s: 

eledion,  purpofe,  and  exprefs  will  in  all  his  works,  is 
to  make  him  inferior  to  ourfelves.”  For  farther  parti- 


Chriftians  ftumble  at  the  very  threfliold  of  revelation  ; 
and,  by  admitting  the  doarine  of  natural  religion,  na¬ 
tural  confcience,  natural  notices,  &c.  not  founded  upon 
revelation,  or  derived  from  it  by  tradition,  they  give  up 
the  caufe  of  Chriftianity  at  once  to  the  Infidels  ;  who 
may  juftly  argue,  as  Mr  Paine  in  fad  does  in  his  Age 
of  Reafoii,  that  there  is  no  occafion  for  any  revelation 
or  word  of  God,  if  man  can  difeover  his  nature  and  per- 
feaions  from  his  works  alone.  But  this,  the  Bereans 
argue,  is  beyond  the  natural  powers  of  human  reafon  ; 
and  therefore  our  knowledge' of  God  is  from  revelation 
alone;  and  that  without  revelation  man  would  never  have 
entertained  an  idea  of  his  exiftence. 

2.  With  regard  to  faith  in  Chrift,  and  aflurance  ot 
falvation  .through  his  merits,  they  differ  from  almoft  all 
other  feas  whatfoever.  Thefe  they  reckon  infeparable, 
or  rather  the /ume;  becaufe,  they  argue,  God  hath  ex¬ 
prefsly  declared,  “  He  that  believeth  ftiall  be  faved  ; 
and  therefore  it  is  not  only  abfurd,  but  impious,  and  in 
a  manner  calling  God  a  liar,  for  a  man  to  fay,  I  be^ 

■  lieve  the  Gofpel,  but  have  doubts  neverthelefs  of  my  own 

fo1v.,t:nn  ”  With  regard  to  the  various  diftinaions  and  ..v.  . . . . .  n.‘  c 

JJfiniHons  that  have^  been  given  of  different  kinds  of  culars  refpeaing  the  Berean  doarmes,  we  mufl;  refer 

Sclipturt^Tt  rha?'as"Vhen^appii3  to  human  ^  The  Bereans'firfl  ^ff«nUed  as  a  feparate  fodety  of  Origin, 
teftimony  flgnifies  neither  more  nor  lefs  than  the  mde  Chriftians  in  the  city  of  Edmburgh  in  autumn  1773. 
fimnle  belief ^of  that  teftimony  as  true,  upon  the  autho-  and  foon  after  in  the  parifh  of  Fettercairn.  Theoppo- 
ritv  of  the  teftifier  :  fo,  when  applied  to  the  teftimony  nents  of  the  Berean  doarines  allege,  that  this  new 
nty  ot  tne  teuinc  .n.;.  ..a: -  fyftem  of  faith  would  never  have  been  heard  of,  had  not 

Mr  Barclay,  the  founder  of  it,  been  difappointed  of  a 
fettlement  in  the  church  of  Scotland.  A  refpedlable 
clergyman  of  the  eftabliflied  church  has  even  hinted 
fomethlng  to  this  purpofe  in  Sir  John  Sinclair’s  Statiff 
tical  Account,  VoL  IX.  p.  599-  Bereans,  in 

anfwer  to  this  charge,  appeal  not  only  to  Mr  Barclay’s 

dodrine. 


of  God,  it  fignifies  precifely  the  belief  of  his  teftimony, 
and  refting  upon  his  veracity  alone,  without  any  kind 
of  collateral  fupport  from  concurrence  of  any  other  evi¬ 
dence  or  teftimony  whatever.”  And  they  infift,  that 
as  this  faith  is  the  gift  of  God  alone,  fo  the  perfon  to 
whom  it  is  given  is  as  confeious  of  poffefiing  it,  as  the 
being  to  whom  God  gives  life  is  of  being  alive  ;  and 


publilhed  firft  In  the  fecond  volume  of  the  American  Tranfadions,  and  afterwards  by  Nicholfon  in  N°  11. 
III.  of  bis  Journal. 


and 
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Bcreans  dodlnne,  uniformly*  preached  in  the  church  of  Fetter- 

‘-"-v - cairn,  and  many  other  places  in  that  neighbourhood, 

for  fourteen  years  before  that  benefice  became  vacant  ; 
but  likevvife  to  two  different  treatifes,  containing  the 
fame  doftrines,  publilhed  by  him  about  ten  or  twelve 
years  before  that  period.  They  admit,  indeed,  that, 
previous  to  May  1773,  when  the  general  affembly,  by 
fuftaining  the  king's  prefentation  in  favour  of  Mr  Foote, 
excluded  Mr  Barclay  from  fucceeding  to  the  church  of 
Fettercairn  (notwithflanding  the  almoft  unanimous  de¬ 
fire  of  the  parifhioners),  the  Bereans  had  not  left  the 
eflablifhed  church,  or  attempted  to  eredt  themfelves  in¬ 
to  a  dillind  fociety  ;  but  they  add,  that  this  was  by 
no  means  neceffary’^  on  their  part,  until  by  the  affembly’s 
decifion  they  were  in  danger  of  being  not  only  deprived 
of  his  inflrudlions,  but  of  being  fcattered  as  fheep  with¬ 
out  a  fhepherd.  And  they  add,  that  it  was  Mr  Bar¬ 
clay's  open  and  public  avowal,  both  from  the  pulpit 
and  the  prefs,  of  thofe  peculiar  fentiments  which  now 
diflinguifh  the  Bereans,  that  was  the  firfl  and  principal, 
if  not  the  only,  caufe  of  the  oppofition  fet  on  foot 
againfl  his  fettlement  in  Fettercairn. 

Pra<5lice.  Having  thus  given  a  concife  view  of  the  origin  and 
diftinguifhing  dodlrines  of  Bereanifm,  it  only  remains  to 
mention  a  few  particulars  relative  to  the  pradlice  of  the 
Bereans  as  a  Chriftian  fociety.  Infant  baptifm  they 
confider  as  a  divine  ordinance  inflituted  in  the  room  of 
circumcifion  ;  and  they  think  it  abfurd  to  fuppofe  that 
infants,  who  all  agree  are  admiffible  to  the  kingdom  of 
God  in  heaven,  ihould  neverthelefs  be  incapable  of  be¬ 
ing  admitted  into  His  vifible  church  on  earth.  They 
commemorate  the  Lord's  fupper  in  general  once  a- 
month  ;  but  as  the  words  of  the  inftitution  fix  no  par- 
ticular  period,  they  fometimes  celebrate  it  oftener,  and 
fometimes  at  more  diftant  periods,  as  may  fuit  their  ge¬ 
neral  convenience.  In  obferving  this  ordinance,  they 
follow  the  primitive  apollolic  plan,  without  any  previous 
days  of  fafiiiig  or  preparation  ;  as  they  apprehend  that 
fuch  human  inllitutions  only  tei^d  to  make  an  idol  of 
the  ordinance,  and  to  lead  people  to  entertain  erroneous 
ideas  of  its  fuperior  folemnity  and  importance.  Equal 
and  univerfal  holinefs  in  all  manner  of  converfation,  they 
recommend  at  all  times,  as  well  as  at  the  tajile  of  the 
Lord.  They  meet  every  Lord's  day  for  the  purpofe 
of  preaching,  praying,  and  exhortation  to  love  and  good 
works.  With  regard  to  the  admlflion  and  exclufion  of 
members,  their  method  is  very  fimple.  When  any  perfon, 
after  hearing  the  Berean  dodfrines,  profeffes  his  belief 
and  affurance  of  the  truths  of  the  Gofpel,  and  defires  to 
be  admitted  into  their  communion,  he  is  cheerfully  re¬ 
ceived  upon  his  profeflion,  whatever  may  have  been  his 
former  manner  of  life.  But  if  fuch  an  one  fiiould  after¬ 
wards  draw  back  from  his  good  profeflion  or  pradlice, 
they  firil  admonifli  him ;  and  if  that  has  no  effedf,  they 
leave  him  to  himfelf.  They  do  not  think  that  they 
have  any  power  to  deliver  up  a  backfliding  brother  to 
batan.  That  text  and  other  fimilar  palTages,  fuch  as, 

“  Whatfoever  ye  fiiall  bind  on  earth  fhall  be  bound  in 
’  heaven,"  &c.  they  confider  as  reftridted  to  the  apoilles 
and  to  the  iiifpircd  teilimony  alone,  and  not  to  be  ex¬ 
tended  to  any  church  on  earth,  or  any  number  of 
cliurches  or  of  Clirifiians,  whether  deciding  by  a  majo¬ 
rity  of  votes  or  by  unanimous  voices.  Neither  do  they 
think  themfelves  authorlfed,  as  a  Chriftian  church,  to 
enquire  into  each  others  political  opinions,  any  more 


than  to  examine  into  each  others  notions  of  philofophy.  Bercany, 
They  both  recommend  and  pradfife,  as  Chriftian  duties, 
fubmiflion  to  lawful  authority  ;  but  they  do  not  think 
that  a  man,  by  becoming  a  Chriftian,  or  joining  their 
fociety,  is  under  any  obligation,  by  the  rules  of  the 
Gofpel,  to  reiiouncd  his  rights  of  private  judgment  up¬ 
on  matters  of  public  or  private  importance.  L^pon  all 
fuch  fubjedfs  they  allow  each  other  to  think  and  adl  as 
each  may  fed  it  his  duty.  And  they  require  nothing 
more  of  their  members  than  a  uniform  and  fteady  pro¬ 
feflion  of  the  apoftolic  faith,  and  a  fuitable  walk  and  coii- 
verlation.  With  regard  to  feet-wafhing  and  the  like 
pradlices,  which  fome  other  fedls  of  Chriftians  confider 
as  duties,  the  Bereans  are  of  opinion  that  they  are  by 
no  means  obligatory.  They  argue,  that  the  example 
given  by  our  Saviour  of  wafhing  the  feet  of  his  difciples 
was  not  an  inftitution  of  an  ordinance,  but  merely  a  fa¬ 
miliar  inftance,  taken  from  the  cuftom  of  the  country, 
and  adopted  by  our  Lord  on  that  occalion,  to  teach  his 
followers  that  they  ought  at  all  times  to  be  ready  to 
perform  even  the  meaneft  offices  of  kindnefs  to  each 
other. 

It  may  not  be  improper  to  add  to  the  above  delinea-^^^^^*''^ 
tion  of  the  principles  and  practice  of  the  Bereans,  that^^^’’^* 
their  dodfrine  has  found  converts  in  various  places  of 
Scotland,  England,  and  America  ;  and  that  they  have 
congregations  in  Edinburgh,  Glafgow,  Paifley,  Stirling, 

Crieff,  Dundee,  Arbroath,  Montrofe,  Fettercairn,  A- 
berdeen,  and  other  towns  in  Scotland  ;  as  well  as  in 
London  and  various  places  in  England  ;  not  to  add 
Pennfylvania,  the  Carolinas,  and  other  States  in  Ame¬ 
rica. 

The  above  account  of  the  dodfrines,  origin,  pradlice, 
and  prefent  ftate  of  this  fociety,  has  been  given  to  us 
by  the  founder  himfelf. 

BERKENHOUT  (Dr  John),  was  about  the  year 
1730  born  at  Leeds  in  Yorkihire,  and  educated  at  the 
grammar-fehool  in  that  town,  His  father,  who  was  a 
merchant,  and  a  native  of  Holland,  intended  him  for 
trade;  and  with  that  view  fent  him  at  an  early  age  to 
Germany,  in  order  to  learn  foreign  languages.  After 
continuing  a  few  years  in  that  country,  he  made  the 
tour  of  Europe  in  company  with  one  or  more  Englifti 
noblemen.  On  their  return  to  Germany  they  vilited 
Berlin,  where  Mr  Berkenhout  met  with  a  near  relation 
of  his  father's,  the  Baron  de  Bielfeldt,  a  nobleman  then 
in  high  eftimation  with  Frederick  the  Great  king  of  Pruf- 
fia;  diftinguilhed  as  one  of  the  founders  of  the  Royal  A- 
cademy  of  Sciences  at  Berlin,  and  univerfally  known  as 
a  politician  and  a  man  of  letters.  With  this  relation 
our  young  traveller  fixed  his  abode  for  fome  time;  and, 
regardlefs  of  his  original  deftination,  became  a  cadet  in 
a  Pruflian  regiment  of  foot.  He  foon  obtained  an  en- 
fign's  commiflion,  and  in  the  fpace  of  a  few  years  was 
advanced  to  the  rank  of  captain.  He  quitted  the  Pruf- 
fian  fervice  on  the  declaration  of  war  between  England 
and  France  in  1756,  and  was  honoured  with  the  com¬ 
mand  of  a  company  in  the  fervice  of  his  native  country. 

When  peace  was  concluded  in  1760,  not  choofing,  we 
fuppofe,  to  lead  a  life  of  inadivity  on  half-pay,  he  went 
down  to  Edinburgh,  and  commenced  ftudent  of  phyfic. 

During  his  refidence  at  that  iiniverfity,  he'publifiied  his 
Clavis  Anglica  Lingua  Botanica ;  a  book  of  great  uti¬ 
lity  to  all  ftudents  of  botany. 

Having  continued  fome  years  at  Edinburgh,  Mr  Ber- 
K  z  kenhout 


Berken- 

hout. 


B  E  P.  [  76  ] 

kenhout  went  to  the  univerfity  of  Leyden,  where  he  his  knowledge 
^  was  admitted  to  the  degree  of  M.  D.  in  the  year  1765. 

On  this  occafion  he  piiblifhed  a  thefis,  intitled,  Differ- 
tatio  medica  inauguralis  de  Podagra^  which  he  dedicated 
to  his  relation  Baron  de  Bielfeldt.  Returning  to  Eng¬ 
land,  Dr  Berkenhout  fettled  at  Ifleworth  in  Middlefex, 
and  foon  after  publifhed  his  Pharmacopeia  Medici^  the 
third  edition  of  which  was  printed  in  1782.  In  1778 
he  was  fent  by  government  with  the  commifiioners  to 
America.  Neither  the  commiflioners  nor  their  fecre- 
tary  were  fiiffered  by  the  congrefs  to  proceed  further 
than  New  York.  Dr  Berkenhout,  however,  found 
means  to  penetrate  as  far  as  Philadelphia,  where  the 
congrefs  was  then  affembled.  He  appears  to  have  re¬ 
mained  in  that  city  for  fome  time  without  moleftatlon : 
but  at  lad  they  began  to  fufpedl  that  he  was  fent  by 
Lord  North  for  the  purpofe  of  tampering  with  fome  of 
their  leading  members.  The  Dodlor  was  immediately 
feized  and  committed  to  prifon. 

Plow  long  he  remained  a  (late  prifoner,  or  by  what 
means  he  obtained  his  liberty,  w^e  are  not  informed  ; 
but  w^e  find  from  the  public  prints,  that  he  rejoined  the 
commiflioners  at  New  York,  and  returned  with  them  to 
England.  For  this  temporary  facrifice  of  the  emolu¬ 
ments  of  his  profeflion,  and  In  confideration  of  his  ha¬ 
ving,  In  the  fervice  of  his  fovereign,  committed  himfelf 
to  the  mercy  of  a  congrefs  of  enraged  republicans,  he 
obtained  a  penfion. 

Many  years  previous  to  this  event.  Dr  Berkenhout 
had  publifhed  his  Outlines  of  the  Natural  Hijiory  of  Great 
Britain  and  Ireland^  in  three  volumes  i2mo;  a  work 
which  eftablifhed  his  reputation  as  a  naturallfl.  In  the 
year  1773  he  wrote  a  pamphlet,  intitled,  Jn  Effay  on 
the  Bite  of  a  Mad  Dog^  in  which  the  Claim  to  Infallibi¬ 
lity  of  the  Principal  Prefervatm  Remedies  againfl  the 
Hydrophobia  is  examined.  This  parnphlet  is  inferibed 
to  Sir  George  Baker,  and  deferves  to  be  univerfally 
read. 

In  the  year  following  Dr  Berkenhout  publifhed  his 
Symptomatology;  a  book  which  Is  too  univerfally  known 
to  require  any  recommendation. 

At  the  beginning  of  the  year  1788  he  publifhed  a 
work,  intitled,  P'irjl  Lines  of  the  Theory  and  Practice  of 
Philofophical  Chemifry^  which  he  dedicated  to  Mr  PMen, 
now  Lord  Auckland,  who  had  been  one  of  the  com¬ 
miflioners  whom  he  accompanied  to  America. 

Thefe,  w^e  believe,  are  the  Do£lor’s  principal  publi¬ 
cations  in  the  line  of  his  profeflion  ;  but  he  wrote  on 
many  other  fubjedls  with  equal  ability.  His  tranflation 
of  Count  Teffin^s  Letters,  which  was  his  fir  ft  publication, 
and  dedicated  to  the  prefent  king  when  prince  of  Wales, 
evinces  his  knowledge  of  the  Swedifh  language,  and 
fhews  him  to  have  been  a  good  poet.  His  Effay  on 
Ways  and  Means,  proves  him  to  have  been  better  ac¬ 
quainted  with  the  fyftem  of  taxation  than  moft  other 
men  who  have  written  on  the  fubjedl.  His  biographi¬ 
cal  powers  appear  in  h\s  Biographia  Liter  aria  ;  and  in 
all  his  works  are  fufiiclent  proofs  of  his  clafiical  learn¬ 
ing,  and  that  the  Italian,  French,  German,  and  Dutch 
languages,  were  familiar  to  him.  He  pofiefled  likewife 
a  very  confiderable  degree  of  mathematical  fcience,  v/hich 
he  acquired  in  the  courfe  of  his  military  ftiidles;  and  to 
thofe  more  folid  attainments  he  is  faid  to  have  added  no 
fmall  flilll  in  the  fiile  arts  of  painting  and  mufic.  This 
emiuent  man,  who,  for  the  variety  and  promptitude  of 
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has  been  compared  to  the  Admirable  BerrouUI 
Crichton,  died  on  the  3d  of  April  1791. 

BERNOULLF(  John),  a  celebrated  mathematician, 
was  born  at  Bafil  the  7th  of  Auguft  1667.  fa-'" 

ther  Intended  him  for  trade  ;  but  his  own  inclination 
was  at  firft  for  the  belles  lettres,  which,  however,  like 
his  brother  James,  whofe  life  is  given  In  the  Encyclo¬ 
paedia,  he  left  for  mathematics.  He  laboured  with  his 
brother  to  difeover  the  method  nfed  by  Leibnitz,  In  his 
effays  on  the  differential  calculus,  and  gave  the  firft  prin¬ 
ciples  of  the  Integral  calculus.  Our  author,  with  MeflVs 
Huygens  and  Leibnitz,  Is  faid  to  have  been  the  firft 
who  gave  the  folntlon  of  the  problem  propofed  by  James 
Bernoulli,  concerning  the  catenary,  or  curve  formed  by 
a  chain  fufpended  by  Its  two  extremities.  But  for  more 
on  this  fubjedf,  fee  Arch  in  this  Supplement. 

John  Bernoulli  had  the  degree  of  dodfor  of  phyfic  at 
Bafil,  and  two  years  afterward  was  named  profeflbr  of 
mathematics  in  the  univerfity  of  Groningen,  ft  was 
here  that  he  difeovered  the  mercurial  phofphorus,  or  lu¬ 
minous  barometer;  and  where  he  refolved  the  problem 
propofed  by  his  brother  concerning  ifoperimetricals. 

On  the  death  of  his  brother  James,  the  profefTor  at 
Bafil,  our  author  returned  to  his  native  country,  againft 
the  prefllng  invitations  of  the  magiftrates  of  Utrecht  to 
come  to  that  city,  and  of  the  univerfity  of  Groningen, 
who  wifhed  to  retain  him.  The  Academic  Senate  of 
Bafil  foon  appointed  him  to  fucceed  his  brother,  with¬ 
out  aflembling  competitors,  and  contrary  to  the  efta¬ 
blifhed  praftice  ;  an  appointment  which  he  held  during 
his  whole  life. 

In  1714  was  publifhed  his  treatife  on  the  manage¬ 
ment  of  fhips;  and  in  1730  his  memoir  on  the  elliptical 
figure  of  the  planets  gained  the  prize  of  the  Academy 
of  Sciences.  The  fame  Academy  alfo  divided  the  prize 
for  their  queftion  concerning  the  inclination  of  the  pla¬ 
netary  orbits,  between  our  author  and  his  fon  Daniel. 

See  Bernoulli  (Daniel),  .fi'wryr/. 

John  Bernoulli  was  a  member  of  moft  of  the  acade¬ 
mies  of  Europe,  and  received  as  a  foreign  aflbeiate  of 
that  of  Paris  in  ]  699.  After  a  long  life  fpent  In  con- 
ftant  ftudy  and  improvement  of  all  the  branches  of  the 
mathematics,  he  died  full  of  honours,  the  ift  of  January 
1748,  in  the  Sift  year  of  his  age.  Of  five  fons  which 
he  had,  three  purfued  the  fame  fciences  with  himfelf. 

One  of  thefe  died  before  him  ;  the  two  others,  Nicolas 
and  Daniel,  he  lived  to  fee  become  eminent,  and  much. 
refpe£led  in  the  fame  fciences. 

The  writings  of  this  great  man  were  difperfed  through 
the  periodical  memoirs  of  feveral  academies,  as  well  as 
in  many  feparate  treatifes.  And  the  whole  of  them 
were  carefully  colledled  and  publiflied  at  Laufanne  and 
Geneva,  1742,  In  4  vols  4to.  He  was  of  undoubted 
eminence;  but  even  in  fcience  he  was  a  hafty  man,  and. 
certainly  envious  of  the  fame  of  Newton. 

BETELGUESE,  a  fixed  ftar  of  the  firft  magni¬ 
tude,  In  the  right  flioulder  of  Orion. 

BEZOUT  (Stephen),  a  celebrated  French  mathe¬ 
matician,  member  of  the  Academies  of  Sciences  and  the 
Marine,  and  examiner  of  the  guards  of  the  marine  and 
of  the  eleves  of  artillery,  was  born  at  Nemours  the 
31ft  of  March  1730.  In  the  courfe  of  his  ftudies  he 
met  with  fome  books  of  geometry,  which  gave  him  a 
tafte  for  that  fcience  ;  and  the  Eloges  of  Fontcnelle, 

Ihewed  him  the  honours  attendant  on  talents  and  the 

love 
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j^“20Ut  love  of  the  fdences.  His  father  in  vain  oppofcd  the 
|]  .  ftrong  attachment  of  young  Bezout  to  the  mathemati- 
^inomial.^  cal  fciences.  April  8.  1758,  he  was  named  adjoint- 
mechanician  in  the  French  Academy  of  Sciences  ;  ha- 
ving  before  that  fent  them  two  ingenious  memoirs  on 
J  the  integral  calculus,  and  given  other  proofs  of  his  pro¬ 

ficiency  in  mathematics.  In  1763,  he  was  named  to 
the  new  office  of  examiner  to  the  marine,  and  appoint¬ 
ed  to  compofe  a  fyftem  of  mathematics  for  their  ufe  ; 
and  in  1768,  on  the  death  of  M.  Camus,  he  fucceeded 
as  examiner  of  the  artillery  eleves. 

Bezout  fixed  his  attention  more  particularly  to  the 
refolution  of  algebraic  equations  ;  and  he  lirll  found  out 
the  folution  of  a  particular  clafs  of  equations  of  all  de¬ 
grees.  This  method,  different  from  all  former  ones, 
w^as  general  for  the  cubic  and  biquadratic  equations,  and 
juft  became  particular  only  at  thofe  of  the  ytk  degree. 
I  Upon  this  work  our  author  laboured  from  1762  till 

1779,  when  he  publlfhed  it.  He  compofed  two  courfes 
of  mathematics ;  the  one  for  the  marine,  the  other  for  the 
artillery.  The  foundation  of  thefe  two  works  was  the 
fame ;  the  applications  only  being  different,  according  to 
the  tv/o  different  objeds;  thefe  courfes  have  everywhere 
been  held  in  great  eftimation.  In  his  office  of  examiner  he 

Idifcharged  the  duties  with  great  attention,  care,  and 
tendernefs.  A  trait  of  his  juftice  and  zeal  Is  remarkable 
in  the  following  Inftance;  During  an  examination  which 
he  held  at  Toulon,  he  was  told  that  two  of  the  pupils 
could  not  be  prefent,  being  confined  by  the  fmall-pox  ; 
he  himfelf  had  never  had  that  difeafe,  and  he  was  great¬ 
ly  afraid  of  it ;  but  as  he  knew  that  If  he  did  not  fee 
thefe  two  young  men,  it  would  much  impede  their  Im¬ 
provement,  he  ventured  to  their  bed-fides  to  examine 
them,  and  was  happy  to  find  them  fo  deferving  of  the 
hazard  Into  which  he  put  himfelf  for  their  benefit. 

Mr  Bezout  lived  in  this  employment  for  feveral  years, 
beloved  of  his  family  and  friends,  and  refpefted  by  all, 

,  enjoying  the  fruits  and  the  credit  of  his  labours.  But  the 

|j  trouble  and  fatigues  of  his  offices,  with  fome  perfonal  cha- 

’  grilles,  had  reduced  his  ftrength  and  conftitution  ;  he  was 

attacked  by  a  malignant  fever,  of  which  he  died  Sept.  27. 
1783,  In  the  54th  year  of  his  age,  regretted  by  his  fa¬ 
mily,  his  friends,  the  young  Undents,  and  by  all  his  ac¬ 
quaintance  In  general. 

The  books  publifhed  by  him  were  :  i.  Coiirfe  of 
Mathematics  for  the  ufe  of  the  Marine,  with  a  Trea- 
life  on  Navigation,  6  vols  in  8vo,  Paris,  1  764.  2.  Courfe 
of  Mathematics  for  the  Corps  of  Artillery,  4  vols  in 
8vo,  1770.  3.  General  Theory  of  Algebraic  Equa¬ 

tions,  1779. 

His  papers  printed  in  the  volumes  of  the  Memoirs  of 
the  Academy  of  Sciences  are:  i.  On  curves,  whole 
redlification  depends  on  a  given  quantity,  in  the  volume 
!  for  1758.  2.  On  feveral  daffies  of  equations  that  admit 

of  an  algebraic  folution,  1762.  3.  Firffi  volume  of  a 

courfe  of  mathematics,  1764.  4.  On  certain  equations, 
&c.  1764.  5.  General  refolution  of  all  equations,  1765- 
6.  Second  volume  of  a  courfe  of  mathematics,  1765. 
7.  Third  volume  of  the  fame,  1766.  8.  Fourth  volume 
of  the  fame,  1767.  9.  Intergration  of  differentials,  &c. 
vol.  3.  Sav.  Etr.  10.  Experiments  on  cold,  1777. 

BINOMIAL,  a  quantity  confifting  of  two  terms  or 
members,  connected  by  either  of  the  figns  -J-  and  — . 
See  Algebra,  def.  9.  EncycL 

JmpoJJihle  or  Imaginary  BiNOMiAiy  is  a  binomial  which 
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has  one  of  its  terms  nn  impoffiible  or  an  Imaginary  qnan-  Binomial' 

tity  ;  asa+  v'  — 

Binomial  Curn)e^  is  a  curve  whofe  ordinate  is  ex-  ■  ^  i 

preffed  by  a  binomial  quantity,  as  the  curve  wliofe  or¬ 
dinate  is  Stirling,  Method.  Diff.  p.  58. 

Binomial  Line,  or  Surd,  is  that  in  which  at  leaffi  one 
of  the  parts  is  a  furd.  Euclid,  in  the  tenlli  book  of  his 
Elements,  enumerates  fix  kinds  of  binomial  lines  or  furds, 
viz. 

Firft  binomial  3  +  ^/5, 

2d  binomial  i  8  -f-  4, 

3d  binomial  24  -f-  18, 

4th  binomial  4  +  3) 

jth  binomial  >y/  6  -f-  2, 

6th  binomial  a/  6  2, 

Binomial  Theorem,  See  Algebra,  Chap.  VIE 
Sed.  iii.  i^Encycl.  Vol.  I.)  ;  and  Infinite  Series,  (Vol. 

XVII.)  The  reader  who  wiflies  for  a  fuller  account  of 
this  famous  theorem,  may  find  it  in  Dr  Hutton’s  Ma- 
tkematlcal  Trads,  Vol.  1. 

BIRD-CATCHING,  is  an  art  which,  as  it  is  praflifed 
by  means  of  bird-lime,  nets,  decoys,  See.  has  been  fuffi- 
ciently  explained  in  the  Encyclopaedia.  But  there  is 
another  method  of  catching  birds  alive,  by  means  of  a 
fn/ee  or  mujkct,  which  was  invented  by  M.  Vaillant  du¬ 
ring  his  travels  in  Africa,  and  Is  fufficlently  ingenious 
to  deferve  a  place  here.  It  is  as  follows  ; 

Put  a  fmaller  or  larger  quantity  of  powder  into  your 
fufee  according  as  circiimftances  may  require.  Imme¬ 
diately  above  the  powder  place  the  end  of  a  candle  of 
fufficient  thicknefs,  ramming  It  well  down  ;  and  then 
fill  the  barrel  with  water  up  to  tke  mouth.  When  at 
a  proper  diftance  you  fire  a  muffiet  thus  loaded  at  a  . 
bird,  you  will  only  fun  it  by  watering  and  moiftening 
its  feathers  ;  and  if  you  be  alert,  you  may  eafily  lay 
hold  of  it  before  it  have  time  to  fpoll  its  plumage  by 
fluttering.  Our  author  admits,  that  in  his  firft  attempts 
he  often  put  too  much  powder,  or  too  thick  a  piece  of 
candle  Into  his  fufee,  or  fired  af  too  fnort  a  diftance  ; 
and  when  any  one  of  thefe  miftakes  was  committed,  he 
generally  found  the  candle  entire  in  the  animal’s  belly  ; 
blit  after  a  fhort  apprentice  (hip  he  acquired  fufficient 
ffiill  to  adjuft  matters  fo  as  that  the  water  impelled  by 
the  powder  went  diredly  to  the  mark,  whilft  the  tallow 
being  lighter  than  the  water  fell  fhort  of  it.  If  this 
method  be  indeed  pra£licable  (for  not  being  fportfmen 
we  have  not  made  trial  of  it),  it  may  on  many  occafions 
aid  tke  refearches  of  the  ornithologift. 

BiRBs-N(fs,  in  cookery.  See  EncycL  and  Cap  and 
Button  in  this  Suppl. 

BLACK  (Jofeph,  M.  D.),  who  has  been  ftyled  the 
father  of  pneumatic  chemiftry,  and  who,  in  that  de¬ 
partment  of  fcience,  had  certainly  no  fuperior,  was  born 
at  Bourdcaux  in  France,  in  the  year  1728.  *His  father 
was  a  native  of  Ireland,  but  went  to  Bourdeaux  to  carry 
on  the  bufinefs  of  a  wine-merchant ;  though  with  wkat 
fuccefs  he  carried  it  on  we  have  not  learned.  Where 
young  Black  received  his  olaffical  education  we  know 
not  j  but  at  an  early  period  of  life  he  was  fent  to  the 
Unlverfity  of  Glafgow,  and  ftrongly  recommended  to. 

Dr  Cullen,  who  advifed  him  to  ftudy  phyfic,  and  under¬ 
took,  with  that  ardour  which  charadlerifed  his  mind,  to 
render  him  every  fervice  in  his  power. 

At  that  period  Cullen  read  ledlures  on  cliemiftry  in 
the  College  of  Glafgow  with  great  and  deferved  ap- 

plaufe ; 
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plaiife ;  and  Black  becoming  one  of  Ills  favourite  pupils, 
was  allowed  the  free  ufe  of  his  haboratory,  and  aflifted 
him  ill  his  experiments  ;  by  which  means  he  acquired  a 
decided  tafte  for  this  branch  of  natural  phllofophy.  In 
I  754  he  took  the  degree  of  doctor  of  phyfic  in  the  uni- 
verfity  of  Edinburgh,  where  he  had  ftudied  for  fome 
time  ;  and  the  choice  which  he  made  in  regard  to  the 
fubje6l  of  his  inaugural  diilertatiOn  gave  a  proof  of  his 
attachment  to  chemical  purfuits.  It  was  De  Jntmore  ac'tdo 
a  cihis  orto  et  magnejia  alba.  The  principles  of  the  doc¬ 
trine  which  he  brought  forward  in  this  thefis  he  after¬ 
wards  fully  explained  in  a  paper  read. the  next  year  be¬ 
fore  a  fociety  in  Edinburgh,  and  publiflied  in  the  fe- 
cond  volume  of  EJfays  Phyjical and  Literary^ 
taining  experiments  on  magnefia  alba,  quick-lime,  and 
alkaline  fiibftances.  In  this  paper,  by  an  ingenious  and 
phllofophical  feries  of  refearches,  he  evidently  proved 
the  exiftence  of  an  aerial  fluid,  which  he  called  Jixed  air, 
the  prefence  of  which  gave  mildnefs,  and  its  abfence 
caufticity,  to  alkalies  and  calcareous  earths.  This  noble 
difeoyery  certainly  paved  the  way  to  all  that  Important 
knowledge  refpe<^Iiig  aerial  bodies  which  has  done  fo 
much  honour  to  the  names  of  a  Cavendifh,  a  Prieftley, 
and  a  Lavoifier,  and  which  have  made  chemical  phllo¬ 
fophy  affume  an  entirely  new  form. 

In  the  year  1756,  on  the  removal  of  Dr  Cullen  to 
Edinburgh,  Dr  Black  became  profefTor  of  medicine  and 
lecturer  on  chemiftry  in  the'unlverfity  of  Glafgow.  Next 
year  he  enriched  the  fcience  of' chemiftry  with  the  cu¬ 
rious  do^lrine  of  latent  heat,  In  which  he  explained,  in 
what  has  been  hitherto  reckoned  a  clear  and  fatisfaefto- 
ry  manner,  the  connexion  of  heat  with  fluidity,  the 
phenomena  of  freezing  and  boiling,  and  the  manner  in 
which  they  affe6I  the  thermometer.  Thefe  difeoveries, 
the  refult  of  great  natural  fagacity  and  experimental 
jflcill,  certainly  laid  the  foundation  of  all  thofe  impor¬ 
tant  fadls  relating  to  this  part  of  chemiftry  which  were 
afterwards  brought  to  light  by  feveral  of  the  moft  emi¬ 
nent  philofophers  of  the  prefent  period,  and  would  alone 
be  fufficient  to  give  celebrity  to  the  name  of  Black, 
His  reputation  indeed  was  now  raifed  fo  high,  that  a 
vacancy  having  taken  place  in  the  chemical  chair  of 
Edinburgh,  by  the  removal  of  Dr  Cullen,  in  1765,  to 
another  department.  Dr  Black  was  looked  up  to  as  the 
only  man  capable  of  fuftalning,  in  this  branch  of  fcience, 
the  fuperioi'ity  which  that  celebrated  fchool  of  medi¬ 
cine  had  acquired  In  all  others.  He  was  therefore  elect¬ 
ed  to  fucceed  Cullen,  and  for  many  years  difeharged 
the  duties  of  the  ofiice  with  univerfal  approbation,  being 
much  admired  for  the  care,  perfpicuity,  and  elegance, 
with  which  he  communicated  inftrudlion  in  his  lectures, 
and  his  neatnefs  and  accuracy  in  performing  experi¬ 
ments.  Very  complete  manufeript  copies  of  his  lec¬ 
tures  were  taken  by  many  of  his  ftudeiits,  particularly 
in  the  early  part  of  his  teaching,  when  they  contained 
a  great  deal  of  matter  then  little  known  to  the  chemi¬ 
cal  world ;  and  thefe  copies,  read  with  avidity  by  the 
lovers  of  this  fcience,  have  greatly  contributed  to  fe- 
cure  to  him  the  honour  of  thofe  difeoveries,  and  that 
original  mode  of  reafoning,  which  he  fcarcely  ever  made 
public  In  any  other  form.  His  ledlures  have  lately  been 
revifed  by  his  friend  Dr  Robifon  of  Edinburgh  ;  and, 
enriched  with  many  valuable  notes  by  that  genuine  phi- 
iofopher,  are  now  in  the  prefs,  and  will  fpeedily  be  pub- 
-iiihed. 
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After  his  eledfion  to  the  chemical  chair,  Dr  Black 
publiihed  nothing  but  a  paper  on  the  Effedl  of  Bolling  ' 
upon  Water,  in  difpofmg  it  to  freeze  more  readily,  print¬ 
ed  In  the  fixty-ftfth  volume  of  the  Philofophical  Tranf- 
adlions  for  1774  ;  and  an  Analyfis  of  the  Water  of  fome 
Hot  Springs  in  Iceland,  in  the  Philofophical  Tranfac- 
tions  of  Edinburgh  for  1791.  The  latter  contains  fome 
obfervations,  highly  Interefting  to  the  chemift,  on  the 
formation  of  the  filiceous  ftone  depofited  by  thefe  won¬ 
derful  fprings  ;  and  has  long  been  confidered  as  a  model 
of  neatnefs  and  accuracy  in  the  analyfis  of  mineral  wa¬ 
ters.  Two  of  his  letters  on  chemical  fubjedls  have  been 
publifhed  by  Crell  and  Lavoifier. 

Dr  Black  was  long  a  ftrenuous  oppofer  of  the  new 
theories  in  chemiftry;  but  he  at  length  became  an  avow¬ 
ed  convert  to  the  principles  of  the  French  chemifts,  and 
did  not  hefitate  to  make  amends  by  his  applaufe  for  his 
former  oppofitlon.  He  never  diftingullhed  himfelf  as  a 
pradtical  phyfician.  His  manners  were  Ample,  his  tem¬ 
per  cold  and  referved,  and  his  habits  of  life  adapted  to 
his  own  convenience.  He  was  never  married;  and  died 
fuddenly,  in  his  fixty-fecond  year,  on  the  6th  of  De¬ 
cember  1799)  health  having  been  in  a  declining  ftate 
for  fome  time  before.  He  was  a  member  of  the  Royal 
Societies  of  London  and  Edinburgh,  and  of  the  Impe¬ 
rial  Academy  of  Sciences  at  St  Peterfburgh  ;  and  by 
the  intereft  of  Lavoifier  he  was  chofen  one  of  the  eight 
foreign  members  of  the  Academy  of  Sciences  of  Paris, 
when  that  academy  was  Royal,  and  when  a  philofopher 
of  Britain  could  be  a  member  of  it  without  incurring 
difgrace. 

By  thofe  who  knew  Dr  Black  intimately,  and  are 
capable  of  forming  an  eftimate  of  the  powers  of  his 
mind,  he  Is  believed  to  have  been  capable  of  becoming 
in  chemiftry  what  Newton  was  in  mechanical  phllofo¬ 
phy  ;  but  an  unconquerable  Indolence,  though  it  could 
not  prevent  him  from  doing  his  duty  as  profeflbr,  re- 
ftrained  him  not  only  from  employing,  as  he  might  have 
done,  his  admirable  talents  in  enlarging  the  boundaries 
of  fcience,  but  even  from  aflertlng  his  claim  to  difeo¬ 
veries  which  were  certainly  his.  Of  thefe  we  hope  to 
have  fome  account  from  his  friend  the  editor  of  his 
lectures. 

BLACKLOCK  (Dr  Thomas)  deferves,  on  fo  many 
accounts,  to  have  the  principal  Incidents  of  his  life  re¬ 
corded  in  this  work,  that  to  omit  fuch  an  article  from  our 
lift  of  biographical  flee tches  would  be  unpardonable  ne¬ 
gligence.  We  cannot,  however,  propofe  to  write  of 
him  any  thing  which  has  not  been  written  before,  by 
an  author  who  has  repeatedly  appeared  before  the  pub¬ 
lic,  and  on  each  appearance  has  gained  poflefiion  of  the 
public  heart.  We  fliall  therefore  content  ourfelves  with 
iiiferting  In  this  place  a  Ihort  abridgment  of  the  elegant 
account  of  the  life  and  writings  of  Dr  Blacklock,  which 
was  prefixed  to  that  edition  of  his  works  which  was 
publiflied  i;i  1 793  ;  and  If  we  thus  leflen  our  own  la¬ 
bour,  we  are  coiifcious  that  we  fliall  at  the  fame  time 
increafe  the  pleafure  of  our  readers. 

Thomas  Blacklock  was  in  1721  born  at  Anaii,  in 
the  county  of  Dumfries  in  Scotland^  but  his  parents 
were  natives  of  the  bordering  county  of  Cumberland  ; 
fo  that,  though  a  native  of  Scotland,  his  defeent  was 
Engllfli.  His  father  was  a  bricklayer,  and  his  iiK.ther 
the  daughter  of  a  coiifiderabie  dealer  in  cattle.  Both 
were  relpe^iable  in  their  characters,  and  poflefled,  tho^ 

moving 


Black, 

’ia^klock, 


B  L  A  [ 

Blacklocif.  moving  in  an  humble  fphere,  a  confiderable  degree  of 
knowledge  and  urbanity.  Their  fon  was  not  quite  fix 
1  months  old  when  he  loft  his  eye-fight  in  the  fmall-pox, 

which  rendered  him  as  complete  a  ftranger  to  the  vi- 
fible  world  as  if  he  had  been  blind  from  the  hour  of  his 
birth.  It  rendered  him  likewife  incapable  of  learning 
any  of  the  mechanical  arts  ;  and  therefore  his  father 
kept  him  at  home,  and  with  the  alTiftaiice  of  fome  friends 
foftered  that  inclination  which,  at  a  very  early  period, 
he  fhewed  for  books.  This  was  done  by  reading  to 
him  firft  the  fimple  fort  of  publications  which  are  com¬ 
monly  put  into  the  hands  of  children,  and  then  feveral 
of  our  beft  authors,  fuch  as  Milton,  Spencer,  Prior, 
Pope,  and  Addifon.  His  companions,  whom  his  early 
gentlenefs  and  kindnefs  of  difpofition,  as  well  as  their 
compaflion  for  his  misfortune,  ftrongly  attached  to  him, 
were  very  afliduous  in  their  good  offices,  in  reading  to 
inftrud  and  arnufe  him.  By  their  affiftance  he  acquired 
Tome  knowledge  of  the  Latin  tongue,  but  he  never  was 
at  a  grammar-fchool  till  at  a  more  advanced  period  of 
life.  Poetry  was  even  then  his  favourite  reading  ;  and 
he  found  an  enthuliaftic  delight  in  the  works  of  the  beft 
Englifh  poets,  and  in  thofe  of  his  countryman  Allan 
Ramfay.  Even  at  an  age  fo  early  as  twelve  he  began 
to  write  poems,  one  of  which  is  preferved  in  the  collec¬ 
tion  that  was  publifhed  after  his  death,  and  is  not  per¬ 
haps  inferior  to  any  of  the  premature  compofitions  of 
boys  affifted  by  the  beft  education,  which  are  only  re¬ 
called  into  notice  by  the  future  fame  of  their  authors. 

He  had  attained  the  age  of  nineteen  when  his  father 
was  killed  by  the  accidental  fall  of  a  malt-kiln  belong¬ 
ing  to  his  fon-in-law.  This  lofs,  heavy  to  any  one  at 
that  early  age,  would  have  been,  however,  to  a  young 
man  pofieffing  the  ordinary  means  of  fupport,  and  the 
ordinary  advantages  of  education,  comparatively  light  ; 
but  to  him — thus  fuddenly  deprived  of  that  fupport  on 
which  his  youth  had  leaned — deftitute  almoft  of  every 
refource  which  induftry  affords  to  thofe  who  have  the 
bleffings  of  light — with  a  body  feeble  and  delicate  from 
*  nature,  and  a  mind  congenially  fufceptible — it  was  not 
furpriling  that  this  blow  was  doubly  fevere,  and  threw 
on  his  fpirits  that  defpondent  gloom  to  which  he  then 
gave  way  in  the  following  pathetic  lines,  and  which 
fometimes  overclouded  them  in  the  fubfequent  period  of 
his  life  ; 

“  Deje(fting  profpe^l !  foon  the  haplefs  hour 
“  May  come  ;  perhaps  this  moment  it  impends, 

“  Which  drives  me  forth  to  penury  and  cold, 

“  Naked,  and  beat  by  all  the  ftorms  of  heaven, 

“  Friendlefs  and  guidelefs  to  explore  my  way  ; 

Till  on  cold  earth  this  poor  unlhelter’d  head 
“  Reclining,  vainly  from  the  ruthlefs  blaft 
Refpite  1  beg,  and  in  the  Ihock  expire.” 

He  lived  with  his  mother  for  about  a  year  after  his 
father’s  death,  and  began  to  be  diftinguiffied  as  a  young 
man  of  uncomm.on  parts  and  genius.  Thefe  were  at 
that  time  iinafflfted  by  learning  ;  the  circumftances  of 
his  family  affording  him  no  better  education  than  the 
{mattering  of  Latin  which  his  companions  had  taught 
him,  and  the  periifal  and  recolle6lion  of  the  few  Englifh 
authors  which  they,  or  his  father  in  the  intervals  of  his 
profeffional  labours,  had  read  to  him.  Poetry,  however, 
though  it  attains  its  higheft  perfection  in  a  cultivated 
foilj  grows  perhaps  as  luxuriantly  in  a  wild  one.  To 
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poetry,  as  we  have  before  mentioned,  he  was  devoted  Blacklockv 
from  his  earlieft  days  ;  and  about  this  time  feveral  of 
his  poetical  productions  began  to  be  handed  about, 
which  confiderably  enlarged  the  circle  of  his  friends 
and  acquaintance.  Some  of  his  compofitions  being 
fhewn  to  Dr  Stevenfon,  an  eminent  phylician  of  Edin¬ 
burgh,  who  was  accidentally  at  Dumfries  on  a  profef¬ 
fional  vifit,  that  gentleman  formed  the  benevolent  defiga 
of  carrying  him  to  the  Scotch  metropolis,  and  giving  to 
his  natural  endowments  the  affiftance  of  a  claffical  edu¬ 
cation.  He  came  to  Edinburgh  in  the  year  1741,  and 
was  enrolled  a  ftudent  of  divinity  in  the  univerfity  there, 
though  at  that  time  without  any  particular  view  of  en¬ 
tering  into  the  church.  In  that  univerfity  he  continued 
his  ftudies  under  the  patronage  of  Dr  Stevenfon  till  the 
year  1745?  when  he  retired  to  Dumfries,  and  refided  in 
the  houfe  of  Mr  M‘Murdo,  who  had  married  his  fifter, 
during  the  whole  time  of  the  civil  war,  which  then  ra¬ 
ged  in  the  country,  and  particularly  difturbed  the  tran¬ 
quillity  of  the  metropolis.  When  peace  was  reftored 
to  the  nation,  he  returned  to  the  univerfity,  and  pur- 
fued  his  ftudies  for  fix  years  longer.  During  this  laft 
refidence  in  Edinburgh,  he  obtained,  among  other  lite¬ 
rary  acquaintance,  that  of  the  celebrated  David  Hume, 
who  attached  himfelf  warmly  to  Mr  Blacklock’s  inte- 
refts,  and  was  afterwards  particularly  ufeful  to  him  in 
the  publication  of  the  410  edition  of  his  Poems,  which 
came  out  by  fubfeription  in  London  in  the  year  1756. 
Previoufly  to  this,  two  editions  in  8vo  had  been  piib- 
lifhed  at  Edinburgh,  the  firft  in  1746,  and  the  fecoiid 
in  1754. 

In  the  courfe  of  his  education  at  Edinburgh,  he  ac¬ 
quired  a  proficiency  in  the  learned  languages,  and  be¬ 
came  more  a  mnfter  of  the  French  tongue  than  was  then 
common  in  that  city.  For  this  laft  acquifition  he  was 
chiefly  indebted  to  the  focial  intercourfe  to  which  he 
had  the  good  fortune  to  be  admitted  in  the  houfe  of 
Provoft  Alexander,  who  had  married  a  native  of  France. 

At  the  univerfity  he  attained  a  knowledge  of  the  va¬ 
rious  branches  of  pbilofophy  and  theology,  to  which  his 
courfe  of  ftudy  naturally  led,  and  acquired  at  the  fame 
time  a  confiderable  fund  of  learning  and  information  in 
thofe  various  departments  of  feience  and  belles  lettres, 
from  which  liis  want  of  fight  did  not  abfolutely  pre-^ 
elude  him. 

In  1757?  he  began  a  courfe  of  ftudy,  with  a  view  to 
give  leisures  in  oratory  to  young  gentlemen  intended 
for  the  bar  or  the  pulpit.  On  this  occafion  he  wrote 
to  Mr  Hume,  informed  him  of  his  plan,  and  requefted 
his  affiftance  in  the  profecution  of  it.  But  Mr  Hume 
doubting  the  probability  of  its  fuccefs,  lie  abandoned 
the  projeft  5  and  then,  for  the  firft  time,  adopted  the 
decided  intention  of  going  into  the  church  of  Scotland. 

After  applying  clofely  for  a  confiderable  time  to  the 
ftudy  of  theology,  he  pafl'ed  the  ufual  trials  in  the  pref- 
bytery  of  Dumfries,  and  was  by  that  prefbytery  licenfed 
a  preacher  of  the  gofpel  in  the  year  1759.  a  preach¬ 
er  he  obtained  high  reputation,  and  was  fond  of  coin- 
pofing  fermons,  of  which  he  has  left  fome  volumes  in 
nianufcript,  as  alfo  a  Treatife  on  Morals. 

The  tenor  of  his  occupations,  as  well  as  the  bent  of 
his  mind  and  difpofitions,  during  this  period  of  his  life, 
will  appear  in  the  following  plain  and  unftudied  account, 
contained  in  a  letter  from  a  gentleman,  who  was  then 
his  moft. intimate  and  conftant  companion,  the  Rev.  hJr 

Jamefon,.. 
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B]ackloct.  Jamefon,  formerly  minifier  of  the  Eplicopal  chapel  at 
'  ^  Dumfries,  afterwards  of  the  Englifh  congregation  at 

Dantzic,  and  who  lately  refided,  and  perhaps  yet  refides, 
at  Ncwcaftle  upon  Tyne. 

“  His  manner  of  life  (fays  that  gentleman)  was  fo 
uniform,  that  the  hiftory  of  it  during  one  day,  or  one 
v/eck,  is  the  hiftory  of  it  during  the  feveii  years  that 
our  perfonal  intercourfe  lafted.  Reading,  mufic,  walk¬ 
ing,  converfing,  and  difputing  on  various  topics,  in 
theology,  ethics,  See.  employed  almod  every  hour  of  our 
time.  It  was  pleafant  to  hear  him  engaged  in  a  dif- 
piite,  for  no  man  could  keep  his  temper  better  than  lie 
always  did  on  fuch  occafions.  I'  have  known  him  fre¬ 
quently  very  warmly  engaged  for  hours  together,  but 
never  could  obferve  one  angry  word  to  fall  from  him. 
Whatever  his  antagonift  might  fay,  he  always  kept  his 
temper.  ‘  Semper  paratus  et  refellere  fine  pertlnacia^  et 
refellt fine  IracimdlaJ  He  was,  however,  extremely  fen- 
fible  to  what  he  thought  ill  ufage,  and  equally  fo  whe- 
ther  it  regarded  himfelf  or  his  friends.  But  his  refent- 
ment  was  always  confined  to  a  few  fatirical  verfes,  which 
were  generally  burnt  foon  after. 

“  I  have  frequently  admired  with  what  readinefs  and 
rapidity  he  could  fometimes  make  verfes.  I  have  known 
him  didate  from  thirty  to  forty  verfes,  and  by  no  means 
bad  ones,  as  fall  as  I  could  write  them  ;  but  the  mo 
meat  he  was  at  a  lofs  for  a  rhime  or  a  verfe  to  his 
liking,  he  ftopt  altogether,  and  could  very  feldom  be 
induced  to  finifh  what  he  had  begun  with  fo  much  ar- 
dour.'’ 

This  account  fufhciently  marks  that  eager  fenfibillty, 
chaftened  at  the  fame  time  with  uncommon  gentlenefs  of 
temper,  which  charaderifed  Dr  Black  lock,  and  which 
indeed  it  was  impoffible  to  be  at  all  in  his  company 
without  perceiving.  In  the  fcience  of  mind,  this  is 
that  diviTion  of  it  which  perhaps  one  would  peculiarly 
appropriate  to  poetry,  at  lead  to  all  thofe  lighter  fpe- 
cies  which  rather  depend  on  quicknefs  of  feeling,  and 
the  ready  conception  of  pleafing  images,  than  on  the 
happy  arrangement  of  parts,  or  the  flcilful  conflriidion 
of  a  whole,  which  are  eflentialto  the  higher  departments 
of  the  poetical  art.  Tlie  lirft  kind  of  talent  is  like 
thofe  warm  and  light  foils  which  produce  their  annual 
crops  in  fuch  abundance  ;  the  lad,  like  that  deeper 
and  firmer  mould  on  which  the  roots  of  eternal  foreds 
are  fixed.  Of  the  fird  we  have  feen  many  happy  in- 
dances  in  that  fex  which  is  fuppofed  lefs  capable  of 
dudy  or  thought  ;  from  the  lad  is  drawm  that  mafeu- 
line  fublimity  of  geniu-s  which  could  build  an  Iliad  or  a 
Paradife  Lod. 

Dr  Blacklock  could  never  didate  till  he  dood  up  ; 
and  as  his  blindnefs  made  walking  about  without  af- 
fidance  inconvenient  or  dangerous  to  him,  he  fell  infen- 
fibly  into  a  vibratory  fort  of  motion  of  his  body,  which 
increafed  as  he  w^armed  with  his  fubjed,  and  was  plea- 
fed  with  the  conceptions  of  his  mind.  This  motion  at 
lad  became  habitual  to  him;  and  though  he  could  fome¬ 
times  redrain  it  when  on  ceremony,  or  on  any  public 
appearance,  fuch  as  preaching,  he  felt  a  certain  uneafi- 
nefs  from  the  effort,  and  alw^ays  returned  to  it  when  he 
could  without  impropriety.  This  appearance  he  de- 
ferihes  in  a  fliort  poem,  in  which  he  gives  a  ludicrous 
pidure  of  himfelf ;  a  pidure  indeed,  of  which,  though 
the  outlines  are  true,  the  general  effed  is  greatly  over¬ 
charged.  Though  his  features  were  hurt  by  the  dif- 


eafe  which  deprived  him  of  fight,  there  was  a  certain  Bladlock,  “Bi 
placid  exprefiion  in  his  countenance,  which  marked  the  ^ 

benevolence  of  his  heart,  and  was  calculated  to  procure 
to  him  individual  attachments  and  general  regard. 

In  1762  he  married  Mifs  Sarah  Jolindon,  daughter 
of  Mr  Jofeph  Jolindon  furgeon  in  Dumfries;  a  con- 
nedion  which  formed  the  great  folace  and  bleffing  of 
his  future  life,  and  gave  him,  with  all  the  tendernels  of 
a  wufe,  all  the  zealous  care  of  a  guardian  and  a  friend. 

This  event  took  place  a  few  days  before  liis  being  or- 
dained  miiiider  of  the  town  and  parhh  of  Kircudbright, 
in  confequence  of  a  prefentation  from  the  crown,  ob¬ 
tained  for  him  by  the  earl  of  Selkirk,  a  benevolent  no¬ 
bleman,  w^hom  Mr  Blacklock’s  fituation  and  genius  had 
intereded  in  his  behalf.  But  the  inhabitants  of  the 
pariih,  whether  from  that  violent  averfion  to  patronage, 
wdiich  was  then  fo  univerfal  in  the  fouthern  parts  of 
Scotland,  from  fome  political  difputes  which  at  that 
time  fubfided  between  them  and  his  noble  patron,  or 
from  thofe  prejudices  which  fome  of  them  might  natu¬ 
rally  enough  entertain  againd  a  pador  deprived  of  fight, 
or  perhaps  from  all  thefe  caufes  united,  were  fo  extreme¬ 
ly  difinclined  to  receive  him  as  their  minider,  that  after 
a  legal  difpute  of  nearly  two  years,  it  w'as  thought  ex¬ 
pedient  by  his  friends,  as  it  had  always  been  w  idied  by 
himfelf,  to  compromife  the  matter,  by  refigning  his 
right  to  the  living,  and  accepting  a  moderate  annuity 
in  its  dead.  With  this  (lender  provifion  he  removed  in 
I  764  to  Edinburgh ;  and  to  make  up  by  his  indudry 
a  more  comfortable  and  decent  fubfidence,  he  adopted 
the  plan  of  receiving  a  certain  number  of  young  gentle¬ 
men  as  boarders  into  his  houfe,  whofe  dudies  in  langua¬ 
ges  and  philofophy  he  might,  if  neceffary,  afiid.  In 
this  fituation  he  continued  till  the  year  1787,  wdieii  he 
found  his  time  of  life  and  date  of  health  required  a  de¬ 
gree  of  quiet  and  repofe,  wdiicli  induced  him  to  difeon- 
tinue  the  receiving  of  boarders.  In  1  767  the  degree  of 
do£lor  in  divinity  was  conferred  on  him  by  the  univerfi- 
ty  and  Marifclial  college  of  Aberdeen. 

In  the  occupation  which  he  thus  exercifed  for  fo  ma¬ 
ny  years  of  his  life,  no  teacher  w’as  perhaps  ever  more 
agreeable  to  his  pupils,  nor  mader  of  a  family  to  its  in¬ 
mates,  than  Dr  Blacklock.  The  gentlenefs  of  his  man¬ 
ners,  the  benignity  of  his  difpofition,  and  that  warm  in- 
tered  in  the  happinefs  of  others  w'hich  led  him  fo  con- 
dan  tly  to  promote  it,  w^ere  qualities  that  could  not  fail 
to  procure  him  the  love  and  regard  of  the  young  people 
committed  to  his  charge  ;  while  the  fociety,  which 
edeem  and  refpedl  for  his  charadler  and  his  genius  often 
affembled  at  his  houfe,  afforded  them  an  advantage  rare¬ 
ly  to  be  found  in  cdablifiiments  of  a  fimilar  kind. 

In  this  mixed  fociety  he  appeared  to  forget  the  pri¬ 
vation  of  fight,  and  the  melancholy  which  it  might  at 
other  times  produce  in  his  mind.  He  entered,  with  the 
cheerful  playfulnefs  of  a  young  man,  into  all  the  fpright- 
ly  narrative,  the  fportful  fancy,  and  the  humorous  jed 
that  rofe  around  him.  Next  to  converfation,  mufic  w^as 
perhaps  the  fource  of  his  greated  delight ;  for  he  not 
only  relifhed  it  highly,  but  was  himfelf  a  tolerable  per¬ 
former  on  feveral  indruments,  particularly  the  flute. 

He  generally  carried  in  his  pocket  a  fmall  fageolet^  on 
which  he  played  his  favourite  tunes  ;  and  was  not  dif- 
pleafed  when  aficed  in  company  to  play  or  to  fing  them  % 
a  natural  feeling  for  a  blind  man,  who  thus  adds  a  feene 
to  the  drama  of  his  fociety. 
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“Bi-xcyock.  Of  the  happlnefs  of  others,  however,  we  are  incom- 
petent  judges.  Companionfhip  and  fympathy  bring  forth 
thofe  gay  colours  of  mirth  and  cheerfiilnefs  ’whicTi  they 
put  oil  for  a  while,  to  cover  perhaps  that  fadnefs  which 
we  have  no  opportunity  of  witnelTing.  Of  a  blind 
man’s  condition  we  are  particularly  liable  to  form  a  mif- 
taken  eftiinate  ;  we  give  him  credit  for  all  thofe  gleams 
of  delight  which  fociety  affords  him,  without  placing 
to  their  full  account  thofe  dreary  moments  of  darkfome 
folitude  to  which  the  fufpenfion  of  that  fociety  condemns 
him.  Dr  Blacklock  had  from  nature  a  conftitution  de¬ 
licate  and  nervous,  and  his  mind,  as  is  almofl  always  the 
cafe,  vvas  in  a  great  degree  fubjed  to  the  indifpofitTon 
of  his  body.  He  frequently  complained  of  a  lownefs 
and  depreffion  of  fpirits,  which  neither  the  attentions  of 
his  friends,  nor  the  unceafing  care  of  a  iiioft  affectionate 
wife,  were  able  entirely  to  remove.  The  imagination 
we  are  fo  apt  to  envy  and  admire  ferves  but  to  irritate 
this  diforder  of  the  mind ;  and  that  fancy  in  whofe  cre¬ 
ation  w^e  fo  much  delight,  can  draw,  from  foiirces  un¬ 
known  to  common  men,  fubjeds  of  difguft,  difquietude, 
and  affliction.  Some  of  his  later  poems  exprefs  a  cha¬ 
grin,  though  not  of  an  ungentle  fort,  at  the  fuppofed 
failure  of  liis  imaginative  powers,'  or  at  the  faftidiouf- 
nefs  of  modern  times,  which  he  defpaired  to  pleafe. 

Such  were  his  efforts,  fuch  his  cold  reward, 

**  Whom  once  thy  partial  tongue  pronounc’d  a  bard  ; 

**  Excurfive,  on  the  gentle  gales  of  fpring, 

He  rov’d,  whilfl  favour  imp’d  his  timid  wing  ; 
Exhaufled  genius  now  no  more  infpircs. 

But  mourns  abortive  hopes,  and  faded  fires  ; 

**  The  fliort-liv’d  wreath,  which  once  his  temples  grac’d, 
**  Fades  at  the  fickly  breath  of  fqueamifh  tafle  ; 

**  Whilfl  darker  days  his  fainting  flames  immure 
**  In  cheerlefs  gloom  and  winter  premature.” 

Thefe  lines  are,  however,  no  proof  of  “exhaufled 
genius,”  or  “  faded  fires.”  “  Abortive  hopes,”  indeed, 
mufl  be  the  lot  of  all  who,  like  Dr  Blacklcck,  reach 
the  period  of  old  age.  In  early  youth  the  heart  of 
every  one  is  a  poet  ,*  it  creates  a  feene  of  imagined  hap- 
pinefs  and  delufive  hopes  ;  it  clothes  the  world  in  the 
bright  colours  of  its  own  fancy;  it  refines  what  is  coarfe, 
it  exalts  what  is  mean  ;  it  fees  nothing  but  difinterefl- 
ednefs  in  friendfhip  ;  it  pronfifes  eternal  fidelity  in  love. 
Even  on  the  difireffes  of  its  fitnation  it  can  throw  a 
certain  romantic  fhade  of  melancholy  that  leaves  a  man 
fad,  but  does  not  make  him  unhappy.  But  at  a  more 
advanced  age,  “the  fairy  vifions  fade,”  and  he  fuffers 
moil  deeply  who  has  indulged  them  the  mofl. 

About  the  time  that  thefe  verfes  were  written.  Dr 
Blacklock  was,  for  the  firft  time,  afflided  with  what  to 
him  mufl  have  been  peculiarly  diflrefsful.  He  became 
occafionally  fubjeCl  to  deafnefs,  which,  though  he  fel- 
dom  felt  it  in  any  great  degree,  w^as  fufficient,  in  his  li- 
tuation,  to  whom  the  fenfe  of  hearing  was  almofl  the 
only  channel  of  communication  with  the  external  world, 
to  caufe  very  lively  uneafmefs.  Amidfl  thefe  indifpo- 
-  fitioiis  of  body,  however,  and  difquietudes  of  mind,  the 
gentlenefs  of  his  temper  never  forfook  him,  and  he  felt 
all  that  refignation  and  confidence  in  the  Supreme  Be¬ 
ing  which  his  earliefl  and  his  latefl  life  equally  acknow¬ 
ledged.  In  fummer  1791  he  was  feized  with  a  feverifh 
diforder,  which  at  firft  feemed  of  a  flight,  and  never  rofe 
to  a  very  violent  kind  ;  but  a  frame  fo  little  robufl  as 
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his  was_  not  able  to  rellfl  it,  and  after  about  a  week’s 
illnefs  it  carried  him  off  on  the  7th  day  of  July  1791. ' 
His  wife  Airvives  him,  to  feel,  amidll  the  heavy  affic- 
tion  of  his  lofs,  that  melancholy  confolation  which  is 
derived  from  the  remembrance  of  his  virtues. 

The  writings  of  Dr  Blacklock  confifted  "principally 
of  poems,  which  were  publfflied  in  410  In  the  year  tyg/- 
and  to  that  edition  was  added,  Jn  Eff'ay  on  the  Educa- 
tion  of  the  Blind,  tranjlated  from  the  French  of  M.  Hatty, 
But  befides  his  avowed  works,  we  have  reafon  to  be. 
heve  that  he  was  the  author  of  many  articles  in  the  fe- 
cond  edition  of  the  Encyclopirdm  Britanntca,  though  we 
cannot  fay  with  certainty  what  thofe  articles  were.  If 
our  memory  does  not  deceive  us,  we  have  been  inform- 
ed  that  the  preface  to  that  edition  was  furnilhed  by 
him  ;  and  we  have  elfewhere  attributed  to  him,  on  the 
belt  authority,  the  article  Blind,  and  the  Notes  to  the 
ai tide  Music  :  but  he  undoubtedly  contributed  much 
more  to  the  work,  aud  was  one  of  the  principal  ffuides 
or  the  proprietors.  ‘  ^  o 

BLAHt  (Dr  Hugh),  was  born  in  Edinburgh,  on 
the  7th  day  of  April  1718.  His  father,  John  Blair,  a 
relpeaable  merchant  in  that  city,  was  a  defeendant  of 
the  ancient  famdy  of  Blair  in  AMiire,  and  graudfon  of 
the  famous  Mr  Robert  Blair  minifter  of  St  Andrew’s, 
chaplain  to  Charles  I.  and  one  of  the  moll  zealous  and 
diftinguifted  clergymen  of  the  period  in  which  he  li- 
ved.  Thu  worthy  man,  though  firmly  attached  to  the 
caufe  of  freedom,  and  to  the  Prelfeyterian  form  of 
church  government,  and  though  aaively  engaged  in  all 
the  meafures  adopted  for  their  fupport ;  yet,  by  his 
Heady,  temperate  conduft,  commanded  the  refpea  even 
of  his  opponents.  In  preference  to  all  the  other  eccle- 
fiallical  leaders  of  the  covenanting  party,  he  was  feleft. 
ed  by  the  king  himfelf  to  fill  an  office  which,  from  the 
circumllances  of  the  time,  gave  frequent  accefs  to  the 
royal  perfon  ;  “becaufe  (faid  his  inajelly)  that  man  is 
pious,  prudent,  learned,  and  of  a  meek  and  moderate 
calm  temper.  ’  His  talents  feem  to  have  defeended  as 
an  inheritance  to  his  poflerity.  For  of  the  two  fons 
w-ho  furvived  him,  David,  the  eldeft,  was  a  clergyman 
ofemmence  in  Edinburgh,  father  to  Mr  Robert  Blair 
miniller  of  Athelllonford,  the  celebrated  author  of  the 

'r'l— grandfather  to  his  ma- 
jelly  s  fohcitor  general  for  Scotland,  whofe  mafeuline 
eloquence  and  profound  knowledge  of  law  have,  in  the 
publm  efiimation,  placed  him  indifputably  at  the  head 
ot  the  Scottilh  bar.  From  his  youngell  fon  Hugh, 
who  engaged  in  bufinefs  as  a  merchant,  and  had  the 
honour  to  fill  a  high  ftation  in  the  magillracy  of  Edm- 
burgh,  fprung  the  learned  clergyman  who  is  the  fub- 
jedt  or  this  narrative. . 

The  views  of  Dr  Blair,  from  his  earliell  youth,  were 
turned  towards  the  church  ;  and  his  education  received 
a  fuitable  direclion.  After  the  ufnal  grammatical  courfe 

rl  ‘i"  humanity  clafs  in  the  univer- 

fity  of  Edinburgh  in  Oaober  1730,  and  fpent  eleven 
celebrated  feminary,  affiduoufly  employ- 
ft  ^  Scientific  lludies  preferibed  by 

Je  church  of  Scotland  to  all  who  arc  to  become  can¬ 
didates  for  her  licence  to  preach  the  gofpel.  During 
this  important  penod,  he  was  dillinguilhed  among  hi^ 
companions  both  for  dffigence  and  proficiency  5  and  ob¬ 
tained  from  the  profelTors  under  whom  he  fludied  rt 
peated  tellimonies  of  appbation.  One  of  them  de- 
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Serves  to  be  mentioned  p-irticularly,  becaufe,  in  his  own 
'opinion,  it  determined  the  bent  of  his  genius  towards 
polite  literature.  .A.n  effay  n.f.  to.  or,  On  the  beau- 

tifuh  written  by  him  when  a  Rudent  of  logic  in  the  ufual 
courfe  of  academical  exercifes,  had  the  good  fortune  to 
attraa  the  notice  of  profeflbr  Stevenfon,  and,  with  cir- 
eumftances  honourable  to  the  author,  was  appointed  to  ■ 
be  read  in  public  at  the  conclufioii  of  the  term  or  fel- 
fion  This  mark  of  diilin£lion  made  a  deep  impreilion 
on  his  mind;  and  the  effay  which  merited  it  he  ever 
after  recolkaed  with  partial  affeaion,  and  preferred  to 
the  day  of  his  death  as  the  Hrll  earneft  of  his  fame.  _ 

At  this  time  Dr  Blair  commenced  a  method  ot  lludy 
which  contributed  much  to  the  accuracy  and  extent  ot 
his  knowledge,  and  which  he  continued  to  pradife  oc- 
cafionally  even  after  his  reputation  was  fully  eft ablilhed. 

It  confifted  in  making  abftraas  of  the  moll;  important 
works  which  he  read,  and  in  digeRing  them  according 
to  the  train  of  his  own  thoughts.  HiRory,  in  parti¬ 
cular,  he  refolved  to  Rudy  in  this  manner ;  and,  in  con¬ 
cert  with  fome  of  his  youthful  affociates,  he  conRruaed  a 
very  comprehenfive  fcheme  of  chronological  tables,  tor 
receiving  into  its  proper  place  every  important  faa  that 
ihould  occur.  The  fcheme  devifed  by  this  young  Ru- 
dent  for  his  own  private  ufe  was  afterwards  improved, 
filled  up,  and  given  to  the  public  by  his  learned  friend 
Dr  Tohn  Blair,  prebendary  of  WeRminRer,  in  his  va- 
luable  work,  “  The  Chronology  and  HiRory  of  the 

^Tn'lhe  year  1739,  Dr  Blair  took  his  degree  of  A.M. 
On  that  occafion  he  printed  and  defended  a  thefis,  De 
Fundamentis  et  Obligations  Legis  Natura,  which  contains 
a  (hort  but  maRerly  difcuffion  of  this  important  fubjea, 
and  exhibits  in  elegant  Latin  an  outline  of  the  moral 
principles  which  have  been  fince  more  fully  unfolded 
Ld  illuRrated  in  his  Sermons. 

The  univerfity  of  Edinburgh,  about  this  period, 
numbered  among  her  pupils  many  young  men  who 
were  foon  to  make  a  diRinguilhed  figure  in  the  civil, 
the  ecclefiaRical,  and  the  literary  hiRory  of  their  coun- 
try  With  moR  of  them  Dr  Blair  entered  into  habits 
of  intimate  conneaion,  which  no  future  competition  or 
tealoufy  occurred  to  interrupt,  which  held  them  united 
throueh  life  in  their  views  of  public  good,  and  which 
had  the  moR  beneficial  influence  on  their  own  improve- 
ment,  on  the  progrefs  of  elegance  and  taRe  amon^g 
their  contemporaries,  and  on  the  general  intereRs  of  the 
community  to  which  they  belonged. 

On,  the 'completion  of  his  academical  courfe,  he  un- 
derwent  the  cuRomary  trials  before  the  preftytery  of 
Edinburgh,  and  received  from  that  venerable  body  a 
licence  to  preach  the  Gofpel  on  the  2iR  ofOaober 
1741  His  public  life  now  commenced  with  very  fa¬ 
vourable  profpeas.  The  reputation  which  he  brought 
from  the  univerfity  was  fully  juftified  by  his  firlt  ap- 
pearances  in  the  pulpit ;  and,  in  a  few  months,  the  tame 
of  his  eloquence  procured  for  him  a  prefentation  to  the 
parifli  of  Coleflie  in  Fife,  where  he  was  ordained  to  the 
office  of  the  holy  miniRry  on  the  23d  of  September  1742. 
But  he  w'as  not  permitted  to  remain  long  in  this  rural 
retreat.  A  vacancy  in  the  fecoiid  charge  of  the  Canon- 
gate  a  fuburb  of  Edinburgh,  furniftied  to  his  friends  an 
opportunity  of  recalling  him  to  a  Ration  more  fuited  to 
his  talents.  And,  though  one  of  the  moR  popular  and 
eloquent  clergymen  in  the  church  was  placed  in  cotn- 
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petition  with  him,  a  great  majority  of  the  ele6lors  de-  Bk;r. 
cided  in  favour  of  this  young  orator,  and  reftored  him  "■ 
in  July  1743  to  the  bounds  of  his  native  city. 

In  this  ftation  Dr  Blair  continued  eleven  years,  dif- 
charging  with  great  fidelity  and  fuccefs  the  various  du¬ 
ties  of  the  paftoral  office.  His  difeourfes  from  the  pul¬ 
pit  ill  particular  attradfed  univerfal  admiration.  They 
were  compofed  with  uncommon  care  ;  and,  occupying 
a  middlf  place  between  the  dry  metaphyfical  difcuffion 
of  one  clafs  of  preachers,  and  the  loofe  incoherent  de- 
clamation  of  another,  they  blended  together,  in  the 
liappieft  manner,  the  light  of  argument  with  the  warmth 
of  exhortation,  and  exhibited  captivating  fpecimens  oi 
what  had  hitherto  been  rarely  heard  in  Scotland,^  the 
polifhed,  well-compa£led,  and  regular  didadfic  oration. 

In  confequence  of  a  call  from  the  town-council  and 
general-feffion  of  Edinburgh,  he  was  tranffated  from  the 
Canongate  to  Lady  Yefter’s,  one  of  the  city  churches, 
on  the  iith  of  Odfober  1754*  15th  day  oi 

June  17581  he  was  promoted  to  the  High  Church  of 
Edinburgh,  the  moft  important  ecclefiaftical  charge  in 
Scotland.  To  this  charge  he  was  railed  at  the  re- 
queft  of  the  Lords  of  Council  and  Seffion,  and  of  the 
other  diftinguifhed  official  charadlers  who  have  their 
feats  in  that  church.  And  the  uniform  prudence,  abi¬ 
lity,  and  fuccefs,  which,  for  a  period  of  more  than  forty 
years,  accompanied  all  his  minifterial  labours  in  that 
confpicuous  and  difficult  ftation,  fufiiciently  evince  the 
wifdom  of  their  choice. 

Hitherto  his  attention  feems  to  have  been  devoted  aL 
moft  exclufively  to  the  attainment  of  profeflional  excel?* 
lence,  and  to  the  regular  difeharge  of  his  parochial  du¬ 
ties.  No  produdion  of  his  pen  had  yet  been  given  to 
the  world  by  himfelf,  except  two  fermons  preached  on 
particular  occafions  ;  fome  tranflations,  in  verfe,  of  paf- 
fages  of  Scripture  for  the  pfalmody  of  the  church;  and 
a  few  articles  in  the  Edinburgh  Review  ;  a  publica- 
tion  begun  in  I755>  ^nd  condu6l:ed  fora  fhort  time  by 
fome  of  the  ableft  men  in  the  kingdom.  But  ftanding 
as  he  now  did  at  the  head  of  his  profefiion,  and  releafed 
by  the  labour  of  former  years  from  the  drudgery^  cf 
weekly  preparation  for  the  pulpit,  he  began  to  think 
ferioufly  on  a  plan  for  teaching  to  others  that  art  w^hich 
had  contributed  fo  much  to  the  eftablifhment  of  his 
own  fame.  With  this  view,  he  communicated  to  his 
friends  a  fcheme  of  ledures  on  compofition  ;  and  ha¬ 
ving  obtained  the  approbation  of  the  univerfity,  he  be- 
gan  to  read  them  in  the  college  on  the  nth  of  Decem¬ 
ber  1759.  To  this  undertaking  he  brought  all  the 
qualifications  reqiiifite  for  executing  it  well;  and  along 
with  them  a  weight  of  reputation,  which  could  not  fail 
to  give  effed  to  the  leffbns  he  ffiould  deliver.  For,  be- 
fides  the  teftimony  given  to  his  talents  by  his  fucceffive 
promotions  in  the  church,  the  univerfity  of  St  Andrew*^ 
moved  chiefly  by  the  merit  of  his  eloquence,  had  in 
June  1757  conferred  on  him  the  degree  of  D.  D.  a  h- 
terary  honour  which  at  that  time  was  very  rare  in  Scot¬ 
land.  Accordingly  his  firft  courfe  of  leduxes  was  well 
attended,  and  received  with. great  applaufe.  The  pa¬ 
trons  of  the  univerfity,  convinced  that  they  would  form 
a  valuable  addition  to  the  fyftem  of  education,  agreed  in 
the  following  fummer  to  inftitute  a  rhetorical  clafs,  un- 
der  his  diredion,  as  a  permanent  part  of  their  academi¬ 
cal  eftabliftiment  :  and  on  the  7tti  of  April  1762,  his 
Majefty  was  graciouffy  pleafed  “  to  ered  and  endow  a 
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Blair,  profefibrfliip  of  rhetoric  and  belles  lettres  in  the.univer- 
•"'V^iity  of  Edinburgh  ;  and  to  appoint  Dr  Blair,  in  confi- 
deration  of  his  approved  qualifications,  regius  profeflbr 
thereof,  with  a  falary  of  L.70.’’  The  ledfiires  which  he 
read  as  profeflbr  of  rhetoric,  he  publifhed  in  1783,  when 
he  retired  from  the  labours  of  the  office  ;  and  the  ge¬ 
neral  voice  of  the  public  has  pronounced  them  to  be  a 
moll  judicious,  elegant,  and  comprehenfive  fyftem  of 
rules  for  forming  the  ftyle  and  cultivating  the  tafte  of 
youth. 

About  the  time  in  which  he  was  occupied  in  laying 
the  foundations  of  this  iifeful  inflitution,  he  had  an  op¬ 
portunity  of  conferring  another  important  obligation  on 
the  literary  world,  by  the  part  which  he  adled  in  ref- 
cuing  from  oblivion  the  poems  of  Oflian.  It  was  by 
the  folicitation  of  Dr  Blair  and  Mr  John  Home,  that 
Mr  Macpherfon  was  induced  to  publilh  his  Fragments  of 
Ancient  Poetry  ;  and  their  patronage  was  of  eflential  fer- 
vice  in  procuring  the  fubfcription  which  enabled  him 
to  undertake  his  tour  through  the  Highlands  for  col- 
le6ling  the  materials  of  Fingal,  and  of  thofe  other  de- 
Lghtful  produflions  which  bear  the  name  of  Oflian. 
To  thefe  produdlions  Dr  Blair  applied  the  tell  of  ge¬ 
nuine  criticifm  ;  and  foon  after  their  publication  gave 
an  eftimate  of  their  merits  in  a  Dijfertation,,  which,  for 
beauty  of  language,  delicacy  o|^talle,  and  acutenefs  of 
critical  inveftigation,  has  few  parallels.  It  was  printed 
in  1 763,  and  fpread  the  reputation  of  its  author  through¬ 
out  Europe. 

The  great  objedls  of  his  literary  ambition  being  now 
attained,  his  talents  were  for  many  years  confecrated 
folely  to  the  important  and  peculiar  employments  of  his 
nation.  It  was  not  till  the  year  1777  could  be 

induced  to  favour  the  world  with  a  volume  of  the  Ser¬ 
mons  which  had  fo  long  furnifhed  inftrudlion  and  de¬ 
light  to  his  own  congregation.  But  this  volume  being 
well  received,  the  public  approbation  encouraged  him 
to  proceed  :  four  other  volumes  followed  at  different 
intervals,  the  laft  of  which  was  publifhed  after  his 
death  ;  and  all  of  them  experienced  a  degree  of  fuc- 
cefs  of  which  few  publications  can  boafl.  They  circu¬ 
lated  rapidly  and  widely  wherever  the  Englifh  tongue 
extends  ;  they  were  foon  tranflated  into  almofl  all  the 
languages  of  Europe  ;  and  his  prefent  Majefly,  with 
that  wife  attention  to  the  interefls  of  religion'  and  lite¬ 
rature  which  diflinguiflies  his  reign,  was  gracioufly  plea- 
fed  to  judge  them  worthy  of  a  public  reward.  By  a 
royal  mandate  to  the  Exchequer  in  Scotland,  dated  Ju¬ 
ly  25th  1780,  a  penfion  of  L.200  a-year  was  conferred 
on  their  author,  which  continued  unaltered  till  his 
death. 

In  that  department  of  his  profeflional  duty  which  re¬ 
garded  the  government  of  the  church.  Dr  Blair  was 
ileadily  attached  to  the  caufe  of  moderation.  From 
diffidence,  and  perhaps  from  a  certain  degree  of  inap¬ 
titude  for  extemporary  fpeaking,  he  took  a  lefs  public 
part  in  the  contefls  of  ecclefiaftical  politics  than  fomc 
of  his  contemporaries ;  and,  from  the  fame  caufee,  he 
never  would  confent  to  become  moderator  of  the  Ge¬ 
neral  Aflembly  of  the  Church  of  Scotland.  But  his 
influence  among  his  brethren  was  extenfive:  his  opinion^ 
guided  by  that  found  uprightnefs  of  judgment,  which 
formed  the  predominant  feature  of  his  intelle^lual  cha- 
ra6ler,  had  been  always  held  in  high  refpedl  by  the 
friends  with  whom  he  aded  ;  and,  for  many  of  the  lafl: 


years  of  his  life,  it  was  received  by  them  almofl  as  a 
law.  The  great  leading  principle  in  which  they  cor¬ 
dially  concurred  with  him,  and  which  diredled  all  their 
meafures,  was  to  preferve  the  church,  on  the  one  fide, 
from  a  flavifh,  corrupting  dependance  on  the  civil  power; 
and,  on  the  other,  from  a  greater  infiifion  of  democra- 
tical  influence  than  is  compatible  with  good  order,  and 
the  eflablifhed  conflitution  of  the  country. 

The  reputation  which  he  acquired  in  the  difeharge 
of  his  public  duties,  was  well  fuflained  by  the  great  re- 
fpedability  of  his  private  charadler.  Deriving  from 
family  aflbeiations  a  flrong  fenfe  of  clerical  decorum, 
feeling  on  his  heart  deep  impreffions  of  religious  and 
moral  obligation,  and  guided  in  his  intercourfe  with 
the  world  by  the  fame  corredl  and  delicate  tafte  which 
appeared  in  his  writings,  he  was  eminently  diftingiiifhed 
through  life  by  the  prudence,  purity,  and  dignified  pro¬ 
priety  of  his  condii^.  His  mind,  by  conflitution  and 
culture,  was  admirably  formed  for  enjoying  happinefs. 
Well  balanced  in  itfelf  by  the  nice  proportion  and  ad- 
juftment  of  its  faculties,  it  did  not  incline  him  to  any 
of  thofe  eccentricities,  either  of  opinion  or  of  aflion, 
which  are  too  often  the  lot  of  genius  : — free  from  all 
tindlure  of  envy,  it  delighted  cordially  in  the  profperity 
and  fame  of  his  companions  :  fenfible  to  the  eflimation 
in  which  he  himfelf  was  held,  it  difpofed  him  to  dwell 
at  times  on  the  thought  of  his  fuccefs  with  a  fatisfac- 
tion  which  he  did  not  affedl  to  conceal ;  inacceffible 
alike  to  gloomy  and  to  peevifh  impreffions,  it  was  al¬ 
ways  mailer  of  its  own  movements,  and  ready,  in  an 
uncommon  degree,  to  take  an  adlive  and  pleafing  in- 
tereft  in  everything,  whether  important  or  trifling,  that 
happened  to  become  for  the  moment  the  objedl  of  his 
attention.  This  habit  of  mind,  tempered  with  the 
mofl  unfufpedling  fimplicity,  and  united  to  eminent 
talents  and  inflexible  integrity,  while  it  fecured  to  the 
laft  his  own  relifh  of  life,  was  wonderfully  calculated  to 
endear  him  to  his  friends,  and  to  render  him  an  invalu¬ 
able  member  of  any  focicty  to  which  he  belonged. 
Accordingly  there  have  been  few  men  more  univerfally 
refpedled  by  thofe  who  knew  him,  more  fincerely 
efteemed  in  the  circle  of  his  acquaintance,  or  more  ten¬ 
derly  beloved  by  thofe  who  enjoyed  the  bleffing  of  his 
private  and  domeftic  conneiSlion. 

In  April  1748,  he  married  liis  coufin  Katharine 
Bannatine,  daughter  of  the  Rev.  James  Bannatine,  one 
of  the  minifters  of  Edinburgh.  By  her  he  had  a  fon 
who  died  in  infancy,  and  a  daughter  wffio  lived  to  her 
twenty-firft  year,  the  pride  of  her  parents,  and  adorned 
with  all  the  accomplilhments  that  became  her  age  and 
fex.  Mrs  Blair  hcrfelf,  a  woman  of  great  good  fenfe 
and  fpirit,  was  alfo  taken  from  him  a  few  years  before 
his  death,  after  fhe  had  fliared  with  the  tendereft  affec¬ 
tion  in  all  his  fortunes,  and  contributed  near  half  a  ceii- 
tury  to  his  happinefs  and  comfort. 

Dr  Blair  had  been  naturally  of  a  feeble  conflitution 
of  body ;  but  as  he  grew  up  his  conflitution  acquired 
greater  firmnefs  and  vigour.  Though  liable  to  occa- 
fional  attacks  from  fome  of  the  fliarpell  and  mofl  pain¬ 
ful  difeafes  that  afflia  the  human  frame,  he  enjoyed  a 
general  ftate  of  good  health  ;  and,  through  habitual 
cheerfulnefs,  temperance,  and  care,  furvived  the  ufuai 
term  of  human  life.— For  fome  years  he  had  felt  him- 
fclf  unequal  to  the  fatigue  of  inftru£ling  his  very  large 
congregation  from  the  pulpit ;  and,  under  the  impreffion 
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winch  this  feeling  produced,  he  has  been  heard  at  times 
to  fay  with  a  figh,  ‘‘  that  he  was  left  almoft  the  laft  of 
his  contemporaries.”  Yet  he  continued  to  the  end  in 
the  regular  difcharge  of  all  his  other  official  duties,  and 
particularly  in  giving  advice  to  the  affiidfed,  who,  from 
different  quarters  of  the  kingdom,  folicited  his  corre- 
fpondence.  His  lall  fumnier  was  devoted  to  the  pre¬ 
paration  of  the  laft  volume  of  his  fermons ;  and,  in  the 
courfe  of  it,  he  exhibited  a  vigour  of  underftanding  and 
capacity  of  exertion  equal  to  that  of  his  beft  days.  He 
began  tlie  winter  pleafed  with  himfelf  on  account  of 
the  completion  of  this  work  ;  and  his  friends  were  flat¬ 
tered  with  the  hope  that  he  might  live  to  enjoy  the  ac- 
ceflion  of  emolument  and  fame  which  he  expeded  it 
would  bring.  But  the  feeds  of  a  mortal  difeafe  were 
lurking  unperceived  within  him.  On  the  24th  of  De¬ 
cember  1800,  he  complained  of  a  pain  in  his  bowels, 
w’hich,  during  that  and  the  following  day,  gave  him  but 
little  iineafinefs  ;  and  he  received  as  ufual  the  vifits  of 
his  friends.  On  the  afternoon  of  the  26th,  the  fymp- 
toms  became  violent  and  alarming  ; — he  felt  that  he 
was  approaching  the  end  of  his  appointed  courle  :  and 
retaining  to  the  laft  moment  the  full  poifelfion  of  his 
mental  faculties,  he  expired  on  the  morning  of  the  27th, 
with  the  compofure  and  hope  which  become  a  Chriftian 
paftor. 

The  lamentation  for  his  death  was  univerfal  and  deep 
through  the  city  which  he  had  fo  long  inftru6led  and 
adorned.  Its  magiftrates,  participating  in  the  general 
grief,  appointed  his  church  to  be  put  in  mourning  ;  and 
bis  colleague  in  it,  Dr  Finlayfon,  from  whom  this  ac¬ 
count  of  his  life  is  borrowed*,  preached  his  funeral 
fermon,  in  which  his  chara6ler  is  drawn  in  a  mafterly 
manner,  though  with  the  almoft  unavoidable  partiality 
of  friendfhip. 

If  we,  who  know  Dr  Blair  only  in  his  writings, 
might  prefume  to  eftiniate  his  intelledlual  chara(fter,  we 
fhould  fay  that  he  poflefled  a  found  judgment  rather 
than  what  could  be  called  a  vigorous  mind  ;  that  he 
had  more  tafte  than  genius  ;  and  that  he  taught  fuc- 
eefsfully,  as  far  as  it  can  be  taught,  the  art  of  poetry^ 
though  he  could  not  himfelf  have  been  a  poet.  His 
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air  ruflies  out  forcibly ;  the  receiver  mufl  be  quickly  Bleechini 
ftopped,  and  another  applied.  Thus  many  receivers 
may  be  filled  with  the  deplilogifticated  muriatic  acid  j 
but  it  is  neceffary  to  place  the  retort  In  fuch  a  manner 
that  the  drops  which  rife  into  its  neck  may  be  able  to 
fall  back.  The  water  ferves  to  retain  the  vapours  of 
the  acid.  I  ufe  (fays  he)  many  receivers,  that  I  may 
not  be  obliged  to  repeat  a  fimilar  diftillation  for  every 
experiment.  It  is  not  proper  to  employ  large  ones, 
becaufe  every  time  they  are  opened  a  great  part  of  the 
acid  is  difiipated  in  the  air.  What  I  fubmitted  to  ex¬ 
amination  with  this  dephlogifticated  muriatic  acid  was 
placed  in  the  neck  of  the  receiver,  which  I  had  ftopped. 

The  cork  was  turned  yellow  as  by  aquafortis.  Paper 
tinged  with  turnfol  became  almoft  white  ;  all  red,  blue, 
and  yellow  flowers,  as  alfo  green  plants,  turned  yellow 
in  a  fliort  time,  and  the  water  in  the  receiver  was  chan¬ 
ged  into  pure  but  weak  muriatic  acid.  Neither  al¬ 
kalis  nor  acids  were  able  to  reftore  the  colours  of  the 
flowers,  or  of  the  plants.” 

M.  Berthollet,  in  1785,  proved  that  this  acid  was 
compofed  of  muriatic  acid  combined  with  oxygen  ;  and 
that  when  it  had  deprived  vegetable  matters  of  their  co- 
lour,  it  was  reduced  to  the  ftate  of  common  muriatic 
acid  ;  that  is,  it  fiad  loft  the  oxygen  with  which  it  was  ^ 
united.  This  oxygen  had  combined  with  the  colour- Its  appHca- 
ing  particles  of  the  vegetable  matter,  and  had  rendered 
them  colourlefs.  After  making  thefe  obfervations,  it 
occurred  to  him  that  the  oxy-muriatic  acid  might  pro¬ 
duce  the  fame  effeiSI  upon  thofe  particles  which  give 
colour  to  thread  and  cloth,  and  which  it  is  the  ohje<S  of 
bleaching  to  deftroy.  ‘\At  'firft  (fays  he)  I  made  vXtAnn.Je 
of  water  highly  impregnated  with  this  acid  ;  and  1  re- 
newed  it  when  it  was  exhaufted,  until  the  thread  or  • 
cloth  appeared  white  ;  but  I  foon  perceived  that  they 
were  confiderably  weakened,  and  that  they  were  en¬ 
tirely  lofing  their  folidity.  I  then  weakened  the  liquor 
a  little,  and  I  fucceeded  in  bleaching  cloth  without  da- 
maging  it.  But  it  fpeedily  became  yellow  by  keeping,, 
efpecially  if  it  was  warmed,  or  paffed  through  an  al¬ 
kaline  ley.  I  refledled  upon  the  circumftances  of  com¬ 
mon  bleaching,  and  I  endeavoured  to  imitate  its  pro- 


moral  charafter  was  amiable  and  refpedfable,  though  he  -^cefs,  becaufe  I  thought  the  oxygenated  muriatic  acid 
feems,  even  from  a  hint  dropt  by  his  biographer,  to,  might  a£f  in  the  fame  manner  as  the  expofition  of  the 


Difeovery 
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have  been  in  a  flight  degree  tindured  with  vanity. 
But  this  was  furely  a  venial  weaknefs  ;  for  where  is  the 
head  that  would  be  wholly  unafFedfed  by  the  fumes  of 
incenfe  burnt  before  it  for  fifty  years  ? 

BLEACHING.  Since  the  article  Bleaching  in  the 
Encyclopaedia  was  written,  very  great  improvements 
have  been  introduced  Into  the  art.  Of  thefe  improve¬ 
ments  we  fhall  proceed  to  give  an  account. 

Mr  Scheele  of  Sweden  difeovered  the  oxy-muriatic 
-  acid,  or  dephlogifticated  muriatic  acid,  as  he  called  it, 
about  the  year  1774,  and  foon  after  obferved  its  eff'edls 
on  vegetable  colours.  His  method  of  procuring  It  was 
as  follows  :  In  a  fand-bath  is  to  be  placed  a  glafs  re¬ 
tort,  In  which  muriatic  acid  has  been  poured  upon  man- 
ganefe ;  to  this  fmall  receivers  are  to  be  adapted  capa¬ 
ble  of  containing  about  twelve  ounces  each,  into  which 
is  to  be  poured  about  two  drachms  of  water,  without 
any  other  lute  than  a  flip  of  blotting-paper  about  the 
neck  of  the  retort.  In  about  a  quarter  of  an  hour  a 
yellow  air  is  perceived  in  the  receiver,  which  is  to  be 
taken  off.  If  the  paper  has  been  properly  applied;  the 


cloth  in  the  meadows,  which  alone  does  not  fulfice,  but 
which  appears  only  to  difpofe  the  colouring  parts  of 
the  cloth  to  be  diffolved  by  the  alkali  of  the  ley.  J  ex¬ 
amined  dew,  not  only  that  which  falls  from  the  atmo- 
fphere,  but  alfo  that  which  comes  from  the  no61;urnal 
tranfpiration  of  plants ;  and  1  obferved  that  both  of 
them  were  impregnated  with  oxygen,  fufficiently  to  de¬ 
ftroy  the  colour  of  paper  flightly  tinged  with  turnfol. 

“  I  therefore  employed  leys,  and  the  aAion  of  oxyge¬ 
nated  muriatic  acid,  alternately,  and  I  then  obtained  a 
permanent  white  ;  and  as,  at  the  finifliing  of  the  com¬ 
mon  bleaching,  the  cloth  is  pafled  through  four  milk>. 
or  through  fulphuric  acid  diluted  with  a  very  large  quan¬ 
tity  of  water,  I  alfo  tried  pafiing  the  cloth  through  a 
very  dilute  folution  of  fulphuric  acid,  and  I  obferved 
that  the  white  was  thereby  rendered  more  clear..  As 
foon  as  I  made  ufe  of  the  leys  intermediately,  I  found 
that  it  was  not  neceffary  to  employ  a  concentrated  li¬ 
quor,  or  to  let  the  cloth,  at  every  immerfiou,  remaim 
long  therein  ;  by  this  I  avoided  two  inconveniences, 
which  would  have  rendered  this  procefs  impoflible  to 

be 
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pleaching,  be  praAiTed  in  the  large  way.  The  full  is  the  fulFoca- 

Tlw-v - '  ting  odour  of  the  liquor,  wdiich  it  would  be  very  incon- 

venient,  and  even  dangerous,  to  refpire  for  any  length 
of  time,  and  which  has  difeouraged  many  perfous  who 
tried  to  ufe  it ;  the  fecond  is,  the  danger  of  weakening 
the  cloth.  1  now  alfo  left  off  mixing  any  alkali  with 
the  oxygenated  muriatic  acid,  as  I  had  pradlifed  in  the 
greateft  part  of  my  firll  trials. 

“  This  is  nearly  the  ftate  in  which  my  experiments 
were,  when  I  made  fome  trials  in  the  prefence  of  the 
celebrated  Mr  Watt.  A  Tingle  view  fufficed  for  a  phi- 
lofopher  whofe  genius  has  been  exercifed  fo  long  upon 
the  arts.  In  a  ftort  time  Mr  Watt  wrote  to  me  from 
England,  that  even  in  the  firll  operation  he  had  bleach¬ 
ed  five  hundred  pieces  of  cloth  at  Mr  Grigoris,  who 
has  a  large  bleaching-ground  at  Glafgow,  and  who  con¬ 
tinues  to  make  ufe  of  the  new  procefs.  In  the  mean 
time  M.  Bonjour,  who  had  hitherto  affilled  me  in  my 
experiments,  and  who  joins  great  fagacity  to  a  mod  ex¬ 
tended  knowledge  of  chemillry,  aflbeiated  himfelf  with 
Mr  Conftant,  at  Valenciennes,  in  order  to  form  an  elta- 
blilhment  in  that  city.” 

M.  Caillau  made  a  great  number  of  experiments  at 
Paris  refpedling  this  new  mode  of  bleaching  *,  but  the 
greateft  part  of  thefe  experiments  was  made  upon  cot- 
]|j  ton,  which  is  more  eafy  to  bleach,  and  does  not  require 

>  leys  fo  often  or  fo  ftrong  as  flax  or  hemp.  He  alfo 

i"  went  to  St  Quentin,  to  perform  the  operation  upon  the 

cloth  of  that  country  ;  but  he  found  that  all  the  cloths, 
which  he  had  bleached  to  the  fatisfadlion  of  the  manu- 
fa6lurers,  became  again  of  a  reddilh  colour  when  they 
were  expofed  to  a  common  ley,  or  even  when  they  were 
11  left  for  fome  time  in  a  warehoufe.  Several  fimilar  com¬ 

plaints  were  made  by  other  perfons ;  and  M.  Berthollet 
himfelf  had  obferved  the  fame  thing  in  his  own  experi¬ 
ments.  M.  Bonjour,  however,  and  M.  Welter,  affirmed 
that  the  cloth  which  they  had  bleached  preferved  its  co¬ 
lour  perfectly,  M.  Berthollet  foon  found,  that  the  .im- 
perfedlion  In  his  bleaching  was  owing  to  the  manner  In 
Ann,  de  which  he  had  ufed  the  leys.  “  I  had  contented  my- 

II.  felf  (fays  he),  in  thofe  trials  on  fmall  pieces  which  1 
made  in  my  laboratory,  to  pour  the  hot  alkaline  folu- 
tion  Into  a  veflel  where  I  placed  the  pieces  :  it  there 
became  cool  very  rapidly,  and  therefore  did  not  a6l 
with  fufficient  power ;  but  when  I  let  thefe  pieces  re¬ 
main  in  the  liquor,  which  I  kept  nearly  in  a  boiling 
heat  during  the  fpace  of  two  or  three  hours,  they  were 
then  no  longer  fubjeift  to  the  above  mentioned  defeds  ; 
it  was  therefore  merely  the  weaknefs  of  the  leys  which 
had  occafioned  the  accidents  which  were  experienced  by 
Meffrs  Caillau,  Decroifille,  and  myfelf.  It  is  neceffary 
that  the  colour  of  the  cloth  fhould  not  be  changed  by 
the  laft  ley,  and  this  is  the  fureft  mark  that  the  bleach¬ 
ing  is  finifhed  ;  neverthelefs,  after  this  laft  adion  of  the 
ley,  it  is  proper  to  put  the  cloth,  for  a  few  moments, 
in  the  bleaching  liquor. 

“  After  t)ils  laft  immerfion,  it  is  neceffary  to  plunge 
the  cloth  in  four  milk,  or  in  water  acidulated  with  ful- 
phuric  acid.  I  do  not  know  the  moft  convenient  pro¬ 
portion  of  fulphuric  acid ;  but  it  appeared  to  me  that  we 
might  fuccefsfully,  and  without  danger,  make  ufe  of 
one  part.  In  weight,  of  this  acid  to  fifty  of  water.  We 
muft  keep  the  cloths  during  about  half  an  hour  in  this 
liquor  warmed  ;  after  which  It  is  proper  to  fqueeze 
them  well,  and  plunge  them  diredly  into  common  wa¬ 


ter  ;  for  if  the  evaporation  fhould  take  place,  the  ful-  Bleaching* 
phuric  acid,  becoming  thereby  concentrated,  would  cor- — v"— ^ 
rode  them.  The  cloths  being  then  well  wafiied,  re¬ 
quire  only  to  be  dried  and  dreffed  in  the  ordinary  man¬ 
ner,  according  to  their  different  forts. 

“  It  is  of  the  utmoft  importance  to  take  care  that  the 
water  Is  not  too  ftrongly  impregnated  with  the  fulphu¬ 
ric  acid. 

‘‘  The  bleaching  of  cotton  cloth  Is  much  eafier  and 
ftiorter)  two  leys,  or  at  moft  three,  and  as  many  im- 
merfions  in  the  bleaching  liquor,  are  fufficient  for  them* 

As  they  are  bleached  fo  eafily,  it  is  advantageous,  when 
there  are  flaxen,  hempen,  and  cotton  cloths,  to  be 
bleached,  to  referve  for  the  cotton  the  liquors  which 
have  been  previoufly  weakened  by  the  cloths  of  flax  or 
hemp  ;  for  it  is  economical  to  exliauft  the  liquors  as 
much  as  pofiible,  and  thofe  which  are  corifiderably 
weakened  ftlll  fuffice  for  the  cotton,  although  they  have 
fcarcely  any  adllon  upon  hemp  or  flax. 

“  Thread,  in  the  common  way  of  bleaching,  is  attend¬ 
ed  with  a  far  greater  number  of  difficulties  than  cloth; 
becaufe  of  the  immenfe  number  of  furfaces  which  it  is 
neceffary  to  prefent  fucceffivcly  to  the  a6lion  of  the  at- 
mofphece.  Some  part  of  thefe  difficulties  occur  in 
bleaching  with  the  oxygenated  muriatic  acid;  neverthe¬ 
lefs,  in  the  end,  it  is  more  advantageous  with  refpeift  to 
thread  than  with  refpeCl  to  cloth.  M.  Welter  has  form¬ 
ed  at  Lifle,  with  two  partners,  an  eftablilhment  for 
bleaching  thread,  with  great  fuccefs,  and  he  has  already 
begun  fome  others.  He  has  found  that  ten  or  twelve 
leys,  and  as  many  immerfions,  are  required  for  fome 
forts  of  thread  ;  and,  that  the  thread  may  be  furround- 
ed  with  the  liquor,  it  is  neceffary  to  place  It,  quite 
loofely,  in  a  baficet,  which  permits  the  liquor  to  pene¬ 
trate  to  all  Its  furfaces  ;  when  the  liquor  is  much  weak¬ 
ened,  it  is  ftill  fit  to  be  ufed  for  the  bleaching  of  cot¬ 
ton. 

“  I  had,  in  the  beginning  of  my  experiments,  tried 
whether  the  vapour  would  not  be  preferable  to  the 
oxygenated  muriatic  acid  In  a  liquid  ftate,  and  I  obfer¬ 
ved  that  it  bleached  with  greater  quicknefs;  but,  what¬ 
ever  precautions  I  employed,  it  appeared  to  me  that  a 
confiderable  lofs  of  it  took  place  ;  that  thofe  parts  of 
the  cloths  which  were  the  mofl  expofed  to  it  were  fub- 
jeeft  to  be  weakened  ;  and  that  it  was  more  difficult  to 
obtain  an  equal  whitenefs  throughout. 

“  To  prevent  all  the  accidents  which  may  refult 
from  the  liquor  ailing  with  too  great  power,  it  is  im¬ 
portant  to  have  a  means  of  meafuring  its  force.  M. 

Decroifille  thought  of  ufiiig,  for  that  purpofe,  a  folu- 
tion  of  indigo  in  fulphuric  acid.  He  takes  one  part  of 
indigo,  reduced  into  fine  powder,  and  eighteen  parts,  of 
concentrated  fulptiuric  acid  ;  this  mixture  is  put  into  a 
matrafs,  which  is  kept,  during  fome  hours,  in  a  water- 
bath  ;  when  the  folutlon  is  finiflTed,  it  is  diluted  with  a 
thoufand  parts  of  water.  To  tc-y  the  power  of  the  oxy¬ 
genated  muriatic  acid,  one  meafure  of  this  folutlon  is- 
put  into  a  graduated  glafs  tube,  and  fome  of  the  liquor 
is  gradually  added  to  it,  .until  the  colour  of  the  indigo 
Is  deftroyed.  We  muft  firft  determine  how  many  mea- 
fures  of  a  liquor,  the  goodnefs  of  which-has  been  afeer- 
talned  by  experiments  made  upon  cloth,  are  neceffary 
to  deftroy  the  colour  of  one  meafure  of  the  folutlon  of 
indigo,  and  this  number  will  ferve  to  eftimate  the  re- 
fpeftive  ftrength  of  all  the  liquors  which  it  may  be  ne¬ 
ceffary. 
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Bleachini?.  ccfTary  to  compare  with  it.  Mr  Watt  employs,  in  the 
"  fame  manner,  a  folution  of  cochineal.’^ 

Method  of  Berthollet  recommended  the  following  method 

procuring  of  procuring  the  oxy-muriatic  acid  :  “  If  we  have  good 
the  acid  lorQxide  of  manganefe,  formed  in  fmall  cryftals,  and  con- 
bleathiiig.  gaining  but  little  extraneous  matter,  the  proportions  of 
the  fiibftances  to  be  fubmitted  to  dtftillation  are  the  fol¬ 
lowing  :  Six  ounces  of  calx  of  manganefe  reduced  to 
powder ;  one  pound  of  common  fait,  alfo  reduced  to 
jjowder  ;  twelve  ounces  of  concentrated  fulphuric  acid, 
or  oil  of  vitriol  ;  from  ten  to  twelve  ounces  of  water. 
When  thefe  materials  are  prepared,  we  muft  care¬ 
fully  ipixnhe  oxide  of  manganefe  with  the  common  fait, 
and  introduce  the  mixture  into  the  diftilling  veffel  pla* 
ced  upon  a  fand  bath  :  we  muft  then  pour  upon  it  the 
fulphuric  acid,  previoufly  diluted  (and  of  which  the  heat 
-  cccafioned  by  its  mixture  with  water  is  diflipated),  and 

immediately  apply  to  the  mouth  of  the  matrafs  the  tube 
which  is  to  condu<5f  the  gas  into  the  intermediate  vef* 
fel.-— It  muft  not  be  forgot,  that  in  this  operation  the 
lutes  require  particular  attention. 

The  fize  of  the  veflels  fhould  be  fuch,  that  the  dif- 
tilling  matrafs  may  be  about  one-third  empty  ;  and,  for 
the  quantity  above  mentioned,  the  tub  Ihould  hold  lOO 
quarts  of  water ;  there  (hould  alfo  be  an  empty  fpace 
of  about  10  quarts,  in  order  that  when  the  gas  lodges 
itfelf  in  the  cavities  intended  to  receive  it,  the  water 
may  have  a  free  fpace  to  rife  in. 

“  Before  the  commencement  of  the  operation,  the 
pneumatic  tub  muft  be  filled  with  water.  The  mix¬ 
ture  being  made,  the  gas,  which  very  foon  begins  to 
difengage  itfelf,  drives  out  the  atmofpherical  air  which 
is  in  the  apparatus  ;  when  it  is  judged  that  the  atmo- 
fpheric  air  has  paffed  into  the  cavities,  it  is  to  be  drawn 
off  by  means  of  a  bent  tube,  which  is  to  be  introduced 
fucceflively  under  each  cavity  ;  to  drive  out  the  water 
which  has  entered  Into  the  tube,  thislaft  Is  to  be  forci¬ 
bly  blown  into.  The  operation  is  then  fuffered  to  go 
on  without  fire  until  It  Is  perceived  that  the  bubbles 
come  over  but  flowly ;  then  a  little  fire  is  to  be  applied, 
which  Is  not  to  be  haftlly  increafed  at  the  beginning, 
but  may  be  gradually  augmented,  fb  that  at  the  end  of 
the  -operation  the  matter  may  be  brought  to  a  boiling 
ft  ate.  It  is  known  to  be  nearly  finiftied  when  the  tube 
by  which  the  gas  is  difengaged,  and  the  Intermediate 
veffel,  become  hot.  When  the  gas  Is  difengaged  only 
in  a  fmall  quantity,  the  fire  may  be  withdrawn  ;  and 
when  the  diftllling  veffel  retains  but  a  gentle  warmth,  it 
is  to  be  iinluted,  and  warm  water  Is  to  be  poured  upon 
the  refidue,  that  it  may  remain  In  folution,  and  thereby 
be  more  eafily  poured  out. 

“  The  operation  is  longer  or  fhorter  according  to  the 
quantity  of  materials  :  with  that  above  mentioned.  It 
fhoiild  latt  five  or  fix  hours;  it  is  proper  not  to  haften 
it,  that  a  larger  quantity  of  gas  may  be  dra\vn  off.  A 
fingle  perfon  is  able  to  manage  feVeral  diftlllations  at  the 
fame  time  ;  to  each  of  which  may  be  given  much  lar¬ 
ger  quantities  of  materials  than  thofe  which  have  been 
pointed  out. 

The  intermediate  veffel  by  degrees  becomes  filled 
•  with  a  liquor,  which  is  pure,  though  weak,  muriatic 
acid  ;  neverthelefs,  we  may  perform  the  operation  fe- 
veral  times  without  extracting  it :  but  when  It  is  fup- 
pofed  that  there  Is  .  not  fufficlent  empty  fpace,  this  acid 
is  to  be  drawn  off  by  means  of  a  fyphon,  and,  when 
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\ve  have  collected  a  fufficlent  quantity  of  it,  It  may  be  Bleaching, 
fubftituted  for  the  mixture  of  vitriolic  acid  and  com- 
moil  fait  in  the  operation  we  have  defcribed,  If  we  have 
no  other  nfe  to  make  of  it.  That  there  may  pafs  but 
a  fmall  quaotlty  of  muriatic  acid,  not  oxygenated,  the 
firft  tube  anight  to  form  a  right  angle,  or  even  an  ob- 
tufe  one,  with  the  body  matrafs. 

During  the- operation,  the  agitator  muft  be  from 
time  to  time  put  in  motion,  to  favour  the  abforptlon 
of  the  gas  by  the  water  ;  when  it  Is  finiftied,  the  liquor 
Is  of  a  proper  ftrength  to  ufe  In  bleaching;  or  we  may 
put  a  lefs  quantity  of  water  In  the  tub,  and  then  di¬ 
lute  the  liquor  according  to  the  proportion  already  men¬ 
tioned. 

“  In  this  ftate  of  concentration,  although  the  liquor 
has  a  pretty  ftrong  odour,  it  neverthelefs  is  not  hurtful, 
nor  even  very  uiipleafant,  to  thofe  who  ufe  it  :  It  Is, 
however,  proper  to  condud  It  Into  the  troughs  where 
the  cloths  are  placed  by  means  of  wooden  canals,  which 
are  to  be  conneded  with  the  faufet  or  tube  which  Is  at 
the  lower  part  of  the  tub."’ — The  following  is  a  de- 
feription  of  the  apparatus  : 

ABCD  is  a  reverberatory  furnace,  having,  on  a  linepi^fevIL 
with  B,  many  fmall  openings  in  its  circumference,  tofig. i. 
ferve  as  chimneys;  within  which,  upon  a  fahd-bath  a,  is 
placed  a  matrafs  b,  the  neck  of  which  ftands  out  above 
the  furnace,  running  through  the  opening  D  ;  which  is 
to  be  clofed  with  clay.  The  mouth  F,  of  the  neck  of 
the  matrafs.  Is  clofed  by  a  cork  G,  through  the  middle 
of  which  paffes  a  tube  H,  which  forms  a  communica¬ 
tion  between  the  infide  of  the  matrafs  and  the  inter¬ 
mediate  veffel  K,  where  it  alfo  paffes  through  a  cork  1, 
which  clofes  one  of  the  three  openings  of  that  veffel. 

The  corks  G  and  I  ought  to  be  prepared  before-hand, 
and  well  fitted  to  each  end  of  the  tube  of  communica¬ 
tion  H,  which  Is  to  be  fo  dlfpofed  that  it  may  be  fitted 
in  Immediately  after  the  mixture  is  made  in  the  ma¬ 
trafs. 

The  intermediate  veffel  K  is  about  an  eighth  part 
full  of  water  ;  into  It  Is  plunged  the  tube  of  fafety  L, 
to  prevent  danger  from  regurgitation.  This  tube  ought 
to  be  fo  high,  that  the  weight  of  the  water  which  en- 
ters  into  it,  by  the  preffure  of  the  gas,  may  be  great 
enough  to  caufe  the  gas  to  pafs  Into  the  pneumatic  tub 
NOP,  by  the  tube  of  communication  M,  which  Is 
plunged  therein,  and  reaches  to  the  bottom,  where  It 
is  bent  horizontally,  fo  that  the  gas  may  be  emitted 
under  the  firft  of  the  three  wooden,  or  (if  they  can  be 
procured)  ftorieware,  cavities,  or  receivers,  which  arc 
placed  in  the  Infide  of  the  tub,  one  above  the  other. 

O  Is  a  handle  which  ferves  to  turn  the  agitator  E,  the 
movement  of  which  facilitates  the  combination  of  the 
gas  with  the  water.  P  is  a  fpigot  and  faufet  to  draw 
off  the  liquor.  4  , 

It  Is  neceffary  to  prepare  the  cloth  by  leaving  it  toMethod^i 
foak  for  24  hours  in  water,  or,  which  is  better,  in  fome  bleadimg- 
old  ley.  Afterwards  it  fhould  be  fubmitted  to  the  ac¬ 
tion  ol  one  or  two  good  leys;  becaufe  all  the  colouring- 
part  which  may  be  extratfted  by  the  leys  would  elfe, 
without  any  advantage,  con  fume  a  part  of  that  liquor, 
which  it  is  Important  to  be  as  fparing  of  as  poffible. 

After  this,  the  cloth  is  to  be  carefully  waftied  ;  then  it 
is  to  be  placed  in  the  troughs,  without  any  part  being 
prefied  or  confined,  in  fuch  a  manner  that  It  may  be 
thoroughly  impregnated  with  the  liquor  which  is  to 
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leaching,  run  thereon.  The  troughs,  as  well  as  the  tub,  ought 

— ^ - ^to  be  coiiftruded  withouc  iron  ;  for  that  metal,  being 

rufted  by  the  oxygenated  muriatic  acid,  would  produce 
iron  moulds,  which  could  not  be  taken  out  but  by 
means  of  fait  of  forrel. 

The  firft  immerfion  ought  to  be  longer  than  the  o- 
thers  ;  it  may  be  continued  for  three  hours,  after  which 
the  cloth  is  to  be  taken  out;  it  is  to  be  again  fub- 
mitted  to  the  adion  of  ley,  and  then  placed  in  a 
trough,  that  fredi  liquor  may  be  poured  thereon  :  it  is 
fuliicient  that  this  immerfion,  and  the  following  ones, 
continue  half  an  hour.  When  the  cloth  is  taken  from 
the  trough,  the  liquor  is  to  be  wrung  out,  it  is  to  be 
again  fubmitted  to  the  ley,  and  afterwards  to  frefh  im- 
merfions.  The  fame  liquor  may  ferve  until  its  flirength 
is  exhaufted  :  when  it  is  much  weakened,  there  may  be 
fome  frefh  liquor  added  to  it.  When  the  cloth  ap¬ 
pears  white,  except  fome  black  threads  and  the  lifts,  it 
is  to  be  impregnated  with  black  foap,  and  then  ftrong- 
ly  rubbed  ;  after  which  it  is  to  be  fubmitted  to  the  laft 
ley  and  the  laft  immerfion.  We  cannot  determine 
what  number  of  leys  and  immerfions  may  be  neceflary, 
becaufe  it  varies  according  to  the  nature  of  the  cloth  : 
neverthlefs,  the  limits  of  this  number  are  between  four 
and  eight  for  linen  or  hempen  cloths. 

The  manufadurers  at  Javelle,  to  whom  M.  Bertliol- 
let  had  communicated  thisprocefs,  foon  after  publifhed, 
in  different  journals,  that  they  had  difcovered  a  parti¬ 
cular  liquor  which  had  the  property  of  bleaching  cloth 
by  an  immerfion  of  fome  hours  only.  The  change  they 
had  made  in  the  procefs,  performed  in  their  prefence, 
confifted  in  putting  fome  alkali  into  the  water  which 
receives  the  gas  ;  this  enables  the  liquor  to  become 
much  more  concentrated,  fo  that  it  may  be  diluted 
with  feveral  times  its  own  quantity  of  w^ater  before  it 
is  ufed. 

“  Thefe  are  the  proportions  wrhich  yielded  me  (fays 
Berthollet),  a  liquor  fimilar  to  the  pretended  Javelle  ley : 
two  ounces  and  a  half  of  common  fait,  two  ounces  of 
fulphuric  acid,  fix  drachms  of  calx  of  manganefe,  and, 
in  the  veflel  where  the  gas  is  to  be  concentrated,  one 
pound  of  water,  and  five  ounces  of  potafh,  which  ftiould 
be  diflblved  in  the  water.  The  Javelle  liquor  has  a 
fomew'hat  reddifti  appearance,  occafioned  by  a  fmall 
quantity  of  manganefe,  which  either  palfes  in  the  diftil- 
lation,  becaufe  an  intermediate  veflel  is  not  ufed,  or  ex- 
ifts  in  the  potafh;  moft  kinds  of  which  contain  it,  as  I 
have  well  convinced  myfelf. 

“  This  liquor  may  be  diluted  with  from  ten  to  twelve 
parts  of  water ;  and,  after  this,  it  bleaches  more  fpeedi- 
ly  than  the  liquor  itfelf ;  but  without  fpeaking  of  the 
imperfe6lions  of  the  method  which  is  defcribed  in  the 
publications  from  Javelle,  and  which  can  only  fuflice 
for  cotton,  we  are  not  able  to  bleach  near  the  fame 
quantity  of  cloth  with  the  oxygenated  muriatic  acid 
combined  in  this  manner  with  an  alkali,  as  might  be 
bleached  with  the  fame  quantity  of  that  acid  mixed 
with  water  alone ;  becaufe  there  is  formed  a  portion  of 
that  neutral  fait  which  is  known  at  prefent  by  the  name 
of  oxygenated  muriat  of  potafs,  and  in  which  the  oxy¬ 
gen  becomes  concentrated.  Now  all  the  oxygen  which 
enters  into  the  compofition  of  this  fait  is  rendered  ufe- 
lefs  for  bleaching  ;  becaufe  the  oxygenated  muriat  of 
potafh  does  not  deftroy  colours.’^ 

This  method  of  bleaching  was  very^foon  adopted  in 


Britain,  and  is  now  almoft  univerfal  among  bleachers.  Bleaching*. 
A  great  many  changes  have  been  made  in  the  procefs  ;  * 

one  of  the  moft  important  of  which  is  fubftltuting  lead 
veflels  for  wooden  ones,  which,  befides  weakening  its 
a<flioii  exceedingly,  were  very  foon  deftroyed  by  the 
acid.  We  believe,  too,  that  the  bleachers  very  gene¬ 
rally  add  fome  alkali  to  the  acid,  notwithllanding  the 
ftrong  objedf ions  which  Mr  Berthollet  has  made  to  that 
manner  of  bleaching. 

This  method  of  bleaching  has  been  found  to  anfwer 
remarkably  well;  the  only  objeffion  that  has  been  made 
to  it  is,  that  the  cloth  is  apt  to  be  weakened.  And 
this,  no  doubt,  muft  be  the  cafe,  if  care  be  not  taken 
to  prevent  the  acid  from  being  too  much  concentrated: 
but  we  have  little  doubt  that,  with  a  fufticient  degree 
of  caution,  it  will  prove  as  fafe  as  any  other  whatever ; 
and,  in  point  of  expedition,  there  cannot  furely  be  any 
comparifon  drawn  between  the  old  mode  of  bleaching 
and  the  new.  ^ 

It  remains  for  us  now  to  coufider  whether  the  new  Theory  of 
difcoveries  in  chemiftry  do  not  throw  fame  rays  of  light  bleaching, 
upon  the  theory  of  bleaching  ;  for  it  is  only  by  per- 
feeling  the  theory  that  we  can  advance  with  certainty 
in  our  pradlical  improvements. 

It  has  been  already  obferved,  in  the  article  Bleach¬ 
ing  (Jincyc/.),  that  cloth,  after  being  bleached,  was  a 
good  deal  lighter  than  it  had  been  before  that  opera¬ 
tion  ;  It  follows,  therefore,  that  it  muft  have  been  de¬ 
prived  of  fomething  during  the  bleaching.  Cloth  bleach¬ 
ed  by  means  of  the  oxy-muriatic  acid  likewife  under¬ 
goes  a  lofs  of  weight ;  io  that,  in  all  probability,  both'^ 
modes  a<^  in  precifely  the  fame  manner. 

If  raw  linen  or  thread  be  boiled  in  a  foliition  of  cau- 
ftic  alkali,  properly  diluted,  it  gives  out  fomething  which 
tinges  the  ley  of  a  deep  brown,  and  at  the  fame  timo 
the  alkali  lofes  its  caufticity.  If  the  linen  be  boiled  ia 
another  fimilar  folution,  it  communicates  the  fame  co¬ 
lour,  and  even  a  third  may  be  fliglitly  tinged  ;  but  af¬ 
ter  this,  alkalies,  unlefs  fo  much  concentrated  as  to  in¬ 
jure  the  texture  of  the  cloth,  have  no  effedf  on  it- 
whatever.  If  the  linen  be  now  plunged  into  oxy-inii- 
riatic  acid,  properly  prepared,  and  allowed  to  remain, 
till  it  begins  to  become  white,  and  then  plunged  into 
an  alkaline  ley,  the  alkali  lofes  its  caufticity,  and  af- 
funpes  the  fame  deep  colour  that  the  firft  ley  did.  Here, 
then,  we  have  two  alkaline  folutions;  the  one  faturated 
with  colouring  matter  before  the  adtion  of  the  oxy-mu¬ 
riatic  acid  on  the  linen,  the  other  after  it.  When  thefe 
folutions  are  faturated  with  an  acid,  a  yellow-coloured 
precipitate  is  obtained,  which  when  dried  aflumes  the 
appearance  of  a  black  powder.  Precifely  the  fame  fub- 
ftance  is  obtained  from  both  folutions.  This  colouring 
matter  is  almoft  infoluble  in  water.  Pure  or  cauftic 
potafs  diflblves  about  double  its  own  weight  of  it;  car- 
bonat  of  potafs  not  fo  much. 

Hence  we  fee  the  ufe  of  alkalies  in  bleaching.  The 
colouring  matter  is  not  foluble  in  water,  but  part  of  it 
is  foluble  in  alkali.  However,  after  the  alkali  has  ex- 
haufted  all  its  power,  the  linen  is  not  white  :  colouring 
matter  therefore  exifts  in  it,  which  alkalies  cannot  adt 
upon.  But  after  being  plunged  in  oxy-muriatic  acid,  it 
alfo  becomes  foluble  in  acids.  Here,  then,  is  the  ufe  of 
that  acid  in  bleaching — it  communicates  fomething  to 
the  colouring  matter  which  renders  it  foluble  in  alkali. 

This  fomething,  we  have  already  feen,  is  oxygen.  It 

follows,. 
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Ble-iehing.  follows,  therefore,  that  before  the  greater  part  of  the 
colouring  matter  of  linen  can  be  extraded  by  alkalies, 
it  mufl  be  combined  with  oxygen.  Jt  is  in  producing 
this  combination  that  the  ufe  of  the  expofure  to  the 
fun  and  air  confids  ;  and  it  is  becaufe  the  oxy-muriatic 
acid  produces  it  almoil  inftantaneoufly,  that  the  new 
mode  of  bleaching  is  fo  much  more  expeditious  than 
the  old. 

If  into  the  alkaline  folution  of  the  colouring  matter 
lime-water  be  poured,  there  takes  place  a  copious  pre¬ 
cipitate,  which  confifts  of  the  lime  and  colouring  mat¬ 
ter  combined.  Lime,  therefore,  has  a  ftronger  affinity 
for  the  colouring  matter  than  alkali  has  ;  and  as  the 
compound  of  lime  and  the  colouring  matter  is  not  very 
foluble  in  water,  lime-water  might  be  ufed  to  deprive 
the  alkaline  ley  of  the  colouring  matter  which  it  has 
imbibed  ;  after  which  It  might  be  ufed  again.  Care, 
however,  mull  be  taken,  that  no  lime-water  remains  in 
the  ley  ;  otherwife  it  might  precipitate  and  fix  the  co¬ 
louring  matter  on  the  linen,  after  which  it  would  be  ve- 
^  ry  difficult  to  remove  It. 

Nature  of  From  an  alkaline  ley,  faturated  with  the  colouring 
the  colour-  matter  of  linen  yarn,  Mr  KIrwan,  by  means  of  muriatic 
■ing  matter  precipitated  the  colouring  matter.  He  found  it  to 

linen.  following  properties  ;  When  fuffered  to  dry 

for  fome  time  on  .a  filter,  it  aflumed  a  dark  green  co- 
XrxJlj  Tran/Aonv,  and  felt  fomewhat  clammy  like  moiil  clay.  “  I 
^789*  took  (fays  he)  a  fmall  portion  of  it,  and  added  it  to  60 
times  its  weight  of  boiling  water,  but  not  a  particle  of 
it  was  diffolved.  The  remainder  I  dried  in  a  fand  heat; 
it  then  alTumed  a  ffiining  black  colour,  became  more 
brittle,  but  internally  remained  of  a  greeniffi  yellow, 
and  weighed  one  ounce  and  a  half. 

“  By  treating  eight  quarts  more  of  the  faturated  ley 
in  the  fame  manner,  I  obtained  a  further  quantity  of 
the  greeniffi  depofite ;  on  which  I  made  the  following 

experiments :  ..... 

“  ift,  Having  digefted  a  portion  of  it  in  reftified  fpi- 
rit  of  wine,  it  communicated  to  it  a  reddiffi  hue,  and 
was  in  a  great  meafure  diffolved  :  but  by  the  affufion 
of  dillilled  water  the  folution  became  milky,  and  a  white 
depofite  was  gradually  formed  ;  the  black  matter  dlffol- 
ved  in  the  fame  manner. 

«  zdly,  Neither  the  green  nor  the  black  matter  w^as 
foluble  in  oil  of  turpentine  or  liiifeed  oil  by  a  long-con- 
tinued  digeftion. 

“  3dly,  The  black  matter  being  placed  on  a  red  hot 
iron,  burned  with  a  yellow  flame  and  a  black  fmoke, 
leaving  a  coaly  reliduum. 

“  4tlily,  The  green  matter  being  put  Into  the  vitri¬ 
olic,  marine,  and  nitrous  acids,  communicated  a  brown- 
iffi  tinge  to  the  two  former,  and  a  greeniffi  to  the  lat¬ 
ter,  but  did  not  feem  in  the  leafl  diminiffied. 

“  Hence  it  appears,  that  the  matter  extraded  by  al- 
kalies  from  linen  yarn  Is  a  peculiar  fort  of  refin,  different 
from  pure  refms  only  by  Its  Infolubility  In  effential  oils, 
and  in  this  refpedl  refembling  lacs.  1  now  proceed  to 
examine  the  power  of  the  different  alkalies  on  this  fub- 
ftance.  Eight  grains  of  it  being  digefted  in  a  folution 
of  cryftalllzed  mineral  alkali,  faturated  in  the  tempera¬ 
ture  of  60'^,  inftantly  communicated  to  the  folution  a 
dark  brown  colour;  two  meafures  (each  of  which  would 
contain  ii  pennyweights  of  water)  did  not  entirely  dif- 
folve  this  fubftance.  Two  meafures  of  the  mild  vege¬ 
table  alkali  diffblved  the  whole. 
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“  One  meafure  of  cauftic  mineral  alkali,  whofe  fpeci-  BleacTimg. 

ftc  gravity  was  1,053,  ftiffolved  nearly  the  whole,  lea- 
ving  only  a  white  refiduum. 

“  One  meafure  of  cauftic  vegetable  alkali,  whofe  fpe- 
cific  gravity  was  1,039,  diffolved  the  whole, 

“  One  meafure  of  liver  of  fulphur,  whofe  fpecific  gra¬ 
vity  was  1,170,  diffolved  the  whole. 

‘‘  One  meafure  of  cauftic  volatile  alkali  diffolved  alfo 
a  portion  of  this  matter.” 

The  colouring  matter  of  cotton  is  much  more  foluble 
in  alkali  than  that  of  linen  ;  hence  the  greater  facility 
with  which  cotton  is  bleached. 

From  thefe  obfervations,  the  great  importance  of  al¬ 
kalies  in  bleaching,  and  the  neceffity  of  regulating  the 
ftrength,  and  afeertaining  the  purity,  of  the  leys  made 
ufe  of,  muft  be  apparent.  Manufadlurers,  therefore,  lie 
under  very  great  obligations  to  Mr  Kirwan,  who  has 
lately  examined  the  alkaline  matters  ufed  in  bleaching 
with  his  ufual  accuracy  and  abilities.  The  refult  of  his 
experiments  was  as  follows : 

Table  of  the  quantity  of  mere  alkali  In  1 00  Avoirdupois  Jrijh  I’rarf. 
pounds  of  the  follonving  fubjiances.  1789. 


One  hundred  lbs. 

Cryftallized  foda 

Sweet  barilla 

Mealy’s  cunnamara  kelp 

Ditto  defulphurated  by  fixed  air 

Strangford  kelp 

One  hundred  lbs, 

Dantzic  pearl  affi 
Clarke’s  refined  affi 
Caffiup 

Common  raw  Iriffi  weed-affi 
Ditto  flightly  calcined 


Mineral  Alkalis 
20  lbs. 

24 

3»437 

4>457 

1,25 

Vegetable  Alkali. 
lbs. 

26,875 

1.665 

4.666 


When  linen  is  allowed  to  remain  for  fome  time  ia 
oxy-murlatic  acid,  it  becomes  white.  It  is  evident,  then, 
that  wffien  the  colouring  matter  of  linen  is  faturated 
with  oxygen.  It  becomes  colourlefs :  But  linen  bleach¬ 
ed  in  this  maimer  very  foon  becomes  yellow,  efpeclally 
when  expofed  to  heat.  Berchollet,  to  whofe  ingenious 
experiments  and  obfervations  we  are  Indebted  for  the 
greater  part  of  the  above  remarks,  has  given  the  fol¬ 
lowing  explanation  of  the  caiife  of  this  change  :  He 
diftilled  the  colouring  matter  of  linen,  and  obtained  a 
thick  oil,  a  little  ammonia,  and  of  carbon  remain¬ 
ed  behind.  The  oil  contained  carbon  ;  and  he  fuppo- 
fed  that  carbonic  acid  gas,  and  carbonated  hydrogen 
gas,  were^difengaged.  He  concluded  in  confequence, 
that  one-third  of  this  colouring  matter  was  carbon. 
The  ether  Ingredient  In  the  oil  was  hydrogen  ;  for  Ea- 
voifter  has  proved  that  oil  is  compofed  of  oxygen  and 
hydrogen.  The  colouring  matter  of  linen,  then,  is 
compofed  principally  01  carbon  and  hydrogen. 

Oxygen  combines  with  hydrogen  at  a  lower  tempe¬ 
rature  than  it  does  with  carbon  ;  for  if  a  confiderable 
quantity  of  oxy-muriatic  acid  be  mixed  with  a  folution 
of  fugar  (a  fubftance  which  conftfts  chiefly  of  carbon 
and  hydrogen),  and  the  liquor  be  evaporated,  there 
remains  behind  little  elfe  than  carbon,  the  hydrogen 
having  combined  with  oxygen  and  formed  water,  which 
had  paffed  off  in  the  form  of  vapour.  Now,  whenever 
a  quantity  of  hydrogen  is  feparated  from  a  body  prin¬ 
cipally 
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Bieaehln^.  cipally  compofed  of  hydrogen  and  carbon 

affumes  a  brown  or  yellow  colour,  becaufe  the  carbon 
becomes  predominant  ;  and  this  colour  becomes  the 
deeper  the  greater  the  proportion  of  the  carbon  is,  com¬ 
pared  to  that  of  the  hydrogen  ;  and  at  laft,  when  no¬ 
thing  but  carbon  remains,  it  becomes  quite  black. 

It  is  probable,  then,  that  when  the  oxy-muriatic  a- 
cid  renders  linen  white,  a  quantity  of  oxygen  has  com¬ 
bined  with  the  colouring  particles ;  but  that  this  oxy¬ 
gen  gradually  enters  into  a  combination  with  the  hy¬ 
drogen,  and  forms  water  which  pafies  off;  that  then  the 
carbon  becomes  predominant,  and  the  linen  in  confe- 
quence  affumes  a  yellow  colour*. 

The  fame  method  does  not  fucceed  in  bleaching 
*  ^  w'ool  aud  filk  which  anfwers  for  linen  and  cotton.  One 

Bkaching  would  be  difpofed  to  think  that  thefe  fubffances  are 
ofwool  and  bleached  rather  by  lofing  oxygen  than  by  abforbing  it. 
filk.  Wool,  for  inffance,  is  rendered  white  very  quickly  when 

expofed  to  the  fumes  of  fulphurous  acid,  which  we 
know  has  a  ttrong  affinity  for  oxygen,  and  foon  fatii- 
rates  itfelf  wdth  it.  But  what  paffes  during  the  whiten¬ 
ing  of  animal  matters  has  never  yet  been  properly 
inquired  into,  though  it  would  not  only  greatly  eluci¬ 
date  hlearhingi  but  dyeing  likevvife,  and  throw  much 
light  upon  fome  of  the  obfeureft  parts  of  chemiffry. 
A  great  improvement,  however,  has  lately  been  made 
by  M.  Baume  in  the  manner  of  bleaching  lilk.  Of  this 
improvement  we  (hall  proceed  to  give  an  account  f. 
Before  the  (ilk  is  wmund  off  the  cocons  in  which  the 
worms  are  enclofed,  it  is  neceffary  to  kill  the  in- 
156.  anda-f^'^j  otherwife  they  would  in  all  probability  eat  thro^ 
bridged  in  it  and  deftroy  it.  This  is  commonly  done  by  expofing 
^iMfons  cocons,  properly  wrapped  up,  for  two  hours  to  the 
jjiTfrrm  *  about  138  degrees  of  Fahrenheit  in  an  oven  ; 

which  laft  after  which  they  are  kept  for  a  certain  time  in  a  mafs 
w'ehaveta-to  preferve  their  beat,  and  effedlually  deftroy  fuch  of 
ken  our  ac- infe6fs  as  might  have  efcaped  the  power  of  the 
oven.  The  effeft  of  this  procefs  is,  that  the  filk  is 
New  mode  hardened,  and  is  more  difficult  to  wund  off  than  before, 
ofwh  ten-  Hence  the  produdl  of  (ilk  is  lefs  by  one  ninth  part  in 
ing  ftik.  quantity,  and  inferior  in  quality  to  what  might  have 
been  obtained  by  winding  off  without  this  previous  ba¬ 
king.  M.  Baume,  not  only  from  thefe  views,  but  like- 
wife  becaufe  the  filk  which  has  not  been  baked  proves' 
fufceptible  of  a  greater  luftre,  was  induced  to  deftroy 
the  chryfalis  by  fpirit  of  wine.  For  this  purpofe  he 
difpofes  them  in  a  wooden  box  in  a  ftratum  fix  inches 
deep  :  upon  each  fquare  foot  half  a  pint  of  fpirit  of 
wine  is  to  be  fprinkled  with  a  fmall  watering-pot  made 
for  that  purpofe.  The  liquid  is  to  be  equally  diftribu- 
ted,  but  it  is  not  neceffary  that  all  the  cocons  (liould 
be  wetted.  They  are  then  to  be  mixed  by  hand.  In 
the  next  place  another  ftratum  is  to  be  formed  over  the 
ffrft,  nearly  of  the  fame  depth,  which  is  to  be  fprinkled 
and  treated  as  before.  By  this  method  of  proceeding, 
the  box  becomes  filled,  and  muff  then  be  covered,  and 
left  for  24  hours ;  during  which  time  they  become  fpon- 
taneoufly  heated  to  about  too  degrees,  and  the  vapouf 
of  the  fpirit  of  wine  exerts  itfelf  with  wonderful  aftivi- 
ty.  After  this  treatment  they  muff  be  fpread  out  to 
dry,  which  happens  in  a  (hort  time,  and  is  abfolutely 
^neceffary  previous  to  winding  off. 

The  fpirit  of  wine  to  be  ufed  in  this  operation  ought 
to  be  of  the  fpecific  gravity  .847,  at  the  temperature  of 
55  degrees.  It  is  of  the  greateft  importance  to  ufe  that 
SuppL.  VoL.  I.  Part.  I. 
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that  body  fpirit  only  which  has  been  kept  in  veffels  of  glafs,  of  Bleaching, 
tinned  copper,  or  of  pure  tin.  Leaden  veffels  are  abfo- 
lutely  to  be  reje(fled  ;  wooden  veffels  tinge  the  fpirit, 
which  gives  the  filk  a  degree  of  colour  of  confiderablc 
permanency,  and  very  Inimical  to  the  bleaching  procefs. 

The  filk  is  wound  off  upon  a  reel,  while  the  cocons 
are  kept  immerfed  in  water  almoft  boiling.  Upon  this 
part  of  the  procefs  M.  Baume  remarks,  f.  That  the 
dead  cocons  mull  be  feparated.  Thefe  are  known  by 
the  brown  or  black  fpots  on  their  finfaee.  2.  That 
well-water,  which  on  account  of  its  clearnefs  is  almoft 
univerfally  ufed  in  the  (ilk  manufa6lories,  moftly  con¬ 
tains  nitre,  and  is  extremely  prejudicial  to  the  bleaching 
procefs.  The  prefence  of  nitrous  acid  gives  a  yellow 
colour,  which  refifts  bleaching  and  even  fcouring  ;  he 
therefore  recommends  river- water.  3.  In  fome  coun¬ 
tries  a  fmall  quantity  of  alum  is  ufed.  Neither  this  nor 
any  other  faline  fubftance  is  of  the  lead  advantage  to 
the  colour,  beauty,  or  quality  of  the  fdk. 

At  the  four  places  of  conta£l  of  the  filk  upon  the 
reel,  all  the  threads  (lick  together.  It  Is  abfolutely  ne¬ 
ceffary  that  this  (hould  be  remedied.  The  method  con- 
fifts  In  foaking  the  filk  in  a  fufficient  quantity  of  warm 
water,  at  about  90  degrees,  for  about  two  hours  ;  after 
which  the  threads  are  to  he  feparated  by  opening  the 
hanks  upon  a  pin,  and  lightly  rubbing  the  parts  which 
cohere.  When  the  filk  is  dry.  It  is  to  be  loofely  folded 
in  its  original  form,  and  is  ready  for  bleaching. 

The  (ilk  while  wet  Is  foft,  and  part  of  its  gummy 
matter  is  in  fuch  a  (late,  that  its  threads  would  readily 
adhere,  if  wrung  while  warm  for  the  purpofe  of  clearing 
it  of  the  water.  After  fuch  improper  treatment  there 
would  be  no  other  remedy  than  to  foak  it  again  in  warm 
water. 

The  apparatus  for  bleaching  the  filk  con  fills  of  a 
ftone-ware  veffel,  nearly  of  a  conical  form,  capable  of 
holding  about  12  gallons,  having  a  large  opening  at  the 
one  end,  and  a-  fmaller  of  about  an  inch  diameter  at 
the  other  end.  Common  pottery  cannot  be  ufed  in 
this  operation,  becaufe  it  Is  foon  rendered  unferviceable 
by  the  acElion  of  the  muriatic  acid,  and  the  (lone-ware 
itfelf  is  not  vety  durable.  This  veffel  muft  be  carefully 
examined, to  afeertain  that  it  does  not  leak  in  the  flighteft 
degree  ;  after  which  the  Infide  is  to  be  rubbed  with  a 
puniice-ftoiie,.  to  clear  it  of  afperities  which  might  break 
the  threads.  A  cover  of  the  fame  material  is  to  be  fit* 
ted  on  by  grinding  ;  and  the  fmaller  aperture,  which  In 
the  ufe  is  the  lowed,  is  to  be  clofed  with  a  good  cork, 

In  the  middle  of  which  Is  thruft  a  fmall  glafs  tube  about 
a  quarter  of  an  Inch  in  diameter ;  this  is  likewife  (lop¬ 
ped  with  a  cork,  excepting  at  the  time  when  it  is  requi¬ 
red  to  draw  off  the  liquid  contents  of  the  jar.  A  fmall 
perforated  falfe  bottom  is  placed  within  the  veffel,  to 
prevent  this  tube  from  being  obffru£led. 

Six  pounds  of  yellow  raw  (ilk  are  to  be  difpofed  in 
the  earthen  pot  ;  upon  this  is  to  be  poured  a  mixture, 
previoudy  made,  of  48  pounds  of  fpirit  of  wine  of  the 
fpecific  gravity  ♦867>  with  12  ounces  of  very  pure  ma¬ 
rine  acid,  abfolutely  exempt  from  all  prefence  of  nitrous 
acid,  and  of  the  fpecific  gravity  1.114.  P^t  is 

then  to  be  covered,  and  the  whole  left  In  digeftion  till 
the  following  day,  or  until  the  liquor,  which  at  firft  af¬ 
fumes  a  fine  green  colour,  (hall  begin,.to  affume  that  of 
a  dullty  brown. 

The  acidulated  fpirit  is  then  to  be  drawn  off,  cleair 
M  fpirit 
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Bleaching,  fpint  of  wine  poured  upon  the  filk,  and  drawn  off  re- 
peatedly  until  it  paffes  colourlefs.  The  filk  is  then  fuf* 
fered  to  drain  without  itirring  it.  In  this  Hate  it  is 
ready  for  a  fecond  infufion. 

Forty-eight  pounds  of  fpirit  of  wine,  acidulated  with 
12  ounces  of  marine  acid,  are  now  to  be  poured  on  the 
filk,  and  the  whole  fulfered  to  remain  for  24  hours  or 
longer,  until  the  filk  becomes  perfedly  white.  The 
time  required  for  this  fecond  infufion  is  commonly  long¬ 
er  than  for  the  firll  :  it  fumetimes  amounts  to  two, 
three,  or  even  fix  days,  according  to  circumftances,  par¬ 
ticularly  the  temperature  and  the  nature  of  the  filk. 
Silk  which  has  been  in  the  oven  is  in  general  more  dif¬ 
ficult  to  bleach. 

When  the  filk  has  thus  obtained  its  utmoft  degree  of 
whitenefs,  the  acidulated  fpirit  is  to  be  drawn  off  into  a 
feparate  velTel.  This  fluid  is  but  (lightly  coloured,  and 
may  be  ufed  again  in  the  firft  infufion  of  other  yellow 
filk,  with  the  addition  of  fix  ounces  more  of  marine 
acid.  The  receiving  vefiel  is  to  be  removed,  and  ano¬ 
ther  clean  veflel  fiibftituted  in  its  place.  The  filk  is 
then  fprinkled  with  clean  fpirit,  and  occafionally  preffed 
down  with  the  hand.  As  foon  as  the  fpirit  of  wine 
comes  off  abfolutely  colourlefs,  a  third  infufion  is  to  be 
made  by  pouring  upon  the  filk  48  pounds  of  the  pure 
fpirit  without  acid,  which  is  to  remain  till  the  follow¬ 
ing  day :  it  is  then  to  be  drawn  off,  and  referved  for 
wafhing  other  filk  after  the  firft  infufion. 

After  the  filk  has  been  left  to  drain,  and  affords  no 
more  fpirit,  it  ftill  retains  its  own  weight  of  that  fluid. 
This  is  recovered  by  fprinkling  the  filk  with  a  fmall 
quantity  of  very  clear  river-water  at  a  time.  While 
the  water  applies  itfelf  and  fgbfides  along  the  filk,  it 
drives  the  fpirit  of  wine  before  it,  fo  that  the  firft  por¬ 
tions  which  flow  from  the  tube  are  fcarcely  diminifhed 
in  ftrength.  The  addition  of  water  is  to  be  continued 
until  nothing  but  mere  water  comes  off  below. 

In  this  fituation  the  filk  is  found  to  be  well  bleached, 
hut  ftill  retains  a  portion  of  marine  acid  fufiicient  to 
Tender  it  harfh  to  the  touch,  and  after  a  time  brittle.  It 
muft  be  wafhed  off  with  water.  The  heft  method  is  to 
put  the  filk  loofely  into  a  coarfe  woollen  bag,  which  is 
to  be  fecured  loofely  in  another  cloth  like  a  fmall  bed  or 
pillow,  then  placed  in  a  ballcet,  and  left  in  a  running 
jftream  for  five  or  fix  hours  ;  but  where  the  convenience 
of  a  ftream  is  wanting,  the  earthen  pot  containing  the 
filk  is  to  be  covered  with  a  cloth,  and  water  pumped 
through  it  for  five  or  fix  hours,  or  until  that  which  if- 
fues  from  the  lower  aperture  gives  no  red  colour  to  the 
tindure  of  turnfol.  At  this  period  the  lower  opening 
is  to  be  clofed,  and  the  veffel  filled  with  water,  which 
muft  be  changed  once  or  twice  in  24  hours. 

Though  the  mineral  acids  are  the  moft  powerful  and 
deftrudtive  of  all  faline  fubftances,  yet  they  may  be  ap¬ 
plied  to  filk  when  diluted  with  fpirit  of  wine  in  very 
confiderable  dofes.  In  trials  made  to  afeertain  the  maxi¬ 
mum,  two  ounces  of  marine  acid  were  added  to  one 
pound  of  fpirit  of  wune,  without  altering  the  filk.  Two 
drams  of  marine  acid  caufe  a  very  perceptible  alteration 
in  one  pound  of  filk. 

Spirit  of  wine  which  has  been  mixed  with  nitrous 
acid  cannot  be  ufed  in  bleaching,  even  though  after¬ 
wards  rectified  upon  an  alkali,  becaufe  it  ftill  retains  a 
portion  of  nitrous  gas.  Pure  fpirit  of  wine  without 
acid  extrads  a  fine  yellow  colour  from  filk,  which  does 
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not  feparate  for  years,  even  though  expofed  to  the  fun’s  Bleaching, 
light.  Yellow  filk  expofed  to  the  fun,  lofes  its  colour 
in  a  fhort  time.  The  acidulated  fpirit  which  has  been 
ufed  in  the  infufion  of  filk,  is  changed  by  expofure  to 
the  fun,  but  not  in  fuch  a  manner  as  to  be  rendered  fit 
for  life  a  fecond  time.  In  order  to  obtain  a  beautiful 
white  colour,  it  is  effential  that  the  filk  fhould  be  im- 
merfed  in  a  large  quantity  of  the  fluid,  efpecially  at  the 
firft  infufion.  Without  this  management  it  would  be¬ 
come  neceffary  to  make  three  infulions  in  the  acidula¬ 
ted  fpirit.  When  the  firft  infufion  is  well  managed, 
the  filk  will  have  loft  all  its  yellow  colour,  and  become 
confiderably  white,  at  the  fame  time  that  the  liquor  will 
have  begun  to  change  colour  a  little.  As  long  as  it 
continues  of  a  fine  green,  it  is  certain  that  it  has  not 
exhaufted  its  whole  aftion  upon  the  filk.  The  duration 
of  this  firft  infufion  may  be  longer  or  ftiorter,  without 
inconvenience,  according  to  the  temperature.  When 
the  temperature  is  at  77^  of  Fahrenheit,  the  firft  infu¬ 
fion  is  often  made  in  10  or  12  hours.  In  fmall  experi¬ 
ments  the  heat  of  the  atmofphere  may  be  fiipplied  by 
tlie  water  bath  ;  in  which  cafe  all  the  infufions  are  ea-^ 
fily  made  in  the  courfe  of  a  day. 

When  the  firft  infufion  is  finifhed,  and  the  liquor 
drawn  off,  the  filk  appears  greenifli ;  the  fubfequent 
wafhings  in  fpirit  of  wine  clear  it  of  the  liquor  it  re¬ 
tained.  This  fprinkling  fliould  be  made  with  the  wa¬ 
tering  pot,  otherwife  the  quantity  poured  will  be  great¬ 
er,  and  the  management  more  wafteful. 

Pieces  of  gauze  and  entire  garments  of  filk  have  been 
fuccefsfully  bleached  in  this  way. 

The  fineft  natural  white  filks  are  rendered  infinitely 
whiter  by  this  procefs.  Spirit  of  wine  alone  has  the 
property  of  depriving  yellow  filk  of  its  colour,  which  it 
brings  to  the  ftate  of  the  naturally  white  filk.  In  this 


Hate  the  filk  is  difpofed  to  acquire  a  greater  degree  of 
brightnefs  by  a  Angle  infufion  in  the  acidulated  fpirit. 
This  procefs  has  its  advantages  over  the  other,  to  which 
it  is  alfo  inferior  in  certain  refpe6ls  ;  concerning  neither 
of  which  the  author  has  entered  into  any  detail. 

The  colouring  matter  was  found  to  be  a  refin  per- 
fe6lly  animalized,  affording  by  diftillation  the  fame  pro- 
dudfs  as  other  animal  matters,  and  the  concrete  volatile^^ 
alkali. 

Silk  whitened  by  fcouring  may  be  dried  freely  in  the 
air  without  affedling  its  luftre.  This  is  not  the  cafe, 
with  the  filk  bleached  in  the  gum  ;  if  it  be  left  at  li¬ 
berty  to  dry  in  the  air,  it  refembles  white  flax  without 
any  luftre.  The  beauty  of  this  filk  confifts  in  its  fhining 
brilliancy;  to  fecure  which  it  muft  be  dried  in  a  ftate  of 
tenfion.  Mr  Baume  has  contrived  a  fimple  machine  for 
this  purpofe.  It  confifts  of  a  ftrong  fquare  frame  of 
wood  Handing  upright  upon  feet :  the  upper  horizon¬ 
tal  bar  is  fix  feet  long,  and  has  fix  iron  pins  driven 
through  it  at  equal  diftances,  fo  as  to  projedl  on  each 
fide  for  the  purpofe  of  receiving  twelve  bobbins.  The 
lower  horizontal  bar  is  moveable  up  and  down  in  a  mor¬ 
tice,  by  means  of  a  ferew  at  each  end  :  it  is  furnifhed. 
with  fix  holes  adapted  to  receive  as^many  pins  to  cor- 
refpond  with  thofe  above.  The  flcains  of  filk  are  to  be 
dreffed  and  arranged  upon  wooden  pins,  as  they  are 
taken  out  of  the  lack  from  wafliing.  As  foon  as  there 
are  twelve  together,  they  are  to  be  wrung  with  a  ftaff ; 
after  which  the  flcains  are  to  be  hung  one  by  one  upon. 
as  many  bobbins  put  upon  the  upper  pins  of  the  fquare 
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Bleaching,  frame.  Another  bobbin  with  tails  is  to  be  inferted  in 
the  lower  loop  of  the  (l<ain,  and  faftehed  to  the  corre- 
fponding  pin  of  the  lower  bar,  by  means  of  a  ftrap  and 
hook,  which  need  not  be  defcribed  to  fuch  as  are  fliglit- 
ly  acquainted  with  mechanical  objefts.  When  the  ma¬ 
chine  is  thus  fupplied  with  fl<ains  on  both  fides,  the 
lower  bar  of  the  frame  is  to  be  prefTed  down  by  the 
fcrews  until  the  filk  is  moderately  ftretched.  When  it 
is  dry,  the  fcrews  are  to  be  equally  flackened,  the  fleains 
taken  off  and  folded  with  a  flight  twill,  that  they  may 
not  become  entangled. 

To  complete  the  defeription  of  this  procefs,  it  only 
remains  to  (how  how  to  recover  the  alcohol,  and  enfure 
'  9  the  purity  of  the  acids  made  ufe  of. 

Method  of  The  alcohol  which  has  been  ufed  in  bleaching  filk  is 
acid,  and  loaded  with  colouring  matter.  In  this  ftate 
it  cannot  be  again  ufed.  There  are  two  methods  of 
diftilling  it  which  have  their  refpeftive  advantages  and 
inconveniences. 

By  the  firfl  the  acid  is  loft  ;  which  is  faturat^ed  with 
potafs,  in  order  that  the  diftillation  may  be  afterwards 
performed  in  a  copper  alembic.  A  folution  of  potafs 
is  to  be  poured  into  the  acid  fpirit,  and  ftirred  about  to 
promote  the  faturatlon.  Carbonic  acid  is  difengaged 
with  ftrong  effervcfcence  from  the  alkali ;  and  the  point 
of  faturation  is  known  by  the  ufual  tett,  that  the  fluid 
does  not  redden  the  tinAure  of  turnfol.  The  diftilla¬ 
tion  is  then  to  be  made  in  the  copper  alembic,  and  the 
alcohol  referved  in  proper  veffels. 

In  the  fecond  procefs  for  diftilling  without  alkali,  the 
acid  fpirit  is  diftributed  into  a  great  number  of  glafs  re¬ 
torts,  placed  in  the  fand  bath,  on  the  gallery  of  a  fur¬ 
nace.  The  firft  produdl  is  fcarcely  acid  ;  but  what 
follows  is  more  and  more  fo,  and  muft  be  kept  in  vef¬ 
fels  of  glafs  or  ftone-ware,  which  become  embarrafling 
on  account  of  their  number.  The  fluid  which  remains 
in  the  retorts  has  the  colour  of  beer  (lightly  turbid,  and 
contains  the  greateft  part  of  the  marine  acid.  It  muft 
be  poured  into  one  or  more  retorts,  and  concentrated  by 
heat  gradually  applied.  The  firft  liquor  which  comes 
over  is  (lightly  red,  turbid,  and  fcarcely  acid.  This  is 
to  be  thrown  away,  and  the  receivers  changed.  The 
fncceeding  product  is  the  colourlefs  marine  acid,  of  an 
aromatic  fmell  refembling  the  buds  of  poplar.  The  re- 
lin  of  the  filk  remains  in  the  retort  decompofed  by  the 
acid.  The  marine  acid  thus  obtained  is  weaker  than  it 
originally  was  ;  which  is  in  fa£l  of  little  confequence, 
as  it  is  pure,  and  may  be  fafely  ufed,  either  by  incrca- 
flng  the  dofe  proportional  to  its  dimini (hed  ftrength,  or 
by  concentrating  it  if  required  in  the  ufual  way.  If 
this  diftillation  be  made  in  a  filver  alembic,  inftead  of 
retorts  of  glafs,  and  a  capital  and  worm  of  pure  tin  be 
annexed,  the  alcohol  will  be  obtained  fo  (lightly  acid  as 
fcarcely  to  redden  the  tin6hure  of  turnfol  ;  but  it  is 
fufficiently  acid  to  receive  injury  if  preferved  in  a  cop¬ 
per  vefi’el. 

As  to  the  acid,  Mr  Baume  obferves  that  the  muria¬ 
tic  acid  of  commerce  is  unfit  for  the  purpofe.  It  was 
formerly  prepared  with  the  marine  fait  of  the  faltpetre 
manufafturers  ;  and  even  when  it  is  made  with  good 
fait,  the  decompofition  is  effefted  with  common  vitrio¬ 
lic  acid  which  contains  nitrous^  acid.  Marine  acid 
mixed  with  a  fmall  quantity  of  nitrous  acid  does  not 
prevent  the  filk  from  being  beautifully  whitened  :  it 
even  accelerates  the  procefs  confiderably>  and  in  the  moft 
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fatisfa£lory  manner.  But  the  alcohol,  every  time  it  is  Bleaching, 
ufed  and  redlified,  becomes  charged  with  the  acid  and 
gas  of  nitre,  which  affume  the  charadlers  of  the  nitrous 
anodyne  liquor.  In  this  ftate  neither  diftlllations  nor 
repeated  redlifications  from  alkali  are  fufficieiit  to  fepa- 
rate  the  nitrous  matter  from  the  alcohol.  Then  it  is 
that  the  fuCcefs  of  the  operator  vanifhes,  with  a  degree 
of  rapidity  equal  to  the  advances  which  encouraged  his 
hopes  at  the  commencement. 

To  purify  common  fulphuric  acid,  100  pounds  of  it 
are  to  be  mixed  in  a  large  bafon  of  copper  with  the  fame 
quantity  of  river-water,  and  ftirred  with  a  wooden  fpa- 
tula.  The  mixture  inftantly  becomes  heated  to  the 
boiling  water  point,  and  a  great  quantity  of  red  vapour 
is  difengaged,  which  has  the  fmell  of  aqua-regia,  and 
arifes  from  the  nitric  and  muriatic  acids.  When  this 
mixture  is  made,  it  is  proper  to  immerfe  the  bafon  to  a 
fuitable  depth  in  a  large  veffel  of  water,  to  haften  the 
cooling.  As  foon  as  it  is  fufficiently  cooled,  it  is  to  be 
drawn  o(f  into  bottles,  and  left  to  become  clear  during 
feveral  days.  It  is  in  the  next  place  to  be  decanted, 
and  conveyed  into  retorts  by  a  fypLon  funnel,  and  the 
redlification  proceeded  upon  until  it  becomes  perfedlly 
white.  Towards  the  end  of  the  operation  a  fmall  quaii-  ^ 

tity  of  fulphur  fublimes  in  the  neck  of  the  retort.  In¬ 
ftead  of  receivers,  a  fmall  glafs  cup  is  placed  beneath 
the  aperture  of  each  retort,  in  order  to  facilitate  the  dif- 
fipation  of  the  nitric  and  muriatic  acids.  When  the 
acid  in  the  retorts  is  fufficiently  cooled,  it  is  poured  a 
fecond  time  into  the  copper  bafon,  and  mixed  with  loa 
pounds  of  river-water,  as  at  firft,  and  again  concentra¬ 
ted  in  the  retorts  till  it  becomes  perfedlly  clear.  The 
muriatic  acid  is  to  be  difengaged  from  common  fait 
by  the  application  of  this  acid  in  the  ufual  manner.  u 

The  oxy-muriatic  acid  is  alfo  ufed  very  generally  for  Bleaching 
bleaching  paper,  or  rather  the  ftu(f  out  of  which  paper 
is  made.  It  has  been  alleged,  and  we  believe  with  fome 
truth,  that  fince  this  mode  of  whitening  paper  was  in¬ 
troduced  into  this  country,  the  ftrength  of  paper  is 
much  inferior  to  what  it  was  formerly.  If  this  be 
really  the  cafe,  perhaps  it  is  owing  to  the  ufe  of  too 
concentrated  an  acid. 

We  (hall  finifh  this  article  with  Mr  Cbaptal’s  account 
of  this  procefs,  who  was  the  firft  perfon  that  introduced 
h.  “  Blotting  paper  (fays  he),  by  being  put  into  oxy¬ 
genated  muriatic  acid,  is  bleached  without  fuifering 
any  injury  ;  and  rags  of  coarfe  bad  cloth,  fuch  as  are 
ufed  in  the  paper  inanufaflories  to  make  this  kind  of 
paper,  may  be  bleached  by  this  acid,  and  will  then  fur- 
iii(h  paper  of  a  very  fiiperior  quality.  I  bleached  by  it 
an  hundred  weight  of  pafte,  intended  to  be  made  into 
blotting  paper,  and  the  increafe  of  value  in  the  produfl 
was  computed  at  25  per  cent,  whereas  the  expence  of 
the  operation,  when  calculated  in  the  ftrideft  man.;er, 
amounted  only  to  7  per  cent, 

“  The  property  pofTefled  by  this  acid,  of  bleaching  Mode  of 
paper  without  injuring  its  texture,  renders  it  very  va- 
luable  for  reftoring  old  books  and  fmoked  prints.  The°^^  books, 
latter,  when  difcoloured  to  fuch  a  degree  that  the  fub- 
jed  of  them  could  hardly  be  diftinguiflied,  were  re-efta- 
bliihed  and  revived,  in  fo  aftonifhing  a  manner  that  they 
appeared  to  be  new;  and  old  books,  foiled  by  that  yel¬ 
low  tinge  which  time  always  produces,  may  be  fo  com¬ 
pletely  renewed,  that  one  might  fuppofe  them  to  be 
juft  come  out  of  the  prefs.  The  fimple.  immerfion  of  a 
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EJeachjng  print  in  oxygenated  muriatic  acid  (leaving  it  therein  a 
II  longer  or  a  "ihorter  time,  according  to  the  ftrength  ot 
the  liquor)  is  all  that  is  required  for  bleaching  it ;  but 
'  when  a  book  is  to  be  bleached,  feme  farther  precau- 
tions  are  to  be  ufed.  As  it  Is  nectlfary  that  the  acid 
ftiould  wet  every  one  of  the  leaves,  the  book  muft  be 
completely  fpread  open,  and  then,  by  letting  the  boards 
of  the  binding  red  upon  the  fides  of  the  velfcl,  the  pa- 
per  only  will  be  immerfed  in  the  liquor.  If  any  of  the 
leaves  ftick  together  they  muft  be  carefully  feparated, 
that  all  of  them  may  be  equally  impregnated.  The  li¬ 
quor  takes  a  yellow  tinge,  the  paper  grows  white  ;  and 
after  two  or  three  hours  the  book  may  be  taken  out  of 
the  liquor,  and  foaked  in  clean  water,  which  Ihould 
be  changed  from  time  to  time,  in  order  to  wafh  out 
the  acid  with  which  the  book  is  impregnated,  and 
alfo  to  deprive  it  of  the  difagreeable  fmell  it  has  con- 

traded.  .  ,  ^  n  T  J  r 

“  The  above  method,  which  is  the  nr  ft  I  made  ule 

of,  has  generally  fucceeded  pretty  well :  too  often,  how¬ 
ever,  the  leaves  of  my  books  have  had  a  motley  appear¬ 
ance,  and  fometimes  feveral  pages  were  not  at  all  bleach¬ 
ed  ;  I  was  therefore  obliged  to  have  recourfe  to  the 
following  more  certain  procefs.^  1  began  by  unf^viiig 
the  books,  and  reducing  them  into  fheets ;  thefe  meets 
J  placed  in  diviiions  made  in  a  leaden  velfel,  by  means 
of  thin  flips  of  wood,  fo  that  the  leaves  when  laid 
flat  were  feparated  from  each  other  by  very  fmall  inter¬ 
vals.  I  then  put  the  acid  into  the  veffel,  pouring  it 
againft  the  fide,  that  the  leaves  might  not  be  difturbed; 
and  when  the  operation  was  finifhed,  I  drew  on  the 
acid  by  means  of  a  cock  fixed  in  the  bottom  of  the 
veffel.  I  then  filled  the  veffel  with  clean  water,  which 
wafhed  the  leaves,  and  took  off  the  fmell  of  the  oxyge¬ 
nated  acid.  They  may  then  be  dried,  fmoothed,  nnd 
new  bound.  In  this  manner  I  have  reftored  many  va¬ 
luable  books,  which  had  become  wort hlefs  from  the  bad 
ilate  they  were  in. 

13  When  I  had  to  bleach  prints  fo  torn  to  pieces 

prints. they  confiftefl  only  of  fragments  fitted  together, 
and  pafted  upon  paper,  I  was  afraid  I  might  lofe  fome 
of  thefe  fragments  in  the  liquor,  becaufe  they  fepaiate 
frpm  the  paper  by  the  foftening  of  the  pafte  :  in  that 
cafe  therefore  I  took  the  precaution  of  enclofing  the 
print  in  a  large  cylindrical  bottle,  which  I  turned  upfide- 
down,  fixing  its  mouth  to  that  of  a  veffel  in  which  I 
had  put  a  mixture  proper  for  dlfengaging  oxygenated 
muriatic  gas.  This  gas  fills  the  infide  of  the  bottle,  and, 
ajdling  upon  the  print,  takes  off  the  flams,  mk-ipots, 
&c.  while  the  fragments  remain  pafted  to  the  paper, 
and  confequently  keep  their  refpeaive  places.’’ 

BLOCKS  {EncycL  Plate  XCV.  fig.  5.) 
fents  a  fingle  block,  and  b,  c,  two  double  ones  of  diffe- 
rent  kinds,  without  ftraps  ;  e,  /,  two  double  tackle 
blocks,  iron  bound,  the  lower  one,y*,^  being  fitted  with 
a  fwivel  ;  g,  a  double  iron  block  with  a  large  hook  ; 
h,  a  fmall  block  ;  i,  a  top  block  ;  k,  a  voyal  block  ;  /, 
a  clew  garnet  block  ;  W2,  the  cat  block,  employed  to 
draw  the  anchor  up  to  the  cat-head.  See  Cat- Heads y 

Encycl.  r  •  r  T, 

Gape  or  Large  Snouted  BOAR,  a  fpecies  of  the 
genus  Sus,  which,  according  to  M.  Vaillant,  differs 
from  every  known  fpecies,  and  has  not  been  accurately 
deferibed  by  any  writer  of  natural  hiftory.  Buffon,  in¬ 
deed,  ift  the  Supplement  tp  his  Hiftory  of  Quadrupeds, 


Boar, 

Boiincj, 


has  given  a  figure  of  it ;  but  nothing  like  the  head  of 
the  animal  is  difcoverable,  fays  our  author,  in  that  fi-  ^ 
gure,  all  its  charaderiftics  having  been  omitted  by  the 
draughtfman.  M.  Vaillant,.  during  his  laft  travels 
Africa,  fliot  a  monftrous  boar  of  this  fpecies  on  the 
banks  of  Fiih  river,  and  in  the  country  of  the  Greater 
NiausEAs,  He  deferibes  it  in  the  following  terms : 
Its  fnout,  inftead  of  being  taper  and  in  the  form  of  3 
probofeis,  is,  on  the  contrary,  very  broad  and  fquare  at 
the  end.  It  has  fmall  eyes,  at  a  very  little  diftance 
from  each  other,  level  with  the  furface,  and  near  the 
top  of  the  forehead.  On  each  cheek  a  very  thick  carti¬ 
laginous  fl<in  prpjedls  horizontally,  being  about  three 
inches  long  and  as  many  broad.  At  firft  fight  you 
would  be  tempted  to  take  thefe  excrefcences  for  the 
ears  ;  particularly  as  the  real  ears  of  the  animal,  (licking 
as  it  were  to  the  neck,  which  is  very  (liort,  are  partly 
concealed  by  an  enormous  mane,  the  bridles  of  which, 
in  colour  red,  brown,  and  greyifli,  are  16  inches  in 
length  on  the  fhoulders.  I)ire£lly  below  thefe  falfe- 
ears  is  a  bony  protuberance  on  each  fide,  projefti ng 
more  than  an  inch,  ferving  the  animal  to  llrike  with  to 
the  right  jind  left.  The  boar  has,  befides,  four  tullis^ 
of  the  nature  of  ivory,  two  in  each  jaw  :  the  upper  ones 
are  feven  or  eight  inches  long  ;  very  thick  at  the  bafe,, 
and  terminating  in  an  obtufe  point,  grooved,  and  rifing 
perpendicularly  as  they  iffue  from  the  lips ;  the  lower 
ones  are  much  fmaller,  and  fo  clofe  to  the  upper 
when  the  mouth  is  (hut,  that  they  appear  as  one.  The 
head  Is  a  ,truly  hideous  objed.  It  is  fcarcely  lefs  fo  than 
that  of  the  hippopotamus,  to  which  at  firft  view  it  ap¬ 
pears  to  have  a  ftriking  refemblance.  Syftematifts,  ac- 
cuftomed  to  view  nature  only  according  to  rules  efta- 
blifhed  by  themfelyes,  will  be  far  from  acknowledging 
this  animal  to  be  a  boar  5  for  not  to  mention  its  large 
fnout,  it  wants  incifive  teeth  in  both  jaws.  Notwith-^ 
(landing  its  wide  muzzle,  it  ploughs  up  the  earth  to 
feek  for  roots,  on  which  it  feeds.  It  Is  very  adlve, 
though  large  and  bulky  ;  running  with  fuch  fpeed,  that 
the  Hottentots  give  it  the  name  of  the  runner. 

BONNET  (Charles),  was  defeended  from  a  French 
family,  who  being  compelled,  on  account  of  their  reli- 
g'lous  prv~iciples,  tp  emigrate  from  tbeir  native  country,, 
eftablifiied  themfelves  at  Geneva  in  the  year  1572.  His 
grandfather  was  advanced  to  the  magiftracy  in  that  ci¬ 
ty,  and  adorned  by  his  integrity  an  eminent  (lation. 
His  father,  who  preferred  the  (lation  of  a  private  citi¬ 
zen,  paid  unremItted  attention  to  the  education  of  his 
fon,  who  was  born  on  the  13th  of  March  1720  ;  and 
Charles,  at  a  very  early  period,  rccompenfed  his  father’s, 
affiduity,  by  the  amiablenefs  of  his  difppfition,  and  the 
rapid  progrefs  he  mndt  In  general  literature.  When  he 
was  about  16  years  of  age,  he  applied  himfelf,  with 
great  eageinefs,  to  the  perufal  of  Le  Spe^acle  de  la  Na- 
%re  i  and  this  work  made  fuch  a  deep  impreffion  on  his 
mind,  that  It  may  be  fald  to  have  direaed  the  tafte  and 
the  (ludies  of  his  future  life.  What  that  publication 
had  commenced,  was  confirmed  by  the  work  of  La 
Pluche;  but  fiaving  accidentally  feen  the  treatife  of 
Reaumur  upon  infeds,  he  was  in  a  tranfport  of  joy. 
He  was  very  Impatient  to  procure  the  book ;  but  as  the 
only  copy  In  Geneva  belonged  to  a  public  library,  and 
as  the  librarian  was  reludant  to  Intruft  it  in  the  bands 
of  a  youth,  it  was  with  utmpft  difficufty  that  he 
could  phtaia  his 
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3onnct.  By  the  poflefiion  of  this  trcafure,  our  alTiduous  youth 
was  enabled  to  make  feveral  new  and  curious  pperi- 
ments,  which  he  communicated  to  Reaumur  himfelf; 
and  the  high  applaufe  he  gained  from  fo  great  a  natu- 
ralifl:  added  frefh  vigour  to  his  alTiduity. 

In  compliance  with  his  father’s  delires,  he  applied 
himfelf,  though  with  much  reluctance,  to  the  ftudy  of 
the  law.  The  works  of  Burlamaqui  pleafcd  him  the 
moft,  on  account  of  the  perfpicuous  and  philofophic 
manner  in  which  the  fubjed  was  treated  :  the  inftitutes 
of  Heineccius  gave  him  fome  courage  alfo,  as  he  per¬ 
ceived  order  and  connection  ;  but  the  Roman  law  terri¬ 
fied  him  as  the  hydra  of  Lerna,  Notwithilanding  his 
application  to  thefe  authors,  he  (till  continued  attached 
to  natural  hiftory,  and  was  very  aCtive  in  making  expe¬ 
riments.  The  experiments  which  demonllrate  that  tree- 
lice  propagate  without  copulation,  was  communicated 
by  Reaumur  to  the  Academy  of  Sciences;  and  this  cir- 
cumftance  occafioned  an  epiftolary  correfpondence  be¬ 
tween  M.  Bonnet  and  that  great  naturalift.  This  was 
doubtlefs  very  flattering  to  a  youth  of  twenty  years. 
The  letter  of  Reaumur  was  accompanied  with  a  pre¬ 
fen  t  of  that  very  book  which  he  had  borrowed  with  fo 
much  difficulty  two  years  before. 

Animated  by  fuch  diftlnguiflied  marks  of  approba¬ 
tion,  he  diligently  employed  every  moment  he  could 
fleal  from  the  Rudy  of  jurifprudence  to  the  completion 
of  his  natural  hiftory  of  the  tree-loufe  ;  to  experiments 
gn  the  refpiration  of  catterpillars  and  butterflies,  which 
he  difcovered  to  be  effedled  by  ftigmata,  or  lateral  pores ; 
to  an  examination  of  the  conftrudlion  of  the  taenia  or 
tape-worm  ;  in  frequent  correfpondence  with  Reaumur; 
and  in  affifting  Trembley  in  his  difcoveries  and  publica¬ 
tion  concerning  millepedes,  &c.  Having  in  the  year 
3743  obtained  the  degree  of  do£lor  of  laws,  he  relin- 
quiflied  a  purfuit  vv^ich  he  had  commenced  with  fo 
much  reluctance.  In  the  fame  year  he  was  admitted  a 
fellow  of  the  Royal  Society,  to  which  he  had  commu¬ 
nicated  a  treatife  on  InfeCts. 

Bonnet  being  now  liberated  from  his  other  piirfults, 
applied  himfelf,  without  intermiffion,  to  collecting  toge¬ 
ther  his  experiments  and  obfervations  concerning  the 
tree-loufe  and  the  worm,  which  he  publilherl  in  1744 
under  the  title  of  Inf  ecology.  This  work  acquired  de- 
ferved  approbation  from  the  public,  and  was  honoured 
by  the  commendation  of  the  celebrated  B.  de  Juflieu. 
He  was  reproached,  however,  in  a  periodical  publica¬ 
tion,  with  having  paid  too  little  attention  to  the  deli¬ 
cacy  of  his  reader  ;  though  his  patience  and  accuracy 
were  acknowledged  to  be  deferving  of  praife.  Such 
unremitted  application  and  labour  could  not  fall  of  be¬ 
coming  injurious  to  his  health.  Inflammations,  nervous^ 
fever,  fore  eyes,  &c.  compelled  him  to  rellnquifli  the 
ufe  of  the  inicrofcope  and  the  ftudy  of  infcCls.  This 
prevention  was  fo  extremely  mortifying  to  a  man  of  his 
lafte  and  aClivity  of  mind,  that  he  was  thrown  into  a 
deep  melancholy,  which  could  only  be  fubdued  by  the 
refolution  infpired  by  philofophy,  and  the  confolations 
of  religion  ;  thefe  gradually  roufed  him  from  a  dejedled 
Rate  of  mind.  About  the  end  of  the  year  1746  our 
philofopher  was  chofetv member  of  the  Literary  InRitu- 
tion,  at  Bologna,  which  introduced  him  to  a  correfpon¬ 
dence  with  the  famed  Zanotti,  who  may  be  deemed  the 
Fontenelle  of  Italy. 

In  the  year  1 747  he  undertook  a  very  difficult  work 


on  the  leaves  of  plants  ;  which,  of  all  his  publications  Sennet, 
ill  natural  hiRory,  bore  the  Rroiigeft  marks  of  origina- 
lity,  both  with  refpedl  to  the  manner  in  which  his  ex¬ 
periments  were  made,  and  the  difcoveries  refulting  from 
them.  His  extreme  attachment  to  natural  hiRory  gra¬ 
dually  led  him  to  a  Rudy  of  a  very  difl'erent  nature  ; 
fpeculative  philofophy  now  engaged  his  whole  atten¬ 
tion.  The  fii’R  fruits  of  his  meditations  in  this  depart¬ 
ment  was  his  EJfay  on  Pfychology,  In  this  work  the 
principal  fa<^s  obfervable  in  human  nature,  and  the  con- 
fequences  refulting  from  them,  are  Rated  in  a  concife 
and  confpicuous  manner.  He  contemplated  man  from 
the  firR  moment  of  his  exiReiice,  and  pnrfued  the  de- 
velopement  of  his  fenfes  and  faculties  from  Ample  growth 
up  to  intelligence.  The  work,  which  was  publiflied 
wuthont  his  name,  met  with  great  oppofltion,  and  was 
criticifed  with  feverity  ;  but  the  ceiifures  were  directed 
more  againR  his  exprelHons  than  his  principles  ;  nor 
were  they  of  fufficient  importance  to  impede  the  gene¬ 
ral  acceptance  of  the  publication. 

His  analyfis  of  the  mental  faculties  was  Amply  a  de- 
velopement  of  the  ideas  contained  in  the  preceding 
work.  It  engaged  his  incefiant  attention  for  the  fpace 
of  Ave  years;  nor  was  it  completed  before  1759.  It  is 
fomewhat  Angular  that  both  he  and  the  Abbe  de  Con¬ 
dillac  fliould  have  illuRrated  their  principles  by  the  fup- 
pofition  of  a  Ratue,  organized  like  the  human  body, 
which  they  conceived  to  be  gradually  infpired  with  a 
foul,  and  the  progreffive  developement  of  whofe  powers- 
they  carefully  traced.  In  the  year  1760  this  work  was 
publiihed  at  Copenhagen,  by  order  and  at  the  expence 
of  Frederick  V.  and  it  was  followed  in  1762  by  con¬ 
templations  on  organized  bodies.  In  this  the  author 
had  three  principal  objedls  before  him  r  the  ArR  was  to 
give  a  concife  view  of  every  thing  which  appears  inte- 
reRing  in  natural  hiftory,  refpe<fting  the  origin,  deve¬ 
lopement,  and  reprodudion  of  organized  bodies  ;  the 
fecond  was  to  confute  the  tw^o  different  fyftems  founded 
upon  the  EpigeneAs  ;  and  the  third  was  to  explain  the 
fyftem  of  Germs,  indicate  tlie  ground  upon  which  it 
was  founded,  its  correfpondence  with  fads,  and  the 
confequences  refulting  from  it.  This  work  was  recei¬ 
ved  with  much  fatisfadion  by  natural  philofophers. 

The  Academy  of  Berlin,  which  had  propofed  the  fame 
fubjed  as  a  prize  queftion  for  1761,  declared  that  they 
confidered  the  treatife  as  the  offspring  of  clofe  obferva- 
tion  and  profound  reafoning;  and  that  the  author  wmuld 
have  had  an  indubitable  right  to  the  prize,  if  he  had 
conAned  his  labours  to  the  precife  ttatement  of  the 
queftion.  It  muft  alfo  be  recorded,  to  the  honour  of 
the  great  Malejberhes^  that  he  reverfed  the  interdid 
which  the  public  cenfor  had  laid  upon  this  book,  un¬ 
der  the  pretext  that  it  contained  dangerous  principles. 

I'he  Contemplation  of  Nature  appeared  in  1764.  In 
this  work  the  author  Arft  enlarged  upon  the  common 
conceptions  entertained  concerning  the  exiftence  and 
perfedions  of  God  ;  and  of  the  order  and  uniformity 
obfervable  in  the  univerfe.  He  next  defeends  to  man, 
examines  the  parts  of  his  compoAtion,  and  the  various 
capacities  with  wHch  he  is  endowed.  He  next  pro¬ 
ceeds  to  the  plants  ;  affembles  and  deferibes  the  laws  of 
their  economy  ;  and.  Anally,  he  examines  the  infeds, 
indicates  the  principal  circumftances  in  which  they  dif¬ 
fer  from  larger  animals,  and  points  out  the  philofophi- 
cal  inferences  that  may  legitimately  be  deduced  from 

thefe 


BON  [  94  ]  BOO 


r.onnce.  tlicfe  differences  ;  and  he  concludes  with  obfervations 
''-“"NT—  refpedling  the  induftry  of  infedls.  This  work  being  of 
a  popular  nature,  the  author  fpared  no  pains  in  bellow¬ 
ing  upon  it  thofe  ornaments  of  which  it  was  fufcep- 
tible.  The  principles  which  he  thus  difcovered  and  ex¬ 
plained,  induced  him  to  plan  a  fyjlem  of  moral  philo- 
fophy  ;  whjcb,  according  to  his  ideas,  confided  folely 
in  the  obfervance  of  that  relation  in  wdiich  man  is  pla¬ 
ced,  refpedling  all  the  beings  that  furround  him.  The 
did  branch  would  have  comprehended,  various  means 
which  philofophy  and  the  medical  fcience  have  difeo* 
vered  for  the  prevention  of  difeafe,  the  prefervation  and 
augmentation  of  the  corporeal  powers,  and  the  better 
exertion  of  their  force  :  in  the  fecond,  he  propofed  to 
fliew,  that  natural  philofophy  has  a  powerful  tendency 
to  embellifli  and  improve  our  mind,  and  augment  the 
number  of  our  rational  amufements,  while  it  is  replete 
with  beneficial  effeds  refpeding  the  fociety  at  large. 
To  nianifed  the  invalidity  of  opinions,  merely  hypothe¬ 
tical,  he  undertook,  in  the  third  place,  to  examine,  whe 
ther  there  were  not  truths  within  the  compafs  of  hu¬ 
man  knowledge,  to  which  the  mod  fceptical  philofopher 
mud  be  compelled  to  yield  his  confent,  and  which  might 
ferve  as  the  bafis  of  all  our  reafoniugs  concerning  man 
and  his  various  relations.  He  then  would  have  dired* 
fd  his  attention  to  a  fird  caufe,  and  have  manifeded 
how  greatly  the  idea  of  a  Deity  and  Supreme  Law¬ 
giver  favoured  the  conclufions  which  reafon  had  drawn 
from  the  nature  and  properties  of  things  :  but  it  is 
deeply  to  be  regretted  that  his  health,  impaired  by  in- 
ceffant  labour,  would  not  permit  him  to  complete  the 
defign. 

His  lad  publication  was  the  Falingenefsy  which  treats 
of  the  prior  exidence  and  future  date  of  living  beings. 

Of  his  publications  in  natural  hidory,  thofe  deemed 
the  mod  excellent  are,  his  Treatife  on  the  bed  Means 
of  Preferving  Infeds  and  Fifh  in  Cabinets  of  Natural 
Hidory  ;  a  Didertation  on  the  Loves  of  the  Plants ; 
fundry  pieces  on  the  Experiments  of  Spallanzani^  con¬ 
cerning  the  Reproduction  of  the  Head  of"  the  Snail ;  a 
Didertation  on  the  Pipay  or  Surinam  Tod  ;  and  diffe¬ 
rent  Treatifes  on  Bees. 

In  the  year  1783  he  was  eleCled  honorary  member 
of  the  Academy  of  Sciences  at  Paris  ;  and  of -the  Aca¬ 
demy  of  Sciences  and  the  Belles  Lettres  at  Berlin. 

Much  of  his  time  was  employed  in  a  very  extenfive 
correfpoiidence  with  fome  of  the  mod  celebrated  natu¬ 
ral  philofophers  and  others.  Of  this  number  were  Reau^ 
wur,  De  Geer  the  Reaumur  of  Sweden,  Du  Hamel, 
the  learned  Haller,  the  experimental  philofopher  SpaU 
lanzaniy  Van  Swteten,  Merian,  and  that  ornament  of 
Switzerland  the  great  Lambert,  He  entertained,  how- 
ever,  the  utmod  averfion  to  controverfy.  He  thought 
that  no  advantage  to  be  obtained  by  it  could  compen- 
fate  for  the  lofs  of  that  repofe  which  he  valued,  with 
Newton,  as  the  rem  prorfus  fuhjlantialem.  He  never 
anfwered  remarks  that  were  made  to  the  prejudice  of 
his  writings,  but  left  the  decidon  with  the  public  ;  yet, 
ever  ready  to  acknowledge  his  errors,  he  was  fincerely 
thankful  to  every  one  who  contributed  to  the  perfec¬ 
tion  of  his  works.  He  was  ufed  to  fay  that  one  con- 
feffion,  I  was  in  the  wrong,  is  of  more  value  than  a 
thoufand  ingenious  confutations. 

His  literary  occupations,  and  the  care  he  was  obliged 
to  take  of  his  health,  prevented  him  from  travelling. 


He  delighted  in  retirement,  and  every  hour  was  occu-  Bonnef, 
pied  in  the  improvement  of  his  mind.  The  lad  25 
years  of  his  life  were  fpent  in  the  fame  rural  fituation  ^ 
where  he  had  paffed  the  greater  part  of  his  early  days  ; 
yet  notwithdaiiding  the  purfuit  of  literature  was  his  fu- 
preme  delight,  he  never  refufed  to  fufpend  his  dudies, 
when  the  good  of  his  country  feemed  to  demand  his 
fervices. 

Pie  was  chofen  in  1752  member  of  the  Grand  Coun¬ 
cil  in  the  republic  of  Geneva  :  and  he  afiided  regularly 
at  their  deliberations  till  the  year  1768,  where  he  di- 
dinguidied  himfelf  by  his  eloquence  ;  his  moderation, 
united  with  firmnefs ;  by  his  good  fenfe  and  penetra¬ 
tion  ill  cafes  of  difficulty  ;  and  by  the  zeal  with  which 
he  endeavoured  to  reclaim  his  fellow-citizens  to  that 
ancient  fimplicity  of  manners  which  had  been  fo  condu¬ 
cive  to  the  welfare  of  the  date,  and  to  the  love  of  vir¬ 
tue,  fo  effential  to  the  exidence  of  genuine  liberty.  Hit 
condudl,  in  every  cafe,  was  confident  with  his  princi¬ 
ples.  He  took  no  pains  to  accumulate  wealth,  but  re. 
mained  fatisfied  with  a  fortune  equal  to  his  moderate 
wants,  and  to  the  exercife  of  his  benevolence.  The 
perfe6l  correfpondence  between  his  extenfive  knowledge 
and  virtuous  deeds  procured  him  iiniverfal  edeem. 

In  the  year  1788  evident  fymptoms  of  an  hydrops 
peBoris  manifeded  themfelves ;  and  from  this  time  he 
gradually  declined.  He  fudained  his  indifpolition  with 
unremitted  cheerfulnefs  and  compofure.  After  various 
flu6luations,  iifual  in  that  complaint,  he  died  on  the 
20th  of  May  1793?  in  the  73d  year  of  his  age  ;  retain¬ 
ing  his  prefence  of  mind  to  the  lad  moment,  adminider- 
ing  comfort  to  furrounding  friends  and  relatives,  and 
attempting  to  alleviate  the  didrefs  of  his  difconfolate 
wife,  in  whofe  arms  he  expired. 

As  a  demondration  of  the  high  value  placed  upon 
his  labours  and  talents  by  the  literati,  we  have  only  to 
remark,  that  he  was  member  of  mod  of  the  learned  fo- 
cieties  of  Europe. 

BOOK-KEEPING,  is  an  art  of  which  the  importance 
is  univerfally  known;  and  as  commonly  pra£lifed,  it  has 
been  fufiiciently  explained  in  the  Encyclopaedia  Britan- 
nica.  But  fince  that  ariticle  was  written,  a  great  im¬ 
provement  has  been  introduced  into  the  art,  or  rather  a 
new  method  of  book-keeping  has  been  invented  by 
Mr  Edward  Thomas  Jones  of  the  city  of  Bridol, 
accountant,  who  calls  it  the  Englijh  fyjlem  of  hooh-heep-^ 
ing  ;  and  thinks  that  by  it  accounts  may  be  more  regu¬ 
larly  kept,  and  errors  in  accounts  more  eafily  detedled, 
than  by  any  other  method  hitherto  known.  We  are 
much  inclined  to  be  of  his  opinion  ;  and  diall  therefore 
lay  before  our  redears  his  defeription  of  this  method,  as 
we  find  it  in  the  fpecification  of  the  patent  which  was 
granted  to  him  January  26.  I  796. 

"The  Englijh  Syjlan  of  BooK-Keeping  requires  three 
books,  called  a  day-hook  or  journal,  an  alphabet,  and  a 
ledger,  which  mud  be  ruled  after  the  following  method, 

•viz,  the  day-book  to  have  three  columns  on  each  page, 
for  receiving  the  amount  of  the  tranfa^lions  ;  one  co¬ 
lumn  of  which  to  receive  the  amount  of  debits  and  cre¬ 
dits,  one  column  to  receive  the  debits  only,  and  one 
column  to  receive  the  credits  only  ;  or  it  may  be  ruled 
with  only  two  columns  on  each  page,  one  column  to 
receive  the  amount  of  the  debits,  and  one  column  to 
receive  the  amount  of  the  credits,  -'here  mud  alfo  be 
on  each  page  of  the  day-book  four  other  columns  ruled, 
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Book-  two  on  the  left  fide  next  the  amount  of  the  debits,  and 
keepirg.  right  fide  next  the  amount  of  the  credits, 

^  for  receiving  the  letter  or  mark  of  polling,  and  the  page 
of  the  ledger  to  which  each  amount  is  to  be  polled. 

The  alphabet  need  not  be  ruled  at  all;  but  mud  con¬ 
tain  the  name  of  every  account  in  the  ledger,  the  letter 
that  is  annexed  to  it  as  a  mark  of  polling,  and  the  page 
of  the  ledger. 

The  ledger  mull  be  ruled  with  three,  four,  live,  or 
feven  columns  on  each  page,  as  may  be  moll  agreeable, 
for  receiving  the  amounts  of  the  dilFerent  tranfadlions 
entered  in  the  day-book.  And  the  procefs  for  ufing 
thefe  books,  or  making  up  books  of  accounts  on  this 
plan,  is  as  follows  : 

When  a  perfon  enters  into  trade,  whether  by  himfelf 
or  with  copartners,  he  mull  have  an  account  opened 
with  himfelf  in  the  ledger  ;  entering  firll  in  the  day¬ 
book,  and  then  to  the  credit  of  his  account  in  the  led¬ 
ger,  the  amount  of  the  property  he  advances  into  trade  ; 
The  account  may  be  headed  either  with  his  name  only, 
or  elfe  called  his  dock-account. 

If  you  buy  goods,  give  the  perfon  credit  of  whom 
you  purchafe  ;  when  you  fell  goods,  debit  the  perfon  to 
whom  faid  goods  are  fold.  If  you  pay  money,  debit 
the  perfon  to  whom  paid,  not  only  for  what  you  pay, 
but  alfo  for  any  difeount  or  abatement  he  may  allow, 
and  give  the  calhier  credit  for  the  neat  amount  paid. 
If  you  receive  money,  credit  the  perfon  of  whom  you 
receive  it,  not  only  for  what  he  pays,  but  alfo  for  any 
difeount  or  abatement  you  may  allow,  and  debit  the 
calhier  for  the  neat  amount  received  ;  taking  care  in 
thefe  entries  to  have  nothing  myderious  or  obfeure,  but 
merely  a  plain  narrative  of  the  fad,  introducing  not  one 
uftlefs  word,  and  avoiding  every  technical  term  or  phrafe 
except  the  words  debit  and  credit,  which  are  full  and 
comprehenfive,  and  the  only  terms  that  are  applicable, 
to  every  tranfadion,  and  maybe  affixed  to  every  entry. 

But  as  a  hurry  of  bufmefs  will  fometimes  take  place 
in  almoll  every  counting-honfe,  which  may  caufe  the 
entries  to  be  made  to  the  debit  inllead  of  the  credit  of 
an  account  in  the  d*iy^-book,  and  to  the  credit  inllead  of 
the  debit,  Mr  Jones  has  endeavoured  as  much  as  polTible 
to  counterad  the  evil,  by  having  only  one  column  for 
receiving  the  amount  of  every  tranfadlion,  whether  de¬ 
bits  or  credits,  at  the  inllant  of  making  the  entry  ;  and,, 
for  the  convenience  of  feparating  the  debits  from  the 
credits,  previous  to  polling,  which  is  necefiary  to  pre¬ 
vent  confufion  and  perplexity,  he  has  two  other  columns 
on  the  fame  page  ;  that  on  the  left  fide  into  which  the 
amount  of  every  debit  mull  be  carefully  entered,  and 
that  on  the  right  for  the  amount  of  the  credits,  which 
columns  mull  be  call  up  once  a  month.  The  column 
of  debits  and  credits  of  itfelf  forming  one  amount  the 
column  for  the  debits  producing  a  fecond  amount ;  and 
the  column  of  credits  a  third  amount  ;  which  fecond 
and  third  amounts  added  together,  mull  exadly  agree 
with  the  firll  amount,  or  the  work  is  not  done  right. 

By  this  means  the  man  of  bufmefs  may  obtain  month- 
)y  fuch  a  llatement  of  his  affairs  as  will  Ihow’  how  much 
he  owes  for  that  month,  and  how  much  is  owing  to 
him  ;  and  the  debits  being  added  together  for  any  given 
time,  with  the  value  of  the  flock  of  goods  on  hand, 
will,  when  the  amount  of  the  credit  is'fubtraded  there¬ 
from,  Ihew  the  profits  of  the  trade. 

Oar  author  now  proceeds  to  the  procefs  of  polling : 


which  begins  with  opening  an  account  in  the  ledger  Book- 
with  every  perfon  to  whofe  debit  or  credit  there  has  , 

been  an  entry  made  in  the  day-book  ;  affixing  to  each 
account  a  letter,  which  is  to  be  ufed  as  a  mark  of  poll¬ 
ing.  The  perfon’s  name,  place  of  abode,  and  the  folio 
of  the  ledger,  mull  then  be  entered  in  the  alphabet, 
with  the  fame  letter  prefixed  to  each  name  as  is  affixed 
to  the  account  in  the  ledger.  Next,  the  page  of  the 
ledger  on  which  each  account  is  opened  (and  which  will 
be  feen  in  the  alphabet)  mull  be  affixed  to  each  amount 
in  the  day-book,  in  the  column  for  that  purpofe.  The 
date  and  amount  of  each  debit  mull  then  be  polled  i:i 
the  columns  for  receiving  it  in  the  ledger,  on  the  left 
or  debit  fide  of  that  account  to  which  it  relates  ;  enter¬ 
ing,  as  a  mark  of  polling  in  the  day-book,  againll  each 
amount,  the  fame  letter  that  is  affixed  to  the  account  in 
the  ledger,  to  which  faid  amount  may  be  polled.  Ob- 
ferving  that  the  debits  of  January,  February,  March, 

See,  mull  be  polled  into  the  column  for  thofe  months- 
in  the  ledger,  and  the  credits  mull  alfo  be  polled  in 
like  manner,  filling  up  each  account  in  the  centre,  at 
the  expiration  of  every  month,  with  the  whole  amount 
of  the  month’s  tranfadlions  ;  thus  having,  in  a  fmall 
fpace,  the  whole  llatement  of  each  perfon’s  account  for 
the  year  ;  in  the  columns  to  the  right  and  left  the  a. 
mount  feparately  of  each  tranfadion  ;  and  in  the  centra 
a  monthly  llatenient. 

Having  deferibed  the  procefs  of  this  method  of  book¬ 
keeping,  he  tiius  Ihews  how  to  examine  books  kept  by 
this  method,  fo  as  to  afeertain,  to  an  abfolute  certainty, 
if  the  ledger  be  a  true  reprefentation  of  the  day-book  ; 
i,  €,  not  only  If  each  tranfadion  be  corredly  polled,  as^ 
to  the  amount  thereof,  but  alfo  if  it  be  rightly  entered 
to  the  debit  or  credit  of  its  proper  account.  This  ex¬ 
amination  dillers  from  the  modes  that  have  heretofore, 
been  pradifed,  as  well  in  expedition  as  in  the  certain  ^ 
accuracy  which  attends  the  procefs  ;  it  being  only  ne-*«- 
celTary  to  call  up  the  columns  through  the  ledger  de¬ 
bits  and  credits,  according  to  the  examples  given  ;  and 
the  amount  of  thofe  columns,  if  right,  mull  agree  with 
the  columns  in  the  day-book  for  the  fame  correfpond- 
Ing  fpace  of  time.  Thefe  callings  Ihould  take  place 
once  a  month  ;  and  if  the  amounts  do  not  agree,  the 
polling  mull  then,  but  not  elfe,  be  called  over  ;  and. 
when  the  time,  whether  it  be  one,  two,  three,  or  four 
months,  that  is  allotted  to  each  column  of  the  ledger  is 
expired,  the  amount  of  each  column  (hould  be  put  at 
the  hottonvof  the  firll  page,  and  carried  forward  to  the 
bottom  of  the  next,  and  lb  on  to  the  end  of  the  ac¬ 
counts;  taking  care  that  the  amount  in  the  day-book,  ' 
of  each  month’s  traiifadlons,  be  brought  into  one  grofs; 
amount  for  the  fame  time. 

But  although  this  procefs  mull  prove  that  the  ledger 
contains  the  whole  contents  of  the  day-book,  and  nei¬ 
ther  more  nor  lefs,  yet  it  is  not  complete  without  the 
mode  of  afeertaining  if  each  entry  be  polled  to  its  right, 
account  ;  which  may  be  afeertained  by  the  follownu*- 
method:  He  has  laid  down  a  rule  that  a  letter,  which ^ 
may  be  ufed  alphabetically  in  any  form  or  llrape  that  is  • 
agreeable,  Ihall  be  affixed  to  each  account  in  the  led-  • 
ger,  and  the  fame  letter  prefixed  to  the  names  in  the  al¬ 
phabet,  thefe  letters  being  ufed  as  marks  of  polling,  and 
allied  to  each  account  in  the  day-book  as  it  is  polled: 
it  is  only  necefiary  therefore  to  compare  and  lee  that 
the  letter  affixed  to  each  entry  in  the  day-book  is  the  . 

fame 
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Book-  fame  a3  is  prefixed  to  the  fame  name  in  the  alphabet ; 

,  keeping,  ^  difference  here  fiiews  of  courfe  an  error,  or  elfe  it 
Bofvjovich.  n  ,  •  t  . 

«  mult  be  right. 

,  At  the  end  of  the  year,  or  at  any  other  time,  when 

pcrfons  balance  their  accounts,  if  there  be  no  objedions 
to  the  profits  of  the  trade  appearing  in  the  books,  the 
flock  of  goods  on  hand  at  prime  coft  may  be  entered  in 
the  day-book,  either  the  value  in  one  amount,  or  the 
particulars  fpecified,  as  may  be  moil  expedient,  and  an 
-  account  opened  for  it  in  the  ledger,  to  the  debit  of 
which  it  muff  be  pofted.  The  calling  up  of  the  led¬ 
ger  muff  then  be  completed  :  and  when  found  to  agree 
with  the  day-book,  and  the  amount  placed  at  the  bot¬ 
tom  of  each  column,  fubtradl  the  credits  from  the  de¬ 
bits,  and  it  will  Ihew  the  profit  of  the  trade  ;  unlefs  the 
credits  be  the  greater  aihount,  which  will  Ihew  a  lofs. 
In  taking  off  the  balances  of  the  ledger,  one  rule  muff 
be  obferved,  and  it  cannot  be  done  wrong ;  As  you 
proceed,  firft  fee  the  difference  between  the  whole 
amounts  <pf  the  credits  and  debits  on  each  page  for  the 
year,  with  w'hich  the  difference  of  the  outftanding  ba¬ 
lances  of  the  feveral  accounts  on  each  page  muff  exadl- 
ly  agree,  or  the  balances  will  not  be  taken  right.  By 
this  means  every  page  will  be  proved  as  you  proceed, 
and  the  balances  of  ten  thoufand  ledgers,  on  this  plan, 
could  not  unobfervedly  be  taken  off  wrong. 

BO’SCOVICH  (Roger  Jofeph),  one  of  the  moft 
eminent  mathematicians  and  philofophers  of  the  pre- 
fent  age,  was  bom  of  virtuous  and  pious  parents,  on 
the  11th  of  May  1711,  in  the  city  of  Ragnfa,  the  ca¬ 
pital  of  a  fmall  republic  of  the  fame  name,  lying  on  the 
caftern  coaft  of  the  Adriatic  Sea.  At  baptifm,  the 
name  of  Roger  was  given  him,  to  which  he  added 
that  of  Jofeph  when  he  received  the  faevament  (a)  of 
confirmation. 

He  lludied  Latin  grammar  in  the  fchools  which 
were  taught  by  the  Jefuits  in  his  native  city.  ^  Here 
it  foon  appeared  that  he  was  endued  with  fuperior  ta¬ 
lents  for  the  acquifition  of  learning.  He  received  know¬ 
ledge  with  great  facility,  and  retained  it  with  equal 
firmnefs.  None  of  his  companions  more  readily  per¬ 
ceived  the  meaning  of  any  precept  than  he  ;  none  more 
juftly  applied  general  rules  to  the  particular  cafes 
contained  under  them.  He  enounced  his  thoughts 
with  great  perfpicuity,  and  came  foon  to  compofe  with 
propriety  and  elegance.  His  application  was  equal  to 
his  capacity,  and  his  progrefs  was  rapid.  At  the  be¬ 
ginning  of  the  I  5th  year  of  his  age,  he  had  already  gone 
thr  >ugh  the  grammar  claffes  with  applaufe,  and  had 
ftudied  rhetoric*  for  fome  months.  His  moral  behavi¬ 
our  had  likewife  been  very  good  :  he  was  refpedlful  and 
obedient  to  his  parents  and  mafters,  affable  and  obli¬ 
ging  to  his  equals,  and  exemplary  in  all  the  duties  of 
reUgion.  It  was  now  time  for  him  to  determine  what 
courfe  he  would  fteer  through  life  ;  nor  did  he  hefitate 
long  in  coniing  to  a  refolution. 

The  Jefuit  fathers,  by  teaching  the*  fciences  to  youth, 
were  very  ufeful,  and  at  the  fame  time  had  a  fine  op¬ 
portunity  of  obferving  their  fcholars,  and  of  drawing 
into  their  fociety  thofe  boys  who  feemed  fit  for  their 
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purpofe.  Such  a  fubje<Sl  as  the  young  Bofcovich  could  BoffnviHfe. 
not  efcape  their  attention.  They  fhewed  him  particu- 
lar  kindnefs,  to  which  he  was  not  infenfible.  He  had 
an  ardent  thirft  foi*  learning  ;  to  advance  in  which  he 
felt  himfelf  capable  ;  and  he  thought  he  could  nowhere 
have  a  better  opportunity  of  gratifying  this  laudable 
inclination  than  in  their  order,  in  which  fo  many  per- 
fons  had  Ihone  in  the  republic  of  letters.  According¬ 
ly,  with  the  coufent  of  his  parents,  he  petitioned  to  be 
received  among  them  ;  and  his  petition  was  immediately 
granted,  becaufe  it  was  defired  by  thofe  to  whom  it 
was  made. 

It  was  a  maxim  with  the  Jefuits  to  place  their  moft 
eminent  fubje6ls  at  Rome,  as  it  was  of  importance  for 
them  to  make  a  good  figure  on  that  great  theatre. 
Wherefore,  as  Roger^s  mafters  had  formed  great  ex- 
pe6lations  of  him,  they  procured  his  being  called  to 
that  city  ;  whither  he  w’cis  fent  in  the  year  1725,  and 
entered  the  novicefhip  with  great  alacrity.  This  no- 
viceffiip  was  a  fpace  of  two  years,  in  which  the  candi¬ 
date  made  a  trial  of  his  new  ftate  of  life  ;  and  in  the 
mean  time  his  new  fnperlors  obferved  him,  and  delibe¬ 
rated  whether  or  not  they  would  admit  him  into  their 
body.  During  thefe  two  years,  the  novice  was  princi¬ 
pally  employed  in  exercifes  of  piety,  in  ftudying  books 
of  Chriftian  morality,  and  in  becoming  perfedly  ac¬ 
quainted  with  the  rules  and  conftitutions  of  the  order. 

After  thefe  two  years  were  pall,  the  Jefuits  were  wil¬ 
ling  to  retain  Bofcovich,  and  he  was  no  lefs  defirous  of 
remaining  with  them.  He  therefore  paffed  to  the 
fchool  of  rhetoric  ;  in  which,  for  two  other  years  under 
the  moft  expert  mafters  of  the  fociety,  young  men  per- 
feded  themfelves  in  the  arts  of  writing  and  fpeaking, 
which  was  of  fo  great  confequence  to  perfons  who  wtfre 
deftined  to  treat  fo  much  with  their  neighbours.  Here 
Bofcovich  became  perfe6lly  well  acquainted  with  all  the 
clalTical  authors,  and  applied  with  fome  prediledion  to 
Latin  poetry. 

After  this  he  removed  from  the  noviciate  to  the  Ro- ' 
man  College,  in  order  to  lludy  philofophy,  which  he 
did  for  three  years.  In  order  to  underlbnd  the  doc¬ 
trine  of  phyfics,  it  was  neceffary  to  premife  the  know¬ 
ledge  of  the  elements  of  geometry,  which  is  alfo  other- 
wife  proper  for  forming  the  mind,  and  for  giving  to  it 
a  true  tafte  for  truth.  Here  it  was  that  our  young 
philofopher  came  to  be  in  his  true  element  ;  and  it  now- 
appeared  how  extremely  fit  his  genius  was  for  this  kind 
of  ftiidy.  His  mafter,  though  he  was  able  and  expert, 
inftead'of  leading  him  on,  was  fcarcely  able  to  keep 
pace  with  him,  and  his  condifciples  were  left  far  be¬ 
hind.  He  likewife  found  th«  application  of  the  ma¬ 
thematics  to  natural  philofophy  pleafant  and  eaf)% 

From  all  this,  before  the  end  of  the  three  years,  he 
had  made  a  great  advancement  in  phyfical  and  mathe¬ 
matical  knowledge;  and  his  great  merit  was  generally  ac¬ 
knowledged  by  bis  companions,  and  well  known  to  his 
fuperiors.  He  had  already  begun  to  give  private  lef- 
fons  on  mathematics. 

According  to  the  ordinary  courfe  followed  by  the 
Jefuits,  their  young  men,  after  ftudying  philofophy. 


(a)  For  this  article  we  are  indebted  to  a  dignified  clergyman  of  the  church  of  Rome,  who  was  one  of  Bof- 
covich’s  favourite  pupils. 
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Bofcovich.  were  wont  to  be  employed  in  teaching  Latin  and  the 
e— V—  belles  lettres  for  the  fpace  of  five  years,  that  fo  they 
might  become  ftill  better  acquainted  with  polite  learn¬ 
ing,  and  arrive  at  the  ftudy  of  theology  and  the  prieft- 
hood  at  a  riper  age.  But  as  Roger  had  difeovered 
extraordinary  talents  for  geometrical  iludies,  it  was 
thought  by  his  fuperiors  that  it  would  be  a  pity  to  de- 
tain  him  from  his  favourite  purfuits  in  a  drudgery  for 
which  fo  many  others  were  fit  enough.  He  was  there¬ 
fore  difpenfed  with  from  teaching  thofe  fchools,  and 
was  c  ^mmanded  to  commence  the  ftudy  of  divinity. 

During  the  four  years  that  he  applied  to  that  fub- 
lime  fcience,  he  ftill  found  fome  leifure  for  geometry 
and  phyfics  ;  and  even  before  that  fpace  was  ended, 
he  was  named  profcfibr  of  his  beloved  mathematics. 

He  was  now  placed  in  an  office  for  which  he  was 
fuperlatively  fit,  and  for  which  he  had  a  particular  pre- 
diledion.  Befides  having  feen  all  the  heft  modern  pro- 
dudions  on  mathematical  fubjefts,  he  ftudied  diligently 
the  ancient  geometricians,  and  from  them  learned  that 
exad  manner  of  reafoning  which  is  to  be  obferved  in 
all  his  works.  Although  he  himfelf  perceived  eafily 
the  concatenation  of  mathematical  truths,  and  could 
follow  them  into  their  moft  abftrufe  recefles,  yet  he  ac¬ 
commodated  himfelf  with  a  fatherly  condefeenfion  to 
the  weaker  capacities  of  his  fcholars,  and  made  every  de- 
monftration  clearly  intelligible  to  them.  When  he  per¬ 
ceived  that  any  of  his  difciples  were  capable  of  advan¬ 
cing  fafter  than  the  reft,  he  himfelf  would  propofe  his 
giving  them  private  lefTons,  that  fo  they  might^not  lofe 
their  time  or  he  would  propofe  to  them  proper  books, 
with  diredions  how  to  ftudy  them  by  themfelves,  being 
always  ready  to  folve  difficulties  that  might  occur  to 
them. 

To  tjie  end  that  he  might  be  the  more  ufeful  to  his 
fcholars,  he  took  time  from  higher  purfuits  to  compofe 
new  elements  of  arithmetic,  algebra,  plain  and  folid 
geometry,  and  of  plain  and  Ipheric  trigonometry  ;  and 
although  thefe  fubjeds  had  been  well  treated  by  a  great 
many  authors,  yet  Bofcovich’s  work  will  always  be  e- 
fteemedby  good  judges  as  a  mafterly  performance,  well 
adapted  to  the  purpofe  for  which  it  was  intended.  To 
this  he  aftervyards  added  a  new  expofition  of  conic  fec- 
tions;  in  which,  from  one  general  definition,  he  draws, 
with  admirable  perfpicuity,  all  the  properties  of  thofe 
three  moft  ufeful  curves.  He  had  meditated  a  com- 
plete  body  of  pure  and  mixed  mathematics,  in  which 
were  to  be  comprehended  treatifes  on  mufic,  and  on  ci¬ 
vil  and  military  architedure  ;  but  from  accomplifhing 
this  he  was  prevented  by  other  neceilary  occupations. 

According  to  the  cuftom  of  fchools,  every  dafs  in 
the  Roman  College,  towards  the  end  of  the  fcholaftic 
year,  gave  to  the  public  fpecimensof  their  proficiency. 
With  this  view  Bofcovich  publiffied  yearly  a  dilfertation 
on  fome  interefting  phyfico-mathematical  fubjed.  The 
dodrine  of  this  dilfertation  was  defended  publicly  by 
fome  of  his  fcholars,  affifted  by  their  mailer.  At  thefe 
literary  dilfertations  there  was  always^  a  numerous  con- 
courfe  of  the  moft  learned  men  in  Rome.  His  new 
opinions  in  philofophy  were  here  rigoroufly  examined 
and  warmly  controverted  by  perfons  well  verfed  in 
phylical  Iludies  :  but  he  propofed  nothing  without  fo¬ 
od  grounds  ;  he  had  forefeen  all  their  objedions,  an- 
fwered  them  vidorioully,  and  always  came  off  with 
great  applaufe  and  increafe  of  reputation.  He  publilh- 
SuppL.  VoL.  I.  Part  I, 
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ed  likewife  di’ffertatlons  on  other  occiTfions  ;  and  thefe  Bofeowh. 

works,  though  fmall  in  fize,  are  very  valuable  both  for  - '' - ' 

the  matter  they  contain,  and  alfo  for  the  manner  in 
which  It  IS  treated.  The  principal  fubjeas  of  thefe  dif- 
fertations  are  the  following  :  The  fpots  in  the  fnn  ; 
the  tranfit  of  mercury  under  the  fun  ;  the  geometrical 
conftruaion  of  fpheric  trigonometry  ;  the  aurora  bo¬ 
realis  !  a  new  ufe  of  the  telcfcope  for  the  determination 
of  celeftial  objeas  ;  the  figure  of  the  earth  ;  the  argu- 
ments  made  ufe  of  by  the  ancients  to  prove  the  rotun¬ 
dity  of  the  fame ;  the  circles  which  are  called  ofcula- 
tors  ;  the  motion  of  bodies  projeaed  in  a  fpace  void  of 
refiftance  ;  the  nature  of  infinities  and  of  Infinitely  little 
quantities  ;  the  inequality  of  gravity  in  different  parts 
of  the  earth  ;  the  annual  aberration  of  the  fixed  ftars  ; 
the  limits  of  the  certainty  to  which  aftronomical  obfer- 
vations  can  arrive  ;  a  difeuflion  on  the  whole  of  aftrono-  ’ 
my  ;  the  motion  of  a  body  attraaed  by  certain  forces 
towards  an  immoveable  centre  in  fpaces  void  of  refift¬ 
ance  ;  a  mechanical  problem  on  the  folid  of  greatell 
attraaion;  a  new  method  of  ufing  the  obfervation  of 
the  phafes  in  the  lunar  eclipfes  ;  the  cycloid  ;  the  lo- 
giftic  and  certain  other  curve  lines  ;  the  forces  that  are 
called ;  the  comets;  the  flux  and  reflux  of  the 
lea  ;  bght  ;  whirlwinds  ;  a  demonftration  and  illuftra- 
tion  of  a  paffage  in  Newton  concerning  the  rainbow  • 
the  demonftration  and  illuftration  of  a  method  given 


by  Euler,  regarding  the  calculation  of  fradionst  the 
determination  of  the  orbits  of  a  planet  by  means  of  ca¬ 
toptrics,  certain  conditions  of  its  motions  being  given  • 
the  centre  of  gravity  and  that  of  magnitude  ;  the  atl 
mofphere  of  the  moon  ;  the  law  of  continuity,  and  the 
confeqnences  of  it  in  the  elements  of  matter  and  their 
forces  ;  the  law  of  the  forces  that  exift  in  nature  ;  len- 
les  and  dioptrical  telefcopes  ;  the  perturbation  which 
appears  to  be  caiifed  mutually  by  Jupiter  and  Saturn, 
about  the  time  of  their  conjundion  ; 
the  diyihbility  of  matter  and  the  elements  of  bodies  • 
the  objedive  micrometer  befides  other  fubjeds  of  the 
like  nature,  of  which  he  has  treated  in  fepante  pieces 
or  111  communications  inferted  in  the  tranfadions  of  li’ 
terary  focieties  or  academies,  he  being  a  member  of 
thofe  that  are  moft  famous  in  Europe.  It  was  in  fome 
of  the  above-mentioned  diflertations  that  Bofcovich  made 
known  firft  to  the  world  his  fentiments  concerning  the 
nature  of  body,  which  he  afterwards  digefted  Into  a  re¬ 
gular  theory,  which  is  juftly  become  fo  famous  among 
the  learned.  ° 

Father  Noceti,  another  Jefuit,  had  compofed  two 
excellent  poems  on  the  rainbow  and  the  aurora  borealis 
rhefe,  poems  were  publiflied  with  learned  annotations 
by  Bofcovich  ;  in  which,  among  other  things,  he  with 
great  fagacity  difcovers  errors  in  optics  Into  which  De 
Domims,  Kepler,  and  others,  had  fallen 

His  countryman,  Benedid  Stay,  after  having  pub- 
hflied  the  philofophy  of  Defcartes  In  Latin  ve?fe^  at 
tempted  the  fatne  with  regard  to  the  more  modern’ and' 
more  true  pblofophp  and  has  executed  it  with  won- 
deiful  fuccefs,  to  the  admiration  of  all  good  judges. 
The  two  firft  volumes  of  this  elegant  and  akurate 
work  were  publijhed  with  annotations  and  fupplements 
by  Bofcovich.  Thefe  fupplements  arc  fo  many  (liort  ' 
diflertations  on  moft  important  parts  of  phyfics  and 
mathematics.  Here  is  to  be  found  a  fohition  of  the 
problem  of  the  centre  of  ofcillation,  to  which  Huygens 
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Bofcov’ch.  had  come  by  a  wrong  method  ;  here  ne  confutes  Euler, 

'  who  had  imagined  that  the  n)is  Inertia  was  necellary  in 
matter  ;  here  he  refutes  the  ingenious  efforts  of  Riccati 
on  the  Leibnitz  Ian  opinion  of  the  forces  called  living. 

He  likewife  fhews  the  falfehood  of  the  mathematical 
prejudice,  according  to  which  the  right  line  is  confider- 
ed  as  effentially  more  fimple  than  curves,  and  makes  it 
appear  that  the  notion  of  the  faid  right  line  is  com¬ 
monly  accompanied  with  many  paradoxes.  He  demon- 
ftrates,  by  the  do6lrine  of  combinations,  fome  beautiful 
theorems  concerning  the  fpace  occupied  by  the  fmall 
maffes  of  body,  with  many  ufeful  obfervations  on  fpace 
and  time. 

Benedia  XIV.  who  was  a  great  encourager  of  learn- 
ing,  and  a  beneficent  patron  of  learned  men,  was  not 
ignorant  how  valuable  a  fubjed  Rome  pofTeffed  Bof- 
covich  ;  and  this  pope  gave  him  many  proofs  of  the 
efteem  he  had  for  him.  Two  fiffures  which  had  been 
perceived  in  the  cupola  of  the  church  of  St  Peter’s  on 
the  Vatican  had  occafioned  fome  alarm.  The  pope  de- 
fired  Bofcovich  and  fome  other  mathematicians  to  make 
their  obfervations,  and  give  their  opinion  ^  on  the  fame. 
They  obeyed,  and  their  opinion  was  printed.  They 
fhewed  that  there  was  no  caufe  to  apprehend  danger ; 
but,  for  greater  fecurity,  they  propofed  certain  precau¬ 
tions,  which  were  adopted  and  put  in  execution. 

The  high  opinion  which  the  pope  had  farmed  of  his 
talents,  and  the  favour  in  which  he  was  with  Cardinal 
Valenti,  minifter  of  ftate,  proved  hinderances  to  his  go¬ 
ing  to  America,  for  which  a  propofal  was  made  to  him 
by  the  court  of  Lifbon.  Some  differences  had  long 
fubfifted  between  Spain  and  Portugal  concerning  the 
boundaries  of  their  refpeftive  dominions  in  that  great 
continent and  John  V.  of  Portugal  wifhed  that  Bof- 
covich  would  go  over  and  make  a  topographical  furvey 
of  the  country  in  difpute.  He  w^as  not  unwilling  to 
undertake  fuch  a  tall<,  which  was  entirely  to  his  tafte  ; 
and  he  was  refolved  at  the  fame  time  to  meafure  a  de¬ 
gree  of  the  meridian  In  Brazil,  which  might  be  com¬ 
pared  with  that  meafured  at  Quito  by  the  French  aca¬ 
demicians  Bouguer  and  Condamine,  with  the  Spaniards 
Ulloa  and  Doy.  But  the  pope  hearing  of  this  propo- 
fal,  fignified  to  the  Portuguefe  minifter  at  Rome,  that 
his  mafter  muft  needs  excufe  him  for  detaining  Bofco¬ 
vich  in  Italy,  where  he  had  occafton  for  him,  and  could 
by  no  means  confent  to  part  with  him. 

Accordingly  a  coinmiflion  was  given  to  Bofcovich 
by  BenediA  to  correa  the  maps  of  the  papal  eftate, 
and  to  meafure  a  degree  of  the  meridian  paffing  through 
the  fame.  This  he  performed  with  great  accuracy, 
affifted  by  F.  Chriftopher  Maire  an  Englifh  Jefuit,  and 
likewife  a  great  mathematician.  Their  map  was  en¬ 
graved  at  Rome,  and  Is  perhaps  the  moft  exad  piece  of 
the  kind  that  ever  was  printed,  as^  all  the  places  are 
laid  down  from  triangular  obfervations  made  by  the 
ableft  hands.  Bofcovich  alfo  publifhed,  in  a  quarto 
volume  in  Latin,  an  account  of  the  whole  expedition, 
which  appeared  at  Rome  In  the  year  1755,  and  was 
afterwards  printed  at  Paris  in  French  In  the  year  1770. 
Here  he  gives  a  detail  of  their  obfervations  and  of  the 
methods  they  followed,  and  likewife  of  the  difficulties 
they  encountered,  and  how  they  were  furmounted.  One 
of  thefe  embarraffed  them  a  good  deal  at  the  time,  but 
was  afterwards  matter  of  diverfion  to  them  and  others. 
Some  of  the  inhabitants  of  the  Apennines,  feeing  them 


pafs  from  hill  to  hill  with  poles  and  ftrange  machines, 
imagined  that  they  were  magicians  come  among  their 
mountains  in  fearch  of  hidden  treafures,  of  which  they 
had  fome  traditions  ;  and  as  tempefts  of  thunder  and  hail 
happened  about  the  fame  time,  they  fuppofed  that  thefe 
calamities  were  caufed  by  the  forctries  of  their  new 
vifitants.  They  therefore  infifted  that  Bofcovich  and 
Maire  fliould  depart ;  and  It  was  not  eafy  to  convince 
them  that  their  operations  were  harmlefs.  In  this  work 
there  is  inferted  a  defeription  of  the  inftruments  made 
life  of  in  determining  the  extent  of  the  degree  of  the 
meridian  ;  and  the  whole  work  may  be  extremely  ufe¬ 
ful  to  pra£Iical  geometricians  and  aftronomers.^ 

In  the  year  1757  the  republic  of  Lucca  intruded 
Bofcovich  with  the  management  of  an  affair  which  was 
to  them  of  confiderable  Importance.  Between  that  re¬ 
public  and  the  regency  of  Tufeany  there  had  arifen  a 
difagreeable  difpute  concerning  the  draining  of  a  lake, 
and  the  diredfion  to  be  given  to  fome  waters  near  the 
boundaries  of  the  two  ttates.  The  Lucchefe  fenate 
chofe  our  philofopher  to  treat  of  this  bufinefs  on  their 
part.  He  repaired  to  the  fpot,  confidered  it  attentive¬ 
ly,  and  drew  up  a  writing,  accompanied  with  a  map, 
to  ffiew  more  clearly  what  appeared  to  him  moft  equi¬ 
table  and  moft  advantageous  for  both  parties.  In  order 
to  enforce  his  reafons  the  more  effeaually.  It  was 
thought  proper  that  he  fhould  go  to  Vienna,  where  the 
Emperor  Francis  I.  who  was  likewife  grand  duke  of 
Tufeany,  refided.  He  was  fo  fuccefsful  In  this  nego- 
ciation,  that  he  obtained  every  thing  that  Lucca  deli- 
red,  and  at  the  fame  time  acquired  great  efteeni  at  the 
Imperial  court.  In  proof  of  this,  the  Emprefs  Queen 
made  his  opinion  be  affied  concerning  the  ftability  of 
the  Cefarean  library,  and  the  repairs  to  be  made  in  it^ 
which  he  gave  in  writing,  and  it  was  received  with 
thanks,  as  being  very  well  grounded. 

When  he  had  concluded  the  affair  which  had  brought 
him  to  Vienna,  he  forefaw  that,  for  a  month  or  two, 
the  fnows  in  the  Alps  would  not  allow  him  to  return 
to  Italy.  He  therefore  refolved  to  employ  that  time 
in  completing  his  fyftem  of  natural  philofophy,  on 
which  he  had  been  meditating  for  the  fpace  of  tWen 
years.  He  publiffied  his  work  on  that  great  fubjedl 
in  the  beginning  of  the  year  1758,  in  the  above-men¬ 
tioned  city.  We  fhall  in  the  end  give  an  account  of  that 
celebrated  fyftem,  and  here  go  on  with  our  narration. 

On  his  return  to  Lucca,  he  not  only  met  with  the 
approbation  of  all  he  had  done  for  the  Intereft  of  the 
republic  ;  but  alfo  the  fenate,  in  teftimony  of  their  gra¬ 
titude,  made  him  prefents,  and  enrolled  him  in  the  num- 
her  of  their  nobility,  which  was  the  greateft  honour 
they  had  in  their  power  to  confer  on  him. 

He,  who  was  thus  ufeful  to  foreigners,  could  not  re- 
fufe  to  be  ferviceable  to  his  own  country  when  an  oc- 
cafion  of  being  fo  offered  itfelf  The  Britidi  m.niftry 
had  been  informed,  that  (hips  of  war,  for  the  French, 
had  been  built  and  fitted  out  in  the  fea-ports  of  Ragu- 
fa,  and  had  fignified  their  difpleafure  on  that  account. 
This  occafioned  uneafinefs  to  the  fenate  of  Ragufa,  as 
their  fubjefts  are  very  fea-faring,  and  much  employed 
in  the  carrying-trade  ;  and  therefore  it  would  have  been 
inconvenient  for  them  to  have  caufed  any  difguft  againlt 
them  in  the  pnncipal  maritime  power.  Their  coun¬ 
tryman  Bofcovich  was  defired  to  go  to  London,  in  or¬ 
der  to  fatisfy  that  court  on  the  above-mentioned  headj 
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Cofcovich.  and  with  this  defire  he  complied  cheerfully  on  many  ac- 
— counts.  His  fuccefs  at  London  was  equal  to  that  at 
Vienna.  He  pleaded  the  caufe  of  his  countrymen  ef- 
fedually  there,  and  that  without  giving  any  offence  to 
the  French,  with  whom  Ragufa  foon  after  entered  in¬ 
to  a  treaty  of  commerce. 

Bofcovich  came  to  London  the  more  willingly,  as 
he  was  defirous  of  converfing  with  the  learned  men  of 
Britain.  He  was  received  by  the  prefident  and  prin¬ 
cipal  members  of  the  Royal  Society  with  great  refpe£l; 
and  to  that  great  body  he  dedicated  his  poem  on  the 
eclipfes  of  the  fun  and  moon,  which  was  printed  on 
this  occafion  at  London,  in  the  year  1760.  'fhis  is 
one  of  his  works  on  which  he  himfelf  put  the  greatefl 
value,  and  it  has  been  much  efteemed  by  the  learned. 
An  edition  of  it  was  publifhed  at  Venice  the  year  follow¬ 
ing,  and  a  third  at  Paris,  which  is  the  moft  correal  :  a 
tranflation  of  it  into  French  has  likewife  been  publifhed 
at  Paris.  In  this  very  elegant  Latin  poem  he  gives 
an  exadl  compend  of  aftronomy,  which  ferves  as  an  in- 
trodudion  to  the  fubjed:;  he  then  explains  all  that  be¬ 
longs  to  the  dodlrine  of  eclipfes,  and  their  ufe  in  geo¬ 
graphy  ;  he  confiders  the  phenomena  that  are  obfer- 
ved  in  the  eclipfes  of  the  fun,  and  likewife  of  the  moon  ; 
he  propofes  a  theorem,  which  is  his  own,  concerning 
the  diilribution  of  light  refradled  from  the  atmofphere 
of  the  earth  by  the  fhadow  of  the  moon,  which  happens 
in  the  lunar  eclipfes  ;  he  explains  the  phenomenon  of 
I  the  reddifh  colour  wdiich  often  appears  in  the  moon 

„  when  fhe  is  eclipfed,  of  which  a  fufficient  explication 

had  not  before  been  given  :  this  the  author  draws  from 
the  fundamental  dodlrine  of  Newton’s  theory  concern¬ 
ing  light  and  colours ;  and  hence  takes  occafion  to  give 
a  clear  idea  of  the  principal  confequences  of  the  faid 

(theory.  All  this  is  clothed  with  a  beautiful  poetical 
drefs,  and  is  adorned  with  pleafant  epifodes,  not  to  men¬ 
tion  the  learned  annotations  which  are  fubjoined.  This 
poem  was  compofed,  for  the  moft  part,  whilft  the  au¬ 
thor  was  in  journeys,  or  by  way  of  amufement,  when 
he  was  obliged  to  wait  for  the  opportunities  of  making 
aftronomical  obfervations. 

The  fellows  of  the  Royal  Society  invited  Bofcovich 
to  accompany  fome  of  their  number  to  America,  to  ob- 
ferve  the  tranfit  of  Venus,  which  was  to  happen  in  the 
^  year  1762;  but  being  otherwife  engaged,  he  could  not 
accept  of  that  invitationf  He  intended,  however,  by  all 
means  to  obferve  that  remarkable  phenomenon,  and  had 
lixed  on  Conftantinople  as  a  proper  place  for  doing  fo. 
He  was  condiufted  thither  in  a  Venetian  man  of  war,  and 
much  honoured  by  one  of  the  baylos  of  that  republic, 
who  commanded  the  veflel  ;  but,  to  his  great  regret, 
they  arrived  too  late.  He  returned,  by  land,  in  the 
company  of  the  Englilh  ambaffador ;  and  a  relation  of 
that  journey  was  piiblilhed  in  French  and  afterwards  in 
Italian.  ,  ** 

During  thefe  journeys,  Bofcovich’s  place  in  the  Ro¬ 
man  College  was  well  filled  by  fome  of  thofe  whom  he 
himfelf  had  trained  up  in  mathematical  learning.  He 
was  now  called  by  the  fenate  of  Milan  to  teach  mathe- 
i  matics  in  the  univerfity  of  Pavia,  with  the  offer  of  a 

I  very  confiderable  falary.  He  and  his  fuperiors  thought 

i  proper  to  accede  to  this  propofal,  and  he  was  received 

without  being  fubjedled  to  any  previous  examination  j 
which  was  always  obferved,  excepting  in  fuch  an  extra¬ 
ordinary  cafe,  by  the  decrees  of  the  univerfity.  Here 


he  taught,  with  great  applaufe,  for  the  fpace  of  fix  Bofcovich. 
years,  having  at  the  fame  time  the  care  of  the  obferva-  ' 

tory  of  the  Royal  College  of  Brera.  About  the  year 
1770,  the  Emprefs  Qjieen  made  him  profeffor  of  aftro¬ 
nomy  and  optics  in  the  Palatine  fchools  of  Milan  ;  re¬ 
quiring  of  him,  however,  that  he  fhould  continue  to 
improve  the  obfervatory  of  Brera  ;  which,  under  his  di- 
redion,  became  one  of  the  moft  perfed  in  Europe. 

Here  he  was  extremely  happy,  teaching  the  fciences, 
applying  to  liis  favourite  ftudies,  and  converfing  and 
correfponding  with  men  of  learning  and  of  polifhed 
rranners ;  when  an  event  happened  which  caufed  to 
him  the  moft  fenfible  afflidion.  In  the  year  1773,  the 
fociety  to  which  he  belonged,  and  to  which  he  had 
been  from  his  youth  warmly  attached,  was,  to  his  great 
regret  and  difappointment,  abolifhed.  They  who  had 
been  Jefuits  were  allowed  no  longer  to  teach  publicly  ; 
nor  was  there  any  exception  made  in  favour  of  Bofco¬ 
vich,  neither  (fuch  was  his  humour  then)  would  he 
have  accepted  of  it,  though  it  had  been  offered  him, 

Propofals  were  made  to  him  by  feveral  perfons  of  dif- 
tindion  :  and,  after  fome  deliberation,  he  chofe  Paris 
for  his  place  of  abode  ;  to  which  he  was  induced  by 
the  circumftance  of  his  being  intimately  acquainted 
with  the  prime  minifter  at  that  court.  He  had  not 
been  many  months  at  Paris  when  the  univerfity  of  Pifa 
fent  him  an  invitation  to  go  thither,  in  order  to  pro- 
fefs  aftronomy.  But  the  French  minifter,  underftand- 
ing  this,  declared  to  the  minifter  of  Tufeany,  that  it 
was  the  intention  of  his  moft  Chriftian  majefty  to  make 
his  dominions  agreeable  to  Bofcovich,  by  giving  him 
liberal  appointments.  In  fad  be  was  foon  naturalized, 
and  two  large  penfions  were  beftowed  on  him  ;  the  one 
as  an  honourable  fupport,  to  the  end  that  he  might 
profecute  his  fublime  ftudies  at  his  eafe  and  in  affluence; 
the  other  as  a  falary  annexed  to  a  new  office,  created 
in  his  favour,  under  the  name  of  DireBor  of  Optics  for 
the  Sea  Ser^ice^  and  with  the  foie  obligation  of  perfeding 
the  lenfes  which  are  ufed  in  achromatical  telefcopes. 

At  Paris  he  remained  ten  years,  applying  principally 
to  optics,  and  much  regarded,  not  only  by  the  moft 
reafonable  men  of  letters,  but  likewife  by  the  princes 
and  minifters,  both  of  France  and  of  other  nations. 

But  the  greateft  men  are  not  exempt  from  being  en¬ 
vied.  Some  of  the  French  were'  difpleafed  that  a  fo¬ 
reigner  fhould  appear  fuperior  to  themfelves  ;  others  of 
them  could  not  forget  that  Bofcovich  had  difeovered 
and  ex  poled  their  miftakes.  The  irreligion  which  pre¬ 
vailed  too  much  among  thofe  who  bore  the  name  of 
philofophers,  was  difagreeable  to  him.  Thefe,  and  other 
fuch  circumftances,  made  him  wearied  of  Paris,  and  he 
defired  to  revilit  his  friends  in  Italy ;  for  which  purpofe 
he  obtained  leave  of  abfence  for  two  years. 

The  firft  pla<^q  in  Italy  in  which  he  made  any  flay  was 
at  Baffano,  a  town  in  the  territories  of  Venice.  Here, 
mindful  of  his  obligations,  he  printed  what  he  had  been 
preparing  for  the  prefs  during  his  ftay  in  France  ;  and 
this  compofes  five  volumes  in  large  o6ftavo,  and  is  a  trea- 
fure  of  optical  and  aftronomical  knowledge.  The  fub- 
jedls  treated  of  in  thefe  volumes  arc  as  follow  :  A  new 
inftrument  for  determining  the  refrading  and  diverging 
forces  of  diaphanous  bodies ;  a  demonftration  of  the 
falfehood  of  the  Newtonian  analogy  between  light  and 
found ;  the  algebraic  formulae  regarding  the  focufes  of 
lenfcS]^  and  their  applications  for  calculating  the  fpheri- 
N2  city 
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Bofcovich.  city  of  thofe  whict.  art  to  be  ufed  in  acbromaticai  tt  e- 
fcopes;  the  corrections  to  be  made  in  ocular  lenfes,  and 
the  errors  of  the  fphericity  of  certain  glafles  ;  the  caufes 
which  hinder  the  exa£l  union  of  the  folar  rays  by  means 
of  the  great  burning  glafles,  and  the  determination  of 
the  lofs  arifing  from  it  ;  the  method  of  determining  the 
different  velocities  of  light  palling  through  different  me¬ 
diums  by  means  of  two  dioj)trical  telefcopes,  one  com¬ 
mon,  the  other  of  a  new  kind,  containing  water  between 
the  obje^live  glafs  and  the  place  of  the  image  ;  a  new 
kind  of  obje£live  micrometers  ;  the  defeats  and  inutility 
of  a  dioptrical  telefcope  propofed  and  made  at  Paris, 
which  gives  two  images  of  the  fame  objedf,  the  one  di- 
red,  the  other  inverfe,  with  two  contrary  motions  of 
moveable  objeds  ;  mafles  floating  in  the  atmofphere,  as 
hail  of  an  extraordinary  fize,  feen  on  the  fun  with  the 
telefcope,  and  refembling  fpots  ;  the  aftronomical  re- 
fradions,  and  various  methods  for  determining  them  ; 
various  methods  for  determining  the  orbits  of  comets 
and  of  the  new  planet,  with  copious  applications  of  thefe 
dodrines  to  other  allroncmical  fubjeds,  and  flill  more 
generally  to  geometry  and  to  the  fcience  of  calculation; 
the  errors,  the  redifications,  and  the  ufe  of  quadrants, 
of  fextants,  of  aftronomical  fedors,  of  the  meridian  line, 
of  telefcopes  called  the  inftruments  of  tranfits,  of  the 
meridian,  and  of  the  paralladic  machine  ;  the  trigono¬ 
metrical  differential  formulae,  which  are  of  fo  much  life 
in  aftronomy  ;  the  ufe  of  the  micrometical  rhombus,  ex¬ 
tended  to  whatever  oblique  pofition  ;  the  error  arifing 
from  refradions  in  uflng  the  aftronomical  ring  for  a  fun- 
dial,  and  the  corredion  to  be  made  ;  the  appearing  and 
the  difappearing  of  Saturn’s  ring  ;  the  methods  of  de¬ 
termining  the  rotation  of  the  fun  by  means  of  the  fpots, 
propofed  formerly  by  the  author,  and  now  perfeded  ; 
the  greateft  exadnefs  pofiible  in  determining  the  length 
of  a  pendulum  ofeiilating  every  fecond  of  middle  time 
by  the  comparifon  of  terreftrial  and  celeftial  gravity  ;  a 
compend  of  aftronomy  for  the  ufe  of  the  marine,  con¬ 
taining  the  elements  of  the  heavenly  motions,  and  of 
the  aftronomical  inftruments  to  be  explained  to  a  prince 
in  the  courfe  of  one  month  ;  a  method  for  determining 
the  altitude  of  the  poles  with  the  greateft  exadnefs,  by 
means  of  a  gnomon  alone,  where  other  inftruments  are 
not  to  be  had  ;  the  determination  of  the  illuminated 
edge  of  the  moon  to  he  obferved  on  the  meridian  ;  a 
method  of  uflng  the  retrograde  return  of  Venus  to  the 
fame  longitude,  for  determining  the  lefs  certain  elements 
of  her  orbit  ;  a  method  for  correding  the  elements  of  a 
comet,  of  which  the  longitude  of  the  node  is  given,  and 
the  inclination  of  the  orbit  has  been  found  nearly  ;  an¬ 
other  method  for  the  fame  piirpofe,  and  for  finding  the 
elliptical  orbit,  when  the  parabolic  one  does  not  agree 
with  the  obfervations ;  a  method  for  correding  the  ele¬ 
ments  of  a  planet  by  three  obfervation§  ;  the  projedion 
of  an  orbit  inclined  in  the  plane  of  the  ecliptic;  the  pro¬ 
jedion  of  an  orbit  inclined  in  any  other  plane  ;  the  cal¬ 
culation  of  the  aberration  of  the  ftars,  arifing  from  the 
fucceflive  propagation  of  light;  fome  beautiful  theorems 
belonging  to  triangles,  which  are  of  great  ufe  in  aftro¬ 
nomy,  reduced  to  moft:  Ample  demonftrations. 

After  having  feen  the  imprellion  of  thefe  five  volumes 
finifhed,  Bofcovich  left  Baflano,  made  an  excurfion  to 
Rome,  and  viflted  his  old  friends  there  and  in  other 
places  of  Italy.  He  then  took  up  his  abode  at  Milan, 
and  applied  to  the  xevifing  of  fome  of  his  old  works, 


and  to  the  compofing  of  new  ones.  He  fet  himfelf  par-  Bofcovich. 
ticularly  to  prepare  annotations  and  fupplements  to  the 
remaining  two  volumes  of  Stay’s  Modern  Philofophy, 
which  he  had  not  had  time  to  publifh  fooner,  and  which 
he  lived  not  to  publifli. 

He  was  happy  at  Milan  in  the  neighbourhood  of 
Brera,  where  was  his  favourite  obfervatory ;  and  in  the 
company  of  many  friends,  who  were  become  the  more 
dear  to  him  by  his  long  abfence  from  them.  But  he 
began  to  confider,  with  grief,  that  his  two  years  of  ab^ 
fence  were  drawing  to  an  end.  He  was  very  unwilling 
to  leave  Italy  and  return  to  France.  He  thought  of 
applying  for  a  prolongation  of  his  abfence;  he  thought 
of  making  intereft  at  the  Imperial  court  for  fome  ho¬ 
nourable  commiflion,  which  might  be  a  pretext  to  him 
for  remaining  at  Milan  ;  but  he  was  afraid  that  the  pro- 
pefal  of  never  returning  to  France  might  appear  indeli¬ 
cate  and  ungrateful  to  a  nation  from  which  he  was  re¬ 
ceiving  conflderable  penfions.  He  apprehended  that 
thofe  perfons  at  Paris  who  had  before  oppofed  him, 
would  take  occafion  to  tax  him  with  ingratitude,  and 
that  hence  his  reputation  would  be  tarniftied.  Thefe, 
and  other  fuch  thoughts,  occafioned  a  great  perplexity 
of  mind,  which  was  followed  by  a  deep  melancholy  ; 
and  this  could  not  be  alleviated  by  the  advice  and  com-  _ 
fort  of  his  friends,  becaufe  by  degrees  he  became  inca¬ 
pable  of  hearing  reafon,  his  ideas  being  quite  confufed,  I 

and  his  imagination  difordered.  To  this  difagreeable  ? 

change  the  ftate  of  his  health  perhaps  contributed.  A  i 

gout  had  been  wandering  for  fome  time  through  his  ' 

body,  and  he  had  caught  a  fevere  cold  ;  nor  would  he  i 

admit  of  medical  afllftance,  of  which  he  had  always  been 
very  diffident.  It  may  alfo  be  that  his  long  and  in-  I 

tenfe  application  had  hurt  the  organs  of  the  brain, 
which  in  fome  manner  are  fubfervient  to  the  ufe  of  rea¬ 
fon  as  long  as  the  foul  is  united  to  the  body.  Be  that 
as  it  will,  during  the  laft  five  months  of  his  life,  this 
great  man,  who  had  been  fo  far  fuperior  in  reafonhig  to 
his  ordinary  fellow-creatures,  was  much  inferior  to  eve¬ 
ry  one  of  them  who  is  endued  with  the  right  ufe  of  the 
iinderftanding.  Fie  had  indeed  fome  lucid  intervals, 
and  once  there  were  hopes  of  a  recovery  ;  but  he  foon  ^ 

relapfed,  and  an  impofthume  breaking  in  his  breaft,  put  i 

an  end  to  his  mortal  exiftence.  He  died  at  Milan  on 
the  13th  of  February  1787,  iifthe  76  th  year  of  his  age. 

He  was  tall  In  ftature,  of  ^obuft  conftitution,  of  a  I 

pale  complexion.  His  countenance  was  rather  long,  j 

and  was  expreffive  of  cheerfulnefs  and  good  humour. 

He  was  open,  lincere,  communicative,  and  benevolent. 

His  friends  fometimes  regretted  that  he  appeared  to  be 
too  irritable,  and  too  fenfible  of  what  might  feem  an  ij 

affront  or  negle6l,  which  gave  himfelf  unneceffary  un- 
eafinefs.  He  was  always  unftained  in  his  morals,  obe¬ 
dient  to  his  fuperiors,  and  exad  in  the  performance  of 
all  Chriftiaii  duties,  as  became  a  Catholic  prieft,  and  in 
the  obfervance  of  the  particular  rules  of  his  order.  Hi& 
great  knowledge  of  the  works  of  Nature  made  him  en- 
terrain  the  higheft  admiration  of  the  power  and  wifdom 
of  their  Creator.  He  faw  the  neceffity  and  advantages 
of  a  divine  revelation,  and  was  fincerely  attached  to  the 
Chriftian  religion  ;  having  a  fovereign  contempt  of  the 
prefumption  and  fooliffi  pride  of  unbelievers,  and  being 
fully  perfuaded  that  we  cannot  make  a  more  noble  ufe  j 

of  our  underftanding  than  by  fubjedling  it  humbly  to  ^ 

the  authority  of  the  Supreme  Being,  who  knows  num?  | 

berkfs  , 
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Bofcovich.  berlefs  truths  far  beyond  the  utmoft  limits  of  our  nar-  were  performed  for  him  with  great _  folemnity  by  order  BofcovKh-^ 

-V - row  comprehenfion,  and  who  may  juftly  require  our  of  the  fenate,  who  affifted  at  them  in  a  body ;  on  which 

belief  of  any  of  them  that  he  fees  fit  to  propofe  to  us.  occafion  an  eloquent  oration  in  praife  of  him  was^  pro- 
The  death  of  our  philofopher,  who  truly  deferved  '  nounced.  By  a  decree  of  the  fame  fenate,  a  Latin  in- 
that*  name,  was  heard  with  regret  by  the  learned  fcription  to  his  honour,  engraved  on  marble,  was  placed 
through  Europe,  and  more  than  ordinary  refpeft  has  in  the  principal  church  of  their  city.  Of  this  infcrip- 
been  paid  to  his  memory.  At  Ragufa  funeral  exequies  tion  the  following  is  a  copy  : 

Boscovichii  Elogium  Ragus/e, 

Marmore  Infculptum. 

,  Rogerio.  Nicolai.  F.  Boscovichio, 

Summi.  Ingenii.  Viro.  Philofopho.  Et.  Mathematico.  Praeftantiffimd 
Scriptori.  Operum.  Egregiorum 
Res.  Phyficas.  Geometricas.  Aftronomicas 
Plurimis.  Inventis.  Sub.  Au<£Ias.  Continentium 
Celebriorum.  Europss.  Academiarum.  Socio 
Qui.  In.  Soc.  Jefu.  Cum.  Efiet.  Ac.  Rom«.  Mathefim.  Profiterctur 
Benedido.  XIV.  Mandante 
Multo.  Lahore.  Singulari.  Indultria 
Dimenfus.  Ell.  Gradum.  Terreftris.  Circuit 
s  Boream.  Verfus.  Per.  Pontificiam.  Ditionem.  Tranfeuntis^  . 

Ejufdemque.  Ditionis.  In.  Nova.  Tabula.  Situs.  Omnes.  Defcripfit. 

Stabilitati.  Vaticano.  Tholo  Reddundae 
Portubus.  Super!.  Et.  Inferi.  Maris.  Ad.  Juftam.  Altitudinem.  Redigendis 
ReftagnantibuS.  Per.  Campos.  Aquis.  Emittendis.  C^immonftravit.  Viam 
Legatus.  A.  Lucenfibus.  Ad.  Francifcum.  I.  Caefarem.  M.  Etruria.  Ducem. 

Ut.  Amnes.  Ab.  Eorum.  Agro.  Averterentur.  Obtinuit 
Merito.  Ab.  lis.  Inter.  Patricios.  Cooptatus 
Mediolarum.  Ad.  Docendum.  Mathematicas.  Difciplinas.  Evocatus 
'  Braidenfem.  Extruxit.  Inllruxitque.  Servandis.  Aftris.  Speculam 

Deletse.  Turn.  Societati.  Suas.  Superftes 
Luteti®.  Parifiorum.  Inter.  Gallioe.  Indigenas.  Relatus 
Commiflum.  Sibi.  Perficiund®.  In.  Ufus.  Maritimos. 

Opticae.  Munus.  Adcuravit 

Ampla.  A.  Ludovico.  XV.  Rege.  Xmo.  Attributa.  Penfione  ^ 

Inter.  Haec.  Et.  Poefim.  Mira.  Ubertate.  Et.  Facilitate.  Excoluit 
Dodas.  Non.  Semel.  Sufcepit.  Per.  Europam.  Perigrinationes 
Multorum.  Amicitias.  Gratia.  Virorum.  Principum.  Ubique.  Floruit 
Ubique.  Animum.  Chriftianarum.  Virtutum 
Veraeque.  Religionis.  Studiofiim.  Prae-fe-tulit 
Ex.  Gallia.  Italiam.  Revifens.  Jam.  Senex 
Gum.  Ibi.  In.  Elaborandis.  Edendifque.  Poftreniis.  Operibus  ^  , 

Plurimum.  Contendiflet.  Et.  Novis.  Inchoandis.  Ac.  Veteribus.  Abfolvendis 

Sefe.  Adcingeret 

In  Liuturnum.  Incidit.  Morbum.  Eoque.  Obiit.  Mediolani 
Id.  Feb.  An.  MDCCLXXXVII.  Natus.  Annos  LXXV.  Menfes  IX.  Dies  II. 

Huic.  Optime.  Merito.  De.  Republica.  Civi 
Quod.  Fidem.  Atque.  Operam.  Suam.  Eidem.  Saspe.  Probaverit 
In.  Arduis.  Apud.  Exteras.  Nationes 
Bene.  Utiliterque.  Expediundis.  Negotiis 
..  Quodque.  Sui.  Nominis.  Celebritate.  Novum.  Patriae  DeciiSi.  Adtnlerit 
Poll.  Funebrem.  H'onorem.  In.  Hoc.  Templo.  Cum.  Sacro.  Et.  Laudatione 

Publice.  Delatum 
Ejufdem.  Templi  Curatores 
Ex.  Senatus.  Confulto 
M.  P.  P. 


This  infcription  was  compofed  by  his  friend  and  coun¬ 
tryman  the  celebrated  poet  Benedid  Stay.  Zamagna, 
another  of  his  countrymen,  who  had  likewife  beeirhis 
fellowjefuit,  publilhed  a  panegyric  on  him  in  elegant 
Latin.  A  fhort  encomium  of  him  is  to  be  found  in  the 
EJiratto  della  Litteratura  Europea  ;  and  another,  in  form 
of  a  letter,  was  direded  by  M.  de  la  Lande  to  the  Pa- 
lifian  journaMs,  and  by  them  given  to  the  public.  A 


more  full  elogium  has  been  written  by  M.  Fabroni  \  and 
another  is  to  be  met  with  in  the  journal  of  Modena  ;  vl 
third  was  publilhed  at  Milan  by  the  Abbate  Ricca ; 
and  a  fourth  at  Naples  by  the  Dr  Julius  Bajamonti,  of 
which  a  fecond  edition  was  made  in  the  year  179O.  Of 
this  lall  chiefly  ufe  has  been  made  here. 

But  what  mull  fecure  to  Bofcovich  the  elleem  of  pof- 
terity  are  his  works,  of  the  greater  part  of  which  we 

have; 
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We  have  mentioned,  i. 


B  o 

Bofcovlch.  have  already  taken  notice. 

Sr.— y— —  of  Mathematics,  with  liis  Treatife  on  Conic 

Sedtioiis;  2.  His  many  diflfertations  publifhed  during 
his  profefforfhip  in  the  Roman  college  ;  3.  His  account 
of  his  Survey  of  the  Pope's  Eftate  ;  4.  His  Theory  of 
Natural  Philo fophy  ;  5.  His  Poem  on  the  Eclipfes  ; 
6.  His  five  volumes  printed  at  Baffaiio. 

To  thefe  we  may  add  his  hydrodynamical  pieces.  He 
had  made  a  particular  (ludy  of  the  force  of  running  wa¬ 
ter,  and  of  its  effeds  in  rivers  ;  and  he  was  often  con- 
fulted  concerning  the  beft  means  to  prevent  rivers  from 
corroding  their  banks,  and  from  overflowing  the  neigh¬ 
bouring  plains,  which  often  happens  in  Italy,  where  the 
Alps  and  Apennines  pour  dowm  fo  many  impetuous 
itreams.  He  gave  a  writing  on  the  damages  done  by 
the  Tiber  at  Porto  Felice  ;  another  on  the  projed  of 
turning  the  navigation  to  Rome  from  Fiumicino  to  Mac- 
carefe  ;  a  third  on  two  torrents  in  the  territory  of  Pe¬ 
rugia  ;  a  fourth  on  the  bulwarks  on  the  river  Panaro  ; 
a  tifth  on  the  river  Sidone,  in  the  territory  of  Placen¬ 
tia  ;  a  fixth  on  the  entrance  into  the  fea  of  the  Adige. 
He  wrote  other  fuch  works  on  the  bulwarks  of  the 
Po  ;  on  the  harbours  of  Ancona,  of  Rimini,  of  Magna 
Vacca,  and  Savona,  befides  others,  almofl  all  which  were 
printed.  He  had  likewife  received  a  commiflion  from 
Clement  XIII.  to  vifit  the  Pomptin  lakes,  on  the  drain¬ 
ing  of  which  he  drew  up  his  opinion  in  writing,  to 
which  he  added  further  elucidations  at  the  defirc  of 
Pius  VI.  On  thefe  occafions  he  fhewed  how  ufeful 
philofophy  may  be  to  the  public  ;  and  of  this  he  gave 
another  proof  when  it  was  referred  entirely  to. his  judge¬ 
ment  to  determine  whether  or  not  the  cupola  of  the  ca¬ 
thedral  of  Milan  could  bear  the  weight  of  a  very  high 
fpire,  which  it  was  propofed  to  raife  on  it,  and  which 
was  adually  ereded  according  to  his  diredions. 

His  application  to  abllrufe  ftudies  did  not  hinder 
him  from  paying  fome  attention  to  what  is  more  plea- 
fant.  We  have  feen  that  he  was  a  poet  :  he  was  alfo 
well  acquainted  with  hiflory,  and  particularly  with  that 
of  the  Greeks  and  Romans,  and  with  their  antiquities. 
He  wrote  a  differtation  on  an  ancient  villa  difeovered  in 
his  time  upon  the  Tufculan  Hill,  and  on  an  ancient  dial 
found  there;  which  difTertation  was  publilhed  at  Rome 
in  a  literary  journal.  He  wrote  likewife  three  letters 
on  the  obeliflt  of  Caefar  Auguftus,  two  of  which  were 
printed  with  liis  own  name,  and  the  third  under  the 
name  of  another. 

Befides  all  thefe  works  that  were  given  to  the  public 
in  his  lifetime,  many  writings  of  his  remained  in  manu- 
feript  in  the  hands  of  different  perfons,  and  particularly 
with  his  friend  M.  Gaetani,  and  many  more  with  Count 
Michael  de  Sorgo,  a  Ragufan  fenator,  who  inherited 
all  his  papers  that  were  in  his  own  hands  at  his  death. 
Thefe,  it  is  hoped,  have  either  been  already  fent  to  the 
prefs  or  will  be  fo  ;  as  nothing  came  from  the  pen  of 
Bofcovich  which  was  not  ufeful  and  deferving  to  fee 
the  light. 
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account 
;  and  in 


It  now  remains  that  we  give  an 
Theory  of  Natural  Philosophy 
this  we  fhall,  in  the  jirfi  place,  lay  before  our  readers  a 
view  of  this  fyftem.  We  fliall,  in  the  fecond  place,  re¬ 
late,  from  what  principles  and  by  what  Heps  it  was  de- 
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His  duced.  We  fhall,  thirdly^  take  notice  of  the  principal  Bofcovlch ’1 
obje6lions  made  to  it,  and  fubjoin  the  author's  anfwers  of 

to  the  fame.  We  fhall,  fhew  how  happily 

may  be  applied  to  explain  the  general  properties  of  mat- 
ter,  as  w^ell  as  the  particular  qualities  of  all  the  clafies 
of  bodies,  which  have  been  examined  according  to  what 
it  teaches.  j 

L  In  this  fyftem,  therefore,  the  whole  mafs  of  matter.  View  of 
of  which  all  the  bodies  of  the  univerfe  are  compofed, 
confifts  of  an  exceeding  great,  yet  ftill  finite  number  of 
fimple,  indivifible,  inextended,  atoms.  Thefe  atoms  are  philofophy 
endued  with  repulfive  and  attractive  forces,  which  vary 
and  change  from  the  one  to  the  other,  according  to  the 
diftance  between  them,  in  the  following  manner  ;  In 
the  leaft  and  innermoft  diftances  they  repel  one  ano¬ 
ther  ;  and  this  repulfive  force  increafes  beyond  all  li¬ 
mits  as  the  diftances  are  diminifiied,  and  is  confequent- 
ly  fufficient  for  extinguifhing  the  greateft  velocity,  and 
for  preventing  the  contatl  of  the  atoms.  In  the  fen- 
fible  diftances,  this  force  is  attraBive  and  decreafes,  at 
leaft  fenfibly,  as  the  fquares  of  the  diftances  increafe, 
conftituting  univerfal  gravity,  and  extending  beyond 
the  fphere  of  the  nioft  diftant  comets.  Between  this 
innermoft  repulfive  force  and  the  outermoft  attra^Iive 
one,  in  the  infenfible  diftances,  many  varieties  and  chan¬ 
ges  of  the  force,  or  determination  to  motion,  tak^ 
place ;  for  the  repulfive  force  decreafes  as  the  diftance 
increafes.  At  a  certain  diftance  it  comes  to  vanifh  en¬ 
tirely  ;  and,  when  that  diftance  is  increafed,  attraftion 
begins,  increafes,  becomes  lefs,  vanifties;  and  the  diftance 
becoming  greater,  the  force  becomes  repulfive,  increafes, 
leflens,  and  vanifhes  as  before.  Many  varieties  and  chan¬ 
ges  of  this  kind  happen  in  the  infenfible  diftances,  fome- 
times  more  rapidly,  fometimes  more  flowly,  and  fome- 
times  one  of  the  forces  may  come  to  nothing,  and  then 
return  back  to  the  fame  without  pafling  to  the  other.  For 
all  this  there  is  full  room  in  the  diftances  that  are  in- 
fenfible  to  us,  feeing  the  leaft  part  of  fpace  is  divifible 
In  Injinltum.  Befides  thefe  repulfive  and  attradlive  for¬ 
ces,  our  atoms  havC  that  vis  inertia  which  is  admitted 
by  almoft  all  modern  pliilofophers.  Thefe  atoms,  en¬ 
dued  with  thefe  forces,  cohftitute  the  whole  fubftance 
of  Bofcovich’s  fyftem ;  which,  however  fimple  and  fhort 
it  may  appear  to  be,  has  numberlefs  and  very  wonder-  ^ 
ful  confequences,  as  we  fliall  fee  afterwards.  But,  that  The  wholt 
a  more  clear  idea  of  the  whole  theory  may  be  eafily  theory  ei- 
formed,  we  fhall  make  life  of  a  geometrical  figure 
accommodated  to  that  purpofe.  The  right  line  C  AC  i 

is  an  axis,  from  which,  in  the  point  A,  is  drawn  the  plate  VI. 
right  line  AB  at  right  angles.  AB  is  confidered  as  an  fig.  6. 
afymptote  ;  on  each  fide  of  which  the  two  curves,  quite 
lirnilar  and  equal,  DEFGHIKLMNOPQRSTVU  on 
the  one  fide,  and  D'E'FG'  on  the  other,  are  placed. 

Now,  if  ED  be  fuppofed  to  be  afymptoticaU  and  be  ex¬ 
tended,  it  will  ftill  approach  to  BA,  but  will  never 
come  to  touch  It.  This  curve  ED  approaches  to  the 
axis  C'C,  comes  to  it  in  E,  cuts  it  and  departs  to  a 
certain  diftance  in  F,  after  which  it  again  approaches  y 

the  fame  axis  and  cuts  it  in  G.  In  like  manner  it  ^ 

forms  the  arches  GHI,  IKL,  LMN,  NOP,  PQL. 

At  laft  it  goes  on  in  T  ^  V,  which  is  afymptoti- 
cal,  and  approaches  to  the  axis  ;  fo  that  the  diftaii- 
ces  from  it  are  in  a  duplicate  reciprocal  proportion 
of  the  diftances  from  the  right  line  BA.  If  from 
any  points  of  the  axis,  as  from  we  raife  the 

per- 
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Ipofcovich’s  perpendiculars  a  g,  h  r,  d  h,  the  fegments  of  the  axis 
Syftem  of  A  A  3,  A  are  called  ahjiljesy  and  reprefent  the  dif- 
t^^ces  of  any  two  points  of  matter  from  one  another ; 
and  the  perpendiculars  3  r,  J /->,  are  called  ordinates, 
^  and  exhibit  the  repulfive  or  attradive  force,  according 

as  it  lies  on  the  fame  fide  with  D,  or  on  the  other  fide 
of  the  axis. 

Now  it  is  evident  that,  in  this  form  of  the  curve  line, 
ordinate  a  g  will  be  increafed  beyond  whatever  li¬ 
mits,  if  the  abfeifs  A  ^  be  leflened  likewife  beyond  what- 
‘Cver  limits ;  that  if  this  abfeifs  be  increafed  to  A  b,  the 
ordinate  will  be  leffened,  and  will  pafs  into  h  r,  which 
will  ftill  be  leffened  as  it  approaches  from  3  to  E,  where 
it  will  come  to  nothing  ;  that  then,  the  axis  being  in¬ 
creafed  to  A  d,  the  ordinate  will  change  its  diredlion  in¬ 
to  b  hy  and,  on  the  oppofite  fide,  will  increafe  at  firff 
to  F,  then  it  will  decreafe  through  i  /  as  far  as  G,  where 
it  will  again  vanifh,  and  again  "change  its  diredion  in 
m  n  to  the  former;  and  that,  in  the  fame  manner,  it 
will  vanllh  and  change  its  diredfions  in  all  the  fedlions 
1,  L,  N,  P,  R,  until  the  ordinates  op,  v  s,  become  of  a 
conftant  direction,  and  decreafe,  at  leaft  feufibly,  in  a 
reciprocal  duplicate  proportion  of  the  abfeiffes  A  o, 
A  V.  Wherefore,  it  is  manifeft,  that  by  fuch  a  curve 
are  expreffed  our  forces ;  at  firff  repulfive  and  increafing 
beyond  all  limits,  the  diftances  being  leffened  in  like 
manner,  and  which  decreafe,  the  fame  diftances  being 
augmented;  then  vanifh,  change  their  diredion,  and  be¬ 
come  attractive ;  vanifh  again,  and  become  repulfive;  till 
at  laft,  at  fenfible  diftances,  they  remain  on  the  fide 
oppofi'te  to  D,  and  are  attractive  in  a  duplicate  recipro¬ 
cal  proportion  of  the  diftances. 

We  may  alfo  obferve  that  the  ordinates  may  increafe 
or  decreafe  rapidly,  as  va  y  v,  %  /,  or  flowly,  as  in  v  x, 
c  c  ;  and,  consequently,  that  the  forces  may  increafe  or 
decreafe  in  like  manner.  We  may  add,  that  the  curve 
may  return  back  without  interfedfing,  or  even  touching, 
the  axis,  as  in /,  and  may  return  after  having  touched 
the  fame  axis. 

Although  this  curve  expreffes  very  clearly  the  repuU 
Jive  and  attractive  forces  of  our  fyftem,  yet,  at  firft 
fight,  it  may  appear  to  be  a  complicated  irregular  line. 
But  the  author  fhews  that-  his  curve  is  uniform  and  re¬ 
gular,  and  may  be  expreffed  by  one  uniform  algebrai¬ 
cal  equation  ;  which  it  will  be  neceftary  for  us  to  con- 
fider,  in  order  to  give  fatisfadlion  to  our  readers,  and  to 
3  do  juftlce  to  the  theory. 

The  fimpli-  Wherefore,  from  what  we  have  feen,  the  curve  muft 
city  of  this  have  the  following  fix  conditions  :  ijl.  It  muft  be  regular 
curve  pro-  fimple,  and  not  compofed  of  an  aggregate  of  arches 
of  different  curves,  idly.  It  is  neceffary  that  it  cut  the 
axis  CAC  in  certain  given  points  only,  at  two  equal 
diftances  on  each  fide  AE',  AE,  AG ,  AG,  and  fo  on. 
^dly.  That  to  every  abfeifs  an  ordinate  correfpond. 
Ofthiy,  That  if  we  take  equal  ahfcijfes  on  each  fide  of  A, 
they  have  equal  ordinates,  S^ldy,  That  the  right  line 
AB  be  an  afyniptote,  the  area  BAED  being  afympto- 
tical,  and  confequently  infinite.  Cithly,  That  the  arches 
terminated  by  any  two  interfedlions  may  be  varied  at 
pleafure,  and  recede  to  any  diftance  from  the  axis  GAC, 
and  approach  at  pleafure  to  whatever  arches  of  what¬ 
ever  curves,  cutting  them,  touching  them,  or  ofcula** 
ting  them,  in  any  place  and  manner. 

In  order  to  find  an  algebraical  formula  exprefling 
the  nature  of  a  curve  line  that  would  anfwer  all  thefc 
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fix  conditions,  let  us  call  the  ordinate  y,  the  abfeifs  x,  Bofcovich’s 
and  let  it  be  made  x  x  zz  Then  let  us  take  the  values  f 

of  all  the  abfeiffes  AE,  AG,  AI,  See.  with  the  nega- 
tive  fign,  and  let  the  fum  of  the  fquares  of  all  thefe  va-  v— 
lues  be  called  a,  the  fum  of  the  produds  of  every  two 
fquares  b,  the  fum  of  the  produds  of  every  three,  e, 
and  fo  on  ;  and  let  the  produd  of  all  of  them  be  cal- 
ledy*,  and  the  number  of  the  fame  values  w.  All  this 
being  fiippofed,  let  it  be  made  a  z  ^“”*-1-  bz 

cz  &c.  -j-y*::!!  P.  If  we  fuppofe  P  equal  to  no¬ 
thing,  it  is  clear  that  all  the  roots  of  that  equation  will 
be  real  and  pofitive  ;  that  is,  the  fquares  only  of  the 
quantities  AE,  AG,  AT,  Sec,  which  will  be  the  values 
of  z  ;  and  therefore,  as  it  is  oc  iz::  z±z  ^  z,  becaufe  it  is 
oc  =  25,  it  is  likewife  clear  that  the  values  of  will  be 
both  AE,  AG,  AI,  pofitive,  and  A'E',  A'G',  &c.  ne- 
gative. 

This  being  done,  let  any  quantity  be  multiplied  by 
Zy  providing  it  hath  no  common  divifor  with  P,  left 
z  vaniflilng,  it  likewife  might  vanifli ;  and  having  made 
X  an  infinitefim  of  the  firft  order,  it  may  become  an 
infinitefim  of  the  fame,  or  of  a  lower  order,  as  will 
be  whatever  formula  z^  ^  -p  &c.  -j-  1; 

which,  being  fuppofed  equal  to  o,  may  have  as  many 
imaginary,  and  as  many  and  whatever  real  roots,  pro¬ 
viding  none  of  them  be  thofe  of  AG,  AE,  AT,  &:c. 
either  pofitive  or  negative.  If  then  the  whole  formula 
be  multiplied  by  as,  let  this  produd  be  called 

If  we  make  P — this  equation  will  fatisfy 
the  five  firft  conditions  above  mentioned  ;  and  the  va¬ 
lue  of  QJ:>eing  properly  determined,^  the  fixth  condition 
alfo  may  be  complied  with. 

For,  in  the  firft  place,,  feeing  the  value  P  and 
made  equal  to  <?,  they  have  no  common  root,  and  there¬ 
fore  no  common  divifor.  Hence  this  equation  cannot 
be  reduced  to  two  by  divifion;  and  therefore  it  is  not 
compofed  of  two  equations,  but  is  fimple,  and  therefore 
exhibits  one  fimple  Continued  curve,  which  is  not  com¬ 
pofed  of  any  others  ;  which  is  the  firft  condition. 

Secondly,  The  curve  thus  expreffed  will  cut  the  axis 
GAG  in  all  the  points  E',  G,  I,  Sec,  and  G',*&:c.  and  in 
them  only  ^  for  it  will  cut  that  axis  only  in  tliofe  points 
In  which  y  zz  o,  and  in  all  of  them.  Moreover,  where 
it  will  bey  =:  o,  it  will  alfo  be  zz  o :  and  therefore, 

becaufe  of  P — Q^y  =  o.  It  will  be  P  =  o.  But  this 
will  happen  only  in  thofe  points  in  which  z  will  be  one 
of  the  roots  of  the  equation  P  =  o  ;  that  is,  as  we  have 
feen  above,  in  the  points  E,  G,  I,  or  E',  G',  &c.  : 
wherefore,  only  in  thofe  points  will  y  vanifh,  and 
the  curve  cut  the  axis.  Again,  that  the  fame  curve 
will  cut  it  in  all  thefe  points,  is  clear  from  this,  that  in 
them  all  it  will  be  P  =  <?.  Wherefore  it  will  likewife 
be  ^  o;  but  it  will  not  be  Q_=  o,  feeing  there  is 
no  common  root  of  the  equations  P  =r  o  and  Qj=  o  : 
it  muft  therefore  be  y  =:  o,  and  the  curve  will  cut  the 
axis  :  and  thus  the  fecond  condition  is  fatisfied. 


Befidcs,  whereas  it  is  P— Qjc  zzl  o,  it  will  be  y 

the  abfeifs  x  being,  however,  determined,  we  will  have 
a  certain  determinate  quantity  for  z  ;  and  thus  P, 
will  be  determined,  and  the  only  two  of  the  kii^ 
Wherefore  y  alfo  will  be  foie  and  determined;  and 
therefore  to  every  abfeifs  %,  one  only  ordinate  y  will' 
correfpond.  This  is  the  third  condition. 

Again,  whether  x  be  affumed  pofitive  or  negative,, 

pro* 
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ovich’fl  providing  It  be  of  the  fame  length>  flill  the  value  zs  xx 
emot  the  fame,  and  therefore  the  values  of  both  P 

.'7.^  h  Q  will  be  the  fame  :  wherefore  will  ilill  be  the 
fame.  Taking,  therefore,  equal  abfcifles  z  on  both 
fidcsof  A,  the  one  pofitive,  the  other  negative,  they 
will  have  equal  correfpoading  ordinates.  This  is  the 
fourth  condition. 

If  .V  be  leffencd  beyond  all  limits,  whether  it  be  po¬ 
fitive  or  negative,  z  likewlfe  will  be  lefTened  beyond  all 
limits,  and  will  become  an  Infinltefim  of  the  fecond  or¬ 
der  wherefore,  in  the  value  P,  all  the  terms  will  de- 
creafe  in  tnjintlum^  except  in  y,  becaufe  all  the  re  11  be- 
fides  it  are  multiplied  by  z  ;  and  thus  the  value  P  will 
be  as  yet  finite.  But  the  value  Q^,  which  has  the  for¬ 
mula  multiplied  by  a,  will  be  lelTened  in  mfmitum,  a^d 

will  be  an  infinitehm  of  the  fecond  order  ;  therefore 

y  will  be  augmented  in  injinitum^  fo  as  to  become  an 
inEnite  of  the  fecond  order.  Wherefore  the  curve  will 
have  the  right  line  AB  for  an  ofymptote,  and  the  area 
BAED  will  increafe  in  infnitum  :  and  if  the  ordinate 
V  be  alTumed  pofitive  on  the  fide  AB,  and  exprefs  re- 
pulfive  forces,  the  afymptotic  arch  ED  will  he  on  the 
fame  fide  AB.  This  is  the  fifth  condltioiu 

Now  the  value  Q_can  be  varied  in  infinite  manners  ; 
fo  that  fiill  the  conditions  for  which  it  wasafTumed  may 
lye  fulfilled  ;  and  therefore  the  arches  of  the  curve  in¬ 
tercepted  by  the  interfedions  may  be  varied  in  infinite 
maimers  ;  fo  that  the  firfi  five  conditions  of  the  curve 
may  be  imolemented  :  whence  it  follows  that  they 
may  be  fo  vWied  that  the  fixth  condition  may  alfo  be 
anfwered. 

For  if  there  be  given,  however  many,  and  whatever 
arches  of  whatever  curve,  providing  they  be  fuch  that 
they  recede  always  from  the  afymptote  AB,  and  thus 
no  right  line  parallel  to  that  afymptote  cut  thefe  arches 
in  more  than  one  point,  and  in  them  let  there  be  ta¬ 
ken  as  many  points  as  you  pleaie,  and  as  near  one  ano¬ 
ther  ;  it  will  be  eafy  to  affume  fuch  a  value  of  P,  that 
the  curve  Ihall  pafs  through  all  thefe  points,  and  the 
fame  may  he  varied  infinitely  ;  fo  that  flill  the  curve 
will  pafs  through  all  the  fame  points. 

Let  the  number  of  points  aflumed  be  what  you  pleafe 
—  r,  and,  from  every  one  of  fuch  points,  let  right  lines 
be  drawn  parallel  to  AB,  as  far  as  the  axis  C^AC,  which 
mud  be  the  ordinates  of  the  curve  that  is  fought ;  and 
let  the  abfcifles  from  A  to  the  faid  ordinates  be  called 
M%M%  &c.  and  the  ordinates  'N‘,'NS  5^. 

Let  there  now  be  taken  a  certain  quantity 

and  let  this  quantity  be  fu^ofed  equal 
to  R.  Then  let  another  fuch  quantity  T  be  affumed, 
fo  that  »  vanifliing,  whatfoever  term  of  it  may  vanilh, 
and  fo  that  there  be  no  common  divifor  of  the  value  of 
P,  and  of  the  value  of  R  +  T  :  wdiich  may  be  eafily 
done,  feeing  all  the  divifors  of  the  quantity  P  are 
known.  Let  it  now  be  made  Q  =  R*^T,  and  then  the 
equation  of  the  curve  will  be  P — R  j^— Tj»  =  o.  Af¬ 
ter  this,  let  there  be  put  in  the  equation  Mi,  M2,  M3, 
fucceflively  for  and  N 1 ,  N2,  N3,  See.  for  ;; ;  we  will 
have  a  number  of  equations  equal  to  r,  wdiich  will  con¬ 
tain  the  values  of  A,  B,  C,  .  .  .  .  G,  each  of  them  of  one 
dimenfion,  in  number  likewife  equal  to  r  ;  and,  belides, 
we  will  have  the  given  values  of  Mi,  M2,  &c.  Ni,  N2, 
N2,  &c.  and  the  arbitrary  values  which  in  P  are  the 
coefficients  of  ». 
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By  thefe  equations,  which  arc  in  numbep  r,  it  will  Bofcovich 
be  eafy  to  determine  the  values  A,  B,  C,  .  .  G>  which 
are  likewife  in  number  r,  aflumiiig  in  the  firft  equation, 
according  to  the  ufual  method,  the  value  A,  and  fub-  y. 
ftituting  it  in  all  the  following  equations  ;  by  which 
means  the  equations  will  become  r — i.  Thefe,  again, 
by  throwing  out  the  value  15,  will  be  reduced  to  r — 2, 
and  fo  on  until  we  come  to  one  only  ;  in  which  the  va¬ 
lue  Q_being  determined  by  means  of  it,  going  back, 
all  the  preceding  values  will  be  determined,  one  by  each 
equation. 

The  values  A,  B,  C,  . .  .  .  G,  being  in  this  manner 
determined,  in  the  equation  P — Rjy — Ty=:o,  or  P — . 
Q^j)fzr<7,  it  is  clear  that  the  values  Mi,  M2,  M3,  &c. 
being  fucceflively  put  for  Xy  the  values  of  the  ordinate 
y  mull  fucceflively  be  Ni,  N2,  N3,  &c.  ;  and,  there¬ 
fore,  that  the  curve  muff  pafs  through  thefe  given  points 
in  thofe  given  curves  ;  and  flill  the  value  (^wull  have 
all  the  preceding  conditions.  For  z  being  lefTened  be¬ 
yond  whatever  limits,  every  one  of  its  terms  will  be 
lefTened  beyond  whatever  limits,  Teeing  all  the  terms  of 
the  value  of  T  are  lefTened  which  were  thus  aflumed, 
and  likewife  the  terms  of  the  value  R  are  lefTened, 
w^hich  are  all  multiplied  by  »  ;  and,  befides  this,  there 
will  be  no  common  divifor  of  the  quantities  P  and  Q^, 
feeing  there  is  none  of  the  quantity  P  and  R-f-T.. 

But  if  two  of  the  nearefl  of  the  points  aflumed  in  the 
arches  of  the  curves,  on  the  fame  fide  of  the  axis,  be  fup- 
pofed  to  accede  to  one  another  beyond  whatever  limits, 
and  at  lafl  to  coincide,  which  will  be  done  by  making 
two  M  equal,  and  likewdfe  two  N  equal;  then  the  curve 
fought  will  touch  the  arch  of  the  given  curve  ;  and  if 
three  fuch  points  coincide,  they  will  ojculate  it :  nay,  as 
many  points  as  we  pleafe  may  be  made  to  meet  together 
where  we  pleafe  ;  and  thus  we  may  have  ofculations  of’ 
what  order  we  pleafe,  and  as  near  one  another  as  we 
pleafe,  the  arch  of  the  given  curve  approaching  as  we 
pleafe,  and  at  whatever  diflances  we  pleafe,  to  what¬ 
ever  arches  of  whatever  curves,  and  yet  flill  preferving 
all  the  fix  conditions  required  for  exprefling  the  law  of 
the  repulfive  and  attradlive  forces.  And  whereas  the 
value  of  T  can  be  varied  in  infinite  manners,  the  fame 
may  be  done  in  an  infinite  number  of  w^ays  ;  and  there¬ 
fore  a  fimple  curve,  anfwering  the  given  conditions,  may 
be  found  out  in  an  infinite  number  of  ways.  ^  E,  F* 

What  we  have  faid  will,  we  hope,  fatisfy  our  readers, 
and  efpecially  thofe  of  them  who  are  in  the  leafl  ac¬ 
quainted  with  high  geometry,  that  BoTcovich’s  curve  is 
fimple,  regular,  and  uniform  ;  and  that  therefore^  the 
law  of  repulfive  and  attradive  forces,  expreffed  by  it,  is 
fimple  and  regular. 

II  If  this  fyflem  w^ere  a  mere  hypothefis,  it  would 
flill  be  very  ingenious,  and,  from  what  we  fhall  fay  af¬ 
terwards,  would  flill  be  well  adapted  for  explaining  the 
phenomena  of  nature.  But  its  author  is  far  from  look¬ 
ing  upon  it  as  an  arbitrary  fiippofition  ;  he  allures  us 
that  he  was  led  to  it  by  a  chain  of  flrid  reafoning,  from 
evident  principles.  We  fliall  now  give  an  abridgement 
of  that  reafoning  from  his  Differtations  on  the  Law  of 
Continuity,  and  from  his  Theory  of  Natural  Philofophy.  ^ 
He  tells  us,  then,  that  in  the  examination  of  Leib- proof,  of 
nitz's  opinion  of  the  vires  n)iv£,  lie  came  to  confider  the  theory 
the  collifion  of  bodies,  and  took  for  example  two  equal 
bo'lit  s  A  proceeding  with  fix  degrees  of  velocity,  and 

B  following  with  the  velocity  of  12  ;  after  the  colli- 

fion, 
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Bdfcovich’s  fion,  they  proceed  jointly  with  the  common  velocity 
Syftem  of  Now,  in  the  moment  of  collifion,  it  either  happens 
PhHofopny.  ^  pafTes  abrubtly  from  the  velocity  6  to  the  velo- 

i ,  — ^ - city  9,  without  paffing  through  the  velocity  7  and  8, 

and  B  pafTes  from  12  of  velocity  to  9,  without  palling 
through  II  and  10;  or  elfe  there  mufl  be  fome  caufe 
which  accelerates  the  one  and  retards  the  other  be¬ 
fore  they  come  to  contadl.  In  the  firll:  cafe,  the  law 
of  continuity  is  broken  ;  in  the  fecond,  immediate  con¬ 
tact  of  bodies  would  be  rejeAed.  Maclaurin  faw  this 
difficulty,  and  mentioned  it  in  his  work  on  Newton^s 
Dtfco<veriesy  1.  T.  c.  4.  He,  not  having  courage  to  re¬ 
cede  from  the  common  opinion,  allowed  a  breach,  in 
fuch  cafes,  of  the  law  of  continuity  ;  but  Bofcovich 
maintains  the  univerfality  of  the  law  of  continuity  ;  and 
holds  that  no  bodies  touch  one  another  really  and  ma- 
^  thematically,  but  only  phyfically  and  fenfibly  to  us. 

The  law  of  The  lanv  of  continuity  is  that  by  <which  variable  quan» 
continuity  titles^  pcijfng  from  one  magnitude  to  another^  pafs  through 
proved  all  the  intermediate  magnitudes^  nvlthout  ever  abruptly  paf 
ftng  over  any  of  them.  This  law  Bolcovich  proves  to 
be  univerfal,  in  the  firfl  place,  from  indudlion.  Thus 
we  fee  that  the  diftances  of  two  bodies  can  never  be 
changed  without  their  paffing  through  all  the  inter¬ 
mediate  diftances.  We  fee  the  planets  move  with  dif¬ 
ferent  velocities  and  diiedlions  ;  but  in  this  they  ftill 
obferve  the  law  of  continuity.  In  heavy  bodies  projec¬ 
ted,  the  velocity  decreafes  and  increafes  through  all  the 
intermediate  velocities  :  the  fame  happens  with  regard 
to  elafticity  and  magnetifm.  No  body  becomes  more 
or  lefs  denfe  without  paffing  through  the  intermediate 
denfities.  The  light  of  the  day  increafes  in  the  morn¬ 
ing  and  decreafes  at  night  through  all  the  intermediate 
poffible  degrees.  In  a  wqrd,  if  we  go  through  all  na¬ 
ture,  we  ftiall  fee  the  law  of  continuity  ftridly  take 
place,  if  all  things  be  rightly  confidered.  It  is  true, 
we  fometimes  make  abrupt  paflages  in  our  minds ;  as 
when  we  compare  the  length  of  one  day  with  that  of 
another  immediately  following,  and  fay  that  the  fecond 
is  two  or  three  minutes  longer  or  fhorter  than  the  for¬ 
mer,  paffing  all  at  once,  in  oar  way  of  fpeaking,  round 
the  globe  ;  but  if  we  take  all  the  longitudes,  we  ffiall 
find  days  of  all  the  intermediate  lengths.  We  likewife 
fometimes  confound  a  quick  motion  with  an  inftantane- 
ous  one  :  thus,  we  are  apt  to  imagine  that  the  ball  is 
thrown  abruptly  out  of  the  gun  ;  but,  in  truth,  fome 
fpace  of  time  is  required  for  the  gradual  inflammation 
of  the  powder,  for  the  rarefadlion  of  the  air,  and  for 
the  communication  of  motion  to*  the  ball.  In  like  man¬ 
ner,  all  the  objeAions  made  againft  the  law  of  continui- 
^  ty  may  be  folved  to  fatisfadlion. 

A  breach  of  But  however  ftrong  this  argument  from  judgment 
thus  law  may  appear  to  be,  yet  Bofcovich  goes  farther,  and 
impoflible.  maintains,  that  a  breach  of  this  law,  in  the  proper  cafes, 
is  metaphyfically  impoffible.  This  argument  he  draws 
from  the  very  nature  of  continuity.  It  is  eflential  to 
continuity  that,  where  one  part  of  the  thing  continued 
ends  and  another  part  begins,  the  limit  be  common  to 
both.  Thus,  when  a  geometrical  line  is  divided  into 
two,  an  indivifible  point  is  the  common  limit  to  both : 
thus  time  is  continued;  and  therefore  where  one  hour  ends, 
another  immediately  begins,  and  the^  common  limit  is 
an  indivifible  inftant.  Now,  as  all  variations  in  variable 
quantities  are  made  in  time,  they  all  partake  of  its  con¬ 
tinuity  ;  and  hence  none  of  them  can  haften  by  an 
Suppfc.  VoL.  I.  Part  I, 
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abrupt  paffiige  from  one  magnitude  to  another,  without  Bofcovich** 
paffing  through  the  intermediate  magnitudes.  As  we 
cannot  pafs  from  the  fixth  hour  to  the  ninth  without  pbiiofophv, 
paffing  through  the  feventh  and  eighth  ;  becaufc,  if  we  >  -  -  ^  * 

did,  there  would  be  a  common  limit  between  the  fixth 
hour  and  the  ninth,  which  is  impoffible:  fo  likewife  you 
cannot  go  from  the  diftance  6  to  the  diftance  9  without 
paffing  through  the  diftances  7  and  8  ;  becaufe,  if  you 
did,  in  the  inftant  of  paflage  you  would  be  both  at  the 
diftance  6  and  at  the  diftance  9,  which  is  impoffible.  In 
like  manner,  a  body  that  is  condenfed  or  rarefied  can¬ 
not  pafs  from  the  denfity  6  to  the  denfity  9,  or  vice 
verfay  without  paffing  through  the  denfities  7  and  8  ; 
becaufe,  in  the  abrupt  paflage,  there  would  be  two  den¬ 
fities,  6  and  9,  in  the  fame  inftant.  The  body  mufl 
pafs  through  all  the  intermediate  denfities.  This  it  may 
do  quickly  or  (lowly,  but  ftill  it  muft  evidently  pafs  * 
through  them  all.  The  like  may  be  faid  of  all  variable 
quantities  ;  and  thence  we  may  conclude,  that  the  law 
of  continuity  is  univerfal.  ^ 

But,  in  creation,  is  there  not  an  inftance  of  an  abrupt  Objedlioiis 
paflTage  from  non~extJlence  to  exljlence  P  No,  there  is  not  ; 
becaufe  before  exiftence  a  being  is  nothing,  and  there- 
fore  incapable  of  any  ftate.  In  creation,  a  being  does 
not  pafs  from  one  ftate  to  another  abruptly  ;  it  pafTes 
over  no  intermediate  ftate ;  it  begins  to  exift  and  to 
have  a  ftate,  and  exiftence  is  not  divifihle.  Do  we  not, 
at  leaft,  allow  of  an  abrupt  paflage  from  repulfive  to 
attra61ive  forces  in  our  very  theory  itfelf?  We  do  not. 

Our  repulfive  forces  diminilh,  through  all  the  interme¬ 
diate  magnitudes,  down  to  nothing  ;  through  which, 
as  a  limit,  they  pafs  to  attradlion.  In  the  building  of 
a  houfe  or  fliip,  neither  of  them  is  augmented  abruptly; 
becaufe  the  additions  made  to  them  are  effedled  folely 
by  a  change  of  diftances  between  the  parts  of  which 
they  are  compofed  :  and  all  the  intermediate  diftances 
are  gone  through.  The  like  may  be  faid  of  many 
other  fuch  cafes  ;  and  ftill  the  law  of  continuity  re¬ 
mains  firm  and  conftant.  ^ 

Let  us  now  apply  this  dodrine  to  the  cafe  above  Tmpoflibi. 
mentioned  of  the  collifion  of  two  bodies.  We  fay  that  Ihy  of  con- 
the  body  B  cannot  pafs  from  the  velocity  6  to  the  ve. 
locity  9  without  paffing  through  the  velocities  6  and 
becaufe  if  it  did,  in  the  moment  of  contad  of  the  two 
fuperficies  it  would  have  the  velocities  6  and  9.  Now 
a  body  cannot  have  two  velocities  at  the  fame  inftant. 

For  if  it  had  two  ablual  velocities  at  the  fame  time,  it 
would  be  in  two  different  places  at  the  fame  time  ;  if 
it  had  two  potential  velocities  or  determinations 

to  a  certain  velocity,  it  would  be  capable  of  being,  after 
a  given  time,  in  two  places  at  once — both  which  are 
impoffible.  It  is  therefore  neceflary  that  it  go  through 
the  velocities  7  and  8,  and  through  all  the  parts  of 
them.  What  we  have  faid  of  the  bodies  A  and  B  may 
be  faid  univerfally  of  all  bodies.  Therefore  no  two  bo¬ 
dies  m  motion  can  come  to  immediate  contad  ;  but 
their  velocities  muft  undergo  the  fucceffive  neceflary 
change  before  contad.  And  as  the  velocity  to  be  ex- 
tinguifhed  may  be  increafed  beyond  all  limits,  an  ade¬ 
quate  caufe  to  effed  this  extindion  muft  be  admitted. 

This  naturally  leads  us  to  the  interior  repulfive  forces  n 
of  our  fyftem  ;  for  the  caufe  retarding  the  one  body  forces^** 
and  accelerating  the  other  tnua  be  a  force,  becaufe  by 
this  we  mean  a  determination  to  motion  ;  and  it  muft 
be  repulfive,  becaufe  it  ads/rom  the  body  ;  and  it  muft 
O  increafe 
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Jncreafe  beyond  all  limits,  feeing  the  velocity  of  the  in 
curring  bodies  may  be  increafed  beyond  all  limits.  It 
mu  ft  likewife  be  mutual,  becaufe  a6lion  and  readion  are 
always  equal,  as  may  be  proved  by  indudion. 

From  thefe  repulfive  forces  Bofcovich  deduces  the 
inextenfiou  of  his  atoms  :  for  this  repulfioii  being  com¬ 
mon  to  all  matter,  mull  caufe  a  perfed  fimplicity  in  the 
firft'elements  of  body.  If  thefe  elements  were  extend¬ 
ed,  and  confequently  compounded  of  particles  of  an  in¬ 
ferior  order,  thefe  particles  might  poffibly  be  feparated, 
and  then  they  might  meet,  and  an  abrupt  paffage  from 
one  velocity  to  another  might  take  place,  which  we 
•have  excluded  from  nature  by  indudion,  and  by  a  pofi- 
tive  argument. 

Befides  this,  by  rejedling  the  extenfioii  of  the  firft 
elements  of  matter,  we  get  rid  at  once  of  all  the  diffi¬ 
culties  arlfing  from  continued  extenfion  in  body,  which 
have  always  perplexed  the  philofophers,  and  have  never 
been  fatisfadorily  explained.  If  the  elements  of  matter 
are  extended,  each  of  them  may  be  divided  In  mjimtum, 
and  each  part  may  ftill  be  divided  in  uifimtum.  Can 
this  divifion  be  adually  made  by  the  power  of  God  or 
not  ?  Can  there  be  one  uifinite  in  number  greater  than 
another  ?  Can  there  be  a  compound  without  a  Jimpk  of 
the  fame  kind  ?  Thefe  difficulties  regard  not  fpace, 
which  is  no  real  being  ;  but  they  would  regard  matter 
if  it  had  continued  extenfion.  All  thefe  perplexities 
are  removed  by  maintaining,  as  Bofcovich  does,  that  the 
firft  elements  of  bodies  are  perfedly  fimple,  and  there¬ 
fore  inextended(  a). 

With  regard  to  the  exterior  attradlive  forces  of  our 
fyftem,  there  can  be  no  queftion  ;  feeing  they  conftitute 
univerfal  gravity,  the  effedls  of  which  we  fee  and  feel 
every  day.  But  between  the  interior  repulfive  and  ex¬ 
terior  attra£live  forces  we  muft  admit  many  tranfitions 
from  repulfion  to  attradion,  and  from  attradion  back 
to  repulfion,  in  infenfible  diftances,  which  are  indicated 
to  us  by  cohefion,  fermentation,  evaporation,  and  other 
phenomena  of  nature.  And  thus  we  have  given,  in 
ffiort,  Bofcovich’s  proofs  of  his  whole  fyftem. 

III.  This  fyftem  has  been  well  received  by  the  learn¬ 
ed  in  Europe,  and  has  contributed  much  to  render  its  au¬ 
thor  famous  ;  yet  many  objeaions  againft  it  have  been 
propofed.  Some  are  ftartled  at  the  rejeaion  of  all  imme¬ 
diate  contaa  between  bodies  :  and  indeed  Bofcovich  is 
perhaps  the  firft  of  mankind  ’who  advanced  that  opi- 
nion  ;  but  he  allows  that  bodies  approach  fo  near  to 
one  another,  as  to  leave  no  fenfible  diftance  between 
them  ;  and  his  repulfive  forces  make  the  farne  impreffion 
on  the  nerves  of  our  fenfes  as  the  folid  bodies  could  do. 
And  tl^efore  this  opinion  of  his,  however  new,  is  no¬ 
wife  contrary  to  theteftimony  of  our  fenfes.  He  only 
removes  a  prejudice  which  was  before  univerfal. 

Some  fay,  that  they  cannot  even  form  an  idea  of  an 
inextended  atom,  and  that  Bofcovich  reduces  all  mat¬ 
ter  to  nothing  :  but  certainly  extenfion  is  not  neceffary 
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being,  as  muft  be  allowed 


for  the  eiTence  of  a  being,  as  muft  be  allowed  by  all  BofcovkVj  j 
thofe  who  hold  that  fpirits  are  inextended.  Becaufe  f 

all  the  bodies  that  fall  under  our  fenfes  are  extended, 
are  apt  to  look  upon  extenfion  as  elfential  to  matter:  w— 
but  this  error  may  be  correded  by  reflexion,  and  an 
idea  of  an  inextended  atom  may  be  formed,  by  confider- 
ing  the  nature  of  a  mathematical  point,  which  is  the 
limit  of  any  two  contiguous  parts  of  a  line. 

Others  again  have  faid,  that  if  the  elements  of  mat¬ 
ter  were  void  of  extenfion,  there  w^ould  be  no  diffe¬ 
rence  between  body  and  fpirit.  But  the  difference  be¬ 
tween  body  and  fpirit  does  not  confift  in  the  having  or 
not  having  extenfion  ;  but  in  this,  that  the^  atoms  of 
matter  are  endued  with  repulfive  and  attradlive  forces, 
which  fpirit  has  not;  and  fpirit  has  a  capacity  of  thought 
and  volition  which  bodies  have  not. 

W^e  may  here  obferve,  that  among  the  ancients  Zeno, 
and  among  the  moderns  Leibnitz,  held,  that  the  firft 
principles  of  matter  are  inextended  points.  But  both 
held  this  opinion  with  the  iiiconfiftency,  that  they  main¬ 
tained  the  continued  extenfion  of  bodies,  without  ever 
being  able  to  Ihew  how  continued  extenfion  could  arife 
from  inextended  elements. 

It  has  been  objeded  likewife,  that  our  repulfive  and 
attradlive  forces  are  no  better  than  the  occult  qualities 
of  the  Peripatetics.  The  like  objedion  has  been  made 
to  Newton’s  attradion  ;  but  the  anfwer  is  eafy.  We 
obferve  the  effeds,  and  take  notice  of  them  :  for  them 
we  muft  admit  an  adequate  caufe,  without  being  able 
to  determine,  whether  that  caufe  is  an  immediate  law 
of  the  Creator,  or  fome  mediate  inftrument  that  he 
makes  ufe  of  for  that  purpofe. 

Some  are  unwilling  to  give  up  the  idea  of  motion  oc- 
cafioned  by  immediate  impulfe  :  but  can  they  fhovr  a 
good  reafon  vfhy  fome  diftance  may  not  occafion  motion 
as  well  as  no  d'^ance  P  Thefe  are  the  principal  objec¬ 
tions  that  have  been  made  againft  the  Bofcovichian 

^  IV.  Before  we  proceed  to  the  explication  of  pheno- Obferva- 
mena  by  means  of  our  theory,  we  muft  advert,  that 
the  curve  expreffing  this  theory,  the  abfciffes  denote 
the  diftances  between  the  atoms  that  are  under  confi- 
deration  ;  the  ordinates  give  the  ipve(ent  force,  and  the 
area  between  any  two  of  thefe  ordinates  gives  the  fquarc 
of  the  velocity  generated  between  them;  the  arches  are 
either  repulfive  or  attraaive,  according  as  they  fall  up. 
on  the  fame  fide  with  the  afymptotic  curve  EG,  or  on 

the  oppofite  fide.  n  i  yt 

We  muft,  in  the  next  place,  confider  the  pallages 

from  one  fide  of  the  axis  to  the  other.  Sometimes  the 
paffage  is  from  repulfion  to  attraaion,  at  other  times  ^  ^ 
from  attraaion  to  repulfion.  The  firft  arc  called  limits  Limits 
of  cohefton,  becaufe  a  particle  removed  from  that  limit  cohelion, 
returns  back  to  it ;  becaufe  if  it  is  removed  to  a  greater  ^"* 
diftance  it  is  attraaed  back,  and  if  it  is  retnoved  nearer 
it  is  repelled  back.  The  fecond  are  called  Irntts  of  non- 

coh^on  ;  . 
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f  a)  If  a  particle  of  matter  is  not  extended,  in  what  refpea  does  it  dife  from  a  point  of  fpace  ?  Says  Bofeo- 
^ich  U  is  endowed  with  attraffive  and  repulfive  forces.  What  is  this  ,t  before  U  is  thus  endowed  ?  Doesat  then 
differ  from  a  point  of  fpace  \  We  can  form  no  notion  of  any  fuch  difference.  But  a  point  of  fpace,  oonfidered 
as  an  individual,  is  diftinguiihed  from,  another  individual  only  by  its  htuatmn  it  is 

matter  is  moveable.  Have  thefe  forces,  then,  which  make  matter  an  objed  of  fenfe,  any  fubftratum,  any  ^th  g 
in  which  they  are  inherent  as  qualities  I  What  are  the  things  which  thefe  qualities  diftinguilh  from  each  other 

individuals? 
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Bofcovich’s  cohefion  ;  becaufe  a  particle  removed  thence  to  a  great- 
Syftemof  er  diftance  is  repelled  ftill  further,  and  if  removed  near- 
Natural  -g  g^tradfed  ftill  nearer.  Of  the  firft  kind  are 

Philofophy.  of  fecond  are  G,  L.  Likewife,  when  the 

curve  touches  the  axis,  it  may  either  be  an  attradlive 
part  of  the  curve,  or  a  repulfive  part.  Thefe  limits 
may  be  nearer  one  another,  or  farther  away  ;  and  the 
limits  of  cohefion  may  be  ftronger  or  weaker,  accord¬ 
ing  as  the  forces  near  them  are  greater  or  lefs. 

Bofcovich  confiders  minutely  the  effedfs  of  thefe  va¬ 
rieties  of  limits  and  forces  ;  firft  with  regard  to  two 
points,  then  with  regard  to  three  and  four,  demonftra- 
ting  the  great  variety  of  forces  that  may  arife  from 
thefe  various  combinations,  and  (hewing  how  from  Am¬ 
ple  atoms  a  great  variety  of  bodies  may  be  formed.  He 
particularly  proves,  that,  from  the  various  pofition  of 
the  atoms,  they  may  either  always  repel  or  always  at- 
:ompofi-  tradf  other  atoms,  or  do  neither.  Four  atoms  may 
ion  of  bo-  form  a  pyramid,  eight  may  form  a  cube,  and  fo  on,  in 
lies.  regular  or  irregular  figures.  Particles  of  the  loweft  or¬ 

der  may  compofe  particles  of  a  fecond  order,  thefe  of  a 
third,  and  fo  on.  This  he  exemplifies  by  a  library,  in 
w'hich  the  letters  of  the  books  (hould  be  compofed  of 
fmall  points,  placed  fo  near  one  another  as  that  their 
diftance  could  not  be  perceived  without  the  help  of  a 
microfcope.  Here  the  letters  will  be  compofed  of 
points,  the  words  of  letters,  and  all  the  variety  of  books 
on  different  fubjedls,  ■and  in  different  languages,  would 
be  compofed  of  words.  In  like  manner,  he  fays,  his 
atoms  may  compofe  particles,  thefe  may  compofe  others 
of  different  orders,  of  which  may  be  formed  various 
bodies,  animal,  vegetable,  air,  fire,  water,  earth,  whole 
,5  planets,  central  bodies,  the  whole  univerfe. 
rhefyftetn  But  to  be  more  particular,  our  author  proceeds  to 
ipplied  to  apply  his  fyftem  to  mechanics,  and  demonllrates,  with 
iccoum  for  ^fual  accuracy  and  originality,  what  regards  the 
centre  of  gravity,  adlion  and  readlion,  the  collifion  of 
bodies,  the  centre  of  equilibrium,  and  of  ofcillation.  Of 
thefe  fubjedls  he  treats  in  the  fecond  part  of  his  Theoria; 
to  which  we  mu  ft  refer  our  learned  readers,  as  it  cannot 
be  eafily  abridged. 

In  the  third  part  of  the  fame  work  he  proceeds  to 
account  for  the  general  properties  of  matter,  beginning 
mpenetra-  with  Impenetrability.  This  naturally  flows  from  the  in- 
lility,  terior  repulfive  forces,  which  prevent  the  compenetra- 
tion  of  any  two  points.  Befides,  as  the  leaft  part  of 
fpace  is  divifible  m  infinitum,  it  is  infinitely  improbable 
that  any  two  points  (hould  ever  meet,  feeing  they  have 
an  infinite  number  of  other  lines  in  which  they  can 
move,  befides  the  one  that  would  join  them.  But  an 
apparent  compenetration  might  take  place,  if  one  body 
(hould  meet  another  with  fo  great  a  velocity  as  not  to 
give  time  to  the  repulfive  forces  to  exert  their  adlion. 
Thus  an  iron  ball  may  pafs  fwiftly  near  a  ftrong  mag¬ 
net,  without  being  fenfibly  attradled  by  it,  which  it 
would  be  if  it.  moved  more  (lowly.  Thus  a  ball  from 
a  gun  paffes  through  a  piece  of  wood  fo  quickly  as  to 
make  only  a  paffage  for  itfelf,  without  breaking  the 
neighbouring  parts,  which  it  would  do  were  its  mo¬ 
tion  more  (low.  Of  this  kind  of  compenetration  we 
have  a  refemblance  in  light  palling  through  pellucid  bo- 
dies. 

-ohcfion  Cohefion  has  never  been  well  accounted  for  by  any 
’  philofopher  before  Bofcovich.  From  his  fyftem  it  fol¬ 
lows  naturally,  as  we  have  feen  in  fpeaking  of  the  limits 


of  cohefion  ;  for  when  two  atoms  are  placed  in  a  limit  Bofcovich'® 
of  that  kind,  they  neceffarily  cohere  more  or  lefs  ftrong- 
ly,  according  as  that  limit  is  ftronger  or  weaker.  From 
the  cohefion  of  the  atoms  arifes  the  cohefion  of  com- . 
pounded  particles,  and  confequently  of  fenlible  bodies. 

From  the  cohefion  of  particles  arifes  the  extenfion  of  Extcnfion 
bodies;  becaufe  there  mull  always  be  fpace  between  the  ’ 

particles.  However,  it  is  evident  that  this  extenfion  is 
not  formed  of  a  continuity  of  matter  ;  though  it  may 
appear  to  be  fo  to  our  fenfes,  which  cannot  perceive 
the  fmall  intermediate  diftance  between  the  parts  of  feme 
bodies,  and  much  lefs  the  diftances  between  the  limple 
elements  of  which  they  are  compofed. 

Extenfion  of  bodies  involves Jigurability;  becaufe  eve-  Figure^ 
ry  extended  body  muft  be  furrounded  by  fome  fuperfi- 
cies  of  a  certain  figure  ;  but  the  fuperficies  of  bodies 
can  never  be  accurately  determined,  upon  account  of 
the  inequalities  in  all  furfaces.  We  take,  however,  that 
figure  for  the  true  one  which  the  body  appears  to  come 
neareft.  Thus  we  call  the  earth  a  globe,  notwithftand- 
ing  the  hills  and  valleys  that  are  on  it. 

Under  the  fame  figure,  and  of  the  fame  magnitude, 
there  may  be  contained  very  different  quantities  of  mat¬ 
ter.  Hence  we  come  to  the  confideration  of  denfity. 

That  body  is  mod  denfe  which  contains  in  the  fame 
fpace  the  greateft  number  of  atoms,  and  vice  verfa. 

This  denlity  may  be  increafed  beyond  any  given  li-  Denfity. 
mits  by  the  nearer  approach  of  the  atoms  to  one  ano-  ^ 

ther.  Hence  a  body  of  any  given  magnitude,  however 
fmall,  may  come  to  be  divifible  beyond  any  given  li- 

. 

Mobility,  which  is  likewife  reckoned  among  the  ge-  Mobility, 
neral  properties  of  body,  is  effential  to  our  fyftem,  fee¬ 
ing  an  effential  part  of  it  confifts  in  forces,  which  are  de¬ 
terminations  to  motion,  at  leaft  in  certain  diftances. 

Univerfal  gravity  in  fenfible  diftances  is  likewife  a  Gravity, 
branch  of  our  theory.  On  w'hich  fubjedl  it  may  be  ob- 
ferved,  that  perhaps  our  curve,  after  it  has  extended 
beyond  the  fphere  of  the  comets  moft  diftant  from  the 
fun,  may  depart  from  its  afymptotical  nature,  and  ap¬ 
proach  to  the  axis,  interfedt  it,  and  pafs  to  repulfion. 

This  would  effedlually  anfwer  the  objedion  made  by 
fome  againft  Newton^s  attradioii,  when  they  allege, 
that,  from  his  opinion,  it  would  follow,  that  the  fixed 
ftars,  and  all  matter,  would  be  drawn  together  into  one 
mafs.  If  fuch  a  repulfion  takes  place,  it  may  foon  pafs 
again  into  attradlion,  and  form  limits  of  cohefion  ;  fo 
that  our  fun  may  be  in  fuch  a  limit  with  regard  to  the 
fixed  ftars,  and  our  planetary  fyftem  make  only  a  fmall 
part  of  the  whole  univerfe.  And  this  may  fufiice  con¬ 
cerning  the  general  properties  of  matter. 

Let  us  now  defeend  to  fome  particular  claffes  of  bo-  Fluidity 
dies,  of  which  fome  are  fluid,  others  folid.  The  parts 
of  fluid  bodies  are  eafily  feparated,  and  eafily  moved 
round  one  another,  becaufe  they  are  fpherical  and  very 
homogeneous ;  and  hence  their  forces  are  direded  more 
to  their  centres  than  to  one  another,  and  their  motions 
through  one  another  are  lefs  obftruded.  Between  the 
particles  of  fome  of  them  there  is  very  little  attradion, 
as  in  fine  fand  or  fmall  grains  of  feed,  which  approach 
much  to  fluidity.  The  particles  of  fome  others  of  tlieni 
attrad  one  another  fenfibly,  as  do  thofe  of  water,  and 
ftill  more  thofe  of  mercury.  This  variety  arifes  trom 
the  various  combinations  of  the  particles  themfelves,  of 
which  we  have  already  taken  notice.  But  in  air  the 
O  2  particles 
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particles  repel  one  another  very  ftrongly ;  and  hence 
comes  that  great  rarefadlion,  when  it  is  not  compreffed 
by  an  external  force.  Its  particles  mull  be  placed  in 
ample  limits  of  repulfion. 

Solid  bodies  are  formed  of  parallelopipeds,  fibres,  and 
of  irregular  figures.  This  occafions  a  greater  coliefion 
than  in  fluids,  and  prevents  the  motion  of  the  parts 
round  one  another  ;  fo  that  when  one  part  is  moved  all 
the  reft*  follow.  Of  thefe  bodies  fomc  are  harder,  whofe 
particles  are  placed  in  limits  which  have  ftrong  repul- 
five  arches  within  them  ;  others  are  folter,  whofe  parti¬ 
cles  have  thofe  arches  of  repulfion  weaker.  Some  are 
flexible,  the  particles  of  which  are  placed  in  limits  that 
have  weak  arches  of  repulfion  and  attraction  on  each 
fide  ;  and  if  thofe  arches  are  fliort,  the  particles  may 
come  to  new  limits  of  cohefion,  and  remain  bent :  but 
if  the  arches  are  longer,  the  former  repulfion  and  attrac¬ 
tion  will  continue  to  adl,  and  bring  back  the  body  to 
its  former  pofition  ;  nay,  in  doing  this  with  an  accele¬ 
rated  velocity,  the  parts  will  pafs  their  former  limits, 
and  vibrate  backwai*ds  and  forwards,  as  may  be  feen  in 
a  bended  fpring.  Thus  clafticity  is  accounted  for. 

Vifeous  bodies  ftand  in  the  middle  between  folid  and 
fluid.  Their  particles  have  lefs  cohefion  than  the  firft, 
and  more  than  the  fecond  :  they  (lick  to  other  bodies 
by  an  attradlion  which  their  particles  have  from  their 
compofitlon.  In  like  manner  water  Itfelf  flicks  to  fome 
bodies,  and  is  repelled  by  others.  All  which  arifes 
from  the  different  compofitlon  of  the  particles,  which 
gives  a  variety  of  refpedflve  forces. 

Wbat  appears  very  wonderful  in  nature,  is  the  com- 
pofition  of  organic  bodies.  But  if  we  confider  that 
particles  may  be  fo  formed,  that  they  inay  repel  fome 
and  attrad  others,  the  whole  of  vegetation,  nutrition, 
and  fecretion,  may  be  undefftood,  and  follows  from  our 
fyftem.  And  as  one  particle  may  attrad  another  in 
one  part  only,  and  repel  it  in  every  other  fituation, 
hence  may  be  gathered  the  orderly  fituation  of  the  par¬ 
ticles  in  many  cryftallizations.  The  great  variety  of  re- 
pulfive  and  attractive  forces,  or  limits  of  cohefion,  of 
the  pofition  of  atoms,  and  of  combinations  of  particles, 
will  account  for  all  thefe  phenomena. 

The  chemical  operations,  which  arc  fo  curious  in 
^  themfelves,  and  fo  ufeful  to  fociety,  are  well  explained 
’  by  Bofcovlch’s  fyftem,  and  ferve  as  a  confirmation  of  its 
truth.  Of  this  we  fliall  give  fome  inftances.  When 
fome  folids  are  thrown  into  fome  liquids,  there  hap¬ 
pens  to  be  a  greater  attradllon  between  the  particles  of 
the  folid  and  of  the  liquid  than  there  is  between  the 
particles  of  the  folid  itfelf.  Hence  the  particles  of  the 
folid  are  detached  and  fun'ounded  by  the  fluid  ;  this 
mixture  retaining  the  form  of  globules,  and  therefore 
continuing  to  be  fluid.  This  is  called  Jolution.  But 
when  the  folid  particles  are  covered  to  a  certain  depth, 
the  attractive  forces  ceafe  on  account  of  the  different 
diftances,  and  no  more  of  the  folid  is  detached.  Then 
the  fluid  is  faid  to  be  JaturaUd.  If  into  this  mixture 
another  folid  be  put,  the  particles  of  which  attraCl  the 
fluid  more  ftrongly,  and  perhaps  at  greater  diftances 
than  the  particles  of  the  former  ;  then  the  fluid  will 
abandon  the  former  and  cleave  to  the  latter,  dlffolving 
them,  and  the  particles  of  the  former  will  fall  to  the 
bottom  in  the  form  of  powder,  into  which  they  had 
been  reduced  by  the  folution.  This  reparation  is  called 
precipitation.  Perhaps  rain  arifes  from  a  precipitation 
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of  this  kind,  when  the  aqueous  particles  are  left  by  the  Brifcovich'i 
air,  which  is  more  ftrongly  attraCled  by  fome  other  par-  cf 
tides  floating  in  the  atmofphere.  ^  ^  PhilofopU 

Fluids  of  the  fame  fpeclfic  gravity  are  eafily  mixed  5  u— 
and  even  though  the  fpeclfic  gravity  be  different,  the 
particles  of  the  one  attrad  thofe  of  the  other,  in  fiich  a 
manner  that  they  feem  to  form  one  fluid  by  a  kind  of 
folution.  Nay,  it  happens  that  two  fluids  mixed  toge¬ 
ther  form  a  folid,  becaufe  their  particles  come  to  be  in 
the  limits  of  cohefion.  They  may  even  occupy  lefs 
fpace  than  they  did  before,  by  being  attraded  into  lefs 
diftances  between-  their  parts. 

Fermentation  is  a  neceffary  confequence  of  our  fyf¬ 
tem.  For  when  bodies,  whofe  particles,  by  the  variety 
of  their  compofitlon,  are  endued  with  different  forces, 
come  to  be  mixed,  there  muft  arlfe  an  agitation  of  the 
parts,  and  an  ofcillation  among  them ;  fometimes  great* 
er,  fometimes  lefs,  according  to  the  nature  of  the  par¬ 
ticles.  This  agitation  is  flopped  by  the  expulfion  of 
fome  particles,  by  the  intrufion  of  others  into  vacant 
fpaces,  and  by  the  impreflion  of  external  bodies ;  but 
always  there  is  a  change  in  what  remains,  becaufe  there 
is  a  new  difpofition  of  particles. 

Fire  confifts  in  a  violent  fermentation  of  fulphure-  Fire  andfu» 
ous  matter,  efpeclally  when  it  meets  with  the  matter  Aon,  &c, 
of  light  in  any  quantity.  This  fermentation  agitates 
ftrongly  the  parts  of  other  bodies,  feparates  them  from 
one  another,  and  often  throws  them  into  a  ftate  of  fii- 
fion ;  the  cohefion  between  their  parts  being  broken, 
and  they  being  thrown  into  a  circular  motion.  In  this 
ftate  they  may  be  often  mixed  together,  fo  as  to  form 
one  body  ;  they  may  be  again  feparated  by  the  adioii 
of  the  fame  fire,  which  evaporates  fome  of  them  fooner, 
fome  later.  Hence  the  art  of  fmeltlng  metals. 

When,  in  the  agitation  occafioned  by  fire,  fome  of 
tlie  particles  are  thrown  out  into  an  arch  of  repulfion, 
they  may  fly  off  and  evaporate.  Sometimes  the  whole 
body  may  be  thrown  into  a  ftrong  repulfion  and  volati¬ 
lization,  or  a  fiidden  explofion  take  place  ;  when,  be¬ 
fore  the  particles  are  near  an  equilibrium,  a  fmall  force 
may  occafion  a  great  change  ;  as  the  foot  of  a  bird  may 
occafion  the  fall  of  a  great  rock,  which  was  before  al- 
moft  detached  from  a  mountain.  In  evaporation,  the 
bodies  that  remain  affume  a  particular  figure,  as  all 
falls  do  ;  and  this  upon  account  of  their  particles  ha¬ 
ving  certain  parts  only  that  attra(ft  one  another,  and 
confcquently  occafion  a  particular  difpofition.  All 
thefe  chemical  operations  evidently  prove  that  there  are 
in  nature  repulfive  and  attra6IIve  forces  between  the  par¬ 
ticles  of  bodies  at  fmall  diftances :  which  greatly  con¬ 
firms  our  vrholc  fyftem.  ^  31 

Bofcovich  holds,  that  light  is  z\\  ej/lunyium^  emitted  Light, 
with  great  velocity  from  the  luminous  bodies  by  a 
ftrong  repulfion.  He  explains  all  the  moft  remarkable 
properties  of  this  extroardinary  matter  according  to  his 
own  principles,  and  that  with  great  acutenefs.  On  this 
fubjed  it  Is  obfervable,  that  Newton  faw  the  neceffity 
of  admitting  repulfive  forces  for  the  reflexion  of  light, 
which  extend  at  fome  diftance  from  the  refleding  fur- 
face,  and  therefore  refemble  the  repulfive  forces  of  our 
theory.  ^  ^ 

Our  author  gives  llkewife  a  probable  explication  of£ie(aricity 
eledlriclty,  according  to  Franklin’s  ingenious  hypothe-aiid  mag- 
fis,  and  llkewife  of  magnetifm,  deducing  the  whole  of«etifm. 
the  appearances  from  various  attradlons  and  repulfions. 

He 
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Uofcovich’s  He  fuppofes  tKat  fire  and  the  ele^lncal  f!uid  differ  only 
Syftetn  of  {n  this,  that  fire  is  in  adual  fermentation,  and  not  fo 
the  elearical  fluid.  ^ 

<3  V ^ — ,/  Finally,  he  explains  our  bodily  fenfations,  in  which 

33  ’  he  agrees  pretty  much  with  other  philofophers  ;  except- 
^enfacion.  what  they  attribute  to  the  immediate 

,  contaa  of  bodies,  or  of  certain  particles  emitted  from 

i  them,  he  aferibes  to  attraaions  and  repulfions  ;  which 

I  indeed  are  particularly  fit  for  caufing  that  motion  in 

I  our  nerves,  which  is  fuppofed  to  take  place  in  the  or¬ 

gans  of  fenfation,  and  to  be  thence  communicated  to 
the  brain, 

I  It  is  to  be  obferved,  that  although  Bofcovich  main¬ 

tains  that  the  very  firil  elements  of  matter  are  void  of 
extenfion  ;  yet  he  allows,  that  of  thefe  elements,  com¬ 
bined  in  a  certain  manner,  may  be  formed  extended 
particles  of  various  figures,  the  parts  of  which  may  be 
fo  coherent  as  to  be  infeparable  by  any  power  in  na- 
KcconcUia-  ture.  By  thefe  means  the  opinion  of  thofe  philofophers, 
tion  of  this  who  are  fo  fond  of  extended  particles,  may  be  in  fo  far 
^0^  gratified.  Nay,  the  Peripatetics  may,  if  they  pleafe, 

■.  *  adopt  Bofcovich’s  inextended  atoms  for  their  Materia 

Prima  without  any  inconfiilency ;  aud  his  repulfive  and 
attradfive  forces  may  ferve  for  their  fubjlantial  forms* 
And  as  God  can  make  impreflions  on  our  fenfes  inde¬ 
pendently  of  the  atoms,  thdr  abfolute  accidents  may 
in  fome  fenfe  be  admitted.  Nor  would  fome  fuch  ex¬ 
traordinary  exertions  of  Divine  Power  favour  idealifm 
ill  the  ordinary  courfe  of  nature. 

But  what  is  of  more  confequence,  it  is  more  than 
probable,  that  had  Newton  lived  to  be  acquainted  with 
the  Bofcovichian  theory,  he  would  have  paid  to  it  a  very 
great  regard.  This  we  may  conjecture  from  what 
he  fays  in  his  laft  queftion  of  optics ;  where,  after  ha¬ 
ving  mentioned  thofe  things  which  might  be  explained 
.by  an  attractive  force,  fucceeded  by  a  repulfive  one  on 
a  change  of  the  dillances,  he  adds,  “  And  if  all  thefe 
things  are  fo,  then  all  nature  will  he  very  fimple,  and* 
confiftent  with  itfelf,  effecting  all  the  great  motions  of 
the  heavenly  bodies  by  the  attraction  of  gravity,  which 
is  mutual  between  all  thofe  bodies,  and  almofl  all  the  lefs 
motions  of  its  particles  by  another  certain  attractive  and 
repulfive  force,  which  is  mutual  between  thofe  parti- 
25  cles.’’  And  a  little  after,  treating  of  the  elementary 
specially  particles,  he  fays :  “  Now  it  feems  that  thefe  elemen- 
of  tary  particles  not  only  have  in  themfelves  the  vis  inertia, 
ev^  on,  thofe  pafiive  laws  of  motion  which  neceffarily  arife 

from  that  force,  but  that  they  likewife  perpetually  re¬ 
ceive  a  motion  from  certain  aClive  principles ;  fuch  as 
gravity,  and  the  caufe  of  fermentation,  and  of  the 
cohefion  of  bodies.  And  I  confider  thefe  principles, 
not  as  occult  qualities,  which  are  feigned  to  flow  from 
the  fpecific  forms  of  things,  but  as  univerfal  laws  of  na¬ 
ture,  by  which  the  things  themfelves  were  formed.  For 
that  truly  fuch  principles  exiit,  the  phenomena  of  na¬ 
ture  Ihew,  although  wliat  may  be  their  caufes  has  not 
as  yet  been  explained.  To  affirm  that  every  fpecies  of 
things  is  endued  wdth  fpecific  occult  qualities,  by  which 
they  have  a  certain  power,  is  indeed  to  fay  nothing  ; 
but  to  deduce  two  or  three  general  principles  of  mo¬ 
tion  from  the  phenomena  of  nature,  and  then  to  explain 
how  the  properties  and  aClion  of  all  corporeal  things 
follow  from  thofe  principles,  this  truly  would  be  to  have 
made  a  great  advancement  in  phllofophy,  although  the 
caufes  of  thofe  principles  were  not  as  yet  known. 


Wherefore  I  do  not  hefitate  to  maintain  the  above  faid Bofcovich 
principles  of  motion,  feeing  they  extend  widely  through 
all  nature,'’  From  this  palfage  w^  may  fafely  conclude,  philofophy, 
that  the  great  Britifh  philofopher  would  have  been 
highly  pleafed,  had  lie  feen  all  nature  fo  well  explained 
by  the  one  fimple  law'  of  forces  propofed  by  the  Ragu- 
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Bofcovich  himfelf  was  fo  fully  convinced  of  the  truth  Comparl- 
of  his  fyflem,  that  he  was  wont  to  make  ufe  of  the  fol-1^®*^  of  this 
lowing  comparifon  :  When  a  letter  has  been  written  in 
occult  chara^lers,  and  we  are  endeavouring  to  decypher  a  cypher, 
it,  we  make  various  fuppofitions  of  alphabets ;  and 
when  we  have  found  one  according  to  which  the  whole 
letter  comes  to  have  a  reafonable  meaning,  agreeable  to 
all  the  circumftances  of  time,  place,  perfons,  and  things, 
we  can  entertain  no  doubt  of  our  having  difeovered  the 
true  key.  of  the  cypher — fo,  faid  he,  my  fyflem  explains 
fo  well  all  the  phenomena  to  which  it  has  been  properly 
applied,  that  I  muft  flatter  myfelf  that  I  have  difeover¬ 
ed  the  true  key  of  nature. 

The  being  acciiftomed  to  contemplate  fo  deeply  the  Exlftencc 
univerfe  and  the  materials  of  wffiich  it  is  compofed,  made  of  God. 
Bofcovich  fee  moll  clearly  the  evident  neceliity  of  ad¬ 
mitting  an  all-powerful,  intelligent,  felf-exiftent  Being, 
for  the  creation  of  thofe  materials,  and  for  the  arrange¬ 
ment  cf  them  into  their  prefent  beautiful  form.  He 
w’as  at  a  lofs  to  find  words  ftrong  enough  to  exprefs  his 
furprife,  that  there  Ihould  be  any  man,  not  to  fay  any 
one  pretending  to  the  name  of  philofopher,  wffio  could 
be  fo  deaf  as  not  to  hear  the  voice  of  nature  loudly  pro¬ 
claiming  its  Author  from  all,  even  the  leaft  of  its  parts. 

He  gives  us  his  fentiments  on  this,  the  moll  important 
of  all  fubjedls,  in  the  appendix  to  his  Theoria,  in  which 
he  treats  of  God  and  of  the  foul  of  man. 

There,  in  the  firil  place,  he  Ihows  the  abfurdity  of 
their  opinion,  who  maintain  that  this  world  may  have  cannot  be 
been  the  w^ork  of  chance,  the  elfedl  of  a  jumble  of  felf-  the  eifed  of 
exiftent,  felf-moving  atoms  ;  becaufe  chance  is  an  empty 
word  without  a  real  meaning.  Whatever  exills  has  its 
determinate  caufe,  and  can  only  be  called  fortuitous  by 
us  on  account  of  our  ignorance  of  that  caufe.  Befides 
this,  though  the  number  of  atoms  compofing  this  world 
is  finite,  yet  their  poffible  combinations  are  many  times 
infinitely  infinite  :  for  they  may  be  placed  in  infinite  pla> 
ces  of  an  infinite  line  ;  of  thefe  lines  there  is  an  infinite 
number  in  every  plane,  and  of  thefe  planes  there  is  an 
infinite  number  in  fpace.  Again,  thefe  points  may  have 
an  infinite  number  of  velocities  in  an  infinite  number  of 
diredions.  From  all  this  it  is  evident,  that  the  combi¬ 
nations  in  wdiich  the  points  of  matter  may  be,  is  infi¬ 
nite  in  a  high  degree,  whereas  duration  can  be  infinite 
in  only  one  dimenlion.  Hence  it  is  infinitely  impro¬ 
bable  that  ever  the  prefent  combination  of  things  could 
come  out  by  chance.  And  this  is  fo  much  the  more 
infinitely  improbable,  becanfe  the  diforderly,  chaotic 
combinations  are  infinitely  more  than  the  regular  ones. 

The  whole  of  matter  might  roll  about  in  a  blind  motion 
for  a  boundlefs  eternity,  without  ever  being  capable  to 
produce  one  fingle  mufliroom. 

^  Moreover,  had  matter  been  in  motion  from  all  eter¬ 
nity,  every  atom  would  have  deferibed  an  infinite  line, 
and  then  a  part  of  that  line  would  be  affignable  at  an 
infinite  diftance  from  the  point  of  fpace  in  which  the 
atom  is  at  prefent :  but  an  infinite  line  can  never  be  run 
over  5  therefore  the  atom  could  never  have  come  to  its 
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Bof  ovich’s  prefent  place;  and  therefore  the  fuppofition  Is  abfurd. 
byfteniof  ]sJothiiig  fucceflive  can  be  eternal  with  a  pajl  eternity, 
continue  without  end.  God  alone  can 
u-lllv— eternal  and  a^lually  infinite  ;  but  his  eternity  and 
infinity  are  beyond  our  cofnprehenfion. 

Neither  can  the  world  have  exilled  of  itfelf  in  any 
thing  like  to  its  prefent  form  from  all  eternity;  for 
m/tter  is  perfectly  indifferent  to  numberlefs  Hates,  and 
to  its  prelent  Hate  it  mull  be  determined.  This  prefent 
Hate  is  perfedlly  incapable  of  determining  itfelf,  becaiife 
this  determination  mull  be  previous  to  its  exillence.  It 
mull  be  determined  by  the  preceding  Hate,  which  is  al- 
fo  incapable  of  determining  itfelf,  and  for  its  determina¬ 
tion  we  muH  have  recourfe  to  the  Hate  before.  Thus, 
though  we  go  back  to  eternity,  we  lhall  Hill  find  a  nul¬ 
lity  of  determination  ;  now  an  infinite  fum  of  nothing  is 
■nothing:  and  therefore  as  the  prefent  Hate  of  things  could 
have  no  determination,  it  could  not  polTibly  cxill. 

-It  is  therefore  evident  that  there  muH  be  a  Determi¬ 
ner  extrinfic  to  the  material  word.  This  Determiner 
muH  have  an  infinite  knowledge  of  all  the  poflible  com¬ 
binations,  and  an  infinite  elective  creative  power  to  chufe 
and  create  freely  the  combination  he  pleafed,  in  that 
point  of  eternity  that  he  chofe,  with  all  the  numberlefs 
.circumHances  that  are  agreeable  to  him. 

And  here  what  a  vaH  field  of  contemplation  is  laid 
open  to  a  philofophic  mind  !  What  a  truly  infinite 
knowledge  was  requilite  to  forefee  fo  many  ends,  and 
cS^tion  fo  many  means  requilite  for  obtaining  thofe  ends,  as  are 
contained  in  the  creation!  Let  us  confider  light,  for  ex¬ 
ample,  which  was  to  be  emitted  for  fo  many  ages  from 
fo  many  luminous  bodies,  with  fo  great  velocity,  fo  as 
to  penetrate  fo  many  mediums  with  different  degrees  of 
refledlibility  and  refrangibility,  with  fo  many  other  won¬ 
derful  qualities  ;  at  the  fame  time,  fo  many  bodies  w^ere 
to  be  perfedlly  fitted  for  refledling  this  light  in  a  cer¬ 
tain  manner,  and  the  animal  eye  was  to  be  fo  formed  as 
to  have  a  pidlure  of  vifible  objedls  painted  on  the  bot¬ 
tom  of  it.  —How  many  particular  combinations  were 
neceffai7  for  all  this  ?  What  fliall  we  fay  of  the  fo  ma¬ 
ny  herbs,  flowers,  trees,  and  animal  bodies,  as  there  are 
on  this  our  earth  ?  All  their  kinds  and  fpecies,  all  the 
feries  of  their  individuals,  all  their  parts  and  particles, 
%vere  forefeen,  intended,  and  contrived,  by  one  adl  of 
the  Divine  Mind,  Again,  how  wonderful  are  the  hea¬ 
venly  bodies,  of  what  furprifing  magnitude,  moving  in 
the  moH  beautiful  order,  at  an  Immenfe  diHance  from 
one  another  ?  To  fay  nothing  of  the  numberlefs  crea¬ 
tures  that  are  beyond  the  reach  of  the  beH  telefcope,  or 
below  that  of  the  microfeope.  He  who  refledls  ever  fo 
little  on  thefe  things,  muH  neceffarily  fee  the  moH  evi¬ 
dent  proofs  of  an  infinite  power,  wlfdom,  and  provi¬ 
dence  ;  and  he  muH  be  filled  with  admiration  and  awful 
refpedl  for  the  Creator  and  Ruler  of  the  univerfe. 

Nor  are  w^e  unconcerned  fpe£lators  of  this  grand 
feene.  God  has  been  pleafed  to  make  us  enter  deeply 
into  his  gveat  plan  of  creation.  He  fingled  us  out 
among  an  infinite  number  of  poflible  human  beings,  in 
order  to  call  us  into  exillence  at  a  fixed  period ;  and  he 
has  made  a  vaH  number  of  his  creatures  contribute  to 
the  formation  of  thefe  wonderful  machines,  our  bodies, 
as  likewlfe  to  our  nourllhinent,  to  our  prefervatlon,  to 
our  neceflities,  conveniences,  and  gratifications.  Every 
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moment  that  w^e  exIH,  we  are  enjoying  a  great  number  Bofiimen, 

of  benefits,  exprefsly  defigned  for  us  by  that  Supreme - 

Being.  This  evidently  demands  from  us  the  hIgheH 
degree  of  gratitude,  love,  and  obedience. 

Let  us  go  a  Hep  Hill  farther:  Is  it  not  very  reafon- 
able  to  fuppofe,  that  our  God,  who  affords  us  fo  many 
inHances  of  his  beneficence  towards  us  in  the  natural 
order,  v/Ill  alfo,  out  of  compaflion  to  our  weaknefs  and 
ignorance,  have  favoured  us  with  a  more  full  and  expli- 
cit  manifellation  of  himfelf,  of  our  duties  towards  him, 
and  of  his  intentions  concerning  us.^  According  to  Bof- 
covlch  and  all  true  phllofophers,  reafon  itfelf  alone,  and 
true  philofophy,  point  out  to  us  the  probability  at  leaH 
of  God’s  having  given  us  a  Hill  better  and  furer  guide, 
by  whofe  diredion  we  may  attain  to  that  perfeft  happi- 
nefs  which  we  naturally  thirH  after,  and  to  which  we 
muH  have  been  defigned  by  our  Maker.  This  is  pro« 
bable  from  reafon  alone  ;  and  of  this  great  fad  we  are 
afeertained  by  unqueHionable  authority. 

BOSHMEN  have  been  generally  defcribed  as  a  di- 
HIn6l  race  of  Hottentots,  who  are  enemies  to  the  paHo- 
ral  life  (fee  BosHiBS-Meny  Encycl. )  This  M.  Vaillant 
affirms  to  be  a  miHake  ;  and  we  think  he  has  complete¬ 
ly  proved  that  it  is  fo.  “  Thefe  infamous  wretches 
(fays  be)  do  not  form  a  particular  nation,  nor  are  they 
a  people  who  have  had  their  origin  in  the  places  where 
they  are  now  found.  JBoJJotncn  is  a  name  compofed  of 
two  Dutch  words,  which  fignify  bujh-men,  or  nien  of  the 
fwoods  ;  and  it  is  under  this  appellation  that  the  inhabi¬ 
tants  of  the  Cape,  and  all  the  Dutch  in  general,  whe¬ 
ther  in  Africa  or  America,  dIHInguifh  thofe  malefadors 
or  affaffins  who  defert  from  the  colonies,  in  order  to 
efcape  punifhment.  In  a  v/ord,  they  are  what  in  the 
Britifli  and  French  WeH  India  iflaiids  are  called  Maroon 
Negroes.  Thefe  Bofhmen,  therefore,  far  from  being  a 
dlHInd  fpecies,  are  only  a  promifeuous  affemblage  of 
mulattoes,  negroes,  and  maHIzos,  of  every  fpecies,  and 
fometimes  of  Hottentots  and  baHers  (fee  Baster,  Sup* 
plement),  who  all  differing  in  colour,  refemble  each  other 
in  nothing  but  in  vlllany-  They  are  land  pirates,  who 
live  without  laws  and  without  dlfcipline,  abandoned  to 
the  utmoH  mifery  and  defpair ;  bafe  deferters,  who  have 
no  other  refources  but  plundering  and  crimes.  They 
retire  to  the  HeepeH  rocks  and  the  moH  inacceflible  ca¬ 
verns,  and  there  they  pafs  their  lives.  From  thefe  ele¬ 
vated  places  they  command  an  extenfive  profped  over 
the  furrounding  plains.  He  in  wait  for  the  unwary  tra¬ 
veller  and  the  fcattered  flocks,  pour  down  upon  them 
with  the  velocity  of  an  arrow,  and  fuddenly  falling  up¬ 
on  the  inhabitants  and  their  cattle,  flaughtei  them  with¬ 
out  dlHinaion.  Loaded  with  booty,  and  whatever  they 
can  carry  with  them,  they  then  repair  to  their  gloomy 
caves,  which  they  never  quit  till,  like  the  lions,  hunger 
again  impels  them  to  frefh  maffacres.  But  as  treachery 
always  marches  with  a  trembling  Hep,  and  as  the  pre¬ 
fence  of  one  refolute  perfon  isfufficient  to  overawe  whole 
troops  of  thefe  banditti,  they  carefully  fliun  thofe  plan¬ 
tations  where  they  are  certain  that  the  owners  them- 
felves  refide.  Artifice  and  cunning,  the  ufual  refources 
of  timid  fouls,  are  the  only  means  which  they  employ, 
and  the  only  guides  that  accompany  them  in  their  ex- 
peditions.” — Vdillands  ‘Travels  into  the  Interior  Parts  of 
jdfrical^h). 
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(a)  Since  this  article  was  firH  publiflied,  a  different  account  has  been  given  of  the  Bofhmen  or  Bojesmans  by 


BOS  C  1 

8ofw€>l  BOSWELL  (James),  known  to  the  learned  world 
}  V-— ^  as  the  author  of  a  life  of  Dr  Johnfon  and  of  feveral  other 

I  valuable  works,  was  born,  we  believe,  at  Auchinleck  in 

Airfhire,  in  1740.  The  family  from  which  he  fprung 
was  ancient  and  honourable.  At  the  time  of  his  birth 
his  father  was  a  well  employed  lawyer  at  the  Scotch 
bar  ;  but  was  afterwards  raifed  to  the  dignity  of  Judge, 
and  filled  that  important  ftation  with  acknowledged 
learning,  probity,  and  honour.  His  title  was  Lord 
^iichinleck,  taken  from  his  family  inheritance  ;  and  he 
died  in  1782  :  on  which  occafion  Dr  Johnfon  wrote  an 
elegant  and  inftrudlive  letter  to  the  fubjedf  of  this  brief 
memorial ;  of  which  we  (hall  tranferibe  a  palTage  that 
alludes  to  fome  flight  domellic  differences,  which  did 
not  happen  in  vain,  lince  they  gave  rife  to  fuch  falutary 
advice : 

“  Your  father’s  death  had  every  circumftance  that 
could  enable  you  to  bear  it.  It  was  at  a  mature  age, 
and  it  was  expelled  ;  and  as  his  general  life  had  been 
pious,  his  thoughts  had,  doubtlefs,  for  many  years  pall, 
been  turned  upon  eternity-  That  you  did  not  find  him 
fenfible  mull  doubtlefs  grieve  you  ;  his  difpofition  to¬ 
wards  you  was  undoubtedly  that  of  a  kind,  though  not 
of  a  fond  father.  Kindnefs,  at  leall  a6lual,  is  in  our 
own  power,  but  fondnefs  is  not;  and  if,  by  negligence 
or  imprudence,  you  had  extinguifhed  his  fondnefs,  he 
could  not  at  will  rekindle  it.  Nothing  then  remained 
between  you  but  mutual  forgivenefs  of  each  other’s 
faults,  and  mutual  defire  of  each  other’s  happinefs.” 

The  occafion  of  this  family  diflention  is  unknown  to 
us.  It  might  originate  in  the  difference  of  their  poli- 
tical  principles,  Mr  Bofwell  being  a  zealous  Tory,  and 
his  father,  as  he  reprefents  him,  a  rancorous  Whig  ;  or 
it  may  have  arifen  from  the  celebrated  Douglas  caufe, 
which  fet  many  friends  at  variance  in  Scotland,  and  in 
which,  though  Lord  Auchinleck  and  his  fon  took  the 
fame  fide,  they  took  it  with  very  different  degrees  of. 
ardour.  The  Judge  faw  not  the  propriety  of  illumina¬ 
ting  his  windows  when  the  caufe  was  finally  decided 
by  the  Houfe  of  Peers;  and  to  compel  him  to  illumi¬ 
nate,  the  advocate  got  poffeflion  of  a  Chinefe  gongy  and 
at  the  head  of  a  number,  of  young  men  and  boys  pa*^ 
trolled  the  ftreets  of  Edinburgh,  and  made  a  loud  and 
exulting  noife  at  the  windows  of  his  father’s  houfe, 
where  there  was  no  fymptom  difplayed  .of  the  general 
joy. 

In  1762  Mr  Bofwell  made  his  firft  journey  to  Lon¬ 
don;  where,  under  the  aufpices  of  Dodfley  the  bookfel- 
ler,  he  publifhed,  “  The  Gub  at  Newmarket,  a  Tale.” 
By  the  title  oi  Cuh  he  meant  to  charadlerife.himfelf,  as 
the  reader  will  perceive  in  the  following  , lines,  which  we 
ihall  give  as  a  fpecimen  of  the  poem  : 

Lord  Eglintoune,  who  loves,  you  know, 

A  little  dafh  of  whim,  or  fo. 

By  chance  a  curious  Cub  had  got. 

On  Scotia’s  mountains  newly  caught. 

During  his  flay  in  London  Mr  Bofwell  was  intro¬ 
duced  to  Dr  Johnfon,  with  whom  it  is  well  known  he 
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continued  to  live  in  intimacy  from  that  time  till  John-  Borwdl. 
fan’s  death  in  1784;  and  this  intimacy  procured  him 
the  friendfhip  of  Burke,  Goldfmith,  Sir  Jofhua  Rey¬ 
nolds,  and  many  other  men  of  eminence,  who  compofed 
what  was  called  The  Literary  Club*  In  the  latter  end 
of  1765  he  became  acquainted  w-ith  General  Paoli  when 
on  his  travels ;  and  after  his  return  he  publifhed,  in 
1768  or  1769,  his  account  of  Corfica,  with  the  Jour¬ 
nal  of  a  Tour  to  that  Ifland.” 

Of  this  work,  which  gained  him  fome  diflindlion  in 
the  world,  his  great  friend  Johnfon  writes  thus:  “  Your 
hiflory  is  like  all  other  hiftories,  but  your  journal  is  in 
a  very  high  degree  curious  and  delightful.  There  is  be¬ 
tween  the  hiflory  and  the  journal  that  difference  which 
there  will  always  be  found  between  notions  borrowed 
from  without  and  notions  generated  within.  Yourhif- 
tory  was  copied  from  books  ;  your  journal  rofe  out  of 
your  own  experience  and  obfervation.  You  exprefs 
images  which  operated  flrongly  upon  yourfelf,  and  you 
have  impreffed  them  with  great  force  upon  your  read¬ 
ers.  I  know  not  whether  I  could  name  any  narrative 
by  which  curiofity  is  better  excited  or  better  grati- 
fied.” 

In  1770  Mr  Bofwell,  who  was  then  in  good  prac¬ 
tice  at  the  Scotch  bar,  married  an  amiable  woman,  by 
whom  he  had  two  fons  and  three  daughters,  who  fur- 
vived  him.  In  1773  he  was  chofen  a  member  of  the  ' 
Literary  Club  ;  and  in  the  autumn  of  the  fame  year 
he  vifited  the  Hebrides  in  company  with  his  illuftrious 
friend  Johnfon  after  whofe  death  he  publifhed  a  very 
entertaining  account  of  their  touiv -the  places  they  faw, 
the  charadlers  with  whom  they  converfed,  and  their  own 
remarks  on  the  different  convei'fations.  To  many  per- 
fons,  both  in  England. and  Scotland,  this  book  gave* 
great  offence,  as  it  brought  before  the  public  the  un¬ 
guarded  talk.of  private  focial  circles  ;  but  it  furely  fur- 
nifhed  much  entertainment,  as  it  exhibited  a  more  faith¬ 
ful  pi<^ure  of  Hcbridian  manners  than  the  Britifh  pub¬ 
lic  had  ever  before  feen. 

In  1784,  when  Mr  Fox’s  famous  India  bill  Was  be¬ 
fore  Parliament,  Mr  Bofwell  publifhed  a  ‘‘  Letter  to  the  ' 

People  of  Scotland-  on  the  Prefent  State  of  the  Na¬ 
tion;”  in  which  he  contends,  that  no  charter  would  be 
fafe  if  that  bill  fhould  pafs  into  a  law.;  and  more  than 
infinuates,  that  the  principle  of  it  was  equally  inimkal  ^ 
to  the  liberties  of  the  fubjedl  and  to  the  prerogative  of 
the  king.  Dr  Johnfon  feems  to  have  thought  of  that 
bill  as  he  did  ;  for  having  read  the  letter,  he  writes  to 
the  author  his  approbation  of  it  in  the  following  words:  ; 

“  I  am  very  much  of  your  opinion  ;  and,  like  you,  feel  * 
great  indignation  at  the  indecency  with  which  the  king 
is  every  day  treated.  Your  paper  contains  very  coufi- 
derable  knowledge  of  the  hiflory  and  of  the  conftitu-.- 
tion,  very  properly  produced  and  applied.”. 

In  1785,  Mr  Bofwell  quitted  the  Scotch  bar,  and  > 
went  to  refide  in  London,  v/ he  re  he  continued  tilLthe 
day  of  his  death.  Having  entered  himfelf  in  one  of  the 
inns  of  court,  and  fludied  the  Englifh  law,  he  became  a 
barrifter  in  England;  but. we  have  reafon  to  believe 

that 


Mr  Barrow,  who  travelled  into  the  interior,  of  Southern  Africa  in  1797  and  1798.  According  to  him,  they  are 
a  diflind  race,  extremely  favage,  who  neither  cultivate  the  ground  nor  breed  cattle,  but  fubfift  in  part  on  the 
natural  produce  of  their  country,  and  fupply  its  deficiency  by  depredations  on  the  coloniffs  on  one  fide,  and  the 
neighbouring  tribes  of  people  that  are  more  civilized  than  themfelves>  on  the  other. 
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Bofwcll.  that  hi8  prai^ice  there  was  not  fo  fuccefsful  as^t  had 
been  in  his  own  country.  He  enjoyed^  however,  more 
completely  than  he  could  do  in  Edinburgh,  the  conver- 
fation  of  the  great,  the  wife,  the  witty,  and  the  good  ; 
and  fuch  converfation  he  always  valued  above  wealth. 
He  frequently  vifited  his  native  country,  and  efpecially 
Auchinleck,  the  feat  of  his  anceftors  ;  and  foon  after 
his  return  from  one  of  thofe  vifits  he  was  feized  with 
a  diforder  which  proved  fatal,  on  Tuefday  the  19th  of 
May  1795* 

Such  were  the  principal  events  in  the  life  of  Mr  Bof- 
well.  Of  his  charadler,  it  would  be  difficult  to  fay 
much  more  than  he  has  faid  himfelf  in  his  “  Journal  of  a 
Tour  to  the  Hebrides  and  which  may,  with  fome 
propriety,  be  copied  here  ; 

‘‘  I  have  given  a  fl<etch  of  Dr  Johnfon.  My  readers 
may  wifh  to  know  a  little  of  his  fellow-traveller.  Think, 
then,  of  a  gentleman  of  ancient  blood  ;  the  pride  of 
which  was  his  predominant  paffion.  He  was  then  in 
his  33d  year,  and  had  been  about  four  years  happily 
married.  His  inclination  was  to  be  a  foldier  ;  but  his 
father,  a  refpeftable  Judge,  had  preffed  him  into  the 
profeffion  of  the  law.  He  had  travelled  a  good  deal, 
and  feen  many  varieties  of  human  life.  He  had  thought 
more  than  any  body  fuppofed,  and  had  a  pretty  good 
ftock  of  general  learning  and  knowledge.  He  had  all 
Dr  Johnfon’s  principles,  with  fome  degree  of  relaxation. 
He  had  rather  too  little  than  too  much  prudence  ;  and 
his  imagination  being  lively,  he  often  faid  things^  of 
which  the  effed  was  very  different  from  the  intention. 
He  refembled  fometimes 

«  The  beft  good  man,  with  the  worft-natur’d  mufe.^ 

He  cannot  deny  himfelf  the  vanity  of  finifhing  with 
the  encomium  of  Dr  Johnfon,  whofe  friendly  partiality 
to  the  companion  of  this  tour,  reprefents  him  as  one 
<  whofe  acutenefs  would  help  my  inquiry,  and  whofe 
gaiety  of  converfation,  and  civility's,  of  manners,  are  fuf- 
heient  to  counterad  the  inconveniences  of  travel,  in 
countries  lefs  hofpitable  than  we  have  paffed.’ 

Few  of  Mr  BofwelVs  friends,  we  believe,  could  add 
much  to  this  candid  confeffion.  His  enemies,  if  he  had 
any,  might  dwell  upon  his  failings;  but  his  failings  were 
few,  and  injurious  to  no  perfon.  In  his  charader  good 
nature  was  predominant.  He  appeared  to  entertain  fen- 
timents  of  benevolence  to  all  mankind,  and  to  be  inca¬ 
pable  of  Intentionally  injuring  a  human  being.  His  con¬ 
verfation -talents  were  always  pleafing,  and  often  fafei- 
nating.  But  can  we  wonder  at  this  In  him  who,  with 
a  capacity  to  learn,  had  been  the  companion  of  Johnfon 
for  more  than  20  years  ?  His  attachment  to  the  Doc¬ 
tor  for  fo  long  a  period,  was  a  meritorious  perfeverance 
in  the  defire  of  knowledge.  To  it  the  world  is  in¬ 
debted  for  the  moft  finifhed  pidure  of  an  eminent  man 
that  ever  was  executed.  We  know  there  are  objedions 
to  the  mode  of  giving  the  life  of  Johnfon.  It  has  been 
thought  that  ignorance  has  been  wantonly  expofed,  and 
the  privacy  of  focial  life  endangered.  We  fhall  not  en¬ 
ter  deeply  Into  this  queftion.  All  that  we  can  certain¬ 
ly  affirm  Is,  that  the  work  has  been  read  with  avidity 
and  pleafure  ;  and  that  he  who  does  not  wifh  to  read  it 
again  may  be  fufpeded  to  be  deficient  in  tafte  and  in 
temper. 

Mr  Bofwell  has  been  accufed  of  vanity ;  but  when 
this  accufation  is  brought  againft  him,  it  ffiould  not  be 
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forgotten  that  he  enjoyed  advantages  which  rendered  Botuny 
that  confpicuous  in  him  from  which  110  man  can  claim 
an  exemption.  We  know  not  the  man  who  would  not 
have  been  vain  to  poffefs  fo  much  of  Dr  Johnfon’s  con- 
verfation,  and  proud  to  give  it  to  the  world,  in  hopes 
that  he  who  venerated  Johnfon  would  not  be  unthank- 
ful  to  his  biographer.  From  the  Dodor,  however,  he 
appeared  to  his  friends  to  have  imbibed  a  portion  of  me¬ 
lancholy,  of  which  indeed  he  complained  himfelf  during 
the  la  11  two  or  three  years  of  his  life  ;  and  he  flev<'  for 
relief  where  perhaps  it  is  beft  to  be  found,  to  the  fociety 
of  the  learned  and  the  gay.  Here,  as  he  confeffes,  he 
“  had  rather  too  little  than  too  much  prudence  and, 
with  more  attachment  to  the  adivity  of  rural  life,  he 
might,  probably,  have  lengthened  his  days.  But  as  his 
“  belief  In  revelation  was  unfhaken,’^  and  his  religious 
Impreffions  deep,  and  recurring  frequently,  let  us  hope 
that  he  has  now  attained  that  ftate  from  which  imper- 
fedion  and  calamity  are  alike  excluded. 

BOTANY-bay.  See  New  HoiiANDy  Encycl. ;  and 
New  South  JValbs  In  this  Supplement. 

BOUGUER  ( Peter),  an  eminent  mathematician  and 
mechanical  phllofopher,  was  born  at  Croific,  in  Lower 
Bretagne,  on  the  loth  of  February  1698.  His  father 
John  Bouguer,  who  was  like  wife  a  confiderable  mathe-  ' 

matician,  was  then  profeffor  royal  of  hydrography  at 
that  port ;  and  under  him  young  Bouguer  ftudied  ma¬ 
thematics,  and  the  application  of  them  to  (hip-building, 
almoft  from  the  period  when  he  began  to  fpeak ;  fo 
that  he  was  a  proficient  In  thefe  fciences  before  he  had 
reached  beyond  the  years  of  childhood.  He  was,  how¬ 
ever,  removed  from  Croific  to  the  Jefults  college  at 
Vannes,  where,  at  13  years  of  age,  he  triumphed.  In  a 
public  conteft,  over  a  profeffor  of  mathematics,  who  had 
advanced  a  mathematical  propofition  erroneoufiy.  Two 
years  after  this  he  loft  his  father,  whom  he  was  appoint- 
ed  to  fucceed  in  the  office  of  hydrographer,  after  being 
publicly  examined,  and  giving  the  moft  complete  proof 
of  his  being  duly  qualified  to  fill  the  vacant  chair.  He 
was  indeed  qualified  by  prudence  as  well  as  by  fclence  ; 
for  however  furprifing  it  may  be,  he  filled  It  both  with 
dignity  and  with  abilities,  though  then  not  more  than 
15  years  of  age. 

In  the  years  1727,  1729,  and  1731,  he  gained  the 
prizes  fucceffively  propofed  by  the  Academy  of  Sciences 
for  effays  on  the  beft  way  of  equipping  (hips  with  mafts, 
on  the  beft  method  of  obferving  at  fea  the  height  of  the 
ftars,  and  on  the  moft  advantageous  way  of  obferving 
the  declination  of  the  magnetic  needle  or  the  variation 
of  the  compafs.  In  1729  he  publKhed  an  Optical  EJfay 
upon  the  Gradation  of  Light,  in  which  he  examined  the 
intenfity  of  light,  and  determined  its  degrees  of  diminu¬ 
tion  in  paffmg  through  different  pellucid  mediums,  and 
particularly  in  traverfing  the  earth’s  atmofphere.  Of 
this  effay,  which  was  written  upon  a  fubjedl  that  till  then 
had  not  attra^ed  the  attention  of  philofophers,  the  read¬ 
er  will  find  fome  account  In  the  Encyclopedia  Britan^ 
nica,  under  the  title  Optics,  n*^  32,  &c. 

In  1730  Bouguer  was  removed  from  the  port  of 
Croific  to  that  of  Havre.  In  1731  he  obtained,  in  the 
Academy  of  Sciences,  the  place  of  affociatc  geometrl- 
cian,  vacant  by  the  promotion  of  Maupertuis  to  that  of 
penfioner;  and  In  1735  he  was  promoted  to  the  office 
of  penfioner-aftronomer.  The  fame  year  he  was  lent 
on  the  comralffion  to  South  America,  along  with  MelTrs 

Godin, 
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Bnng:uer.  Godin,  Condamine,  and  Jeuffieu,  to  determine  the  mea- 
fure  of  the  degrees  of  the  meridian,  and  the  figure  of 
the  earth*  In  this  painful  and  troublefome  bufinefs  of 
ten  years  duration,  chiefly  among  the  lofty  Cordelier 
mountains,  our  author,  befides  attending  to  the  objedl  of 
the  voyage,  made  many  fcientific  obfervations  ;  viz.  on 
the  cfFed  of  the  Cordeliers  on  the  polarity  of  the  mag¬ 
netic  needle;  on  the  expanfion  and  contraftion  of  met^s 
and  other  fubftanccs,  by  the  hidden  and  alternate  chan¬ 
ges  of  heat  and  cold  among  tliofe  mountains  ;  and  on 
the  refraction  of  the  atmoipliere  from  the  tops  of  the 
fame,  with  the  fingular  phenomenon  of  the  fuddeii  in- 
creafe  of  the  refraCtion,  when  the  liar  can  be  obferved 
below  the  line  of  the  level.  He  likewife  afcertained  the 
laws  of  the  denfity  of  the  air  at  different  heights,  from 
obfervations  made  at  different  points  of  tliofe  enormous 
mountains ;  he  difcovered  that  the  mountains  have  an 
effeCl  upon  a  plummet,  though  he  did  not  aflign  the 
quantity  of  that  effed  ;  he  found  out  a  method  of  efli- 
mating  the  errors  committed  by  navigators  in  determi¬ 
ning  their  route  ;  gave  a  new  conflrudion  of  the  log 
for  meafuring  a  ihip’s  way  ;  and  made  feveral  other  use¬ 
ful  improvements.  M.  Bouguer  made  at  different  times 
fome  important  experiments  on  the  famous  reciproca¬ 
tion  of  the  pendulum  ;  he  invented  in  1747  the  Helio¬ 
meter  (fee  that  article  EncycL)  ;  and  made  many  dif- 
coveries  relating  to  the  intenfity  of  light  (for  which  fee 
0?T\cs-Indexy  Encycl.)  His  unremitting  application 
to  ftudy  undermined  his  health,  and  he  died  on  the  15th 
of  Auguft  1758,  in  the  6ill  year  of  his  age. 

Of  his  works  which  have  been  publifhed,  the  chief 
are,  i.  The  Figure  of  the  Earth,  determined  by  the 
Obfervations  made  in  South  America,  1749,  4^0* 

2.  Treatife  on  Navigation  and  Pilotage,  Paris,  1752, 
in  4to.  This  w'ork  has  been  abridged  by  M.  La  Caille, 
in  one  volume  8vo,  1768.  3.  Treatife  on  Ships,  their 

Conftrudion  and  Motions,  in  4to,  1756.  4.  Optical 

Treatife  on  the  Gradation  of  Light,  firll  in  1729,  then 
a  new  edition  in  1760,  in  4to. 

His  papers  that  were  inferted  in  the  Memoirs  of  the 
Academy  are  very  numerous  and  important  :  as,  in  the 
Memoirs  for  1726,  comparifon  of  the  force  of  the  fo- 
lar  and  lunar  light  with  that  of  candles  ;  1731,  obfer¬ 
vations  on  the  curvilinear  motion  of  bodies  in  mediums  ; 
1732,  upon  the  new  curves  called  the  lines  of  purfuit ; 
^733>  determine  the  fpecies  of  conoid,  to  be  con- 
flruded  upon  a  given  bafe  which  is  expofed  to  the  fliock 
of  a  fluid,  fo  that  the  impulfe  may  be  the  leaft  poflible  ; 
determination  of  the  orbit  of  comets;  1734,  compari¬ 
fon  of  the  two  law's  which  the  earth  and  the  other  pla¬ 
nets  mull  obferve  in  the  figure  which  gravity  caufes 
them  to  take ;  on  the  curve  lines  proper  to  form  the 
arches  in  domes  ;  1735,  obfervations  on  the  equinoxes  ; 
on  the  length  of  the  pendulum  ;  1736,  on  the  length 
of  the  pendulum  in  the  torrid  zone  ;  on  the  manner  of 
determining  the  figure  of  the  earth  by  the  meafure  of 
the  degrees  of  latitude  and  longitude;  1739,  on  the 
allronomical  refraClions  in  the  torrid  zone  ;  obfervations 
on  the  lunar  eclipfe  of  the  8th  September  1737,  made 
at  Quito  ;  1744,  fhort  account  of  the  voyage  to  Peru 
by  the  members  of  the  Royal  Academy  of  Sciences,  to 
meafure  the  degrees  of  the  meridian  near  the  equator,  and 
from  thence  to  determine  the  figure  of  the  earth  ;  174^, 
experiments  made  at  Quito  and  divers  other  places  in  the 
torrid  zone,  on  the  expanfion  and  contradlion  of  metals 
SuppL.  VoL.  L  Part  1. 
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by  heat  and  cold ;  on  the  problem  of  the  mafting  of  Bnugtier, 
fhips;  i  746,treatifeonfiiips,  their  ftruaure  and  motions; 
on  the  impulfe  of  fluids  upon  the  fore  parts  of  pyrami-  ^ 
doids,  having  their  bafe  a  trapezium  ;  continuation  of 
the  fhort  account  given  in  1744  voyage  to  Peru 

for  meafuring  the  earth  ;  1747,  on  a  new  conftriiaioii 
of  the  |og,  and  other  inllrumtnts  for  meafuring  the  run 
of  a  fhip;  i  74^>  of  the  diameters  of  the  larger  planets  ; 
the  new  inflrument  called  a  heliometer^  proper  for  deter¬ 
mining  them,  with  obfervations  of  the  fun  ;  obfervation 
of  the  eclipfe  of  the  moon  the  8th  of  Auguft  1748  ; 

1749,  fecond  memoir  on  aftronomical  reflations,  ob- 
feved  in  the  torrid  zone,  with  remarks  on  the  manner 
of  conftruting  the  tables  of  them  ;  figure  of  the  earth 
determined  by  MM.  Bouguer  and  Condamine,  with  an 
abridgment  of  the  expedition  to  Peru  ;  r75o,  obferva- 
tion  of  the  lunar  eclipfe  of  the  13th  December  1750  ; 

^75L  on  the  form  of  bodies  moft  proper  to  turn  about 
themfelves,  when  they  are  puflied  by  one  of  their  ex¬ 
tremities,  or  any  other  point  ;  on  the  moon’s  parallax, 
with  the  eftimatlpn  of  the  changes  caufed  in  the  paral¬ 
laxes  by  the  figure  of  the  earth  ;  obfervation  of  the  lu¬ 
nar  eclipfe  the  2d  of  December  1751  ;  1752,  on  the 
operations  made  by  feamen,  called  corre£llons  i  175^1 
obfervation  of  the  paflage  of  Mercury  over  the  fun  the 
6th  of  May  1753  ;  on  the  dilatations  of  the  air  in  the 
atmofphere  ;  new  treatife  of  navigation,  containing  the 
theory  and  pradice  of  pilotage,  or  working  of  fhips ; 

1754,  operations,  3fc.  for  diftinguifliing,  among  the 
different  determinations  of  the  degree  of  the  mendian 
near  Paris,  that  which  ought  to  be  preferred  ;  on  the 
direaion  wdiich  the  firing  of  a  plummet  takes;  folutiori 
of  the  chief  problems  in  the  working  of  fhips  ;  175^, 
on  the  apparent  magnitude  of  objeds  ;  fecond  memoir 
on  the  chief  problems  in  the  working  of  fhips  ;  17^7, 
account  of  the  treatife  on  the  working  of  fhips  ;  on  the 
means  of  meafuring  the  light. 

BREAD  is  fo  eflential  an  article  of  food  that  every 
ufeful  method  of  making  it  /hould  be  generally  known. 

Much  has  accordingly  been  faid  on  that  fubjea  (Encycl. ) 
under  the  titles  Baking,  Bakm,  Bread,  and  Yeast: 
but,  fince  the  laft  of  thefe  articles  was  publifhed,  we 
have  feen,  in  Dr  Townfon’s  Travels  in  Hungary,  a  me, 
thod  of  making  bread  at  Debretzen  ;  of  which,  as  it 
may  fometimes  be  adopted  with  advantage  in  this  coun¬ 
try,  an  account  may,  with  propriety,  be  inferted  here 

In  the  baking  of  this  bread,  a  fubRitute  is  ufed  for 
yeaft,  which  is  thus  made;  Two  good  handfuls  of 
hops  are  boiled  in  four  quarts  of  water  :  this  is  poured 
upon  as  much  wheaten  bran  as  can  be  well  moiftened 
by  It  :  to  this  are  added  four  or  five  pounds  of  leaven  • 
when  this  is  only  warm,  the  mafs  is  well  w-orked  to- 
gether  to  mix  the  different  parts.  This  mafs  is  then 

24  hours  ;  and  after  that,  it  is 
divided  into  fmall  pieces  about  the  fize  of  a  hen’s  etra- 
or  a  fmall  orange,  which  are,  dried  by  being  pla«d 
upon  a  board,  and  expofed  to  a  dry  air,  but  not  to  the 

kept  half  a  year.  _  This  is  the  ferment ;  and  it  may  be 
ufed  in  the  following  manner  :  For  a  baking  of  fix  large 
loaves,  fix  good  handfuls  of  thefe  balls,  broken  into  fi  al 
ments,  are  tal^n  and  diffolved  in  feven  or  eight  quarts 
warm  water  This  is  poured  through  a  fieve  into  one  end 
of  the  bread  trough,  and  three  quarts  more  of  warm 
water  are  poured  through  the  fieve  after  it,  and  what 
1*  remains 
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remains  in  the  fieve  Is  well  prefled  out.  This  liquor  is 
mixed  up  with  fo  much  flour  as  to  form  a  mafs  of  the 
fize  of  a  large  loaf:  this  is  Are  wed  over  with  flour;  the 
fieve,  with  its  contents,  is  put  upon  it,  and  then  the 
whole  is  covered  up  warm,  and  left  till  it  has  rifen 
enough,  and  its  furface  has  begun  to  crack  :  this  forms 
the  leaven.  Then  15  quarts  of  warm  water,  in  which 
iix  handfuls  of  fait  have  been  diflblved,  are  poured 
through  the  fieve  upon  it,  and  the  neceffary  quantity 
of  flour  is  added,  and  mixed  and  kneaded  with  the  lea¬ 
ven  :  this  is  covered  up  warm,  and  left  for  about  an 
hour.  It  is  then  formed  into  loaves,  which  are  kept 
in  a  warm  room  half  an  hour  ;  and  after  that,  they  are 
put  in  the  oven,  where  they  remain  tw^o  or  three  hours, 
according  to  the  fize.  The  great  advantage  of  this 
ferment  is,  that  it  may  be  made  in  great  quantities  at 
a  time,  and  kept  for  ufe.  Might  it  not  on  this  ac¬ 
count  be  ufeful  on  board  of  (hips,  and  likewife  for  ar¬ 
mies  when  in  the  field  ^ 

Bread,  in  whatever  way  it  is  made,  is  a  dear  article  ; 
and  it  may  be  a  defirable  objed  to  many  of  our  readers 
to  know  at  what  price  the  baker  can  afford  to  fell  it. 
This  depends  upon  the  price  of  wheat,  the  quantity  of 
flour  wdiich  the  w’heat  may  give,  the  lofs  at  the  mill, 
the  expence  of  grinding,  and  the  expence  of  baking. 

Of  the.  price  of  wheat  we  can  fay  nothing  with  pre- 
cifion,  becaufe  it  varies  according  to  the  goodnefs  or 
badnefs  of  the  crop,  and  other  circumftances ;  but  a 
bufliel  of  Effex  wheat,  Winchefter  meafure,  may  be 
taken,  on  an  average,  as  weighing  60  lb.  Sixty  pounds 
of  wheat  will  yield,  exclufive  of  the  lofs  in  grinding 
and  drefiing,  45!:  lb.  of  that  kind  of  flour  which  is 
led  feconds  ;  which  alone  is  ufed,  through  the  greateft 
part  of  England,  for  bread,  and  which  makes,  indeed, 
the  beft  of  all  bread,  though  not  the  whiteft.  A  peck 
of  this  flour,  weighing  141b.  will  take  up  betw^een  fix 
and  feven  pints  of  water,  and  give  18  lb.  of  excellent 
bread  ;  or  a  bufhel  of  flour,  w^eighing  56  lb.  will  yield 
721b.  of  bread.  The  expence  of  baking  a  bufhel  of 
fuch  flour  is,  in  Effex  and  fome  other  Englifh  counties, 
about  ninepence  ;  viz.  yeafl,  on  an  average,  twopence  ; 
fait,  before  the  late  tax,  one  halfpenny and  baking, 
fixpence. 

But  feconds  is  not  all  that  is  got  from  wheat.  A 
bufhel  of  60  lb.  of  wheat  gives,  befides  45!  lb.  of  fe- 
conds,  13  lb.  of  offal,  i.  e.  of  pollards  and  bran;  for  the 
titmoft  lofs  in  grinding  and  drefiing  a  bufhel  of  w^heat 
Ihould  not  exceed  i  pound  8  ounces.  The  millers,  in¬ 
deed,  ufually  reckon  on  two  pounds  of  lofs  ;  but  we 
can  fay,  with  the  utmofl  confidence,  that  the  a6lual 
lofs  is  rather  lefs  than  we  have  ftated  it.  A  correfpon- 
dent  of  ours,  on  whofe  accuracy  wt  can  depend,  weigh¬ 
ed,  in  1795,  two  bufhels,  Winchefler  meafure,  the  one 
of  white  and  the  other  of  red  wheat,  and  found  the 
weight  of  them  both  to  be  122 lb.  This  wheat  was 
ground  by  his  own  fervants,  and  it  yielded  I2l4rff>.  of 
meal,  fo  that  there  was  here  but  lb.  loll  of  two  bufh¬ 
els,  or  of  122  lb.  in  grinding.  He  admits  that  he  fuffer- 
ed  the  ftones  to  turn  too  clofe,  and  that  the  lofs  fliould 
therefore  have  been  fomewhat  greater.  The  meal  was 
dreffed,  as  the  wheat  had  been  ground,  under  his  own 
eye  ;  and  every  pofiible  precaution  being  taken  to  pre¬ 
vent  his  being  deceiveil  in  the  refult,  he  had  of  flour,  or 
feconds,  p^^lb,  and  of  bran  and  pollard  25Tlb. ;  fo  that 
he  loll,  of  two  bufhels,  but  2\  lb.  both  in  grinding  and 
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drefiing.  The  offal,  or  bran  and  pollard,  being  dreffed 
in  a  bolting  mill,  yielded  as  follows  : 

Sharps  -  6  lb.  o  oz. 

Fine  pollard  5  S 

Coarfe  pollard  7  8 

Broad  bran  5  8 


Bread. 


Altogether  24  8 

There  was  loft,  therefore,  in  bolting,  only  one  pound ; 
and  of  the  fharps,  about  three  pounds,  if  fifted,  would 
have  been  good  flour.  Indeed  were  the  fharps  and  fine 
pollard  to  be  added  to  the  flour,  the  bread  wouH,  per¬ 
haps,  be  better,  and  more  wholefome,  than  without 
fuch  addition.  From  thefe  data,  which' we  believe  to 
be  very  accurate,  it  will  be  eafy  to  calculate,  if  the  , 
price  of  wheat  be  given,  what  fhould  be  the  price  of 
flour  per  bufhel  and  peck,  the  price  of  bread  per  pound, 
and  the  quantity  of  bread  that  fhould  be  fold  for  a 
fhilllng. 

It  is  a  fa£I,  however,  which  fhould  be  attended  to, 
that  loaves  are  not  always  of  the  fame  weight,  though 
made  of  equal  quantities  of  the  very  fame  dough.  This 
was  fully  afeertained  fome  years  ago  at  Paris.  On  a 
violent  complaint  that  the  bread  was  not  always  of  the 
fame  ftandard  weight,  the  bakers  of  the  city  were  cal¬ 
led  before  the  police  officers.  They  admitted  the  fadl, 
that  loaves,  baked  at  the  fame  time,  and  in  the  fame 
oven,  were  feldom,  if  ever,  of  the  fame  weight ;  but 
they  infifted  that  they  contained,  each,  the  ftandard 
quantity  of  dough,  and  that  the  variety  of  ^  weight 
among  them  muft  proceed  from  fome  caufe,  which  they 
did  not  pretend  to  afeertain.  The  matter  was  refer¬ 
red  to  the  Royal  Academy  of  Sciences,  which  appoint¬ 
ed  one  of  its  members  to  fuperintend,  for  fome^  days, 
the  whole  procefs  of  baking.  This  being  done,  it  was 
found  that,  of  loaves  baked  in  a  large  oven,  thofe  were 
always  heavieft  which  occupied  the  centre  of  the  oven, 
and  that  the  bakers  were  innocent  of  the  crime  with 
which  they  w^ere  charged.  The  fad,  we  think,  may 
eafiiy  be  accounted  for.  Even  in  an  oven  there  muft 
be  fome  condenfation  of  fteam  ;  and,^  from  the  very 
lhape  of  the  oven,  the  greateft  quantity  muft  be  con- 
denfed  towards  the  centre.  Hence  the  loaves  in  the 
centre  are  neceffarlly  wetter  and  heavier  than  thofe 
round  the  circumference,  if  the  plain  of  the  oven  has 
been  equally  heated. 

Bread  of  Rice  might  occafionally  be  of  great  ufe  lii 
many  countries  during  a  fcarcity  of  wheat  ;  but  the 
method  of  making  it  is  not  generally  known.  It  is  in¬ 
deed  impofiible  to  make  bread  of  the  flour  of  rice,  which 
is  harfli  and  dry  like  fand  or  alhes,  by  treating  it  in  the 
manner  in  which  wheat-flour  is  commonly  treated;  and 
therefore  it  has  been  propofed  to  mix  it  with  an  equal 
quantity  of  the  flour  of  rye.  But  this  method  of  ufing 
the  flour  of  rice  is  a  very  uncertain  remedy  in  cafe  of 
want ;  fince  we  can  have  no  rice-bread  if  we  have  not 
rye.  We  are  taught,  however,  in  the  Journal  des  Scu 
ences,  des  Lettres,  et  des  Arts,  how  to  make  excellent 
bread  from  rice  alone,  by  a  method  which  the  author 
of  the  memoir  fays  he  learned  from  the  natives  of  A- 
merica. 

According  to  this  method  of  making  the  wifhed-for 
bread,  the  firft  thing  to  be  done  to  the  rice  is,  to  re¬ 
duce  it  to  flour,  by  grinding  it  in  a  mill,  or,  if  we  have 
not  a  mill,  it  may  b^e  done  in  the  following  manner: 

Let 
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^  Bread,  Let  a  certain  quantity  of  water  be  heated  in  a  fauce- 

j Brewing  qj.  caldron  ;  when  the  water  is  near  boiling,  let  the 
rice  we  mean  to  reduce  into  flour  be  thrown  into  it  : 
the  veflel  is  then  to  be  taken  off  the  fire,  and  the  rice 
left  to  foak  till  the  next  morning.  It  will  then  be  found 
at  the  bottom  of  the  water,  which  is  to  be  poured  off, 
and  the  rice  put  to  drain  upon  a  table  placed  in  an  in¬ 
clined  pofition.  When  it  is  dry,  it  mud  be  beat  to 
powder,  and  paffed  through  the  finefl  fieve  that  can  be 
procured. 

When  we  have  brought  the  rice  into  flour,  we  muff 
take  -as  much  of  it  as  may  be  thought  neceffary,  and 
put  it  into  the  kneading  trough  in  which  bread  is  ge¬ 
nerally  made.  At  the  fame  time  we  muff. heat  fome 
water  in  a  faucepan  or  other  veflel,  and,  having  thrown 
into  it  fome  handfuls  of  rice,  w^e  mull  let  them  boil  to¬ 
gether  for  fome  time  ;  the  quantity  of  rice  mufl  be 
fuch  as  to  render  the  water  very  thick  and  glutinous. 
When  this  glutinous  matter  is  a  little  cooled,  it  mult 
be  poured  upon  the  rice-flour,  and  the  whole  mufl  be 
well  kneaded  together,  adding  thereto  a  little  fait,  and 
a  proper  quantity  of  leaven.  We  are  then  to  cover  the 
dough  with  warm  cloths,  and  to  let  it  flaiid  that  it 
may  rife.  During  the  fermentation,  this  pafte  (which, 
when  kneaded,  mufl  have  fuch  a  proportion  of  flour  as 
to  render  it  pretty  firm)  becomes  fo  foft  and  liquid 
that  it  feems  impoflible  it  fhould  be  formed  into  bread. 
It  is  now  to  be  treated  as  follows  : 

While  the  dough  is  rifing,  the  oven  mufl  be  heated  ; 
and,  when  it  is  of  a  proper  degree  of  h?at,  we  mull 
take  a  flewpan  of  tin,  or  copper  tinned,  to  which  is 
fixed  a  handle  of  fufficient  length  to  reach  to  the  end 
of  the  oven.  A  little  water  mufl  be  put  into  this  flew¬ 
pan,  which  mufl  then  be  filled  with  the  fermented  pafle, 
and  covered  with  cabbage  or  any  other  large  leaves,  or 
with  a  fheet  of  paper.  When  this  is  done,  the  flew¬ 
pan  is  to  be  put  into  the  oven,  and  pufhed  forward  to 
the  part  where  it  is  intended  the  bread  fhall  be  baked; 
it  mufl  then  be  quickly  turned  upfide  down.,  The 
heat  of  the  oven  adls  upon  the  pafte  in  fuch  a  way  as 
to  prevent  its  fpreading,  and  keeps  it  in  the  form  the 
ftewpan  has  given  it. 

In  this  manner  pure  rice-bread  may  be  made  ;  it 
comes  out  of  the  oven  of  a  fine  yellow  colour,  like  paf- 
try  which  has  yolk  of  eggs  over  it.  It  is  as  agreeable 
to  the  tafte  as  to  the  fight ;  and  may  be  made  ufe  of, 
like  wheat-bread,  to  put  into  broth.  See.  It  iniift,  how¬ 
ever,  be  obferved,  that  it  lofes  its  goodnefs  very  much 
as  it  becomes  ftale. 

It  may  be  here  remarked,  that  the  manner  in  which 
Indian  corn  is  ufed  in  fome  countries,  for  making  bread, 
can  only  produce  (and  does  in  fa6l  produce)  very  bad 
dough,  and  of  courfe  very  bad  bread.  To  employ  it 
advantageoufly,  it  fhould  be  treated  like  rice  ;  and  it 
may  then  be  ufed,  not  only  for  making  bread,  but  alfo 
for  paftry. 

BREWING  is  an  art  of  vaft  importance,  and  has 
accordingly  been  explained  in  the  Encyclopaedia  Bri- 
tannica.  A  few  improvements,  however,  have  been 
made  in  the  art,  which,  though  not  noticed  iu  that 
Work,  feem  to  be  worthy  of  general  attention,  and, 
therefore,  to  deferve  a  place  in  this  Supplement.  The 
firft,  of  which  we  fhall  give  an  account,  is  an  invention 
of  Mr  William  Ker  of  Kerjield^  in  the  county  of 
Tweedalc,  for  the  faving  of  hops,  and,  at  the  fame 
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time,  giving  to  the  liquor,  whether  ale,  beer,  or  porter.  Brewing, 
a  fiiperior  flavour  and  quality. 

'The  fleam  w  hich  arifes  from  the  boiling  copper  is 
known  to  be  llrongly  impregnated  with  the  effential 
oil  of  the  hops,  in  w^hich  their  flavour  ponfifls.  In- 
ftead,  therefore,  of  allowing  it  to  efcape  and  evaporate, 
as  it  does  in  the  common  mode  of  brewing,  Mr  Ker 
contrives  to  preferve  and  condenfe  it,  by  means  of  a 
winding-pipe  fixed  to  the  copper,  fimilar  to  the  worm 
of  a  ftill,  or  by  a  ftraight  pipe  pafling  through  cold 
water,  or  any  other  cooling  medium.  The  oil  and  wa¬ 
ter,  thus  obtained,  are  returned  into  the  worts  when 
boiled,  or  the  oil,  after  being  feparated  from  the  water, 
along  with  which  It  had  been  exhaled,  is  returned  into 
the  worts  after  they  are  boiled  ;  and  the  watery  part, ' 
which,  after  the  oil  is  feparated,  ftill  continues  impreg¬ 
nated  with  the  aromatic  tafte  and  bitter  of  the  hop,  is 
returned  into  the  next  copper  or  boiling. veflel ;  and  fo 
on  from  one  copper  or  boiling-veflel  into  another.  By 
this  procefs  a  confiderable  part  of  the  hop  and  flavour, 
which  is  loft  in  the  ordinary,  mode  of  brew'ing,  is  pre- 
ferved ;  the  flavour  of  the  liquor  is  improved  by  the 
prefervation  of  the  finer  parts  of  the  aromatic  oil  :  and 
the  ale  and  beer  are  better  fecured  from  any  tendency 
to  acidity  or  putrefadlion,  and  therefore  mufl  be  fitter 
for  home  confumption  and  exportation.  For  this  inven¬ 
tion,  which  is  certainly  fimple,^  and  we  think  rational, 

Mr  Ker  obtained  a  patent,  dated  March  4.  1788. 

On  the  4th  of  June  1790,  Mr  John  Long  oi  Long^ 
villey  in  the  county  of  Dublin^  Ireland,  obtained  a  pa¬ 
tent  for  an  improvement  in  bnewing,  refembling,  in  one 
particular,  this  invention  of  Mr  Ker^s.  To  his  inven¬ 
tion,  however,  he  gives  the  name  of  an  entire  ne^  me^ 
thody  in  all  the  ejfential  partsy  of  brewing  good  malt  li¬ 
quor  ;  and  therefore,  as  it  comprehends  the  whole  pro¬ 
cefs  of  brewing,  we  fliall  lay  it  before  our  readers  in 
the  words  of  its  author. 

‘‘  I.  For  the  better  extra6ling  from  malt,  place  near 
a  mafli-tun  a  fhallow  copper  or  other  veflel  that  will 
readily  heat  ;  the  curb  of  which  to  be  on  a  level  with 
the  tun,  and  to  contain  from  two  to  fix  hogflieads,  ac¬ 
cording  to  the  dimenfion  of  the  tun,  more  or  lefs;  and, 
at  the  lower  end  of  the  copper,  have  a  cock  from  two 
to  five  inches  diameter,  more  or  lefs,  to  condu<ft  the 
heated  liquor  from  the  copper  into  a  tube  which  paf- 
fes  down  the  external  part  of  the  tun,  and  enters  it 
through  an  apeiture  about  fix  inches  from  the  bottom; 
then  forming  two  revolutions,  more  or  lefs,  through  the 
body  of  the  tun,  and  communicating  its  heat  to  the 
wort  as  it  paffes  through  the  tube;  and  then,  at  a  con¬ 
venient  diftance  from  the  place  it  firft  entered,  it  runs 
from  the  tun  into  a  cittern  or  tub,  litiiate  as  near  as 
convenient  to  the  copper  or  heating-velfel.  In  the  tub 
or  cittern  is  to  be  placed  a  pump,  for  the  piir|)ofe  of 
conveying  the  cooler  liquor  back  to  the  copper  or  heat- 
ing-veflel  again  ;  there  to  receive  the  heat  of  208  de¬ 
grees,  more  or  lefs  (which  it  will  require  after  the  firft 
half-hour),  and  then  convey  it  through  the  mafliing-tuii 
as  before,  and  in  the  fame  manner,  as  long  as  the  work¬ 
ing  brewer  or  diftiller  may  think  neceflary,  to  raife  the 
malhing  tun  to  any  degree  of  heat  required.  By  ad¬ 
hering  to  the  foregoing  procefs,  the  lirft  liquor  may, 
with  the  greateft  fafety,  be  let  upon  the  malt  from 
20  to  30  degrees  lower  than  the  prefent  pradlice  ;  by 
which  means  it  operates  with  gentlenefs,  opens  and  cx- 
P  2  pands 
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Brewing,  pands  the  malt  and  raw  corn,  and  prepares  it  for  the 
*  reception  of  fha.rper  or  warmer  liquor,  fo  as  to  extradl 

the  whole  of  the  faccharine  quality  from  the  malt  and 
raw  corn.  By  the  foregoing  method,  the  malhing-tun, 
inftead  of  lofing  its  firft  heat  {which  it^  does  by  the 
prefent  pradice),  continues  to  increafe  in  heat  every 
moment,  by  conveying  the  heated  liquor  through  the 
tube  into  the  tun  ;  by  which  means,  at  the  end  of  two 
hours,  the  working  brewer  or  dilliller  can  have  the  tun 
brought  to  any  degree  of  heat  he  fliall  think  bell  fuited 
to  the  different  qualities  of  the  malt  or  raw  corn.  Per- 
fons  who  would  wifh  to  fave  expence,  may  heat  their 
malhing.tiin  at  the  fide  or  bottom  by  a  large  piece  of 
metallic  fubftance  made  fire  proof,  and  fixed  therein ; 
which,  ill  fome  degree,  will  anfwer  the  end  propofed, 
but  with  great  trouble  and  delay. 

“  2.  To  prevent  the  wort  from  receiving  a  difagree- 
able  flavour  while  in  the  under-back,  a  tube  muff  be 
placed  at  the  cock  of  the  mafhing-tun,  to  receive  the 
wort  as  it  comes  off,  and  convey  it  to^  a  great  ciftern 
or  refrigeratory,  which  is  fupplied  with  a  ftream  of 
water.  The  wort,  palTing  through  that  medium  in  a 
fpiral  tube,  foon  lofes  that  heat  which  fo  often  proves 
prejudicial  to  the  brewer  and  dilliller  in  warrn  weather; 
then  pafs  it  from  the  tube  into  a  veffel  in  which  pumps 
are  placed,  to  return  the  worts  into  the  copper  for  the 
purpofe  of  boiling  off.  All  veffels  for  receiving  the 
cold  wort  muft  be  placed  lower  than  the  fource  whence 

the  wort  comes.  , 

3.  As  the  great  objedl  of  long  boiling  the  wort  is 
remedied,  by  my  invention  of  taking  the  extrad  from 
the  hops  in  a  feparate  manner  from  the  worts,  I  boil 
my  worts  no  longer  than  from  15  to  20  rninutes  ;  and, 
by  purfuing  that  method,  I  fave  much  time  and  fuel, 
and  regulate  my  lengths  accordingly. 

“  4.  I  fleep  my  hops,  the  preceding  day  to  which 
they  are  to  be  ufed,  in  a  copper  or  other  veflel,  with 
as  much  fluid,  blood-warm,  as  will  cover  the  hops,  where 
it  is  to  remain  over  a  flow  fire  at  leafl  14  hours,  clofe 
covered  ;  the  copper  at  the  tenth  hour  not  to  be  of  a 
greater  heat  than  175  degrees,  continuing  flow  until 
the  laa  hour.  Then  I  bring  the  copper  gradually  to 
a  fimmer  or  flow  boil  ;  in  which  aate  I  let  it  remain 
about  10  minutes,  and  then  run  off  the  fluid  ;  and  this 
I  do  at  the  fame  time  the  firff  wort  is  boiled  oa,  that 
they  may  both  pafs  together  through  the  refrigeratory 
into  the  fermentation  or  working  tun.  After  the  fore¬ 
going  operation,  I  cover  the  hops  again  with  other  li¬ 
quor,  and  bring  the  copper  to  boil  as  foon  as  conve¬ 
nient,  and  let  it  remain  in  that  flate  a  confiderable 
time,  until  the  fecond  worts  are  boiled  off.  Then  I 
pafs  the  hop-fluid  with  the  wort,  the  fame  as  in  the 
^ifirff  inftance  ;  and,  if  there  is  a  third  wort,  I  boil  my 
hops  a  third  time  with  fmall  worts,  and  pafs  it  off  as 
before  ;  by  which  means  I  gradually  obtain  the  whole 
of  the  effential  oil  and  pleafing  bitter  from  the  hops, 
which  is  effedlually  preferved  in  the  beer,  ^  ^ 

“  5.  To  cool  worts.  When  the  wort  is  boiled  off, 
it  is  condudled  from  the  cock  of  the  copper  or  boiler 
into  a  tube  of  a  proper  dimenfion,  which  paffes  the 
wort  from  the  cock  to  the  large  ciflern  or  refrigerato¬ 
ry,  and  there  performs  feveral  revolutions,  in  a  fpiral 
manner,  through  the  fame  tube  ;  which  is  immerfed  in 
conflant  fupply  of  cold  water,  where  it  lofes  the  greateft 
part  of  its  heat  in  a  fhort  time,  and  thence  continues  a 
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ftraight  courfe  through  the  tube,  a  little  elevated  and  Brewing 


of  a  fuitable  length,  placed  in  brick-work,  until  it  meets 
a  fmall  refrigeratory,  fupplied  with  colder  water  from  a  ,  _ 
refervoir  made  for  that  purpofe  at  the  head  of  the 
works  ;  whence  a  continual  dream  runs  on  the  furface 
of  the  tube  down  to  the  great  refrigeratory,  cooling 
the  wort  as  it  paffes,  in  order  to  enable  the  working 
brewer  or  dilliller  to  fend  it  into  the  backs  or  working- 
tuns  at  whatever  degree  of  heat  he  fhall  think  proper. 
There  is  no  other  difference  between  brewer  and  didiller 
in  this  procefs,  but  that  the  didiller  immediately  paffes 
the  drong  wort  from  the  maffiing-tun  to  the  back,  thro’ 
the  fame  machinery  above  inferred,  and  the  tubes  may 
be  made  of  lead,  or  any  other  metallic  fubdance. 

“  6.  To  enable  me  to  brew  in  the  warm  fummer 
months,  I  fmk  my  backs  or  working  tuns  at  lead  to  a 
level  with  the  ground,  but  if  deeper  the  better,  and  co¬ 
ver  them  clofcly  by  an  arch  made  of  bricks,  or  other 
materials,  that  will  totally  exclude  the  atmofpheric  air 
from  them.  I  place  them  as  near  as  poffible  to  a  fpring 
or  fand-drain,  as  their  depth  will  naturally  draw  the  wa¬ 
ter  thence,  which  mud  be  fo  contrived  as  to  pafs  or 
ffow  round  the  backs  or  tuns.  I  then  introduce  a  large 
tube,  which  paffes  through  the  tuns,  and  keeps  the 
wort  feveral  degrees  lower  than  Can  poffibly  be  done  by 
the  prefent  pradlice  ;  by  which  means  I  can  produce  a 
complete  fermentation  even  in  the  dog-days. 

“  7.  In  cold  or  frody  weather,  if  the  tun  and  backs 
fhould  lofe  the  fird  heat,  intended  to  carry  it  through 
the  procefs  by  the  foregoing  method,  you  may  convey 
a  fupply  of  warm  or  boding  water  by  the  tube,  which 
paffes  through  the  body  of  the  backs  or  tun,  communi¬ 
cating  its  heat,  which  rifes  to  any  degree  the  working 
brewer  ffiall  think  proper  :  by  purfuing  this  method,  in 
the  colded  feafon,  I  never  want  a  fermentation.” 

We  regret  that  we  cannot  with  propriety  date  to 
our  readers,  under  this  article,  a  fummary  of  Mr  Rich- 
ardfon  of  Hull’s  Pbilofophical  Principles  of  Brewing  ; 
for  as  the  author  has  a  new  edition*  of  his  work  in  the 
prefs,  it  is  our  duty  rather  to  refer  to  it,  than  to  quote 
from  a  former  edition,  which  contains  not  his  lad  im¬ 
provements.  See  Fermentation  and  Malt,  in  this 
Supplement. 

BRIDE  ALE.  See  Scotale  in  this  Supplement. 
BRIDGE.  See  that  article  (EncycL),  and  Arch 
in  this  Supplement.  A  ridge,  of  large  fpan, 

ffiould  be  condruded  on  the  principles  explained  under 
the  title  Roof  {EncycL)  See  alfo  Centre  {SuppL)^ 
BRINDLEY  (James),  was  born  at  Tunded,  in 
the  parifh  of  AVormhill,  Derbyfhire,  in  1716.  His  fa¬ 
ther  was  a  fmall  freeholder,  who  difiipated  his  property 
in  company  and  field  amufements,  and  negleded  his  fa¬ 
mily.  In  confequence,  young  Brindley  was  left  dedi- 
tute  of  even  the  common  rudiments  of  education,  and 
till  the  age  of  17  was  cafually  employed  in  rudic  la-, 
hours.  At  that  period  he  bound  himfelf  apprentice  ta 
one  Bennet,  a  mill-wright  at  Macclesfield,  in  Cheffiire, 
where  his  mechanical  genius  prefently  developed  itfel^. 
The  mader  being  frequently  abfent,  the  apprentice  was 
often  left  for  weeks  together  to  finifh  pieces  of  works 
concerning  which  he  had  received  no  indrudion  ;  and 
Bennet,  on  his  return,  was  often  greatly  adoniffied  to 
fee  improvements  in  various  parts  of  mechanifm,  of 
which  lie  had  no  previous  conception.  It  was  not  long 
before  the  millers  difeovered  Brindley’s  merits,  and  pre¬ 
ferred 
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Brindley,  ferred  him  in  the  execution  of  their  orders  to  the  maf- 
'  ter  or  any  other  workman.  At  the  expiration  of  his 
fervitude,  Bennet  being  grown  into  years,  he  took  the 
management  of  the  bufinefs  upon  himfelf,  and  by  his 
(Icill  and  induftry  contributed  to  fupport  his  old  maher 
and  his  family  in  a  comfortable  manner. 

In  procefs  of  time  Brindley  fet  up  as  a  mill-vvriglit 
on  his  own  account  ;  and  by  a  number  of  nev\^  and  in¬ 
genious  contrivances  greatly  improved  that  branch  of 
mechanics,  and  acquired  a  high  reputation  in  the  neigh¬ 
bourhood.  His  fame  extending  to  a  wider  circle,  he 
was  employed,  in  1752,  to  ere£l  a  water-engine  at  Clif¬ 
ton,  in  Lancafhire,  for  the  purpofe  of  draining  feme  coal 
mines.  Here  he  gave  an  eflay  of  his  abilities  in  a  kind 
of  work  for  which  he  w^as  afterwards  fo  muth  diftin- 
guifhed,  driving  a  tunnel  under  ground  through  a  rock 
nearly  600  yards  in  length,  by  which  water  was  brought 
out  of  the  Irwell  for  the  purpofe  of  turning  a  wheel 
fixed  30  feet  below'the  furface  of  the  earth.  In  1755 
he  w^as  employed  to  execute  ^he  larger  wheels  for  a  filk 
mill  at  Congleton  :  and  another  perfon,  who  was  enga¬ 
ged  to  make  other  parts  of  the  machinery,  and  to  lu- 
perintend  the  whole,  proving  incapable  of  completing 

!  the  work,  the  bufinefs  was  entirely  committed  to  Brind¬ 

ley  5  who  not  only  executed  the  original  plan  in  a  maf- 
terly  manner,  but  made  the  addition  of  many  curious 
and  valuable  improvements,  as  well  in  the  conftru6Iion 
of  the  engine  itfelf,  as  in  the  method  of  making  the 
wheels  and  pinions  belonging  to  it.  About  this  time, 
too,  the  mills  for  grinding  flints  in  the  Staffordfhire 
potteries  received  various  ufeful  improvements  from  his 
ingenuity. 

In  the  year  1756  he  undertook  to  eredl  a  fleam  en¬ 
gine,  upon  a  new  plan,  at  Newcaftle-under-Line  ;  and 
he  w^as,  for  a  time,  very  intent  upon  a  variety  of  con¬ 
trivances  for  improving  this  ufeful  piece  of  mechanifm. 
But  from  thefe  defigns  he  was,  happily  for  the  public, 
called  away  to  take  the  lead  in  what  the  event  has  pro¬ 
ved  to  be  a  national  concern  of  capitalimportance — the 
projecting  the  fyftem  of  canal  navigation.  The  Duke 
of  Bridgewater,  who  had  formed  his  defign  of  carrying 
a  canal  from  his  coal-works  at  Worfley  to  Manchefler, 
was  induced  by  the  reputation  of  Mr  Brindley  to  confult 
him  on  the  execution  of  it  ;  and  having  the  fagacity 
to  perceive,  and  ftrength  of  mind  to  confide  in,  the  ori¬ 
ginal  and  commanding  abilities  of  this  felf-taught  ge¬ 
nius,  he  committed  to  him  the  management  of  the  ar¬ 
duous  undertaking.  The  nature  of  this  ent  *  prife  has 
already  been  deferibed  [EncycL  vol.  TV.  p.  8c.)  ;  it  is 
enough  here  to  mention,  that  Mr  Brindley,  from  the 
very  firfl,  adopted  thofe  leading  principles,  in  the  pro- 
jedfing  of  thefe  works,  which  he  ever  after  adhered  to, 
and  in  which  he  has  been  imitated  by  all  fucceeding 
artifls.  To  preferve  as  much  as  pofiible  the  level  of  his 
canals,  and  to  avoid  the  mixture  and  interference  of  all 
natural  ftreams,  were  objects  at  which  he  conftantly 
aimed.  To  accomplifh  thefe,  no  labour  or  expence 
w^as  fpared  ;  and  his  genius  feemed  to  delight  in  over¬ 
coming  all  obflacles  by  the  difeovery  of  new  and  ex¬ 
traordinary  contrivances. 

The  moft  experienced  engineers  upon  former  fyftems 
were  amazed  and  confounded  at  his  projeds  of  aque. 
dud  bridges  over  navigable  rivers,  mounds  acrofs  deep 
valleys,  and  fubterraneous  tunnels  ^  nor  could  they  be¬ 
lieve  in  the  pradicability  of  fome  of  thefe  fchemes  till 
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they  faw  them  cfFeded.  In  the  execution,  the  ideas  Brindley, 
he  rollowed  were  all  his  own  ;  and  the  minuteft,  as  well 
as  the  greateil,  of  the  expedients  he  employed,  bore  the 
flamp  of  originality.  Every  man  of  genius  is  an  en- 
thufiaft.  Mr  Brindley  was  an  enthufiaft  in  favour  of 
the  fuperiority  of  canal  navigations  above  thofe  of  ri¬ 
vers  ;  and  this  triumph  of  art  over  nature  led  him  to 
view  with  a  fort  of  contempt  the  winding  flream,  in 
which  the  loVer  of  rural  beauty  fo  much  delights.  This 
fentiment  he  is  faid  to  have  exprefied  in  a  flriking  man¬ 
ner  at  an  examination  before  a  committee  of  the  Houfe 
of  Commons,  when,  on  being  aficed,  after  having  made 
fome  contemptuous  remarks  relative  to  rivers,  what  he 
conceived  they  were  created  for  ?  he  anfwered,  ‘‘  to  feed 
navigable  canals.’^  A  dired  rivalry  with  the  naviga¬ 
tion  of  the  Irwell  and  Merfey  was  the  hold  enterprize 
of  his  firfl  great  canal ;  and  fince  the  fuccefs  of  that 
defign,  it  has  become  common,  all  over  the  kingdom, 
to  fee  canals  accompanying,  with  infulting  parallel,  the 
courfe  of  navigable  rivers. 

After  the  fuccefsful  execution  of  the  Duke  of  Bridge¬ 
water’s  canal  to  the  Merley,  Mr  Brindley  was  employ¬ 
ed  in  the  revived  defign  of  carrying  a  canal  from  that 
river  to  the  Trent,  through  the  counties  of  Chefter  and 
Stafford.  This  undertaking  commenced  in  the  year 
1766  ;  and  from  the  great  ideas  it  opened  to  the  mind 
of  its  condudor,  of  a  fchem.e  of  inland  navigation  which 
fhould  conned  all  the  internal  parts  of  England  witli 
each  other,  and  with  the  principal  fea-ports,  by  means 
of  branches  from  this  main  ftem,  he  gave  it  the  empha- 
tical  name  of  the  grand  trunk*  In  executing  this,  he, 
was  called  upon  to  employ  all  the  refources  of  his  in¬ 
vention,  on  account  of  the  inequality  and  various  na¬ 
ture  of  the  ground  to  be  cut  through  :  in  particular, 
the  hill  of  Harecaflle,  which  was  only  to  be  pafled  by 
a  tunnel  of  great  length,  bored  through  ftrata  of  dif¬ 
ferent  confiftency,  and  fome  of  them  mere  quickfand, 
proved  to  be  a  moft  dilhcult,  as  well  as  expenfive, 
obilacle,  which,  however,  he  completely  furmoiinted. 

While  this  was  carrying  on,  a  branch  from  the  grand 
trunk,  to  join  the  Severn  near  Bewdly,’  was  committed 
to  his  management,  and  w'as  finifhed  in  1772.  He  alfo 
executed  a  canal  from  Droitwich  to  the  Severn  ;  and 
he  planned  the  Coventry  canal,  and  for  fome  time  fu- 
perintended  its  execution  ;  but  on  account  of  fome  dif¬ 
ference  in  opinion,  he  refighed  that  office.  The  Chef- 
terfield  canal  w^as  the  laft  undertaking  of  the  kind  which, 
he  conduded,  but  he  only  liv’^ed  to  finifii  fome  miles  of 
it.  ^  There  was,  however,  fcarcely  any  defign  of  canal- 
navigation  fet  on  foot  in  the  kingdom,  during  the  lat- 
ter  years  of  his  life,  in  which  he  was  not  confulted, 
and  the  plan  of  which  he  did  not  either  entirely  form, 
or  revife  and  improve.  All  thefe  it  is  needlefs  to  enu¬ 
merate  ;  but,  as  an  inflance  of  the  vaftnefs  of  his  ideas, 
it  may  be  mentioned,  that  on  planning  a  canal  from  Li¬ 
verpool  to^  join  that  of  the  Duke  of  Bridgewater  at 
Runcorn,  it  was  part  of  his  intention  to  carry  it,  by  an 
aquedud  bridge,  acrofs  the  Merfey,  at  Runcorn  Gap, 
a  place  where  a  tide,  fometimes  rifing  fourteen  feet,  rufhes 
with  great  rapidity  through  a  fudden  contradion  of  the 
channel.  As  a  mechanic  and  engineer,  he  w^as  like- 
wife  confulted  on  other  occafions ;  as  with  refped  to 
the  draining  of  the  low  lands  in  different  parts  of  Lin- 
colnfhire  and  the  Ifle  of  Ely,  and  to  the  cleanfing  of 
the  docks  of  Liverpool  from  mud*  He  pointed  out  a 

method^. 
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Bi  indlcy.  method,  which  has  been  fuccefsfully  pradllfed,  of  build- 

— "  V  fea-walls  witliout  mortar  ,  and  lie  was  ttie  author 

q£  ^  very  ingenious  improvement  of  the  machine  for 
drawing  water  out  of  mines  by  the  contrivance  of  a  lo- 
iing  and  a  gaining  bucket. 

The  intenfity  of  application  which  all  his  various  and 
complicated  employments  required,  probably  fliortened 
his  days  ;  as  the  number  of  his  undertakings,  in  fome 
degree,  impaired  his  ufefulnefs.  He  fell  into  a  kind  of 
<  hronic  fever,  which,  after  continuing  fome  years,  with 
little  intermilhon,  at  length  wore  out  his  frame,  and  put  a 
period  to  his  life  on  September  27. 1772,  in  the  56th  year 
of  his  age.  He  died  at  Tunhurft,  in  Staffordlhire,  and 
was  buried  at  New^  Chapel  in  the  fame  county. 

In  appearance  and  manners,  as  well  as  in  acqiiire- 
nient,  Mr  Brindley  w^as  a  mere  peafant.  Unlettered, 
and  rude  of  fpeech,  it  was  eafier  for  him  to  devife 
means  for  executing  a  defign  than  to  communicate  his 
ideas  concerning  it  to  others.  Formed  by  nature  for 
^hc  profefiian  he  affumed,  it  was  there  alone  that  he 
was  in  his  proper  element ;  and  fo  occupied  was  his 
mind  wdth  his  bufinefs,  that  he  w^as  incapable  of  relax¬ 
ing  in  any  of  the  common  amufements  of  life.  As  he 
had  not  the  ideas  of  other  men  to  aflill  him,  whenever 
a  point  of  difficulty  in  contrivance  occurred,  it  was  his 
ciiilom  to  retire  to  his  bed,  where,  in  perfed  folitude, 
he  would  lie  for  one,  tw^o,  or  three  days,  pondering  the 
matter  iu  his  mind  till  the  requifite  expedient  had  pre- 
fented  itfelf.  This  is  that  true  infpiration  which  poets 
have  almoft  exclufively  arrogated  to  themfelves,  but 
which  men  of  original  genius  in  eyery  walk  are  adua- 
ted  by,  when,  from  the  operation  of  the  mind  aaing 
upon"  itfelf,  without  the  intrufion  of  foreign  notions, 
they  create  and  invent. 

A  remarkably  retentive  memory  was  one  of  the  ef- 
fential  qualities  which  Mr  Brindley  brought  to  bis  men¬ 
tal  operations.  This  enabled  him  to  execute  all  the 
parts  of  the  moft  complex  machine  in  due  order,  with¬ 
out  any  help  of  models  or  drawings,  provided  he  had 
once  accurately  fettled  the  whole  plan  in  his  mind.  In 
his  calculations  of  the  powders  of  machines,  he  follow^ed 
a  plan  peculiar  to  himfelf  r,  but,  indeed,  the  only  one 
he  could  follow  without  Inftru6IIon  In  the  rules  of  art. 
He  would  w^ork  the  queftlon  fome  time  In  his  head, 
and  then  fet  do\Vn  the  refult  In  figures.  Then  taking 
It  up  in  this  ftage,  he  would  again  proceed  by  a  mental 
operation  to  another  refult ;  and  thus  he  would  go  on 
by  ftages  till  the  whole  was  finlfhed,  ordy  making  ufe 
of  figures  to  mark  the  feveral  refults  of  his  operations. 
But  though,  by  the  w^onderful  powers  of  native  genius, 
he  was  thus  enabled  to  get  over  his  want  of  artificial 
method  to  a  certain  degree  j  yet  there  Is  no^  doubt  that 
when  his  concerns  became  extremely  complicated,  with 
accounts  of  various  kinds  to  keep,  and  calculations  of 
all  forts  to  form,  he  could  not  avoid  that  perplexity 
and  embarraffment  which  a  readinefs  in  the  proceffes 
carried  on  by  pen  and  paper  can  alone  obviate.  His 
efiimates  of  expence  have  generally  proved  wide  of  rea¬ 
lity  ;  and  he  feems  to  have  been  better  qualified  to  be 
the  contriver,  than  the  manager  of  a  great  defign.  His 
moral  .qualities  were,  how^ever,  highly  refpedlable.  He 
was  far  above  envy  and  jealoufy,  and  freely  communi¬ 
cated  his  improvements  to  perfons  capable  of  receiving 
and  executing  them  ;  taking  a  liberal  fatisfadllon  in 
forming  a  new  generation  of  engineers  able  to  proceed 
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with  the  great  plans  in  the  fuccefs  of  which  he  was  lo  B:uTot, 
deeply  Interefted.  His  integrity  and  regard  to  the  ad-  '  i 

vantage  of  his  employers  were  unimpeachable.  In  fine, 
the  name  of  Brindley  will  ever  keep  a  place  among  that 
finall  number  of  mankind  who  form  eras  in  the  art  or 
fclence  to  which  they  devote  themfelves,  by  a  large  and 
durable  extenfion  of  its  limits. 

BRISSOT  (J.  P.),  aded  fo  confpicuous  a  part  in 
the  French  revolution,  that  a  fair  detail  of  the  principal 
ev^entsofhis  life  would  undoubtedly  be  acceptable  to  all 
our  readers.  A  fair  detail,  however,  of  fuch  a  life,  we 
believe  It  impofiible  at  prefent  to  give  ;  for  charaders 
like  Brifibt’s  are  almoft  always  mlireprefented  both  by 
their  friends  and  by  their  enemies  ;  and  till  the  troubles 
which  they  have  excited,  or  in  which  they  have  been 
engaged,  have  long  fubfided,  the  Impartial  truth  is  no¬ 
where  to  be  found.  ^  •  »  r 

In  a  fulfome  panegyric,  under  the  denomination  of 
The  Life  of  J,  P.  Brijfot^  faid  to  be  written  by  himfelf, 
we  are  told,  that  he  was  born  January  14.  1754  ;  and 
that  his  father  was  a  traiieur^  or  ‘‘  the  keeper  of  an 
eating'houfe,’’  but  In  what  place  we  are  not  informed. 

Our  author,  however,  aflures  us  that  the  old  man  was 
in  eafy  circumftances,  and  that  he  ernployed  all  the 
means  refulting  from  them  to  give  to  his  numerous  fa-  | 

mily  a  good  education.  The  fubjed  of  this  memoir  ^ 

was  intended  for  the  bar  j  but  not  rehihing  the  ftudies 
neceffary  .to  fit  him  for  the  profefiion  of  the  law,  or,  it  | 

we  choofe  to  believe  him,  having  a  mind^  \.oo  pure  and  | 

upright  for  the  ftudy  of  chicane,  he  relinqulfiied  the  pur-  | 

fult  after  five  years  of  drudgery  1  ^  ^  F 

To  relieve  his  wearinefs  and  difguft,  he  applied  him-  | 

felf,  he  fays,  to  literature  and  the  fciences.  The  ftudy  | 

of  the  languages  was  above  all  others  his  favourite  pur-  f 

fuit.  Chance  brought  him  acquainted  with  two  Eng- 
lifiimen  on  their  travels  through  France  :  he  learned 
their  language  5  and  this  circumftance,  he  tells  us,  de¬ 
cided  his  fate. 

“  It  was  at  the  commencement  of  my  pamon  for 
that  language  (continues  he)  that  I  made  the  meta- 
morpholis  of  a  diphthong  in  my  name  which  has  fince 
been  imputed  to  me  as  fo  heinous  a  crime.  Born  the 
thirteenth  child  of  my  family,  and  the  fecoiid  of  my 
brothers  in  It,  I  bore,  for  the  fake  of  diftindion,  ac¬ 
cording  to  the  cuftom  of  Beauce,  the  name  of  a  village 
in  which  my  father  poffelTed  fome  landed .  property. 

This  village  was  called  Otiarville,  and  Ouarville  became 
the  name  by  which  1  was  known  in  my  own  country.  | 

A  fancy  ftruck  me  that  I  would  caft  an  Englifli  air  up-  ' 

on  my  naipe  ;  and  accordingly  I  fubftituted.  In  the  place 
of  the  French  diphthong  ou,  the  *w  of  the  Engllfts, 
which  has  precifely  the  fame  found.’’  For  this  pu-  | 

erile  affedatlon,  which  was  certainly  not  criminal,  he 
jiiftifies  himfelf  by  the  example  of  the  literati  of  the 
16th  and  17th  centuries,  who  made  no  fcruple  of  Gre-  I 

cifing  and  Latinlfing  their  appellatives. 

Having  profecuted  his  ftudies  for  two  years,  he  had 
an  application  from  the  Englifh  proprietor  of  a  pper 
then  much  in  circulation,  and  intitled  Le  Courier  de 
V  Europe,  This  man  having  drawn  upon  himfelf  an  at¬ 
tack  from  government,  felt  and  yielded  to  the  neceflity 
of  printing  his  paper  at  Boulogne-fur-mer.  It  was  his 
wifli  to  render  it  interefting  to  the  French  in  the  depart¬ 
ment  of  mifcellaneous  Intelligence  ;  which  he  therefore 
wifhed  to  fubmit  to  the  fuperintendency  and  arrangement 
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I  BriHot.  of  Briflot,  who  reprefents  himfelf  as  for  fome  moments 
hefitating.  The  profeflion  of  a  journalift,  fubjed  to  a  li- 
cenfer,  was  repugnant  to  his  principles  ;  yet  it  fecured 
his  independence,  and  put  into  his  power  the  means  of 
profecuting  an  inveftigation  of  conilitutions  and  of  the 
fciences.  After  fome  ridiculous  reafoning  from  the  ori¬ 
ginal  ftations  of  Bayle,  Pqflel,  and  Roujfemty  he  at  lall 
accepted  of  the  employment,  and  became  enamoured 
of  it,  “becaufe  (fays  he)  it  enabled  me  to  ferve  talents 
and  virtue,  and,  as  it  were,  to  inoculate  the  French 
with  the  principles  of  the  Englifli  conftitution. 

This  employment,  however,  did  not  laft  for  any 
length  of  time.  The  plan  of  the  proprietor  of  the  Cou¬ 
rier  was  overthrown  by  adminiftration,  and  Briflot  quit- 
,  ted  Boulogne  to  return  to  his  firft  itudies.  Having  in¬ 

formed  us  of  this  fadl,  he  makes  an  extravagant  pre¬ 
tence  to  unfullied  virtue,  and  calls  upon  the  inhabitants 
of  the  city  which  he  had  left  to  bear  witnefs,  not  only 
that  he  had  no  mces,  but  that  he  had  not  even  the  feeds 
of  any  one  of  the  vices  which  his  adverfaries,  it  feems, 
had  laid  to  his  charge. 

I  Doubtlefs  (fays  he),  too  eager  to  publifh  my  ideas, 

I  I  conceived  that  the  proper  moment  had  arrived,  and  I 

felt  an  inclination  to  commence  with  an  important  work. 
Revolting,  from  the  very  iiiftant  of  my  beginning  to  re- 
,  fledf,  againft  religious  and  political  tyranny,  I  folemnly 

protelled,  that  thenceforward  I  would  confecrate  my 
whole  life' to  their  extirpation.  Religious  tyranny  had 
fallen  under  the  redoubled  Itrokes  of  Roufleau,  of  Vol- 

•  taire,  of  Diderot,  and  of  D’Alembert.  Tt  became  ne- 
ceflary  to  attack  the  fecond  and  this  was  a  tafle 

I  which  the  vanity  of  Briflot  led  him  to  confider  as  refer- 

f  ved  for  him. 

j  What  Voltaire  and  his  friends  meant  by  religious  ty- 

I  ranny,  and  how  they  conduced  their  attacks  againft  it, 

are  matters,  alas !  too  well  known  to  all  Europe  ;  and 
as  our  author  chofe  thefe  pbilofophcrs  for  his  guides, 
we  might  infer,  without  much  degree  of  miftake,  what 
,1  he  underftood  by  political  tyranny,  and  by  what  means 

he  meditated  its  extirpation.  But  he  has  not  left  us 

•  to  make  this  difeovery  by  inference. 

I  ‘‘  It  became  neceffary  (fays  he)  to  break  in  pieces 

the  political  idol,  which,  under  the  name  of  monarchy^ 
praAifed.  the  moft  violent  defpotifm  ;  but  to  attack  it 
openly,  was  to  expofe  the  aflailant  without  the  poflibili- 
ty  of  ferving  mankind.  It  was  by  a  fide  blow  that  it 
was  to  be  wounded  moft  effedfually  and  therefore  he 
refolved  to  begin  his  operations  by  attacking  fome  of 
thofe  abufes  which  might  be  reformed  without  apparent¬ 
ly  fliaking  the  authority  of  the  prince. 

Our  readers,  at  leaft  the  fober  part  of  them,  will  pro¬ 
bably  think  that  this  mode  of  attack  is  not  peculiar  to 
Briffot,  but  that  it  has  been  pradlifed,  or  attempted  to 
be  put  in  practice,  by  afpiring,  demagogues  in  all  ages 
and  countries,  who  have  uniformly  begun  their  career 
of  innovation  by  exciting  the  public  mind  againft  thofe 
abufes  in  government,  of  which  the  exiftence  cannot 
wholly  be  denied.  The  fubjedt  to  which  our  author 
thought  fit  to  call  the  attention  of  his  countrymen,  was 
the  criminal  jiirifprudence  :  a  fubjecl,  fays  he,  which, 
with  the  exception  of  fome  particulars  that  had  been 
fuccefsfully  inveftigated  by  Beccaria  and  Servan,  no 
writer  had  thoroughly  confidered  in  a  philofophical  point 
I  of  view.  Thinking  himfelf  fully  equal  to  this  taflc,  he 

drew  up  a  general  plan  ;  and  in  the  year  1780  publifli- 
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ed  his  Theory  of  Criminal  Laws,  in  two  vols  8vo.  This 
w^ork,  favourably  received  by  foreigners,  applauded  by 
fome  journalifts,  and  pulled  to  pieces  by  others,  procu¬ 
red  him  the  friendfhip 'of  the  warmeft  advocates  for  hu¬ 
man  liberty,  in  whole  opinion  the  defedls  of  his  plan 
were  highly  pardonable,  on  account  of  the  energy  con- 
fpicuous  in  his  remarks.  This  publi9ation  was  foon 
followed  by  two  difeourfes  which  gained  the  prize  in 
1782  at  the  academy  of  Chalons-fur-Marne  ;  the  one 
upon  the  reform  of  the  criminal  laws,  and  the  other  on 
the  reparation  due  to  innocent  perfons  unjuftly  accufed. 

It  is  natural  to  fiippofe  that  the  government  beheld 
with  an  evil  eye  thefe  writings,  which,  under  pretext 
of  dragging  into  light  the  abufes  of  the  criminal  laws, 
infinuated  dangerous  principles  on  the  nature  of  govern¬ 
ment  in  general. 

His  next  work  was  intitlcd,  A  Philofophical  lAhrary- 
of  the  Criminal  Lanvs^  in  10  vols;  the  true  objedl  of 
which  was  to  dilTeminate  in  France  thofe  principles  of 
liberty  which  guided  the  Englifli  and  the  Americans  in 
framing  and  expounding  their  laws. 

But  the  ftiidy  of  Icgiflation  and  politics  had  not  en¬ 
tirely  drawn  him  off  from  that  of  other  fciences  ;  fuch 
as  chemiftry,  phyfics,  anatomy,  theology,  &c.  Thefe 
he  conftantly  cultivated  with  ardour  ;  but  acknowledges 
that  in  each  he  met  with  obfeurities,  and  that  in  every 
quarter  truth  efcaped  from  his  refearches.  He  there¬ 
fore  fat  down  to  inveftigate  the  nature  of  truth,  and 
the  proper  method  of  attaining  to  it  in  every  depart¬ 
ment  of  refearch  ;  and  the  refuh  of  his  labours  was  a 
kind  of  novum  organum,  by  which  he  feems  to  have  ex¬ 
pelled  that  Bacon’s  work  would  be  buried  in  oblivion  ; 
and  to  this  important  volume  he  gave  the  title  of  Con-^ 
cerning  Truth  ;  or.  Thoughts  on  the  Means  of  attaining 
Truth  in  alTt he  Branches  of  Human  Knovuledge,  This 
volume  vvas  meant  as  nothing  more  than  the  introduc¬ 
tion  to  a  greater  w^ork,  in  which  he  propofed  to  invefti¬ 
gate  what  is  certain  in  knowledge  and  what  doultfid^ 
and  then  to  ftrike  the  balance  of  the  account. 

He  was  prevented,  however,  from  completing  his 
plan,  which  he  regrets,  exceedingly  ;  for,  as  he  aflirm^^, 
with  becoming  modejiy^  his  w^ork  would  certainly  have 
amended  its  readers  !  But  the  French  government  hap¬ 
pened  to  think  otherwife  ;  his  aim,  which,  >he  fays,  was 
to  lead  mankind  to  refledt  on  their  rights,  was  perceived, 
and  he  was  accufed  to  the  minifter  as  a  feditious  writer. 
The  career  of  genius  was  flopped  by  the  dread  of  the 
Baftlle  ;  and  he  was  obliged  to  take  refuge  in  London. 
*1  here  it  was  his  wifli  to  create  a  univerfal  confederation 
of  the  friends  of  liberty  and  truths  and  to  eftablifli  a 
centre  of  correfpondence  and  union  with  the  learned  and 
the  politicians  of  Europe.  This  dark  defign,  however, 
was  fruftrated  by  the  treachery,  as  it  would  appear,  ot 
his  affociates,  wdio  had  bound  themfelves,  he  fays,  by 
the  rao^  facred  oaths^  to  aflift  him,  and  had  offered  to 
fign  articles  even  vuith  their  own  blood » 

Finding  himfelf  unable  to  proceed  diredly  to  the  ob- 
jea  which  he  had  in  view,  he  refolved  to  enlighten  his^ 
countrymen  gradually,  and  to  begin  with  exciting  their 
love  and  admiration  of  the  Englifli  conftitution.  That 
conftitution,  which  he  had  inveftilgated  on  the  fpot,  ap- 
peared  to  him  a  model  for  thofe  focieties  which  were 
defirous  of  changing  their  form  of  government.  Tt  was 
but  little  known,  he  fays,  in  h  ranee  (the  work  of  JDe 
Lolme  being  at  that  time  only  in  the  hands  of  the  learn-. 
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l^rlfTot.  ed);  and  to  make  it  known  was  to  make  it  beloved,  was 

* . -V—  ^  to  render  it  defived.  But  the  French  minifters  ftood 

upon  their  guard,  and  it  became  necefTary  to  deceive 
them.  He  refolved  therefore  to  bring  forw^ard  a  jour- 
nal  written  aClually  in  I^ondon,  and  profelTing  to  con¬ 
tain  only  a  defeription  of  the  fciences  and  arts  of  England^ 
whilll  the  greater  part  of  it  was  to  be  occupied  in  rea¬ 
lity  by  an  inveftigation  of  the  Englifi  conjlitution. 

After  many  difficulties,  the  miniftry  granted  a  privi¬ 
lege  for  this  journal,  being  publiffied  in  London,  to  be 
reprinted  in  Paris;  and  it  hrft  appeared  in  17^4* 
the  twxlve  numbers  which  have  been  publiffied  (fays 
the  author),  the  friends  of  liberty  miift  have  perceived, 
that  if,  on  the  one  fide,  I  endeavoured  to  inculcate  more 
juft  ideas  than  had  hitherto  been  entertained  concerning 
this  celebrated  ifland  ;  fo,  on  the  other,  I  refplutely 
made  my  advances  toward  that  important  end  which  has 
perpetually  prefid^l  over  all  my  labours,  the  unherfal 

emancipation  of  ^  ^  ^ 

His  affairs  calling  him  at  this  time  to  Pans,  he  was 
arrefted  and  conveyed  to  the  Baftile  on  the  12th  of 
July  1784.  In  this  condud  of  the  government  we 
cannot  perceive  any  thing  very  tyrannical  or  arbitrary, 
fince  he  confeffes,  that,  in  the  16th  page  of  the  firft 
number  of  his  Journal,  he  had  fuffered  fecret  and fa^ 
vourite  aim,  which  always  guided  his  pen,  to  become 
difcernible.  He  was,  however,  difeharged  from  prifon 
on  the  5th  of  September,  and  returned  with  iiicreafed 
zeal  to  his  former  employments.  ^  ^ 

“  This  perfecution  (fays  he),  far  from  extinguiffiing 
the  ardour  of  my  wiffies  to  inculcate  the  principles  of 
freedom,  ferved  only  to  inflame  it  the  more.’'  Accord¬ 
ingly,  in  1785,  he  publiffied  two  letters  to  the  Empe¬ 
ror  Jofeph  IT.  concerning  the  right  of  emigration,  and  the 
‘ri<:^ht  of  people  to  revolt.  The  firft  of  thefe  letters,  wffiich, 
though  well  knowm  in  Germany,  w^ere  in  France  fup- 
prefled  by  the  police,  was  occafioned  by  what  the  au¬ 
thor  calls  the  ridiculous  and  barbarous  edieft  againft 
emigration  ;  and  the  fecond  by  the  puiiiffiment  of  Ho^ 
riah  the  chief  of  the  JValachian  in  this  laft 

letter  he  lays  it  down  as  a  maxim,  that  all  people  uiuLr 
fuch  a  government  as  that  of  the  Walachians,  have  from 
nature  a  facred  right  to  revolt,  a  right  which  they  can 
and  ought  to  exercife.  In  the  fame  fpirit  he  brought 
out,  in  1786,  his  Philofophical  Letters  on  the  Hiftory 
of  England,  in  2  vols,  and  A  Critical  Examination  of 
the  Travels  of  the  Marquis  de  Chatellcux  in  North  A- 
inerica. 

The  French  revolution  appearing  to  him  extremely 
diftant,  uotwithilanding  all  his  efforts  to  haften  it,  he 
refolved  to  leave  France  for  the  purpofe  of  fettling  in 
America,  tlis  project  received  the  approbation  of  fe- 
veral,  whofe  fentiments  were  congenial  with  his  own. 
But  as  it  was  thought  imprudent  to  tranfport  numerous 
families  to  a  country  fo  far  off,  without  thoroughly 
knowing  it,  Briffoc  was  engaged  to  proceed  thither,  to 
examine  the  different  places,  to  obferve  the  inhabitants, 
and  to  difeover  where  and  in  what  manner  the  eftabliffi- 
ment  they  had  propofed  might  be  mo  ft  advantageoufly 
fixedv-  He  had  fome  time  before  inttltuted  a  fociety  at 
Paris  for  accomplifliing  the  abolition  of  the  negro  trade, 
and  for  foftenlng  the  condition  of  the  flaves.  At  the 
period  of  his  departure,  this  fociety  confifted  of  a  con- 
fiderable  number  of  diftinguiffied  members,  and  he  was 
commiflloned  to  carry  the  firft  fruits  of  their  labours  to 
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America.  Kis  ftay  there,  however,  was  not  fo  long  as 
he  was  defirous  of  making  it.  In  the  beginning  of 
1789  he  w^as  recalled  by  the  news  of  the  French  revo¬ 
lution,  which  he  conceived  might  probably  produce  a 
change  in  his  own  meafures  and  In  thofe  of  his  friends. 
This  Idea,  added  to  other  circumftances,  accelerated  his 
return.  The  fire  had  blazed  forth  in  his  native  coun¬ 
try.  “  Hope  (fays  he)  animated  every  heart;  the  moft 
diftinguiffied  champions  had  engaged  in  the  conteft  ;  I 
too  became  defirous  to  break  a  lance,  and  1  publiffied 
my  Plan  of  Condu3  for  the  Deputies  of  the  People.  ' 

This,  and  other  works  of  a  fimllarklnd,  of  wffiich  he 
loudly  boafts  the  merits,  raifed  him  high  in  the  favour 
of  the  republican  part  of  the  nation,  and  he  became 
prefident  of  his  diftrid  ;  where  he  aded,  according  to 
his  own  account,  with  great  uprlghtnefs  in  the  munici¬ 
pality,  in  the  firft  commlctee  of  inquiries,  and  as  an 
eledor.  At  laft  he  became  a  member,  firft  of  the  Na^ 
tional  AJfcmlly,  and,  after  its  diffolution,  of  the  Sangui* 
nary  Convention  ;  and  by  fome  means  or  other  got  to 
be  the  leader  of  a  party  called  fometimes  the  Girondlfls, 
and  fometimes  the  Briffotines,  From  that  period  the 
principal  events  of  his  life  were  involved  with  the  pub¬ 
lic  tranfadlons  of  the  nation,  of  which  we  have  given 
an  account  in  the  Encyclopadia  under  the  title  Revo¬ 
lution  (fee  that  article,  n'’ 101 — 182.)  The  Glron- 
dlft  fadion  was  denounced  by  the  Mountain,  and  Biif- 
fot  fuffered  by  the  guillotine  on  the  30th  of  November 
1793.  He  fell  indeed  by  a  very  unjuft  fentence  ;  but 
his  fall  was  the  natural  confequeiice  of  that  anarchical 
tyranny  under  which  no  man  had  contributed  more  than 
he  to  fubjed  his  native  country. 

BROWN  (Dr  John),  author  of  the  Elementa  MedU 
cin£,  See.  was  born  in  the  village  of  Dunfe,  or,  as  fome 
fay,  Lintlaws,  in  the  county  of  Berwick,  in  the  year 
173^-6.  His  parents  were  of  mean  condition,  but 
much  refpeded  In  the  neighbourhood  for  the  Integrity 
of  r.heir  lives.  His  father  gained  his  livelihood  In  the 
humble  capacity  of  a  day-labourer ;  while  his  mother 
contributed  her  fliare  towards  the  fupport  of  the  fami¬ 
ly  by  -the  profits  arifing  from  a  milch  cow. 

Such  were  the  perfons  who,  in  an  obfeure  part  of 
the  country,  gave  birth  to  a  fon  deftined,  at  a  future 
period,  to  make  a  diftinguiffied  figure  In  the  republic  of 
letters  ;  and  from  whom  originated  a  fyftem  of  the  ani¬ 
mal  economy,  which,  whatever  be  its  real  merits,  has 
undoubtedly  produced  a  coufiderable  revolution  in  the 
pradice  of  medicine. 

At  the  age  of  three  or  four  years,  young  Brown  was 
put  to  a  reading  fchool  in  Dunfe,  which  he  himfelf 
commemorates  as  the  place  rather  of  his  education  than 
of  his  nativity.  Here,  under  the  tuition  of  an  old  wo¬ 
man,  he  very  early  began  to  exhibit  marks  of  that 
ftreiigth  of  mind  for  which  he  was  afterwards  fo  emi¬ 
nently  diftinguiffied.  In  the  ffiort  period  of  a  year  he 
became  able  to  read  with  facility  any  part  of  the  Bible, 
and  acquired  over  his  clafs-fellows  that  fuperiorlty  which 
he  ever  after  maintained  both  at  fchool  and  college. 

It  was  almoft  immediately  after  his  entrance  into  this 
fchool,  that  his  Infatiable  defire  of  reading  commenced; 
and  fo  unremitting  was  his  application,  that  he  is  faid 
never  to  have  been  found,  even  at  thofe  hours  which 
children  much  more  advanced  in  life  devote  to  amufe- 
ment,  without  a  book  In  his  hand. 

While  he  was  making  this  rapid  progrefs  in  the  ru¬ 
diments 
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diments  of  literature,  he  fufFered  what  mull  have  ap- 
peared  to  be  a  very  heavy  lofs  in  the  death  of  his  fa¬ 
ther  ;  but  his  mother  foon  afterwards  married  a  worthy 
man  of  the  fame  name,  whofe  care  antT  attention  fup- 
plied  the  place  of  a  father  to  her  fon.  This  man  being 
a  weaver,  defigned  to  educate  his  fon-in-law  to  the  fame 
bufinefs,  and  began  to  inftru6f  him  in  his  art  when  he 
was  about  nine  years  of  age:  but  the  tafte  which  young 
Brown  had  already  acquired  for  letters,  made  him  look 
with  difguft  on  the  infipid  employment  of  a  weaver. 
His  Hep-father  was  no  tyrant,  and  his  mother  was  affec¬ 
tionate.  They  were  both  proud  of  the  talents  which 
at  fo  early  a  period  of  life  had  appeared  in,  their  fon, 
and  they  felt  no  inclination  to  ftruggle  with  the  invin¬ 
cible  averlion  which  he  expreffed  to  the  bufinefs  for 
which  they  intended  him. 

Another  circumftance,  however,  contributed  in  no 
fmall  degree  to  make  them  recal  their  original  refolu- 
tion.  They  were  both  of  that  fedf  of  religionifts  which 
in  Scotland  are  called  Seceders  (fee  Seceders,  EncycL  J; 
and  it  was  fuggefted  to  them  by  fome  perfons  of  their 
own  perfuafion,  who  had  remarked  the  uncommon  abili¬ 
ties  of  the  boy,  that  he  might  one  day  prove  an  able 
fupport  and  promoter  of  their  tenets  as  a  preacher.  He 
was  accordingly,  much  to  his  fatisfadlion,  taken  away 
from  the  bufinefs  to  which  he  had  conceived  fucli  a 
diftafte,  and  fent  to  the  gram  mar- fchool  of  Dunfe, 
which  was  taught  at  that  time  by  a  gentleman  of  the 
name  of  Cruickfliank,  eminent  for  his  grammatical 
knowledge.  Here  he  appears  to  have  fpent  fome  years 
with  uncommon  advantage  and  happinefs  ;  during  which 
he  was  efteemed  by  all  the  country  round  as  a  kind  of 
prodigy.  Like  Johnfon,  and  many  other  men  of  the 
higheft  celebrity,  he  united  in  the  fame  perfon  uncom¬ 
mon  powers  of  mind,  with  no  lefs  ffrength  of  body,  as 
indeed  his  appearance  indicated ;  and  in  his  youth  he 
enfured  his  own  perfonal  importance  among  his  fchool- 
fellows,  by  excelling  them  not  lefs  in  athletic  exercifes 
than  in  the  taflcs  preferibed  by  their  mafter.  He  was 
particularly  fond,  when  a  boy,  of  pradlifing  the  pugiliftic 
art  ;  and  indeed  until  the  laft  period  of  his  life  he  was 
obferved  by  his  friends  always  to  view  an  exhibition  of 
that  kind  with  peculiar  reliih.  He  alfo  prided  himfclf 
much  in  being  a  ftout  walker ;  and  mentions  his  ha¬ 
ving  in  one  day  accomplifhed,  when  but  fifteen  years 
of  age,  a  journey  of  fifty  miles  between  Berwick-upon- 
Tweed  and  Morpeth  in  Northumberland.  When  far¬ 
ther  advanced  in  life,  he  travelled  on  foot  from  four  in 
the  afternoon  of  one  day  to  two  in  the  afternoon  of 
next  day,  with  the  fhort  interval  of  one  hour’s  reft ! 
But  as  one  of  his  biographers  very  juftly  obferves,  “  we 
have  feen  thai  he  could  make  a  more  rational  ufe  of 
his  ftrength  than  merely  to  ftake  it  againft  time  and 
fpace 

His  early  years  while  at  fchool  were  marked  by  the 
moft  rigid  attachment  to  his  fe6l.  So  ftridt  indeed  were 
his  religious  fentiments,  if  a  boy  of  ten  or  eleven  can  be 
faid  to  have  any  fentiments  deferving  to  be  called  reli¬ 
gious,  that  he  would  have  conceived  the  holding  of  any 
communion  with  the  eftablifhed  church  as  a  kind  of 
profanation.  An  event,  however,  happened,  fome  time 
between  the  eleventh  and  thirteenth  years  of  his  age, 
which  produced  a  total  and  imexpedled  revolution  in 
his  religious  opinions.  At  a  meeting  of  the  provincial 
fynod  of  Merfe  and  Tiviotdale,  he  was  prevailed  upon, 
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though  not  without  manifeftiiig  much  relu6lance,  to 
accompany  a  party  of  his  fchoobfcllows  to  the  parifli 
church  of  Dunfe,  The  confequence  of  this  tranfgref- 
fion,  as  he  had  dreaded,  was  an  immediate  fiimmons  to 
appear  before  the  fellion  of  the  Seceding  congregation ; 
to  which,  through  pride,  not  choofing  to  attend,  in  or¬ 
der  to  preclude  a  formal,  expuliion,  he  voluntarily  abju¬ 
red  their  tenets,  and  openly  avowed  his  apoftacy  to  the 
ellablifhment. 

All  changes  in  religion  which  are  not  the  confequence 
of  candid  inveftigation  are  dangerous.  He  who  leaves 
one  fed  he  knows  not  why,  will  quickly  abandon,  with 
as  little  reafon,  that  to  which  in  a  fit  of  paffion  he  had 
haftily  joined  liimfelf.  From  the  moment  of  his  quit- 
ting  the  communion  of  the  Seceders,  Brown’s  religious 
ardour  fuffered  a  gradual  abatement;  and  though,  to 
pleafe  his  mother,  he  continued  to  profecute  his  ftudies 
with  a  view  to  the  office  of  a  clergyman  in  the  church 
of  Scotland,  his  opinions  became  daily  more  and  more 
lax,  and  his  life  of  courfe  lefs  and  lefs  regular.  It  was, 
however,  a  confiderable  time  before  he  admitted,  in 
their  full  extent,  thofe  principles  of  irreligion  which  he 
afterwards  avowed ;  for  upon  his  firft  perufing  the  Ef- 
fays  of  Mr  Hume,  though  his  own  zeal  was  then  much 
cooled,  he  expreffed  great  indignation  at  their  danger¬ 
ous  tendency. 

At  the  age  of  twelve  years  he  had  been  employed  by 
MrCruickffiaiik  as  a  kind  of  ufher  in  the  fchool  of  Dunfe  ; 
and  that  gentleman  having  declared  that  his  knowledge 
of  the  Latin  language  was  equal  to  his  own,  his  fame  as 
a  fcholar  was  fo  fpread  over  the  country,  that  at  the  age 
of  thirteen  he  was  intruded  with  the  education  of  a 
gentleman’s  fon  in  the  neighbourhood,  when  he  quitted 
the  fchool  and  his  beloved  mafter.  In  his  new  fit  na¬ 
tion,  however,  he  remained  not  long.  Dr  Beddoes  con- 
jedures,  that  to  the  ftiffnefs  of  pedantry  he  added  the 
fournefs  of  a  bigot,  and  was  therefore  a  difagreeable  in¬ 
mate  of  the  family.  T.  hat  a  boy  of  thirteen,  proud  of* 
his  talents,  and  prouder  of  his  learning,  fliould  have  the 
ftiffnefs  of’  a  pedant,  is  indeed  extremely  probable  ;  it 
was  the  natural  confequence  of  the  praife  with  which, 
he  had  been  honoured  by  Mr  Cruickfhank  :  but  there 
is  reafon  to  believe  that  of  his  original  bigotry  few  tra¬ 
ces  now  remained.  The  real  caiife  of  his  difmiffion  from 
the  family,  we  are  affured,  was  his  pride ;  and  as  it  muft 
have  been  the  pride  of  parts,  it  confirms  the  firft  part  of 
Dr  Beddoes’s  conjedure. 

It  ftems  he  was  much  difpleafed  that,  when  company 
were  at  dinner,  he  was  not  defircd  to  remain  after  the 
cloth  was  removed  ;  and  yet  if  lie  was  then  only  thir¬ 
teen  years  of-age,  it  is  not  eafy  to  conceive  for  what 
purpofe  he  (liould  have  ftaid.  He  could  not  poflibly 
know  much  of  the  world,  or  of  any  thing  likely  to  em¬ 
ploy  the  converfation  of  country  gentlemen  ;  and  we 
cannot  help  thinking,  that  the  mafter  of  the  houfe 
would  liave  treated  his  guefts  with  rudenefs,  had  lie  de¬ 
tained  among  them  a  raw  boy  to  liflen  to  every  un- 
guaideo  exprelfioii  which  might  efcape  them  over  their 
wine.  It  would  appear,  however,  that  he  w-as  not  un- 
willing  to  give  the  tutor  of  his  fon  an  opportunity  of 
difplaymg  Ins. abilities,  when  fucli  fubjeds  were  intro¬ 
duced  as  he  knew  him  to  have  ftudied  ;  for  a  difputc 
having  arifen,  one  day  after  Brown  had  retired  to  his 
own  room,  concerning  the  decrees  of  Providence,  he 
fent  to  requeft  his  opinions  on  tliat'abftrufc  fulijed.  By 
Q_  the 
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Brown,  tlie  meffenger  Brown  returned  a  verbal  anfwer,  that 

- - '  it  the  decrees  of  Providence  are  very  unjuft,  for  having 

made  blocklieads  lairds.”  n.  ,  ,  • 

Mr  Cruicklhank  had  fome  time  before  requelted  him 
to  return  to  the  fituation  which  he  had  formerly  held 
in  the  fchool  of  Dunfe  ;  and  we  cannot  wonder  that, 
immediately  after  making  this  infolent  anfwer,  he  found 
it  convenient  to  comply  with  his  requeft.  He  was  now 
about  fifteen,  and  he  continued  in  the  fchool  till  the 
2Cth  year  of  his  age  ;  during  which  time,  from  the 
conftant  habit  of  teaching  the  Latin  and  Greek  lan¬ 
guages,  he  acquired  a  wonderful  facility  in  reading  both 
thele  languages,  and  in  writing  the  former,  though  he 
wrote  not  with  tafte. 

About  this  time  it  occurred  to  him  that  he  might 
turn  his  elaffical  acquirements  to  more  account,  by  be- 
comiiKT  a  private  teacher  of  languages  in  Edinburgh. 
To  that  city  he  accordingly  repaired,  where,  while  he 
obtained  a  livelihood  as  a  teacher,  he  propofed  at  the 
fame  time  to  purfue  his  theological  ftudies  at  the  univer- 
fity  But  an  accident  happened  to  him  here  which  made 
him  altogether  change  the  plan  he  had  come  upon  ;  and 
the  death  of  his  mother,  after  a  refid.ence  of  fome  time  in 
Edinburgh, abfolved  him,as  he  thought,fromthe  promife 
which  he  had  made  to  her  of  appearing  one  day  in  the 
pulpit.  Shortly  after  an  unfuccefsful  competition  for 
one  of  the  chairs  then  vacant  in  the  high-fchool,  an  ap¬ 
plication  was  made  to  a  friend  of  his  for  a  proper  per- 
fon  to  turn  a  medical  thefis  into  Latin.  Brown  was 
recommended.  He  was  limited  to  a  certain  time;  with- 
in  which  it  appeared  fcarce  prailicable  to  perform  the 
tafle  He  accomplifiied  it,  however,  and  in  inch  a  Ityle 
of  grammatical  correanefs  and  purity  as  far  exceeded  the 
general  run  of  fuch  prodiiaions.  On  this  being  remark¬ 
ed  to  him  by  his  friends,  he  obferved,  »  that  he  now 
knew  his  ftrength,  and  was  ambitious  of  riding  in  his 
carriaire  as  a  phyfician.”  He  therefore  deternuned  to 
apply  himfelf  with  ardour  to  the  ftudy  of  medicine,  to 
which  this  accidental  circumftance  alone  direaed  his  at¬ 
tention.  Accordingly,  at  the  commencement  of  the 
next  winter  feflion,  he  addrelTed  a  Latin  letter  to  each 
of  the  medical  profeffors,  and  by  them  was  prefented 
with  tickets  of  admittance  to  their  feveral  claffes. 

From  fuch  a  favourable  beginning,  being  of  a  very 
fanguine  difpofiticn,  he  conceived  the  moft  flattering 
expedations  of  his  future  fuccefs  ;  and  indeed  for  fome 
time  he  feems  to  have  lived  in  affluent  clrcurnftances. 
His  attainments  were  fo  various,  and  in  fuch  requeft  m, 
Edinburgh,  that  as  a  Angle  man  he  could  fcarcely  fail 
to  gain  a  competent  living  ;  for  during  the  laft  five 
years  of  his  refidence  under  Mr  Cruickfliaiik,  to  a  tho- 
rough  acquaintance  with  ancient  hiftory,  he  had  adoM 
a  very  contiderable  knowledge  of  mathematics ;  in  which, 
amono-  other  branches  of  fcience,  he  never  had  any  ob- 
jedlion  to  give  iiiftru<3iions.  In  the  acquifition  of  that 
variety  of  knowledge  which  he  poffeffed,  he  was  greatly 
afiifted.  by  a  moft  tenacious  memory  ;  to  the  retentive- 
nefs  of  which  an  old  fchoohfellow  beai*s  teftimony,  by 
affirming,,  that  “  after  once  reading  over  the  leffon,  con- 
fifting  of  two  odavo  pages  in  Latin,  he  would  lay  afide 
the  book,,  and  preled  the  whole  over  without  miftaking 

a  fingle  word.”  ^  • 

Brown,  already  in  eafy  circumftances  for  an  indivi¬ 
dual,  faw,  or  thought  he  faw,  in  the  eftabliffiment  of  a 
boardiug-houfe  for  ftudents  a  refource  which  would  en- 
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able  him  to  maintain  a  family  ;  and  in  expedatlon  of 
realiiing  this  profped,  he  married,  in  *7^5>  daugh¬ 
ter  of  a  refpedable  tradefman  in  Edinburgh.  The  di- 
ftinguifhed  attention  at  that  time  paid  him-  by  Dr  Cul¬ 
len,  in  whofe  family  he  had  become  a  neceffary  perfon, 
contributed  in  all  probability  to  ftrengthen  his  hopes 
that  his  houfe  would  be  hiled  with  proper  boarders 
through  the  Dodor's  recommendation.  His  fucceis  in 
this  way  for  fome  time  anfwered  his  moft  fanguine  ex- 
pedations  ;  and  his  circumftances  at  one  period  were  fo 
ftourifhing,  that  he  is  faid  to  have  kept  a  one-horfe 
chaife. 

It  was,  perhaps,  the  greateft  misfortune  that  could 
have  befallen  Brown,  that  he  pofleffed,  in  a  high  de¬ 
gree,  thofe  talents  which  make  a  man’s  company  fought 
after  by  the  gay  and  the  diffipated  ;  He  was  capa¬ 
ble  of  “  fetting  the  table  in  a  roar.”  We  need  not 
therefore  wonder  at  his  frequently  negleding  more 
neceftary  purfiiits  to  enjoy  the  conviviality  of  the  nu¬ 
merous  friends  who  courted  his  company;  or  that  drink¬ 
ing  and  diffipation  became  habitual  to  him.  He  was 
as  deficient  in  point  of  prudence  as  he  excelled  in  ge¬ 
nius.  His  houfe  was  filled  with  refpedable  boarders  ; 
but  as  he  lived  too  fplendidly  for  an  income  at  beft  but 
precarious,  he  became  gradually  involved  in  debt,  and  his 
affairs  were  ftill  more  embarraffed  by  the  burden  of  a  nu¬ 
merous  family.  Soon  after  he  began  to  be  involved  in 
thefe  difficulties,  he  fuffered  an  additional  lofs  in  being 
deprived  of  the  patronage  of  Dr  Cullen,  in  confcquence 
of  a  difagreement  that  had  taken  place  between  them. 
This  enmity,  which  had  for  fome  time  before  fccretly 
fubfifted,  probably  from  mutual  jealoufy,  was  at  length 
excited  into  an  open  rupture  ;  firft,  by  Dr  Cullen’s  not 
exerting  his  intcrell  in  procuring  for  Brown  the  theo¬ 
retical  chair  of  medicine,  then  vacant  in  confcquence  ei¬ 
ther  of  the  death  or  refignation  of  Dr  Alexander  Monro 
Drummond;  and,  fecondly,  by  his  rejeding,  fome  time 
after.  Brown’s  petition  for  admittance  into  the  Edin¬ 
burgh  Philofophical  Society. 

In  1776  Brown  was  eleded  prefident  of  the  Medical 
Society  ;  and  the  fame  honour  was  again  conferred  on 
him  in  1780.  He.  was  led  on,  in  the  gradual  manner 
he  himfelf  deferibes  in  his  mafterly  preface  to  the  Ele^ 
menta  Medicina^  to  the  difeovery  of  his  new  dodrine ; 
which,  on  dropping  all  correfpondence  with  his  former 
friend  and  benefador,  he  now,  for  the  firft  time,  began 
to  illuftrate  in  a  courfe  of  public  ledures  ;  and  in  thefe 
he  difplayed  equal  ingenuity  and  philofophical  profun¬ 
dity.  Much  about  the  time  of  which  we  now  fpeak, 
he  publiffied  the  firft  edition  of  the  Elementa  Medidna; 
a  work  which  certainly  proves  its  author  to  have  been 
a  man  of  uncommon  genius  and  originality  of  thought. 
The  circumftances  in  which  this  work  was  compofed 
refled  great  honour  on  his  abilities.  He  never  retired 
to  his  ftudy  ;  but,  totally  abforbed  in  his  own  ideas, 
wrote  with  the  greateft  tranquillity  amidft  the  noife 
of  ten  children,  occafionally  fettling  their  childifli  dif¬ 
ferences. 

In  the  year  1779?  though  he  had  ftudied  medicine 
ten  or  twelve  years  at  the  univerfity  of  Edinburgh,  he 
was  prevailed  upon  by  his  friends  to  take  a  degree  at 
St  Andrews,  where  he  gave  a  confpicuous  proof  of  his 
facility  in  Latin  compolition.  He  wrote  a  thefis,  or 
inaugural  differtation,  in  the  tavern  while  the  cloth  was 
layinec  for  dinner  :  and  one  of  his  companions,  who  was 
^  ^  ringing 
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Brown,  finging  befide  him,  having  uttered  a  falfe  note,  or  fung 
out  of  time,  Mr  Brown,  in  the  middle  of  his  writing, 
flopped  to  fhew  him  how  the  long  ought  to  be  fung, 
and  then  inftantly  proceeded  in  his  thefis. 

His  family  having  now  become  fo  numerous  as  to  ren* 
der  keeping  a  boarding-houfe  inconvenient,  he  had  alrea¬ 
dy  for  fome  time  given  it  up,  and  depended  for  fupport 
entirely  on  his  pra<Slice  as  a  phyiician  and  his  public 
ledlures.  At  this  time  the  difputes  between  the  Culle- 
iiiaiis  and  the  Brunonians  (as  the  young  men  now  llyled 
themfelves)  were  carried  on  with  fiich  acrimony  on  both 
fides,  in  the  different  focieties,  that  it  was  not  unufual  for 
them  to  terminate  in  duels  ;  and  there  exifts  at  this  day, 
on  the  records  of  the  Medical  Society,  a  law  which  it 
was  thought  expedient  to  enadl,  by  which  a  member 
who  challenges  another  for  any  thing  faid  in  public  de¬ 
bate  incurs  the  penalty  of  expulfion. 

Obferving  the  {Indents  of  medicine  frequently  to 
feek  initiation  into  the  myileries  of  free-mafonry.  Dr 
Brown  thought  their  youthful  curiofity  afforded  him  a 
chance  of  profelytes.  In  1784,  he  inflituted  a  meet¬ 
ing  of  that  fraternity,  and  in  titled  it  ihe  Lodge  of  the 
Roman  Eagle,  The  bufinefs  was  conduced  in  the  La¬ 
tin  language,  which  he  fpoke  with  the  fame  fluency  as 
Scotch ;  and  he  difplayed  much  ingenuity  in  turning 
into  i.atin  all  the  terms  ufed  in  mafonry. 

As  the  terms  on  which  he  lived  with  his  brethren 
of  the  faculty  were  fuch  that  he  obflinately  avoided 
meeting  them  even  in  confultation,  we  may  conclude 
that  his  own  private  pradlrce  was  but  limited.  His 
friends  affirmed,  perhaps  without  fufficient  proof,  that 
cabals  were  formed  againfl  him,  and  every  advantage 
taken  of  the  errors  he  was  led  to  commit  by  his  own 
imprudence.  After  a  long  feries  of  flruggles,  there¬ 
fore,  hoping  to  meet  with  that  encouragement  among 
the  Lnglifli  of  which  he  had  been  difappointed  in  his 
own  country,  lie  put  in  pradlice  a  plan  upon  which  he 
had  long  meditated,  and  removed  in  1786  with  part  of 
his  family  to  London.  Immediately  on  his  arrival,  an 
incident  befel  him,  which  Dr  Beddoes  fays  he  has  heard 
the  late  Mr  Murray,  bookfeller  in  Fleet-ftreet,  relate  as 
a  proof  of  his  fimplicity.  The  peculiarity  of  his  ap¬ 
pearance  as  he  moved  along  (a  fliort  fquare  figure, 
wdth  an  air  of  dignity,  in  a  black  fuit,  which  heighten¬ 
ed  the  fcarlet  of  his  cheeks  and  nofe)  fixed  the  atten¬ 
tion  of  fome  gentlemen  in  the  ftreet.  They  addreffed 
him  in  the  dialect  of  his  country.  His  heart,  heavy  as 
it  mull  have  been,  from  the  precarioufnefs  of  his  fitua- 
tion,  and  diflance  from  his  accuftomed  haunts,  expand¬ 
ed  at  thefe  agreeable  founds.  A  converfation  enfued  ; 
and  the  parties,  by  common  confent,  adjourned  to  a  ta¬ 
vern,  Here  the  ftranger  was  kindly  welcomed  to  town; 
and,  after  the  glafs  had  circulated  for  a  time,  fomething 
was  propofed  by  way  of  fober  amufemeiit — a  game  at 
cards,  or  whatever  the  Do6lor  might  prefer.  The 
Do6lor  had  been  too  civilly  treated  to  demur  ;  but  his 
purfe  was  fcantily  furnifhed,  and  it  was  neceffary  to 
quit  his  new  friends  in  fearch  of  a  fupply.  Mr  Murray 
was  the  perfon  to  whom  he  had  recourfe  :  the  reader 
will  not  wonder  that  his  interference  fhould  have  fpoiled 
the  adventure. 

A  London  fharper,  of  another  denomination,  after¬ 
wards  tried  to  make  advantage  by  the  Do6lor.  This 
was  an  ingenious  fpeculator  in  public  medicines.  He 
thought  a  compofition  of  the  mofl  powerful  ftimulants 


might  have  a  run,  under  the  title  of  Dr  Bro*tx)n^s  ex¬ 
citing  pill ;  and,  for  the  privilege  of  his  name,  offered 
him  a  fum  in  hand  by  no  means  contemptible,  as  well 
as  a  ffiare  of  the  contingent  profits.  Poor  Brown, 
needy  as  he  was,  fpurned  at  the  propofal. 

After  this  period,  his  life  affords  little  variety  of  in¬ 
cident.  Like  Avicenna,  his  time  feems  to  have  been 
fpent  between  his  literary  purfuits  and  his  pleatures. 
A  fplendid  manner  of  living,  without  an  income  to  fup¬ 
port  it,  had  become  habitual  to  him  :  The  coiifequence 
was,  that,  from  inability  to  difeharge  certain  debts  he 
had  contra^led,  he  was  thrown  into  the  king’s  bench 
prifoii ;  from  which,  however,  he  was,  not  long  after¬ 
wards,  releafed  by  the  exertions  of  a  few  firm  friends, 
particularly  Mr  Maddifon  of  Charing-crofs,  a  gentle* 
man  uiiiverfally  refpedled  for  his  well-known  benevo¬ 
lence.  As  a  proof  of  the  adlivity  he  was  flill  capable 
of  exerting,  it  will  be  fufficient  to  mention,  that  he  ac- 
complifhed  the  tranflation  of  his  Elemental  with  the 
addition  of  the  fupplementary  notes,  within  23  days, 
having  been  informed  that  a  tranflation  of  the  fame  was 
about  to  be  publifhed  by  another  perfon. 

Shortly  before  his  death,  the  ambaffador  of  the 
king  of  Pruffia,  in  the  name  of  his  maker,  made  Dr 
Brown  an  offer  of  a  fettlemeut  in  the  court  of  Berlin ; 
during  the  negociation  of  which  he  was  unexpe6ledly 
cut  off  by  an  apoplexy  early  in  the  morning  of  the  7th 
of  O6lober  1  788,  the  day  fucceeding  that  on  which  he 
had  delivered  to  a  company  of  thirteen  gentlemen  the 
greater  part  of  the  introdu6lory  le6lure  to  his  fecond 
courfe.  At  his  death,  he  was  between  92  and  53  years 
of  age.  His  remains  \vere  interred  in  the  church-yard 
of  St  James’s  Picadilly  ;  and  the  only  monument  left 
behind  him  to  traiifmit  his  name  to  pofterity  is  his 
owm  works  ;  which,  when  perfonal  prejudice  no  longer 
fhall  prevail  againfl  their  ingenious  author,  cannot  fail 
to  procure  him  all  that  deferved  celebrity  which  they 
have  already,  in  part,  obtained  in  the  different  coun¬ 
tries  of  Europe. 

In  1787,  he  publifhed  his  Obfervations,”  without 
his  name,  which  he  afterwards,  however,  refers  to  in 
the  Elements  as  his  own.  The  “  Enquiry,’^  faid  to 
be  written  by  Dr  Jones,  and  which  was  compofed  in  as 
fhort  a  time  as  the  generality  of  men  would  tranferibe 
a  work  of  its  extent,  we  can  affirm,  from  undoubted 
authority,  to  be  his  produ6lion. 

This  ffietch  of  the  life  of  the  unfortunate  Dr  Brown 
would  be  of  very  little  value  if  not  followed  by  a  view 
of  his  fyflem  ;  but  to  give  a  complete  view  of  that  fyf- 
tem  would  far  exceed  the  limits  within  which,  in  a 
work  like  this,  fuch  articles  miifl  be  confined.  *  We 
truft,  therefore,  that  our  readers  will  be  fatisfied  with 
an  abftra6l  ;  and  as  we  are  neither  the  partifans  nor  op¬ 
ponents  of  the  Dodlor,  and  not  very  partial  to  any  me¬ 
dical  fyftsm  whatever,  w^e  fhall  content  ourfelves  with 
iiiferting,  in  this  place,  the  view  which  Dr  Beddoes  has 
given  of  Dr  Brown’s  fundamental  propofitions  in  the 
valuable  obfervations  which  he  has  prefixed  to  his  edi¬ 
tion  of  the  Elements  of  Medicine. 

The  varied  flrudlure  of  organized  beings  (fays  Dr 
Beddoes),  k  is  the  bufinefs  of  anatomy  to  explain.  Con- 
feioufnefs,  affifled  by  common  obfervation,  will  diflin- 
guifh  animated  from  inanimate  bodies  with  precifion 
more  than  fufficient  for  all  the  ends  of  medicine.  The 
caufe  of  gravitation  has  been  left  unexplored  by  all  pru- 
Qjs  dent 
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dent  philofophers  ;  and  Brown,  avoiding  all  ufelefs  dif- 
quifition  concerning  the  caufe  of  vitality,  confines  hiin- 
felf  to  the  phenomena  which  this  great  moving  prin- 
ciple  in  nature  may  be  obferved  to  produce.  His  moil 
general  propofitioris  are  eafy  of  comprehenfion. 

u  'pQ  every  animated  being  is  allotted  a  certain 
portion  only  of  the  quality  or  principle  on  which  the 
phenomena  of  life  dcjiend.  This  principle  is  denomi¬ 
nated  eKciialility , 

“  2.  The  excitability  varies  in  different  animals,  and 
in  the  fame  animal  at  different  times.  As  it  is  more 
intenfe,  the  animal  is  more  vivacious  or  more  fufceptible 
of  the  adion  of  exciting  powers. 

“  3.  Exciting  powers  may  be  referred  to  two  clalfes. 
I.  External;  as  heat,  food,  wine,  poifons,  contagipns, 
the  blood,  fecreted  fluids,  and  air.  2.  Internal  ;  as  the 
functions  of  the  body  Itfelf,  mufcular  exertion,  think¬ 
ing,  emotion,  and  pafiron. 

4.  Life  is  a  forced  fiate  ;  if  the  exciting  powers 
are  withdrawn,  death  enfues  as  certainly  as  when  the 
excitability  is  gone. 

“  5.  The  excitement  maybe  too  great,  too  fmall,  or 
in  juft  raeafure. 

“  6.  By  too  great  excitement,  weaknefs  is  induced, 
becaufe  the  excitability  becomes  defective  ;  this  is  indi- 
redt  debility  :  when  the  exciting  powers  and  ftiinulants 
are  withheld,  weaknefs  is  induced  ;  and  this  is  direbt  de¬ 
bility*  Here  the  excitability  is  In  excefs.  ^ 

“  7.  Every  power  that  a£ls  on  the  living  frame  is 
ftimulant,  or  produces  excitement  by  expending  excita¬ 
bility.  Thus,  although  a  perfon  accuftomed  to  ani¬ 
mal  food  may  grow  weak  if  he  lives  upon  vegetables, 
ftill  the  vegetable  diet  can  only  be  confidered  as  pro¬ 
ducing*  an  effed,  the  fame  in  kind  with  animals,  though 
inferior  in  degree.  Whatever  powers,  therefore,  we 
imagine,  and  however  they  vary  from  fuch  as  are  habi¬ 
tually  applied  to  produce  due  excitement,  they  can  only 
weaken  the  fyftem  by  urging  it  into  too  much  motion, 
or  fuffering  it  to  fink  into  langour. 

“  8.  Excitability  is  feated  in  the  medullary  portion 
of  the  nerves,  and  in  the  mufcles.  As  foon  as  it  is 
anywhere  affeded,  it  is  immediately  affefted  everywhere ; 
nor  is  the  excitement  ever  increafed  in  a  part,  while  it  is 
generally  diminifhed  in  the  fyftem  ;  in  other  words,  diffe¬ 
rent  parts  can  never  be  In  oppofite  ftates  of  excitement. 

I  have  already  fpoken  of  an  illuftration,  drawn  up 
by  Mr  Chriftle  from  a  familiar  operation,  to  facilitate 
the  conception  of  Brown’s  fundamental  pofitions.  I 
introduce  it  here  as  more  likely  to  anfwer  its  purpofe 
than  if  feparately  placed  at  the  end  of  my  preliminary 
obfervatlons.  ‘  Suppofe  a  fire  to  be  made  In  a  grate, 
filled  with  a  kind  of  fuel  not  very  combuftible,  and 
which  could  only  be  kept  burning  by  means  of  a  ma¬ 
chine  containing  fcveral  tubes,  placed  before  It,  and 
coiiftantly  pouring  ftreams  of  air  into  it.  Suppofe  alfo 
a  pipe  to  be  fixed  in  the  back  of  the  chimney,  through 
which  a  conftant  fupply  of  frelh  fuel  was  gradually  let 
dowm  into  the  grate,  to  repair  the  wafte  occafioned  by 
the  flame,  kept  up  by  the  air  machine. 

‘  The  grate  will  reprefent  the  human  frame  ;  the 
fuel  in  it,  the  matter  of  life — the  excitability  of  Dr 
Brown,  and  the  fenforial  power  of  Dr  Darwin  ;  the 
tube  behind,  fupplying  frefli  fuel,  will  denote  the  power 
of  all  living  fyftems,  conftantly  to  regenerate  or  repro¬ 
duce  excitability  j  while  the  air  machine,  of  feveral tubes. 
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denotes  the  various  ftimuli  applied  to  the  cxcitabhity  J 
of  the  body  ;  and  the  flame  drawn  forth  in  confequence 
of  that  application  reprefents  life,  the  product  of  the 
exciting  powers  ading  upon  the  excitability. 

'  ‘  As  Dr  Browm  has  defined  life  to  be  a  forced  Jlate^ 
it  is  fitly  reprefented  by  a  flame  forcibly  drawn  forth 
from  fuel  little  dlfpofed  to  combuftlon,  by  the  conftant 
application  of  llreams  of  air  poured  into  it  from  the 
difierent  tubes  of  a  machine.  If  fome  of  thefe  tubes 
are  fuppofed  to  convey  pure  or  dephlogifticated  air, 
they  will  denote  the  higheft  clafs  of  exciting  powers, 
opium,  mufle,  camphor,  fpirits,  wine,  tobacco,  &c.  the* 
diffufible  ftimuli  of  Dr  Browm,  which  bring  forth  for  a 
time  a  greater  quantity  of  life  than  ufiial,  as  the  blow¬ 
ing  in  of  pure  air  into  a  fire  will  temporarily  draw  forth 
an  uncommon  quantity  of  flame.  If  others  of  the  tubes 
be  fuppofed  to  convey  common  or  atmofpheric  air,  they 
will  reprefent  the  ordinary  exciting  powers,  or  ftimuli, 
applied  to  the  human  frame,  fuch  as  heat,  light,  air, 
food,  drink,  &c.  while  fuch  as  convey  impure  and  In¬ 
flammable  air  may  be  iifed  to  denote  what  have  for¬ 
merly  been  termed  fedative  powers,  fuch  as  poifons,, 
contagious  miafmataj  foul  air,  &c. 

‘  The  reader  will  now  probably  be  at  no  lofs  to  un- 
derftand  the  feeming  paradox  of  the  Bruncmian  fyftem  ; 
that  food,  drink,  and  all  the  powers  applied  to  the  bo¬ 
dy,  though  they  fupport  life,  yet  coiifume  it ;  for  he 
will  fee  that  the  application  of  thefe  powers,  though 
it  brings  forth  life,  yet  at  the  fame  time  It  waftes  the 
excitability  or  matter  of  life,  juft  as  the  air  blown  into 
the  fire  brings  forth  more  flame,  but  waftes  the  fuel  or 
matter  of  fire.  This  is  conformable  to  the  common 
faying,  “  the  more  a  fpark  is  blown,  the  brighter  it 
burns,  and  the  fooner  it  is  fpent.”  A  Roman  poet 
has  giv^n  us,  without  intending  it,  an  excellent  illuftra¬ 
tion  of  the  Brunonlan  fyftem,  when  he  fays. 

Balnea y  vinay  Venus ^  confumunt  corpora  nojlra; 

“  Sedvitam  f admit  balnea^  vina,  Venus* 

“  Wine,  warmth,  and  love,  our  vigour  drain  ; , 

“  Yet  wine,  warmth,  love,  our  life  fuftain.” 

Or  to  tranflate  it  more  literally, 

“  Baths,  women,  wine,  exhauft  our  frame  y 

“  But  life  itfelf  is  drawn  from  them.” 

‘  Equally  eafy  will  it  be  to  illuftrate  the  two  kinds 
of  debility,  termed  direS  and  indireBy  which,  according 
to  Brown,  are  the  caufe  of  all  difeafes.  If  the  quan¬ 
tity  of  ftimulus  or  exciting  power  is  proportioned  ta 
the  quantity  of  excitability,  that  is,  if  no  more  excite¬ 
ment  is  drawn  forth  than  is  equal  to  the  quantity  o£ 
excitability  produced,  the  human  frame  will  be  in  a 
ftate  of  health,  juft  as  the  fire  will  be  in  a  vigorous 
Hate  when  no  more  air  is  blown  iu  than  is  fufiicient  to 
confume  the  frefli  fupply  of  fuel  conftantly  poured  down 
by  the  tube  behind.  Jf  a  fufiicient  quantity  of  ftimulus 
is  not  applied,  or  air  not  blown  in,  the  excitability  in 
the  man,  and  the  fuel  in  the  fire,  will  accumulate,  pro¬ 
ducing  diredi  debility  ;  for  the  man  will  become  weaky 
and  the  fire  low.  Carried  to  a  certain  degree,  they  will 
occafion  death  to  the  firft,  and  extindlion  to  the  laft. 
If,  again,  an  over  proportion  of  ftimulus  be  applied,  or 
too  much  air  blown  in,  the  excitability  will  foon  be 
waftedj  and  the  matter  of  fuel  almoft  fpent*  Hence 

will 
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will  ariTe  indireft  debility,  producing  the  fame  weaknefs 
in  the  man,  and  lownefs  in  the  fire,  as  before,  and  equal¬ 
ly  terminating,  when  carried  to  a  certain  degree,  in 
death  and  extindlion. 

‘  As  all  the  difeafes  of  the  body,  according  to  Dr 
Brown,  are  occafioned  by  diredl  or  indireft  debility, 
in  confequence  of  too  much  or  too  little  ftimuli,  fo  all  the 
defers  of  the  fire  mull  arife  from  diredf  or  indiredl  low¬ 
nefs,  in  confequence  of  too  much  or  too  little  air  blowm 
into  it.  As  Brown  taught  that  one  debility  was  never 
to  be  cured  by  another,  but  both  by  the  more  judicious 
application  of  ftimuli,  fo  will  be  found  the  cafe  in  treat¬ 
ing  the  defedls  of  the  fire.  If  the  fire  has  become  low, 
or  the  man  weak,  by  the  want  of  the  needful  quantity 
of  ftimulus,  more  mufi  be  applied,  but  very  gently  at 
firft,  and  increafed  by  degrees,  left  a  ftrong  ftimulus  ap¬ 
plied  to  the  accumulated  excitability  fhould  produce 
death  ;  as  in  the  cafe  of  a  limb  benumbed  with  cold 
(that  is,  weakened  by  the  accumulation  of  its  excitabi¬ 
lity  in  confequence  of  the  abftracftion  of  the  ufual  fti¬ 
mulus  of  heat),  and  fuddenly  held  to  the  fire,  w^hich 
we  know'  from  experience  is  in  danger  of  mortification  ; 
or  as  in  the  cafe  of  the  fire  becoming  very  low'  by  the  ac¬ 
cumulation  of  the  matter  of  fuel,  when  the  feeble  flame, 
aflailed  by^a  fudden  and  ftrong  blaft  of  air,  would  be 
overpowered  and  put  out,  inftead  of  being  nourifhed 
and  increafed.  Again,  if  the  man  or  the  fire  have  been 
rendered  indire£lly  weak,  by  the  application  of  too 
much  ftimulus,  w'e  are  not  fuddenly  to  withdraw  the 
w  hole,  or  even  a  great  quantity  of  the  exciting  powers 
or  air,  for  then  the  weakened  life  and  diminiflitd  flame 
might  fink  entirely  ;  but  we  are  by  little  and  little  to 
diminifh  the  overplus  of  ftimulus,  fo  as  to  enable  the 
excitability,  or  matter  of  fuel,  gradually  to  recover  its 
proper  proportion.  Thus  a  man  who  has  injured  his 
conftitution  by  the  abufe  of  fpirituous  liquors  is  not 
fuddenly  to  be  reduced  to  water  alone,  as  is  the  prac¬ 
tice  of  fome  phyficians,  but  he  is  to  be  treated  as  the 
judicious  Dr  Pitcairn  of  Edinburgh  is  faid  to  have 
treated  a  Highland  chieftian,  w'ho  applied  to  him  for 
advice  in  this  fituation.  The  Doeftor  gave  him  no  me¬ 
dicines,  and  only  exa6led  a  promife  of  him,  that  he 
would  every  day  put  in  as  much  wax  into  the  w'ooden 
quehhy  out  of  which  he  drank  his  whifley,  as  would  re¬ 
ceive  the  imprefiioii  of  his  arms.  The  wax  thus  gra¬ 
dually  accumulating,  diminiftied  daily  the  quantity  of 
the  whilky,  till  the  whole  quetch  w'as  filled  with  wax  ; 
and  the  chieftain  was  thus  gradually,  and  without  injury 
to  his  conftitution,  cured  of  the  habit  of  drinking  fpirits. 

‘  Thefe  analogies  might  be  purfued  farther  ;  but  my 
object  is  folely  to  furnifh  fome  general  ideas,  to  prepare 
the*  reader  for  entering  more  eafily  into  the  Briinonian 
theory,  which  I  think  he  will  be  enabled  to  do  after 
perufing  what  I  have  faid.  The  great  excellence  of  that 
theory,  as  applied,  not  only  terthe  pradlice  of  phyfic, 
but  to  the  general  condu6l  of  the  health,  is,  that  it  im- 
preffes  on  the  mind  a  fenfe  of  the  impropriety  and  dan¬ 
ger  of  going  from  one  extreme  to  another.  The  hu¬ 
man  frame  is  capable  of  enduring,  great  varieties,  if 
time  be  given  it  to  accommodate  itfelf  to  different  ftates. 
All  the  mifehief  is  done  in  the  tranfition  frejm  one  ftate 
to  another.  In  a  ftate  of  l6w  excitement,  w'e  are  not 
rafhly  to  induce  a  ftate  of  high  excitement ;  nor  when 
elevated  to  the  latter,  are  w'e  fuddenly  to  defeend  to  the 
former,  but  ilep  by  ftep,  and  as  one  who  from  the  top 


of  a  high  tow'er  defeends  to  the  ground.  From  hafty 
and  violent  changes  the  human  frame  always  fuffers  ; 
its  particles  are  torn  afunder,  its  organs  injured,  the  vi¬ 
tal  principle  impaired,  and  difeafe,  often  death,  is  the 
inevitable  confequence. 

‘  I  have  only  to  add,  that  though  in  this  illuftration 
of  the  Brunonian  fyftem  (written  feveral  years  ago),  I 
have  fpoken  of  a  tube  conftantly  pouring  in  frefh  fuel, 
becaufe  I  could  not  otherwufe  convey  to  the  reader  a 
familiar  idea  of  the  pow'er  pofTefled  by  all  living  fyftems, 
to  renew  their  excitability  when  exhaufted  ;  yet  it  may 
be  proper  to  inform  the  ftudent,  that  Dr  Brown  fup- 
pofed  every  living  fyftem  to  have  received  at  the  begin¬ 
ning  its  determinate  portion  of  excitability  ;  and,  there¬ 
fore,  although  he  fpoke  of  the  exhauftioii,  augmenta¬ 
tion,  and  even  renewal  of  excitability,  I  do  not  tliink 
it  was  his  intention  to  induce  his  pupils  to  tliink  of  it 
as  a  kind  of  fluid  fubftaiice  exifting  in  the  animal,  and 
fiibje6l  to  the  law  by  which  fuch  fubftances  are  govern¬ 
ed.  According  to  him,  excitability  was  an  unknown 
fomewhat,  fubjed  to  peculiar  laws  of  its  own,  and  whofe 
diflFereiit  ftates  we  were  obliged  to  deferibe  (though 
inaccurately)  by  terms  borrowed  from  the  qualities  of 
material  fubftances.' 

“  The  Brunonian  fyftem  has  frequently  been  char¬ 
ged  with  promoting  intemperance.  The  objedlion  is  ' 
ferious  ;  but  the  view  already  given  of  its  principles 
fhews  it  to  be  groundlefs.  No  writer  bad  infifted  fo 
much  upon  the  dependence  of  life  on  external  caufes, 
or  fo  ftrongly  ftated  the  inevitable  confequences  of  ex- 
cefs.  And  there  are  no  means  of  promoting  morality 
upon  which  we  can  rely,  except  the  knowledge  of  the. 
true  relations  between  man  and  other  beings  or  bodies. 
For  by  this  knowledge  we  are  diredlly  led  to  fhun  what^ 
is  hurtful,  and  purfue  what  is  falutary.  And  in  what 
elfe  does  moral  conduci,  as  far  it  regards  the  individual, 
confift  ?  It  may  be  faid  that  the  autlibr's'  life  difproves 
the  juftnefs  of  this  reprefentation  ;  his  life,  how^tver, 
only  fhews  the  fuperior  power  of  other  caufes,  aud  of 
bad  habits  in  particular;  and  I  am  ready  to  acknow¬ 
ledge  the  little  efficacy  of  inftrudlion  when  bad  habits- 
are  formed.  Its  great  life  confifts  in  preventing,  their 
formation;  for  which  reafon  popular  inftrudlion  ii>  me¬ 
dicine  would  contribute  more  to  the  happinefs  of  the 
human  fpecies,  than  the  complete  knowledge  of  every 
thing  which  is  attempted  to  be  taught  in  education,  as 
it  is  condu6Ied  at  prefect.  But  though  the  principles 
of  the  fyftem  in  queftibn  did  not  correft  the  prepenfi- 
ties  of  its  inventor,  it  does  not  follow  that  they  tend  to 
produce  the  fame  propenfities  in  others." 

BRUCE  (James,  Efq;  F.  R.  S.),  the  celebrated 
Abyffinian  traveller,  was  born,  1730,  at  Kinriaird  houfe, 
in  the  parifh  of  Larbert  and  county  of  Stirling,  His 
defeent  by  both  parents  was  ancient  and  honourable  ; 
and  of  that  defeent  he  was,  perhaps,  too  proud.  •  His 
grandfather  was  —  Hay,  Efq;  of  Woodcockdale,  in 
the  county  of  Linlithgow,  who,  marrying  Mils  Biuce, 
the  heirefs  of  Kiniiaird,  gave  the  name  01  Bruce  to  all 
his  defeendants. 

Perhaps  this  change  of  name  may  have  taken  place 
in  obedience  to.  the  deed  by  which  the  eljate  ut’  Kiu- 
naird  was  fettled  on  Mrs  Hay's  children  ;  but  it  is  a 
change  which,  in  -a  country  like  Scotland,  where  an¬ 
tiquity  of  defeent  is  highly  valued,  any  man  would  vo¬ 
luntarily  have  adoptedj  vvho  had' married  the  heircft.of - 


Bro’W' 

Bruce. 
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Bfuce.  fucli  a  faniiljr.  The  Bruces  of  Kinnaird  had  been  in 

- ^poireffion  of  that  eitate  for  three  centuries  :  they  were 

defcended  from  a  younger  fon  of  Robert  de  Bruce,  the 
competitor  with  Baliol  for  the  crown  of  Scotland.  It 
vvoiild  readily  occur,  that  the  knowledge  of  fuch  a  de- 
fcent  would  be  beft  preferved  by  continuing  the  name 
of  their  great  anceftor  ;  and  we  have  reafon  to  believe, 
that  the  fubjeft  of  this  memoir  was  not  much  delighted 
when  put  in  mind,  as  he  frequently  was,  that,  though 
the  heir  of  the  line,  he  was  not  the  male  heir  of  that 
branch  of  the  illuftrious  family. 

As  he  was  allied  to  royalty  by  his  father  and  grand¬ 
mother,  through  his  mother  he  was  related  to  fome  of 
the  moft  refpe£lable  families  in  the  kingdoni.  She  was 
the  daughter  of  James  Graham,  Efq;  of  Airth,  dean  of 
the  faculty  of  advocates,  and  judge  of  the  high  court  of 
admiralty  in  Scotland,  by  Marion,  daughter  of  James 
Hamilton  Efq;  of  Pencaitland  ;  and  to  a  man  of  our 
traveller’s  turn  of  mind,  there  can  be  no  doubt  but  that 
it  mull  have  afforded  much  fatisfadlion  to  think,  that 
no  family  ranks  higher  in  Scotland  than  thofe  of  Bruce, 
Graham,  and  Hamilton.  In  him,  however,  it  was  weak- 
nefs  to  be  proud,  if  indeed  he  was  proud,  of  family  ; 
for  the  talents  bellowed  upon  him  by  nature,  or,  to 
fpeak  more  properly,  by  nature’s  God,  would  have  made 
him  great  though  he  had  been  born  on  a  dunghill. 
He  would  indeed  have  been,  in  all  probability,  much 
greater  than  he  was,  had  he  not  been  in  poffefiion  of  the 
phantom  of  birth  to  gratify  much  of  his  ambition ;  for 
the  facility  with  which  he  mallered  every  ftudy  in  which 
he  engaged,  would  have  carried  him  quickly  to  the  top 
of  the  moft  honourable  profeflion. 

Mr  Bruce  was  inftnided  in  grammatical  learning  at 
the  fchool  of  Harrow  on  the  Hill,  in  the  county  of 
Middlefex,  where  he  gave  the  moil  unequivocal  proofs 
of  genius,  and  acquired  a  very  confiderable  knowledge 
of  the  Greek  and  Latin  languages.  It  was  cuftomary 
with  him  to  perform,  not  only  his  own  exercifes,  but 
alfo  the  exercifes  of  fuch  of  his  companions  as  were 
not  equal  to  the  tallc  themfehes.  Among  thefe  was 
his  maternal  uncle,  who  was  frequently  indebted  to  his 
affiftance,  and,  on  one  occafion,  produced  a  copy  of  ver- 
fes  of  his  compofition,  which  excited,  not  only  the  ap- 
plaufe,  but  the  admiration  of  their  mailer.  Mr  Gra¬ 
ham,  who  was  but  a  few  months  older  than  Mr  Bruce, 
had,  for  fome  tranfgreflion  (we  know  not  what),  been 
punillied,  as  jpoys  in  the  great  fchools  in  England  are 
often  punidied,  by  having  a  tadc  fet  him,  which  he  foon 
found  himfelf  unable  to  perform.  His  nephew  delired 
him  to  be  under  no  uneafinefs,  promifing  to  furnilh  him 
with  the  verfes  before  the  time  at  which  they  were  to 
be  given  in.  He  was  as  good  as  his  word  ;  but  the 
mailer  of  the  fehool  foon  difeovering  that  they  were 
not  the  performance  of  Mr  Graham,  exclaimed,  that 
the  author  of  thefe  verfes,  whoever  he  was,  might  ap¬ 
ply  to  himfelf  the  words  of  Horace, 

- —  Suhlimi  feriam  fidera  vertlce. 

While  Mr  Bruce  was  at  Harrow,  and  for  a  year  or 
two  after  he  had  left  it,  he  was  of  a  very  delicate 
frame,  and  appeared  to  his  friends  to  be  threatened* 
with  a  confumption.  The  truth  is,  that  he  'was  un¬ 
commonly  tall  for  his  age,  and  felt  all  the  feeblenefs  of 
joints  and  other  bodily  weakneffes  to  which  overgrown 
boys  arc  generally  fubjed.  His  father  intended  him 
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for  the  profsffion  of  the  law;  and,  upon  his  return  froui  ffrucc. 
Harrow,  he  was  entered  into  the  uiiiverlity  of  Edin- 
burgh,  where  he  went  through  a  regular  courfe  of  ftudy 
to  fit  him  for  being  enrolled  in  the  body  of  advocates : 
but  for  fome  reafon,  which  we  do  not  perfectly  know, 
he  relinqulfhed  the  ftudy  of  law  for  the  purfnits  of 
trade ;  and,  going  to  London,  entered  into  partnerlhip 
with  a  wine  merchant  of  the  name  of  Allen,  vliiofe 
daughter  he  married. 

That  lady  falling  into  a  bad  ftate  of  health,  Mr  Bruce 
took  her  abroad,  in  hopes  that  travelling  would  be  at¬ 
tended  with  beneficial  effedls ;  but  in  thefe  he  was  dif- 
appointed,  as  (he  died  within  a  year  after  her  marriage. 

He  was  induced,  in  order  to  difpel  his  grief,  to  conti¬ 
nue  his  travels  ;  during  which  his  father  dying  (at  E- 
dinburgh,  4th  May  1758),  the  inheritance  of  his  ancef- 
tors  devolved  upon  him,  and  he  returned  to  Britain. 

Some  of  his  fubfequent  tranfa6lions  fhall  now  be  rela¬ 
ted  in  his  own  words. 

“  Every  one  will  remember  that  period,  fo  glorious 
to  Britain,  the  latter  end  of  the  miniftry  of  the  late  earl 
of  Chatham.  I  was  then  returned  from  a  tour  through 
the  greateft  part  of  Europe,  particularly  through  the 
whole  of  Spain  and  Portugal,  between  whom  there  was 
then  the  appearance  of  an  approaching  war. 

“  I  was  about  to  retire  to  a  fmall  patrimony  I  had 
received  from  my  anceftors,  in  order  to  embrace  a  life 
of  ftudy  and  refle6lion,  nothing  more  adive  appearing 
within  my  power,  when  chance  threw  me  unexpedledly 
into  a  very  fhort  and  very  defultory  converfation  with 
Lord  Chatham. 

“  It  was  a  few  days  after  this  that  Mr  Wood,  then 
under-fecretary  of  ftate,  my  zealous  and  fincere  friend,  x 
informed  me  that  Lord  Chatham  intended  to  employ  me 
upon  a  particular  fervice  ;  that,  however,  I  might  go 
down  for  a  few  weeks  to  ray  own  country  to  fettle  my 
affairs,  but,  by  all  means,  to  be  ready  upon  a  call.  No¬ 
thing  could  be  more  flattering  to  me  than  fuch  an  offer,  “ 
when  fo  young  ;  to  be  thought  worthy  by  Lord  Cha-  ^ 
tham  of  any  employment,  was  doubly  a  preference.  No 
time  was  loft  on  my  fide;  but  juft  after  receiving  orders 
to  return  to  London,  his  lordlhip  had  gone  to  Bath, 
and  refigned  his  office. 

“  This  difappointment,  which  was  the  more  fenfible 
to  me  that  it  was  the  firft  I  had  met  with  in  public 
life,  was  promifed  to  be  made  up  to  me  by  Lord  Egre- 
mont  and  Mr  George  Grenville.  The  former  had  been 
long  my  friend  ;  but  unhappily  he  was  then  far  gon«^ 
in  a  lethargic  indifpofition,  which  threatened,  and  did 
very  foon  put  a  period  to  his  exiftence.  With  Lord 
Egremont’s  death  my  expe6lations  vanifhed.  Further 
particulars  are  unneceffary  ;  but  I  hope  that,  at  leaft  in 
part,  they  remain  in  that  breaft  where  they  naturally 
ought  to  be,  and  where  I  fhall  ever  think,  not  to  be 
long  forgotten,  is  to  be  rewarded. 

“  Seven  or  eight  months  were  paffed  in  an  expenffve 
and  fruitlefs  attendance  in  London,  vyhen  Lord  Halifax 
was  pleafed,  not  only  to  propofe,  but  to  plan  for  me 
a  journey  of  confiderable  importance,  and  which  was  to 
take  up  feveral  years.  His  lordfhip  faid,  that  nothing 
could  be  more  ignoble  than,  at  fuch  a  time  of  life,  at 
the  height  of  my  reading,  health,  and  activity,  I  (hould, 
as  it  were,  turn  peafant,  and  voluntarily  bury  myfelf  in 
obfeurity  and  Idlenefs;  that  though  war  was  now  draw¬ 
ing  faft  to  an  end,  full  as  honourable  a  competition  re¬ 
mained 
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Bruce,  mained  among  men  of  fpirit,  which  Ihould  acquit  them- 
"’"Y”*''  felves  beft  in  the  dangerous  line  of  ufeful  adventure  and 
difcovery. 

“  He  obferved,  that  the  coaft  of  Barbary,  which 
might  be  faid  to  be  juft  at  our  door,  was  yet  but  par- 
*  tially  explored  by  Dr  Shaw,  who  had  only  illuftrated 
(very  judicfouily  indeed)  the  geographical  labours  of 
Sanfon;  that  neither  Dr  Shaw  nor  Sanfon  had  been,  or 
pretended  to  be,  capable  of  giving  the  public  any  de¬ 
tail  of  the  large  and  magnificent  remains  of  ruined  ar- 
chitedure,  which  they  both  vouch  to  have  feen  in  great 
quantities,  and  of  exquifite  elegance  and  perfection,  all 
over  the  country.  Such  had  not  been  their  ftudy,  yet 
fuch  was  really  the  tafte  that  was  required  in  the  pre- 
fent  times.  He  wifhed,  therefore,  that  I  fhould  be  the 
firft,  in  the  reign  juft  now  beginning,  to  fet  an  example 
of  making  large  additions  to  t)ie  royal  collection  ;  and 
he  pledged  himfelf  to  be  my  fupport  and  patron,  and  to 
make  good  to  me,  upon  this  additional  merit,  the  pro- 
mifiHi  which  had  been  held  forth  to  me  by  former  mi- 
nifters  for  other  Cervices. 

“  The  difcovery  of  the  fource  of  the  Nile  was  alfo  a 
fubject  of  thefe  conyerfations,  but  it  was  always  men¬ 
tioned  to  me  with  a  kind  of  diffidence,  as  if  to  be  ex¬ 
pected  from  a  more  experienced  traveller.  Whether 
this  was  but  another  way  of  exciting  me  to  the  at¬ 
tempt  I  ffiall  not  fay  ;  but  my  heart,  in  that  inftant, 
did  me  juftice  to  fuggeft,  that  this  too  was  either  to 
be  atchieved  by  me,  or  to  remain  as  it  had  done  for 
thefe  laft  2000  years,  a  defiance  to  all  travellers,  and 
an  opprobrium  to  geography. 

“  Tortuiie  feemed  to  enter  into  this  fcheme.  At  the 
very  inftant,  Mr  Afpinwall,  very  cruelly  and  ignonii- 
nioufly  treated  by  the  dey  of  Algiers,  had  refigned  his 
confiilfhip,  and  Mr  Ford  a  merchant,  formerly  the  dey’s 
acquaintance,  was  named  in  his  place.  Mr  Ford  was 
appointed,  and,  dying  a  few  days  after,  the  confulffiip 
became  vacant.  Lord  Halifax  preffed  me  to  accept  of 
0  this  as  containing  all  forts  of  conveniences  for  making 
the  propofed  expedition. 

“  This  favourable  event  finally  determined  me.  I  had 
all  my  life  applied  unvveariedly,  perhaps  with  more  love 
than  talent,  to  drawing,  the  practice  of  mathematics, 
and  efpecially  that  part  neceflary  to  aftronomy.  The 
tranfit  of  Venus  vras  at  hand.  It  was  certainly  known 
that  it  would  be  vifible  once  at  Algiers,  and  there  was 
great  reafon  to  expecft  it  might  be  twice.  I  had  fur- 
nifhed  myfelf  with  a  large  apparatus  of  inftruments,  the 
completeft  of  their  kind,  for  the  obfervation.  In  the 
choice  of  thefe,  1  had  been  affifted  by  my  friend  Ad¬ 
miral  Campbell,  and  Mr  Ruflel  fecretary  to  the  Turkey 
Company  :  every  other  neceflary  had  been  provided  in 
proportion.  It  was  a  pleafure  now  to  know  that  it 
was  not  from  a  rock  or  a  wood,  but  from  my  own  houfe 
at  Algiers,  I  could  deliberately  take  meafures  to  place 
myfelf  in'  the  lift  of  men  of  fcience  of  all  nations,  who 
were  then  preparing  for  the  fame  fcientific  purpofe. 

“  Thus  prepared,  I  fet  out  for  Italy,  through  France ; 
and  though  it  was  in  time  of  war,  and  fome  ftrong  ob¬ 
jections  had  been  made  to  particular  paflports,  folicited 
by  our  government  from  the  French  fecretary  of  ftate, 
Monfieur  de  Choifeul  moft  obligingly  waved  all  fuch 
exceptions  with  regard  to  me,  and  moft  politely  aflu- 
red  me,  in  a  letter  accompanying  my  paflport,  that 
thofe  difficulties  did  not  in  any  Ihape  regard  me,  but 
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that  I  was  perfetly  at  liberty  to  pafs  through,  or  re-  Bruce, 
main  in,  France  with  thofe  that  accompanied  me, 
out  limiting  their  number,  as  ftiort  or  as  long  a  time  as 
fhould  be  agreeable  to  me. 

“  On  my  arrival  at  Rome,  I  received  orders  to  pro¬ 
ceed  to  Naples,  there  to  await  his  majefty’s  further 
commands.  Sir  Charles  Saunders,  then  with  a  fleet 
berore  Cadiz,  had  orders  to  vilit  Malta  before  he  re¬ 
turned  to  England.  It  was  faid  that  the  grand-mafter 
of  that  order  had  behaved  fo  Improperly  to  Mr  Har- 
vey  (afterwards  Lord  Briftol)  in  the  beginning  of  the 
war,  and  fo  partially  and  unjuftly  between  the  two  na¬ 
tions  in  the  courfe  of  it,  that  411  explanation  on  our 
part  was  become  neceflary.  The  grand-mafter  no  foon- 
er  heard  of  my  arrival  at  Naples,  than,  guefiing  the  er¬ 
rand,  he  fent  off  Chevalier  Mazzlni  to  London,  where 
he  at  once  made  his  peace  and  his  compliments  to  his 
majefty  upon  his  acetffion  to  the  throne. 

“  Nothing  remained  now  but  to  take  poffcffion  of 
my  conluKhip,  1  returned,  without  lofs  of  time,  to 
Rome,  and  from  thence  to  Leghorn,  where,  having  em¬ 
barked  on  board  the  Montreal  man  of  war,  I  proceeded, 
to  Algiers. 

“  While  at  Naples,  I  received  from  flaves,  redeemed 
from  the  province  of  Conftantine,  accounts  of  magnifi¬ 
cent  ruins  they  had  feen  while  traverfing  that  country 
with  their  mafter  the  Bey.  I  faw  the  abfolute  neceflity 
there  was  for  afliftance,  without  which  it  was  impoffible 
for  any  one  man,  however  diligent  and  qualified,  to  do 
any  thing  but  bewilder  himfelf.  All  my  endeavours, 
however,  had  hitherto  been  unfuccefsful  to  perfuade  any 
Italian  to  put  himfelf  wilfully  into  the  hands  of  a  peo¬ 
ple  conftantly  looked  upon  by  them  in  no  better  light 
than  pirates.  At  laft  Mr  Lumifden,  by  accident,  heard, 
of  a  young  man  who  was  then  ftudying  archltedure  at 
Rome,  a  native  of  Bologna,  whofe  name  was  Luigi  Ba- 
lugani.  I  can  appeal  to  Mr  Lumifden  as  to  the  extent 
of  this  perfon’s  pradlice  and  knowledge,  and  that  he 
knew  very  little  when  firft  fent  to  me.  In  the  twenty 
months  which  he  ftaid  with  me  at  Algiers,  by  affiduous 
application  to  proper  fubjeds  under  my  inftrueftion,  he 
became  a  very  confiderable  help  to  me,  and  was  the  on¬ 
ly  one  that  ever  I  made  ufe  of,  or  that  attended  me  for 
a  moment,  or  ever  touched  one  reprefentation  of  archi- 
tedlure  in  any  part  of  my  journey.'’ 

Our  traveller,  when  in  Spain,  had  endeavoured  to 
find  accefs  to  that  immenfe  colledion  of  Arabic  manu- 
feripts  which  were  perifliing  in  the  duft  of  the  efeurial;, 
but  in  vain.  “  All  my  fuccefs  (fays  he)  in  Europe  termi¬ 
nated  in  the  acquifition  of  thofe  few  printed  Arabic 
books  that  I  had  found  in  Holland  ;  and  thefe  were 
rather  biographers  than  general  hiftorians,  and  contain¬ 
ed  little  in  point  of  general  information.  The  ftudy  of 
thefe,  however,  and  of  Maracci’s  Koran,  had  made  me 
a  very  tolerable  Arab;  a  great  field  was  opening  before 
me  in  Africa  to  complete  a  colledion  of  manufcrlpts,. 
an  opportunity  which  I  did  not  negle<ft. 

^  “  After  a  year  fpent  at  Algiers,  conftant  converfa- 
tloii  with  the  natives  while  abroad,  and  with  my  manu- 
feripts  within  doors,  had  qualified  me  to  appear  in  any 
part  of  the  continent  without  the  help  of  an  interpreter. 

Ludolf  had  aflured  his  readers,  that  the  knowledge  of 
any  oriental  language  would  foon  enable  them  to  ac- 
quire  the.  Ethiopic  ;  and  I  needed  only  the  fame  num-r 
ber  of  books  to  have  made  my  knowledge  of  that  lan¬ 
guage- 
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guajre  go  hand  in  band  with  my  attainments  in  the  A- 
rabic.  My  immediate  profpea  of  fettmg  out  on  my 
Journey  to  the  inland  parts  of  Africa  had  made  me 
double  my  diligence  ;  night  and  day  there  was  no  re- 
laxation  fmm  thefe  ftudics,  although  the  acquiring  any 
fmgle  language  had  never  been  with  me  eitlier  an  objed 
of  time  or  difficulty,” 

At  Algiers  Mr  Bruce  was  detained  longer  than  he 
expeded/iii  confequciice  of  a  difpute  with  the  Dey 
concerning  Mediterranean  pafles.  This  being  adj lifted, 
he  proceeded  to  Mahon,  and  from  Mahon  to  Carthage. 
He  next  vifited  Tunis  and  Tripoli,  and  travelled  over 
the  interior  parts  of  thefe  ftates.  At  Bengazi,  a  fmall 
town  on  the  Mediterranean,  he  fuffered  ftiipwreck,  and 
with  extreme  difficulty  faved  his  life,  though  with  the 
lofs  of  all  his  baggage.  He  afterwards  failed  to  the 
ifles  of  Rhodes  and  Cyprus,  and  proceeding  to  Aha 
Minor,  travelled  through  a  confiderable  part  of  Syria 
and  Paleftine,  vifning  Haffia,  Latikea,  Aleppo,  and 
Tripoli ;  near  which  laft  city  he  was  again  in  imminent 
danger  of  perifliing  in  a  river.  The  ruins  of  Palmyra 
and  Baalbec  were  next  carefully  furveyed  and  fetched 
by  him  ;  and  his  drawings  of  thefe  places  are  depofited 
in  the  king's  library  at  Kew  “  the  moft  magnificent 
prefent  in  that  line,”  to  life  his  own  words,  “  ever  made 
by  a  fubjed  to  his  fovereigii.” 

It  is  much  to  be  regretted  that  Mr  Bruce  publiffied 
no  particular  account  of  thefe  various  journeys  ;  from 
the  nature  of  the  places  vifited,  and  the  abilities  of  the 
man,  much  curious  and  ufeful  information  might  have 
been  expedled.  Some  manufeript  accounts  of  different 
parts  of  them  are  faid  to  have  been  left  by  him,  but 
whether  in  fucli  a  ftate  as  to  be  fit  for  publication,  we 
have  not  learned. 

In  thefe  various  travels  fome  years  were  paffed  ;  and 
Mr  Bruce  now  prepared  for  the  grand  expedition,  the 
accompliffiment  of  which  had  ever  been  neareft  his 
heart,  the  difeovery  of  the  fources  of  the  Nile.  ^  In  the 
profecution  of  that  dangerous  object,  he  left  Sidon  on 
the  15th  of  June  1768,  and  arrived  at  Alexandria  on 
the  20th  of  that  month.  He  proceeded  from  thence 
to  Cairo,  where  he  continued  to  the  12th  of  December 
following,  when  he  embarked  on  the  Nile;  and  in  a  ve¬ 
ry  extraordinary  boat,  called  a  canja,  of  which  he  fays 
the  main-fail  yard  w^as  about  200  feet  in  length,  he  fail¬ 
ed  up  that  river  as  far  as  Syene,  vifiting  in  the  courfe 
of  his  voyage  the  ruins  of  Thebes,  and  the  place  where 
Memphis  once  ftood,  now  known  by  the  name  of  Me- 
trahentiy.  Leaving  Kenne  on  the  Nile,  i6th  February 
1769,  he  croffed  the  defert  of  the  Thebaid  to  Coffeir 
on  the  Red  Sea,  and  arrived  at  Jidda  on  the  3d  of  May. 
In  Arabia  Felix  he  remained,  not  without  making  feve- 
ral  excurfions,  till  the  3d  of  September,  when  he  failed 
from  Loheia,  and  arrived  on  the  19th  at  Mafuah,  where 
he  was  detained  near  two  months  by  the  treachery  and 
avarice  of  the  Naybe  of  that  place.  It  was  not  till  the 
ijth  of  November  that  he  was  allowed  to  quit  Arkeeko, 
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near  Mafua  ;  and  he  arrived  on  the  t5th  of  February  1^^^ 
1770  at  Gondar,  the  capital  of  Abyflinia,  where  he 
ingratiated  himfelf  with  the  moft  confiderable  perfons 
of  both  fexes  belonging  to  the  court.  This  he  accom- 
pliflied  by  being  a  phyficiaii  in  the  city,  a  foldier  in  the 
field,  a  courtier  everywhere,  demeaning  himfelf  as  con- 
feious  that  he  was  not  unworthy  of  being  a  companion 
to  the  firft  of  their  nobility,  and  the  king's  gueft,  which 
is  there  a  character,  as  it  was  with  eaftern  nations  of 
old,  to  which  a  certain  fort  of  confideration  is  due. 

“  To  this  I  may  add  (fays  he),  that,  being  in  the  prime 
of  life,  of  no  ungracious  figure,  having  an  accidental 
knack,  which  is  not  a  trifle,  of  putting  on  the  drefs, 
and  fpeaking  the  language  eafily  and  gracefully,  I  cul¬ 
tivated,  with  the  iitmoft  afliduity,  the  friendfliip  of  the 
fair  fex,  by  the  moft  modeft  and  refpe6lful  diftant  at- 
tendance  and  obfequioufnefs  in  public,  abating  juft  as 
much  of  that  in  private  as  fuited  their  humours  and  in¬ 
clination  and  jealoiify  being  a  paflion  unknown  in 
Abyffinia,  he  thus  acquired  from  the  ladies  great  fup- 
port  at  court. 

Several  months  were  employed  in  attendance  on  the 
king,  and  in  an  unfuccefsful  expedition  round  the  lake 
of  Dambea.  Towards  the  end  of  Oclober  Mr  Bruce 
fet  out  for  the  fources  of  the  Nile  ;  at  which  long  de- 
fired  fpot  he  arrived  on  the  14th  of  November;  and  his 
feelings  on  the  accomplifliment  of  his  wifties  cannot  bet¬ 
ter  be  expreffed  than  in  his  own  words : 

“It  is  eafier  to  guefs  than  to  deferibe  the  fituation 
of  my  mind  at  that  moment ;  ftanding  in  that  fpot 
which  had  baffled  the  genius,  induftry,  and  inquiry,  of 
ancients  and  moderns  for  the  courfe  of  near  3000  years. 
Kings  had  attempted  this  difeovery  at  the  head  of  ar¬ 
mies,  and  each  expedition  was  diftinguiflied  from  the 
laft  only  by  the  difference  of  the  numbers  which  had 
periftied,  and  agreed  alone  in  the  difappointment  which 
had  uniformly,  and  without  exception,  followed  them 
all.  Fame,  riches,  and  honour,  had  been  held  out  for 
a  feries  of  ages  to  every  individual  of  thofe  myriads 
thofe  princes  commanded,  without  having  produced  one 
man  capable  of  gratifying  the  curiofity  of  his  fovereign, 
or  wiping  off  this  ftain  upon  the  enterprife  and  abilities 
of  mankind,  or  adding  this  defideratum  for  the  encou¬ 
ragement  of  geography.  Though  a  mere  private  Bri- 
ton,  I  triumphed  here  in  my  own  mind  over  kings  and 
their  armies  ;  and  every  comparifon  was  leading  nearer 
and  nearer  to  the  prefumption,  when  the  place  itfelf 
where  I  ftood,  the  objea  of  my  vain  glory,  fuggefted 
what  depreffed  my  fhort-lived  triumphs.” 

If  thefe  triumphs  were  fliort-lived,  they  were  equally 
ill-founded  :  for  if  the  fource  of  the  Nile  was  feen  by 
Mr  Bruce,  there  can  be  no  doubt  of  its  having  been 
likewife  feen  by  the  Portuguefe  jefuits.  Of  this  we 
have  elfewhere  brought  forward  fufficient  proof ;  and 
the  candid  reader,  who  fliall  take  the  trouble  to  com¬ 
pare  the  extraa  printed  at  the  bottom  of  this  page  (a), 
with  our  traveller's  account  of  thefe  coy  fountains,  as  it 

ftands 


(a)  ‘‘  In  the  eaftern  part  of  this  kingdom,  on  the  declivity  of  a  mountain,  whofe  defeent  is  fo  eafy  that  it 
feems  a  beautiful  plain,  is  that  fource  of  the  Nile  which  has  been  fought  after  at  fo  much  expence  of  labour,  and 
about  which  fuch  a  variety  of  conj enures  hath  been  formed  without  fuccefs.  This  fpring,  or^ rather  thefe  two 
fprings,  are  two  holes,  each  about  two  feet  diameter,  a  ftoiie's  caff  diftant  from  each  other.  The  one  is  about 
five  feet  and  an  half  in  depth,  h  leaft  we  could  not  get  our  plummet  farther,  perhaps  becaufe  it  was  flopped  by 

roots, 
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Bruce-  {lands  in  his  own  book  or  in  our  article  Nile  [Encycl.), 
will  be  convinced  that  it  was  ridiculous  in  Mr  Bruce, 
and  is  equally  ridiculous  in  his  friends,  to  pretend  that 
be  difcovered  what  had  baffled  the  genius  of  inquiry  for 
the  courfe  of  near  3000  years. 

It  was  not,  however,  the  confcioufnefs  of  having 
been  anticipated  by  the  jefuits  (for  thefe  he  without  ce¬ 
remony  calls  a  fet  of  liars),  but  the  profpedl  of  danger 
to  be  encountered  on  his  return  to  Europe,  that  call 
fuch  a  damp  on  his  prefent  enjoyment.  “  I  was  but  a 
few  minutes  (faye  he)  arrived  at  the  fource  of  the  Nile, 
through  numberlefs  dangers  and  fufferings,  the  lead  of 
which  would  have  overwhelmed  ine,  but  for  the  conti¬ 
nual  goodnefs  and  prote6lion  of  Providence  ;  I  was, 
however,  but  then  half  through  my  journey,  and  all 
thofe  dangers  which  I  had  already  pafled  awaited  me 
again  on  my  return.  I  found  a  defpondency  gaining 
ground  fall  upon  me,  which  blafted  the  crown  of  laurels 
I  had  too  rafhly  woven  for  myfclf.’’ 

When  he  returned  to  reft  the  night  of  that  difcovery, 
repofe  w^as  fought  for  in  vain.  “  Melancholy  reflexions 
upon  my  prefent  date,  the  doubtfulnefs  of  my  return  in 
fafety,  were  I  permitted  to  make  the  attempt,  and  the 
fears  that  even  this  would  be  refufed,  according  to  the 
rule  obferved  in  Abyfiinia  with  all  travellers  who  have 
once  entered  the  kingdom  ;  the  confcioufnefs  of  the 
pain  that  I  w^as  then  occafioning  to  many  worthy  indi¬ 
viduals,  expeXing  daily  that  information  concerning  my 
fituation  which  it  was  not  in  my  power  to  give  them  ; 
fome  other  thoughts,  perhaps  dill  nearer  the  heart  than 
thofe,  crowded  upon  my  mind,  and  forbade  all  approach 
of  deep. 

“  I  w^as,  at  that  very  moment,  in  pofleflion  of  what 
had  for  many  years  been  the  principal  objeX  of  my  am¬ 
bition  and  widies  5  indifference  which,  from  the  iifual 
infirmity  of  human  nature,  follov/s,  at  lead  for  a  time, 
complete  enjoyment,  had  taken  place  of  it.  The  marfli, 
and  the  fountains,  upon  comparifon  with  the  rife  of 
many  of  our  rivers,  became  now  a  trifling  objeX  in  my 
fight.  I  remembered  that  magnificent  fcene  in  my 
own  native  country,  where  the  Tweed,  Clyde,  and  An¬ 
nan,  rife  in  one  hill ;  three  rivers  I  now  thought  not 
inferior  to  the  Nile  in  beauty,  preferable  to  it  in  the 
cultivation  of  thofe  countries  through  which  they  flow; 
fuperior,  vaftly  fuperior,  to  it  in  the  virtues  and  qualities 
of  the  inhabitants,  and  in  the  beauty  of  its  flocks, 
crowding  its  padures  in  peace,  without  fear  or  violence 
from  man  or  bead.  I  had  feen  the  rife  of  the  Rhine 
and  Rhone,  and  the  more  magnificent  fources  of  the 
Boane  ;  I  began,  in  my  forrow,  to  treat  the  inquiry 
SupPL.  VoL.  I,  Part  I. 
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about  the  fource  of  the  Nile  as  a  violent  effort  of  a  dif. 
tempered  fancy. 

‘  What's  Plecuba  to  him,  or  he  to  Hecuba, 

‘  That  he  Ihould  weep  for  her?' 

Grief  and  defpondency  now^  rolling  upon  me  like  a  tor¬ 
rent,  relaxed,  not  refreflied,  by  unquiet  and  imperfeX 
deep,  1  darted  from  my  bed  in  the  utmoft  agony  5  I 
went  to  the  door  of  my  tent,  every  thing  was  dill  ;  the 
Nile,  at  whofe  head  I  ftoocl,  was  not  capable  either  to 
promote  or  to  interrupt  my  flumbers,  but  the  coolnefs 
and  ferenity  of  the  night  braced  my  nerves,  and  chafed 
away  thofe  phantoms  that  while  in  bed  had  oppreffed 
and  tormented  me. 

“  It  was  true  that  numerous  dangers,  hardfliips,  and 
forrows,  had  befet  me  through  this  half  of  my  excur- 
fion  ;  but  it  was  dill  as  true,  that  another  Guide,  more 
powerful  than  my  own  courage,  health,  or  underftand- 
ing,  if  any  of  them  can  be  called  man's  own,  had  uni¬ 
formly  proteXed  me  in  all  that  tedious  half.  I  found 
my  confidence  not  abated,  that  dill  the  fame  Guide  was 
able  to  conduX  me  to  my  wifhed-for  home.  I  imme¬ 
diately  refumed  my  former  fortitude,  confidered  the 
Nile  as  indeed  no  more  than  rifing  from  fprings  as  all 
other  rivers  do,  but  widely  differing  in  this,  that  it  was 
the' palm  for  3000  years  held  out  to  all  the  nations  of 
the  world  as  a  detur  dignlffmio,  which  in  my  cool  hours 
I  had  thought  was  worth  the  attempting  at  the  rifle  of 
my  life,  which  I  bad  long  either  refolved  to  lofe,  or  lay 
this  difcovery  a  trophy  in  whjch  I  could  have  no  coin- 
petitor,  for  the  honour  of  my  country,  at  the  feet  of 
my  fovereign,  whofe  fervant  I  was." 

How  unworthy  is  this  ranting  refleXion  of  the  great- 
nefs  of  mind  which  Mr  Bruce  on  other  occafions  un- 
queftionably  difplayed  I  Had  he  indeed  been  the  fird 
European  who  difeovered  thofe  pitiful  holes  from  which 
the  Nile  is  faid  to  flow,  his  merit  would  not  have  con¬ 
fided  in  travelling  from  Gondar  to  the  village  Geefli, 
and  viewing  the  fountains  which  are  at  that  village  the 
objeXs  of  idolatrous  adoration,  but  in  the  addrefs  with 
which  he  contrived  to  make  himfelf  the  favourite  of  all 
the  faXions  which  agitated  a  barbarous  and  almoft  in- 
human  nation.  In  managing  thofe  faXions,  he  was  in¬ 
deed  great ;  but  he  feems  to  have  valued  himfelf  more 
upon  looking  at  three  fprings,  of  which  it  is  far  from 
being  certain  that  they  are  the  fourccs  of  the  Nile  (fee 
Nile  in  tin’s  SupplJ),  and  of  which  two  had  certainly 
been  examined  more  than  a  century  before  he  was  born, 
by  different  miffionaries  from  the  kingdom  of  Portu¬ 
gal  !  This,  however,  lie  calls  the  objeX  of  his  widies  ‘ 
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roots,  for  the  whole  place  is  full  of  trees  :  of  the  other,,  which  is  fomewhat  lefs,  with  a  line  of  ten  feet  we  coulrl 
find  no  bottom,  and  were  alTured  by  the  inhabitants  that  none  ever  had  been  found.  It  is  believed  here  thar 
thefe  fprmgs  are  the  vents  of  a  great  fubterraneous  lake  j  and  they  have  this  circumftance  to  favour  their  oninion 
that  the  ground  .s  always  moift,  and  fo  foft  that  the  water  boils  up  under  foot  as  one  walks  upon  it.  Such  U 
the  ground  round  about  thefe  fountains.  At  a  little  diftance  to  the  fouth  is  a  village  named  gL  (the  GeeA  of 
Mr  Bruce),  through  which  the  way  lies  to  the  top  of  the  mountain,  whence  the  traveller  difeovera  a  vaft  extent 
of  land,  which  appears  like  a  deep  valley,  though  the  mountain  rifes  fo  imperceptibly,  that  thofe  who  <ro  un  or 
down  It  are  fcarcc  fenf.hle  of  any  declivity.”— Tranjlation  of  Father  Lolo'e  Foyage  to  Jlby/jinia  Chao^X 
The  only  difference  between  Lobo’s  and  Bruce’s  account  of  thefe  fountains  worthy  of  notice  h,  tliarthrVji 
mer  found  but  two,  while  the  latter  {owA  three  holes  j  but  Brace  fays  exprefsly,  that  the  holes  are  oartlv  artifi 
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and  having  now  accomplinicd  it,  he  bent  his  thoughts 
on  his  return  to  his  native  countr)". 

He  arrived  at  Gondar  on  the  19th  November  1770  ; 
but  found,  after  repeated  folicitations,  that  it  was  by 
no  means  an  eafy  tafle  to  obtain  permifiion  to  quit  Abyf- 
finia.  A  civil  war  in  the  mean  time  breaking  out  (no 
uncommon  occurrence  in  that  barbarous  country),  feve- 
ral  engagements  took  place  between  the  king’s  forces 
and  the  troops  of  the  rebels,  particularly  three  adions 
at  a  place  called  Serbraxos  011  the  19th,  2otli,  and  23d 
of  May  1771-  In  each  of  them  Mr  Bruce  aded  a  con- 
iiderable  part)  and  for  his  valiant  condii6l  in  the  fecond 
received,  as  a  reward  from  the  king,  a  chain  of  gold,  of 
184  links,  each  link  weighing  dwt^,  or  fomewhat 
more  than  2 libs,  troy  in  all.  At  Gondar,  after  thefe 
engagements,  he  again  preferred  the  moft  earned  entrea¬ 
ties  to  be  allowed  to  return  home,  entreaties  which  were 
long  refilled  ;  but  his  health  at  laft  giving  way,  from 
the  anxiety  of  his  mind,  the  king  confented  to  his  de¬ 
parture,  on  condition  of  his  engaging  by  oath(B)  to 
return  to  him  in  the  event  of  his  recovery,  with  as  ma¬ 
ny  of  his  kindred  as  he  could  engage  to  accompany 
him. 

After  a  refidence  of  nearly  two  years  in  that  wretch¬ 
ed  country,  Mr  Bruce  left  Gondar  on  the  i6th  of  De¬ 
cember  1771?  taking  the  dangerous  way  of  the  defert 
of  Nubia,  in  place  of  the  more  eafy  road  of  Mafuah, 
by  which  he  entered  Abyfllnia,  He  was  induced  to 
take  this  route  from  his  knowledge  and  former  expe¬ 
rience  of  the  cruel  and  favage  temper  of  the  Naybe  of 
Mafuah.  Arriving  at  Teawa  the  2 ill  March  1772,  he 
bad  the  misfortune  to  find  the  Shekh  Fidele  of  Atbara, 
the  counterpart  of  the  Naybe  of  Mafuah  in  every  bad 
quality  :  by  his  intrepidity  and  prudence,  however,  and 
by  making  good  ufe  of  his  foreknowdedge  of  an  eclipfe 
of  the  moon,  which  happened  on  the  17th  of  April,  he 
was  permitted  to  depart  next  day,  and  he  arrived  at 
Sennaar  on  the  29th  of  the  fame  month. 

Mr  Bruce  was  detained  upwards  of  four  months  at 
that  miferable  and  inhofpitable  place  ;  the  inhabitants  of 
which  he  deferibes  in  thefe  expreflive  Words:  “War 
and  treafon  feem  to  be  the  only  employment  of  thefe 
horrid  people,  whom  heaven  has  feparated  by  almoll 
impalTable  deferts  from  the  reft  of  mankind,  confining 
them  to  an  accurfed  fpot,  feemingly  to  give  them  an 
earneft  in  time  of  the  only  other  worfe  w^hich  he  has 
Tcferved  to  them  for  an  eternal  hereafter.”  This  delay 
■was  occafioned  by  the  villany  of  thofe  who  had  under¬ 
taken  to  fupply  him  v/ith  money  ;  but  at  laft,  by  dif- 
pofing  of  178  links  of  his  gold  chain,  the  well-earned 
trophy  of  Serbraxos,  he  was  enabled  to  make  prepara¬ 
tion  for  his  dangerous  journey  through  the  deferts  of 
Nubia. 

He  left  Sennaar  on  the  5th  of  September,  and  ar¬ 
rived  on  the  3d  of  Odfober  at  Chendi,  which  he  quit¬ 
ted  on  the  20th,  and  travelled  through  the  defert  of 
Gooz,  to  which  village  he  came  on  the  26th  of  06fo- 
ber.  On  the  9th  of  November  he  left  Gooz,  and  en¬ 
tered  upon  the  moft  dreadful  and  dangerous  part  of  his 


journey  ;  the  perils  attending  which  he  has  related  with 
a  power  of  pencil  not  unworthy  of  the  greateft  matters. 
All  his  camels  having  perifhed,  Mr  Bruce  was  under  the 
neceffity  of  abandoning  his  baggage  in  the  defert,  and 
with  the  greateft  difficulty  reached  Afibiian  upon  the 
Nile  on  the  29th  of  November. 

After  fome  days  reft,  having  procured  freffi  camels, 
he  returned  into  the  defert,  and  recovered  his  baggage, 
among  which  is  particularly  to  be  remarked  a  quadrant 
(of  three  feet  radius)  fupplied  by  Louis  XV.  from  the 
Military  Academy  at  Marfeilles  ;  by  means  of  which 
noble  inftrument,  now  depofited  in  the  Mufeum  at  Kin- 
naird,  Mr  Bruce  was  enabled  with  precifion  and  accu¬ 
racy  to  fix  the  relative  fituations  of  the  feveral  remote 
places  he  vifited. 

On  the  loth  of  January  1773,  after  more  than  four 
years  abfence,  he  arrived  at  Cairo,  where,  by  his  manly 
and  generous  behaviour,  he  fo  won  the  heart  of  Maho¬ 
met  Bey,  that  he  obtained  a  firman,  permitting  the 
commanders  of  Englifii  veftels  belonging  to  Bombay 
and  Bengal  to  bring  their  (hips  and  merchandife  to 
Suez,  a  place  far  preferable  in  all  refpeifts  to  Jidda,  to 
which  they  were  formerly  confined. .  01  this  permif- 
fion,  which  no  European  nation  could  ever  before  ac¬ 
quire,  many  Englifii  veflels  have  fince  availed^  them- 
felves  ;  and  it  has  proved  peculiarly  ufeful  both  in  pub¬ 
lic  and  private  difpatches.  Such  was  the  worthy  con- 
clufion  of  his  memorable  journey  through  the  defert ;  a 
journey  which,  after  many  hardfiiips  and  dangers,  ter¬ 
minated  in  obtaining  this  great  national  benefit. 

At  Cairo  Mr  Bruce- s  earthly  career  had  nearly  been 
concluded  by  a  diforder  in  his  leg,  occafioned  by  a 
worm  in  the  fiefii.  This  accident  kept  him  five  weeks 
in  extreme  agony;  and  his  health  was  not  re-eftablifiied 
till  a  twelvemonth  afterwards,  at  the  baths  of  Porretta 
in  Italy.  On  his  return  to  Europe,  Mr  Bruce  was  re¬ 
ceived  with  all  the  admiration  due  to  fo  exalted  a  cha- 
radler.  After  pafliii|g  fome  confiderable  time  in  France, 
particularly  at  Montbard,  with  his  friend  the  Comte  de 
Button,  by  whom  he  was  received  with  much  hofpita- 
lity,  and  is  mentioned  with  great  applaufe,  he  at  laft  re- 
vifited  his  native  country,  from  which  he  had  been  up¬ 
wards  of  twelve  years  abfent. 

It  was  now  expelled  that  he  would  take  the  earlieft 
opportunity  of  giving  to  the  world  a  narrative  of  his 
travels,  in  which  the  public  curiofity  could  not  but  be 
deeply  interefted.  But  feveral  circumftances  contribu- 
ted  to  delay  the  publication  ;  and  what  thefe  were  will 
be  beft  related  in  his  own  words  : 

“  My  friends  at  home  gave  me  up  for  dead  ;  and  as 
my  death  muft  have  happened,  in  circumftances  difficult 
to  have  been  proved,  my  property  became  as  it  were  a 
haredttas  jacens^  without  an  owner,  abandoned  in  com¬ 
mon  to  thofe  whofe  original  title  extended  no  further 


Bruce. 


than  temporary  poffeffion.  ^  ^ 

“  A  number  of  law-fuits  were  the  inevitable  confe- 
quences  of  this  upon  my  return.  T.  o  thefe  difagreeable 
avocations,  which  took  up  much  time,  were  added  others 
ftill  more  unfortunate.  The  relentlefs  ague,  caught  at 

Bengazi,, 


(b)  With  regard  to  this  oath,  Mr  Bruce  fays,  that  he  hopes  the  difficulty  of  performing  it  extinguifhed  the 
fin  of  breaking  it ;  and  that,  at  any  rate,  it  being  merely  perfonal,  his  engagement  to  return  ceafed  with  the 
death  of  the  king,  of  which  he  received  intelligence  during  his  ftay  at  Sennaar, 


Brucc. 
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Bengazi,  maintained  its  ground,  at  times,  fora  fpace  of 
more  than  i6  years,  though  every  remedy  had  been 
ufed,  'but  in  vain  ;  and  what  was  worft  of  all,  a  linger¬ 
ing  dillemper  had  ferioufly  threatened  the  life  of  a  moft 
near  relation  (his  fecond  wife),  which,  after  nine  years 
conftant  alarm,  where  every  duty  bound  me  to  attention 
and  attendance,  conduced  her  at  laft,  in  very  early  life, 
to  her  grave.” 

Amidft  the  anxiety  and  the  diftrefs  thus  occafioned, 
Mr  Bruce  was  by  no  means  negledtful  of  his  private  af¬ 
fairs.  He  confiderably  improved  his  landed  property, 
enclofing  and  cultivating  the  wafte  grounds,  and  he  high¬ 
ly  embellifhed  his  paternal  feat,  making  many  additions 
to  the  houfe,  one  in  particular  of  a  noble  mufeum,  filled 
with  the  mofl  precious  flores  of  oriental  literature,  large 
colledlions  of  drawings  made,  and  curious  articles  ob¬ 
tained,  during  his  far  extended  peregrinations.  An  ex¬ 
cellent  ftratum  of  coal  at  Kinnaird  drew  much  of  his  at¬ 
tention  :  he  eredled  fleam  engines  of  the  mofl  approved 
conflrudlion,  and  placed  his  coalery  on  fuch  a  footing 
that,  at  the  period  of  his  deceafe,  it  produced  about 
2000I.  a-year. 

The  termination  of  fome  law-fuits,  and  of  other  bufi- 
nefs,  which  had  occupied  much  of  his  time,  having  at 
length  afforded  leifure  to  Mr  Bruce  to  put  his  mate¬ 
rials  in  order,  his  greatly  defired  and  long  expedled 
work  made  its  appearance  in  1790,  in  five  large  quarto 
volumes,  embellifhed  with  plates  and  charts.  It  is  un- 
neceffary,  and  might  be  tedious,  to  enter  at  prefent  in¬ 
to  any  critic  or  analyfis  of  this  celebrated  work.  It  is 
univerfally  allowed  to  be  replete  with  much  curious  and 
iifeful  information  ;  and  to  abound  in  narratives  which 
at  once  excite  our  admiration  and  interefl  our  feelings. 
The  very  fingular  and  extraordinary  pidure  which  it 
gives  of  Abyffinian  manners,  flartled  the  belief  of  fome; 
but  thefe  manners,  though  flrange  in  the  fight  of  an 
European,  are  little  more  than  might  be  expeded  in 
fuch  a  barbarous  country ;  and  had  an  enlightened  phi- 
lofopher  vifited  Scotland  in  the  times  of  our  earliefl  mo- 
narchs,  he  might  perhaps  have  witneffed  and  related 
feenes,  different  indeed  from  what  Mr  Bruce  faw  in 
Abyffinia,  but  which  to  us  would  have  feemed  equally 
flrange. 

A  more  ferious  objedion  to  the  truth  of  Mr  Bruce’s 
narrative  was  flarted  by  an  anonymous,  but  able,  cri- 
*Suppofed  Edinburgh  newfpaper,  foon  after  the  pub- 

to  be  Dr  ^cation,  from  the  account  of  two  aflronomical  phe- 
Rotheram,  nomena,  which  could  not  pojphly  have  happened^  as  Mr 
profcflbr  of  Bruce  afferts.  The  firll  of  thefe  is  the  appearance  of 
Furfhout,  during  Mr  Bruce’s  flay  in 
the  univer-  place,  which  he  mentions  to  have  been  from  25th 
fity  of  St  December  1768  to  the  7th  of  January  1769  ;  and  on  a 
Andrew’s,  particular  day  in  that  interval  afferts,  that  the  new  moon 
was  feen  by  a  fakir,  and  was  found  by  the  epliemerides 
to  be  three  days  old  ;  whereas  it  is  certain  that  the 
moon  changed  on  the  8th  of  January  1769.  The  other 
phenomenon  appears  equally  impoffible.  At  Teawa 
Mr  Bruce  fays  he  terrified  the  Shekh  by  foretelling 
that  an  eclipfe  of  the  moon  was  to  take  place  at  four 
afternoon  of  the  17th  of  April  1772  ;  that  accordingly, 
foon  after  that  hour,  he  faw  the  eclipfe  was  begun  ;  and 
when  the  fhadow  was  half  over,  told  the  Shekh  that  in 
a  little  time  the  moon  would  be  totally  darkened.  Now, 
by  calculation,  it  is  certain  that  at  Teawa  this  eclipfe 
mull  have  begun  at  36  minutes  paflfour,  and  the  moon 
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have  been  totally  covered  at  33  minutes  pafl  five;  w^hik  Bruce, 
the  fun  fet  there  a  few  minutes  pall  fix,  before  which  “■ ' 
time  the  moon,  then  in  oppofition,  could  not  have  ri- 
fen  ;  fo  that  as  the  moon  rofe  totally  eclipfed,  Mr  Bruce 
could  not  fee  the  fhadow  half  over  the  difl<,  nor  point 
it  out  to  the  Shekh.  To  thefe  objedions,  which  ap¬ 
pear  unfurmountable,  Mr  Bruce  made  no  reply,  though 
in  converfation  he  faid  he  would  do  it  in  the  fecond  edi¬ 
tion  of  his  book. 

Thefe  are  miflakes  which  can  hardly  be  accounted 
for  by  attributing  them  to  the  inaccuracy  of  his  notes, 
or  indeed  to  any  caufe  which  we  are  inclined  to  name  ; 
and  perhaps  he  has  fallen  into  a  miflake  of  the  fame 
kind  in  his  account  of  the  enormous  main-fail  yard  of 
the  canjay  in  which*'  he  failed  up  the  river  Nile.  To 
every  man  who  has  but  dipped  into  the  fcience  of  me¬ 
chanics,  it  is  known  that  a  beam  of  wood  200  feet  in 
length,  mufl  be  of  proportional  thicknefs,  or  it  would 
fall  in  pieces  by  its  own  weight.  This  thicknefs  mufl 
be  greatly  increafed,  to  enable  it  to  bear  the  flrain  oc¬ 
cafioned  by  a  prodigious  fail  filled  with  wind ;  and  thofc 
only  who  have  been  at  the  Nile,  and  have  feen  the  can- 
jas,  can  fay,  whether  thefe  vefTels,  or  indeed  any  vef- 
fels  which  can  be  employed  on  that  river,  would  not 
be  overfet  by  yards. 


- To  equal  which,  the  tallefl  pine 

Hewn  on  Norwegian  hills,  to  be  the  mail 
Of  fome  great  admiral,  were  but  a  wand. 

The  language  of  the  work  is  in  general  harfh  and  un« 
polifhed,  though  fometimes  animated.  Too  great  a 
difplay  of  vanity  runs  through  the  whole,  and  the  ap¬ 
parent  facility  with  which  the  traveller  gained  the  mofl 
familiar  accefs  to  the  courts,  and  even  to  the  harams  of 
the  fovereignsof  the  countries  through  which  he  paffed, 
is  apt  to  create  in  readers  fome  doubts  of  the  accuracy 
of  the  narration.  Yet  there  appears  upon  the  whole 
fuch  an  air  of  manly  veracity,  and  circumflanccs  are 
mentioned  with  a  roinutenefs  fo  unlike  deceit,  that  thefe 
doubts  are  overcome  by  the  general  imprefiion  of  truth, 
which  the  whole  detail  irrefiflibly  fallens  upon  the  mind! 
The  charader  of  Ras  Michael  has  often  flruck  us,  as 
containing  very  flrong  internal  evidence  of  its  having 
been  taken  from  nature  ;  for  it  is  fuch  a  charader,  at 
once  extraordinary  and  confiflent,  as  neither  Mr  Bruce, 
nor  perhaps  any  writer  fince  Shakefpeare,  had  genius 
to  feign. 

The  firfl  imprefiion  of  the  book  being  almofl  difpo- 
fed  of,  Mr  Bruce  had  flipulated  with  an  eminent  book- 
feller  in  London  for  a  fecond  edition  to  be  publifhed, 
we  think  in  odavo  ;  and  he  was  bufy  in  preparing  that 
edition  for  the  prefs  when  death  removed  him  from 
this  tranfitory  flage.  On  the  26th  of  April  1794  he 
entertained  fome  company  at  Kinnaird -houfe  with  his 
ufual  hofpitality  and  elegance.  About  eight  o’clock  in 
the  evening,  when  his  guefts  were  ready  to  depart,  he 
was  handing  one  of  the  ladies  down  flairs,  when,  having 
reached  the  feventh  or  eighth  Hep  from  the  bottom,  his 
foot  flipped,  and  he  fell  down  headlong.  He  was  taken 
lip  fpeechlefs  ;  his  face,  particularly  the  forehead  and 
temples,  being  feverely  cut  and  bruifed,  and  the  bones 
of  his  hands  broken.  He  continued  in  a  flate  of  appa¬ 
rent  infenfibility  for  eight  or  nine  hours,  and  expired  on 
Sunday  the  27th,  in  the  64th  year  of  his  age. 

Mr  Bruce’s  fecond  wife,  whom  he  married  on  the 
F.  2  20th 
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Bruce.  20th  May  1776,  was  Mary,  eldeft  daughter  of  Tho- 
— V - '  mas  Dundas,  Efq;  of  Carron-hall,  by  Lady  Janet  Mait¬ 

land,  daughter  of  Charles  fixth  Earl  of  Lauderdale.  By 
that  ladyf  who,  after  a  fevere  and  lingering  indifpofi- 
tion,  died  in  1 784,  he  had  three  children,  of  whom  one 
fon  and  one  daughter  furvive  him. 

Mr  Bruce’s  perfon  was  large,  his  height  exceeding 
fix  feet,  his  bulk  being  in  proportion  to  his  height  5 
and  at  the  period  when  he  entered  on  his  dangerous  ex¬ 
pedition,  he  was  equally  remarkable  for  ftrength  and 
for  agility.  To  thofe  who  never  beheld  him,  the  en¬ 
graved  medallion  in  the  title  pages  of  the  firfl;  and  tbrd 
volumes  of  his  Travels  will  convey  fome  idea  of  liis  fea¬ 
tures.  He  excelled  in  all  manly  accomplilhmcnts,  being 
trained  to  exercife  and  fatigue  of  every  kind.  He  was 
a  hardy,  pradifed,  and  Indefatigable  fwimmer  ;  and  his 
Jong  refidence  among  the  Arabs  had  given  him  a  more 
than  ordinary  facility  in  managing  the  horfe.  In  the  ufe 
of  fire-arms  he  was  fo  unerring,  that  in  innumerable  in- 
ftances  he  never  failed  to  hit  the  mark  ;  and  his  dexte¬ 
rity  in  handling  the  fpear  and  lance  on  horfeback  was 
alfo  uncommonly  great.  He  was  mafter  of  moft  lan¬ 
guages  ;  and  was  fo  well  llcilled  in  oriental  literature, 
that  he  revifed  the  New  Tellament  in  the  Ethiopic,  Sa¬ 
maritan,  Hebrew,  and  Syriac,  making  many  ufeful 
notes  and  remarks  on  difficult  palTages.  He  had  ap¬ 
plied  from  early  youth  to  mathematics,  drawing,  and 
allronomy,  and  had  acquired  fome  knowledge  of  phyfic 
and  furgery.  His  memory  was  aftonilhingly  retentive, 
and  his  mind  vigorous.  He  was  dexterous  in  negocia- 
tion,  a  mafter  of  public  bufinefs,  and  animated  with  the 
warmeft  zeal  for  the  glory  of  his  king  and  country. 
Such,  at  leaft,  is  his  own  reprefentation  of  his  charac¬ 
ter  ;  and  though  an  impartial  judge  would  probably 
make  confiderable  abatement  for  the  natural  bias  of  a 
drawing  bis  own  portrait,  yet  it  cannot  be  denied. 


Tarfliifli  had  been  controverted  by  Dr  Doig  of  Stirling, 
he  earneftly  courted  the  acquaintance  of  that  eminent 
fcholar.  ^ 

After  his  return  to  his  own  country,  he  refided  moll- 
ly  at  Kiiinaird  ;  and  till  he  became  corpulent,  fpent 
much  of  his  time  in  the  various  fports  of  the  field,  in 
which  he  engaged  with  great  ardour.  Though  ftudious 
in  youth,  and  at  all  times  a  ftranger  to  intemperance 
and  difiipation,  he  read  but  little  in  his  later  years;  and 
feemed  to  find  his  chief  pleafure  in  converfation,  efpe- 
cially  the  converfation  of  welhlnformed  ladles.  In  his 
friendfiilps  he  fometimes  appeared  to  be  capricious,  at¬ 
taching  himfelf  to  men  in  whofe  heads  and  hearts  no 
other  perfon  could  perceive  a  charm  for  a  mind  like  his* 
Though  in  his  own  dealings  he  was  always  juft  and  ho¬ 
nourable,  he  was  too  ready  to  apprehend  unfairnefs  in 
others,  and  to  exprefs  fuch  apprehenfions  with  undue 
warmth.  To  ftrangers  he  was  often  arrogant,  and 
fometimes  infolent ;  but  in  his  own  family  he  was  an 
affedionate  liulband,  a  kind  father,  an  agreeable  enter¬ 
tainer,  and  to  his  fervants  a  mafter  perhaps  too  indul¬ 
gent,  In  converfation,  as  well  as  in  his  writings,  he 
embraced  every  opportunity  of  exprefting  a  deep  and 
lively  fenfe  of  the  care  of  a  fuperintending  Providence, 
without  which  he  was  convinced  that  there  could  be  no 
fafety  in  human  ftrength  or  human  forefight.  His  belief 
of  the  Chrillian  religion  refted  on  the  fureft  grounds  ^ 
and  fuch  was  his  veneration  for  the  facred  writings,  that 
for  fome  years  before  his  death  they  feemed  to  occupy 
all  the  time  which  he  gave  to  ftudy.  He  read  no  fer- 
mons,  however  elegant ;  and  diffuaded  others  from  fuch 
reading.  “  Read  the  Bible  (fald  he),  and  you  will 
foon  perceive  the  emptinefs  of  the  moft  applauded  fer- 
mons.^’ 

BUCK-WHEAT,  a  fpecies  of  Polyganum  (fee  that 
article  iinryr/.),  was  firft  Introduced  into  Europe  about 


Bfucf, 

Buck» 

wheat, 


that  in  perfonal  accompliffiments  Mr  Bruce  equalled,  if  the  end  of  the  l  Jth  or  the  beginning  of  the  l6th  cen- 
iiot  exceeded,  moft  of  his  contemporaries.  tury.  According  to  fome  botanifts,  who  lived  at  that 

Thus  accompliffied,  he  could  not  but  be  eminently  period,  its  native  country  is  the  northern  parts  of  Aha, 
fitted  for  an  attempt  fo  full  of  difficulty  and  danger  as  whence  it  was  brought  to  Germany  and  France,  where, 
what  he  called  the  difeovery  of  the  fources  of  the  Nile  :  about  the  year  1387,  it  was  the  common  food  of  the 
no  one'who  perufes  his  account  of  the  expedition,  can  ’  poor, 
fail  to  pay  an  unfeigned  tribute  of  admiration  to  his 
intrepidity,  manlinefs,  and  uncommon  dexterity,  in  ex¬ 
tricating  himfelf  out  of  fituations  the  moft  dangerous 
and  alarming,  in  the  courfe  of  his  long  and  hazardous 
journey  ;  not  to  mention  his  condu£l  during  his  refi¬ 
dence  in  Abyflinia,  his  behaviour  at  Mafuah,  Teawa, 
and  Sennaar,  evinces  the  uncommon  vigour  of  his  mind  : 
but  it  was  chiefly  during  his  paffage  through  the  Nu¬ 
bian  defert,  that  his  fortitude,  courage,  and  prudence, 
appeared  to  the  greateft  advantage.  Of  his  learning 
and  fagaclty,  his  delineation  of  the  courfe  of  Solomon’s 
fleet  from  Ta'rfhifii  to  Ophir,  his  account  of  the  caufe 
of  the  inundations  of  the  Nile,  and  his  comprehenfive 
view  of  the  Abyffinian  hiftory,  afford  ample  proofs.  It 
muft  indeed  be  confeffed,  that  in  his  account  of  the  in¬ 
undations  of  the  Nile,  as  well  as  in  his  delineation  of 
the  courfe  of  Solomon’s  fleet,  he  has  not  the  merit  of 
originality  ;  but  on  both  thefe  occafions  he  has  ftated 
the  hypothelis  which  he  maintains  with  greater  clear- 
nefs,  and  fupported  it  with  more  plaufible  arguments, 
than  any  other  author  whofe  writings  have  fallen  into 
our  hands  ;  and  it  was  furely  to  his  honour,  that  as  foon 
as  he  learned  that  his  hypothefis  refpeding  Ophir  and 


A  new  fpecies  of  this  gram,  or,  to  fpeak  perhaps* 
more  properly,  a  variety  of  this  fpecies,  has  been  for 
fome  time  known  under  the  name  of  Sihertan  buck¬ 
wheat,  Vv^hich  appears  to  have  confiderable  advantages* 
over  the  former.  It  was  fent  from  Tartary  to  St  Pe- 
terfburgh  by  the  German  botanifts,  who  travelled  thro’ 
that  country  in  the  beginning  of  the  prefent  century ; 
and  it  has  thence  been  difperfed  over  all  Europe.  Lin- 
noeus  received  the  firft  feeds  of  it  in  1737  from  Garber 
the  botanift,  and  deferibed  the  plant  in  his  Hortus  Clif- 
fertlonus.  After  this  it  was  mentioned  by  Ammann  in. 
1739  ;  but  it  muft  have  been  earlier  known  in  Germa¬ 
ny  ;  for  in  1733  it  was  growing  in  the  garden  of  Dr 
Ehrhart  at  Memmingen.  In  Siberia  this  plant  fows  it- 
felf  for  four  or  five  years  by  the  grains  that  drop  ;  but 
at  the  end  of  that  period  the  land  becomes  fo  full  of 
tares  that  it  is  choked,  and  muft  be  fovjn  afrefh.  Even 
in  the  economical  gardens  of  Germany,  it  is  propagated 
in  the  fame  manner ;  and  in  that  country  it  is  in  fome 
places  found  growing  wild,  though  it  is  nowhere  culti¬ 
vated  in  the  neighbourhood.  It  is  not,  however,  indi¬ 
genous,  otherwlfe  Ehrhart  might  have  railed  it  from 
German  feed,  which  it  feems  he  could  not  find  in  1733. 

See 
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i  Bttlam.  See  much  curious  information  coucernin^  tins  plant  in 
Profeffor  Beckmann’s  Btftory  cf  Inventions  and  Difco^ 
k  *venes, 

BULAM,  or  Bulama,  as  it  is  more  ufually  called, 
forms  part  of  the  Archipelago,  or  duller  of  iflands,  ly¬ 
ing  on  the  wellern  or  windward  coaft  of  Africa,  and 
known  by  the  name  of  the  Bijfaos  or  B'ljfagos^  which 
are  fuppofed  to  have  been  celebrated  by  the  ancients 
under  the  appellation  of  the  Hefperides,  It  is  fituated 
at  the  mouth  of  the  Rio  Grande,  in  1 N.  Lat.  and 
15*^  W.  Long,  from  the  meridian  of  London;  and  is 
between  feventeen  and  eighteen  leagues  long,  and  from 


four  to  five  broad. 

This  ifland  has  become  an  interefting  obje£l  to  the 
inhabitants  of  Great  Britain,  in  confequence  of  its  ha¬ 
ving  been  purchafed  in  the  year  1792  by  a  fociety  infti- 
tuted  for  the  fame  liumane  purpofes  with  thofe  which 
gave  rife  to  the  Sierra-Leona  company  (fee  Sjerra- 
Leona,  Encycl.)  The  Bulam  afibciatlon  was  formed 
towards  the  latter  end  of  the  year  1791 ;  and  they  were 
induced  to  pitch  upon  that  ifland  as  the  moll  eligible 
trad  for  their  intended  colony,  in  confequence  of  the 
flattering  defcriptlon  given  of  its  climate,  foil,  and  har¬ 
bours,  by  M.  Brue,  formerly  diredor-general  of  the 
French  African  companies. 

The  gentlemen  originally  appointed  as  truflees  for 
managing  the  concerns  of  the  affociation  at  home  were, 
Paul  Le  Mefurter^  M.  P.  ;  James  Kirkpatrick,  Efqj 
George  Hartwell,  Efq;  Mojes  Ximenes,  Efq;  Sir  John 
Higgs  Miller,  Bart,  and  David  Scott,  Efq.  M.  P. ;  and 
for  eftablifhlng  the  colony,  and  conduding  the  affairs 
of  the  fociety  abroad,  the  following  gentlemen  were  no¬ 
minated,  viz.  Mejfrs  H,  H,  Dalrymple,  John  Toung,  Sir 
William  Halton,  Bart.  John  King,  Philip  Beaver,  Peter 
Clvtterhuch,  Nicholas  Bayly,  Francis  Brodte,  Charles 
Drake,  John  Paiba,  Richard  Hancorne,  Robert  Dobbins, 
and  Ifaac  Ximenes, 

A  fum  of  L.  9000  being  quickly  fubfcribed  for  the 
eftablifhment  of  the  intended  colony,  this  committee 
failed  from  Splthead  in  three  flilps  on  the  i  uh  of  April 
1792  ;  and  landing  in  due  time  at  Bulama,  they  pur¬ 
chafed  that  Ifland  from  the  kings  of  Canabac,  who 
claimed  it  as  their  property.  They  purchafed  likewife 
from  the  kings  of  Ghinala  the  neighbouring  ifland  Ar¬ 
eas,  and  the  adjacent  land  on  the  continent  ;  and  thefe 
feveral  purchafes  being  taken  pofleflion  of  In  the  ufual 
form,  a  body  of  fcttlers,  confiding  of  49  men,  13  wo¬ 
men,  and  2 5  children,  w'cre  left  at  Bulama  under  the 
fuperintendence  of  Mr  Beaver,  with  a  temporary  fup- 
ply  of  provHions,  (lores,  plantation-tools,  and  merchan- 
diie,  for  trading  with  the  neighbouring  natives.  It  is 
from  the  difpatches  of  thefe  fettlers,  after  having  lived 
fome  time  in  Bulama,  that  the  following  account  of 
the  ifland  was  drawn  up  by  Mr  Johanfen. 

“  The  climate,  on  the  whole,  may  be  deemed  falu- 
brious,  and  will  become  more  fo  in  proportion  to  the 
increafe  of  cultivation.  The  mornings  and  evenings  are 
temperate  and  pleafant ;  the  middle  of  the  day  is  hot, 
but  the  fine  fea  breeze  which  then  fets  in  tends  greatly 
to  cool  and  refrefli  the  air.  The  heat  of  the  fun  is  not 
either  fo  exceflive  or  intolerable  as  has  been  generally 
fuppofed  :  indeed  nature  has  moil  admirably  adapted 
our  mechanical  and  phyfical  qualities  to  the  exigencies 
of  different  regions  ;  and  man,  who  is  the  inhabitant  of 
every  climate,  may,  in  fome  meafure,  render  himfelf  in- 
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digeiious  to  every  foil.  Here  the  only  danger  arifes 
from  too  fudden  an  expofure  to  the  operation  of  the 
vertical  rays  of  the  fun,  or  an  excels  of  labour  ;  both  of 
which  the  firfi;  fettlers  ought  mofl  ftudloufly  to  avoid. 

“  It  appears  from  Mr  Beaver’s  obfervations  at  noon, 
betw^een  the  20th  of  July  1792,  and  the  28th  of  April 
1793,  that  the  thermometer,  when  lowefl,  was  at  74  ; 
the  inediuni  heat  83  ;  and  that  it  never  exceeded  96, 
except  at  one  time  when  it  rofe  to  ico,  during  a  calm 
that  occurred  in  the  Interval  between  the  north- eaii 
breeze  in  the  morning  and  the  fouth-w'tfl  in  the  even¬ 
ing  of  the  19th  of  February  1793.  The  difference  be¬ 
tween  the  heat  of  noon  and  that  of  the  morning  and 
evening  is  from  20  to  30  degrees.  On  the  23d  of  Oc¬ 
tober  1792,  hail  of  the  lize  of  a  pin’s  head  fell  during 
two  minutes,  although  not  a  cloud  was  to  be  feen  du¬ 
ring  this  phenomenon.  The  mercury  in  the  thermo¬ 
meter  then  ftood  at  85  ;  the  wind  was  at  north-eall  in 
the  morning  and  fouth-weft  in  the  evening. 

“  Immediately  after  fun-fet  a  dew  conllantly  begins 
to  fall,  which  induces  fome  to  light  a  fire  in  their 
houfes  ;  they  at  the  fame  time  put  on  warmer  cloth¬ 
ing.  There  is  little  or  no  twilight;  and  night  and  day 
are  nearly  equal  :  the  earth  has  therefore  time  to  cool 
during  twelve  hours  abfence  of  the  fun, 

“  None  of  thofe  terrible  and  deilrudive  hurricanes  fo 
frequently  experienced  in  the  Wed  Indies  are  to  be 
met  with  here.  The  tornadoes,  which  arife  chiefly  from 
the  eadern  point  of  the  compafs,  are  but  of  fhort  dura¬ 
tion,  feldom  lading  above  an  hour,  and  may  be  readily 
forefeen  fome  time  previoufly  to  their  commencement. 
They  occur  at  the  beginning  and  clofe  of  the  wet  fea- 
foii,  and  are  highly  beneficial,  as  they  purify  the  air,, 
and  difpel  the  noxious  vapours  with  which  it  would 
otherwife  abound. 

“  The  rains  fet  in  about  the  latter  end  of  May  or 
the  beginning  of  June,  and  difeontinue  in  Odober  or 
November.  They  do  not  fall  every  day,  for  there  is 
often  a  confiderable  interval  of  clear  w^eather,  during 
wdiich  the  atmofphere  is  beautifully  ferene  ;  the  fhowers^ 
ill  the  fird  and  lad  month  occur  but  feldom,.  and  are 
far  from  being  violent  ;  while,  on  the  other  hand,  they 
fometimes  refemble  ton*ents,  more  efpecially  towards  the 
middle  of  the  feafon.  During  the  whole  of  this  period, 
Europeans  (hould,  if  pofiible,  confine  theinfelves  to 
their  habitations,  as  the  rains  prove  injurious  to  healthy 
more  efpecially  if  thofe  expofed  to  them  negled  to  wipe 
their  bodies  dry,  and  to  change  their  clothes  immedi¬ 
ately  on  their  return  home.  It  is  deemed  prudent  alfa 
not  to  dig  the  earth  until  the  expiration  of  a  month  af- 
ter  the  return  of  fair  weather,  as  this  is  confid^jred  to 
be  unhealthy. 

“  During  the  continuance  of  the  dry  feafon,  a  dew 
falls  during  the  night,  in  fiifficient  quantity  to  anfwer 
all  the  purpofes  of  vegetation. 

“  Every  ftranger  is  generally  here,  as  well  as  in  the 
Weft  Indies,  fubjed  to  a  fever  or  feafoning  on  his  ar- 
rivaj.  This  is  not  infedious  j,  it  proceeds  perhaps  froiii 
an  increafed  perfpiration  and  a  fudden  cxtenfion  of  the 
pores  of  the  human  body,  in  confequence  of  the  heat 
by  which  means  it  is  rendered  more  liable  to  imbibe 
the  abundant  exhalations  that  arife  from  the  animal,  ve- 
getable,  and  mineral  kingdoms;  but  even  this,  flight  as 
it  is,  might  doubtlefs  be  avoided  by  means  of  a  proper 
regimen,  and  a  Ihort  feclufion  from  the  full  adion  of 
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Bulatr.  the  Open  air,  more  efpeclally  at  noon,  and  during  the 
evening,  until  the  climate  has  been  rendered  familiar. 

‘‘  Bulama  is  admirably  adapted  for  all  the  purpofes 
of  an  extenfive  commerce,  being  not  only  happily  fitu- 
ated  at  the  mouth  of  the  Rio  Grande,  but  in  the  vici¬ 
nity  of  feveral  other  navigable  rivers  ;  fo  that  a  trade 
with  the  internal  parts  of  Africa  is  thereby  greatly  fa¬ 
cilitated.  The  landing  is  remarkably  eafy  and  fafe,  there 
Being  no  fiirge  ;  the  ebb  and  flow  is  regular,  and  there 
is  an  increafe  of  1 6  feet  of  water  at  fpring  tide.  The 
Bay  oppolite  the  Great  Bulama  is  adorned  with  a  num¬ 
ber  of  iflands,  covered  with  trees,  and  forms  a  moft  ex¬ 
cellent  harbour,  fufiiciently  capacious  to  contain  the 
whole  navy  of  Great  Britain,  which  might  ride  there 
in  fafety.  The  fettlement  in  general  is  well  fupplied 
with  water.  A  number  of  fpriiigs  have  been  lately  dif- 
covcred  in  different  places ;  and  befides  a  draw-well  in 
the  fort,  which  was  eredled  for  the  defence  of  the 
colony,  there  is  a  fmall  ftream,  wBich  runs  into  E- 
lewfis  Bay,  near  the  new  fettlement  called  Hefper 
Elewfis :  this  is  admirably  fituated  for  the  fupply  of 
Ihipping. 

“  The  ifland  is  beautifully  furrounded,  and  interfper- 
fed  with  woods  :  lofty  fruit  and  foreft  trees,  moftly  free 
from  underwood  and  brambles,  form  a  verdant  belt,  in 
fome  places  two  or  three  miles  broad,  which  entirely 
encircles  it,  in  fuch  a  manner  as  to  reprefent  a  planta¬ 
tion  artificially  formed  around  a  park.  Within  this 
the  fields  are  regularly  divided  by  trees,  fo  as  to  refem- 
ble  the  hedge-rows  in  England.  The  beach  has  in  fome 
places  the  appearance  of  gravel  walks ;  it  is  fringed 
with  mangrove  trees,  which  forming  a  line  with  the 
high-water  mark,  dip  their  branches  into  the  fsa,  and 
thus  afford  nourifhment  to  the  oyfters  that  often  adhere 
to  their  extremities. 

‘5.  Several  parts  of  Bulama  have  been  bccafionally  cul¬ 
tivated  by  the  neighbouring  blacks,  though  they  did 
not  conftantly  refide  on  it. 

“  The  land  in  general  rifes  gradually  towards  the 
middle  of  the  ifland,  where  the  higheft  fpot  is  from  6o 
to  lOO  feet  above  the  level  of  the  fea.  The  fmall  hill 
on  which  the  fort  is  fituated  is  nearly  of  the  fame  alti¬ 
tude. 

“  The  foil  is  abundantly  rich  and  deep  ;  flones  do 
not  here  impede  the  labours  of  the  farmer ;  and  indeed 
none  have  hitherto  been  difcovered,  but  a  fmall  fort, 
refembling  pieces  of  ore,  which  are  to  be  met  with  on 
the  fhore.  There  are  many  favannabs  or  natural  mea¬ 
dows,  fo  extenfive  that  the  ey^e  can  fcarcely  defcry  their 
boundaries.  Thefe  are  admirably  adapted  for  the  rear¬ 
ing  of  flock  and  feeding  of  cattle  of  every  kind. 

“  Cotton,  Indigo,  rice,  and  coffee,  grow  fpontane- 
oufly  on  this  coafl  ;  the  fugar-cane  is  indigenous  to 
many  parts  of  Africa,  and  might  be  cultivated  here  by 
the  labour  of  freemen,  in  equal  perfedlion,  and  to  much 
greater  advantage,  than  in  the  exhaufled  iflands  of  the 
Wefl  Indies.  All  kinds  of  tropical  produdlions,  fuch 
as  pine-apples,  limes,  oranges,  grapes,  plums,  caflada, 
guava,  Indian  wheat,  the  papaw,  water-melon,  muflt- 
melon,  the  pumpkin,  tamarind,  banana,  and  numbers  of 
other  delicious  fruits,  alfo  flourifh  here.  The  adjoin¬ 
ing  territories  produce  many  valuable  forts  of  fpices, 


gums,  and  materials  for  dyeing  :  all  of  which  it  is  but  Buhm. 
fair  to  fuppofe,  might  be  readily  cultivated  in  a  kindred  — 
climate  and  a  congenial  foil. 

“  The  neighbouring  feas  abound  with  a  variety  of 
fifh,  highly  agreeable  to  the  palate.  The  lion,  tyger, 
jackall,  &c.  are  natives  of  the  continent  ;  but  in  Bula¬ 
ma  no  animals  have  been  difcovered,  the  wolf,  fome  buf¬ 
faloes,  a  few  elephants,  and  a  fjiecles  of  the  deer,  ex¬ 
cepted. 

“  The  woods  abound  with  doves,  guinea-fowls,  and 
a  variety  of  birds,  celebrated  for  the  beauty  of  their 
plumage. 

The  natives  of  this  part  of  Africa,  like  all  favages, 
are  entirely  under  the  dominion  of  their  paffions  :  hence 
the  violence  of  their  attachment  to  their  friends,  and 
the  excefs  of  their  refentment  agairft  their  enemies. 

Their  notions  of  property  are  very  obicure  and  confu- 
fed  :  they  have  no  idea  of  any  right  arifing  from  occu¬ 
pancy  or  improvement.  What  they  want,  they  either 
receive  or  take  wherever  they  may  happen  to  meet  with 
it,  and  they  permit  others  to  do  the  fame.  They  have 
been  taught  by  experience  that  the  Europeans  will  not 
agree  to  this ;  againfl  them  therefore  they  employ 
every  artifice  that  it  is  in  the  power  of  cunning  to  fug- 
geft. 

‘‘  The  colonills  need  not  fear  any  attack  on  the  part 
of  the  negroes,  provided  their  own  condudl  be  juft  and 
peaceable  :  for  Mr  Beaver,  who  was  indeed  admirably 
calculated  by  nature  and  habit  for  the  ftation  he  occu¬ 
pied,  could  enfure  both  fafety  and  refpedl  wBen  the  fet- 
tlers  under  him  were  reduced  to  four  white  men,  al¬ 
though  the  neighbouring  nations  knew  that  he  was  in 
poffeflion  of  commodities,  for  the  acquifition  of  which 
many  of  them  had  become  day-labourers.  He  often 
kept  from  twenty  to  forty  gromittos,  or  black  cultiva¬ 
tors  in  pay,  at  that  very  period,  at  about  four  or  five 
bars  (a)  each  per  month.  Thefe  are  eafy  to  be  procu¬ 
red,  to  almoft  any  number  that  can  poflibly  be  wanted. 

“  Until  a  fufficient  quantity  of  ftock  and  provifions 
can  be  ralfed  in  the  company’s  fettlements,  the  adjacent 
iflands  will  furiiifli  abundance  of  cattle,  hogs,  fowls,  &c. 

^  at  a  very  cheap  rate.  A  horfe  may  be  purchafed  at 
Goree  for  il.  los.  a  bullock  may  be  had  from  i2s.  to 
1 8  s.  fterling  ;  provifions  of  all  kinds  are  equally  reafon- 
able.  Honey  is  alfo  to  be  procured  in  great  plenty, 
and  bees- wax  may  be  rendered  an  advantageous  objedl 
of  commercial  fpeculation. 

“  In  fliort,  the  acquifition  of  Bulama,  Areas,  and 
the  adjacent  territories,  prefents  the  falreft  opportunity 
of  furnifliing  Europe  with  many  valuable  articles  that 
have  hitherto  been  brought  from  more  remote  coun¬ 
tries,  with  much  greater  hazard,  and  at  an  increafed 
expence.  The  intercourfe  with  England  is  eafy,  fafe, 
and  expeditious  ;  for  the  voyage  may  be  performed  in 
the  fpace  of  three  or  four  weeks  :  and  by  the  terms  of 
the  firft  fiibfcription,  a  fettler  on  Bulama  might  pur- 
chafe  5C0  acres  of  land  for  L.  30  Sterling  ;  by  the  terms 
of  the  fecond,  which  we  fuppofe  are  the  terms  at  pre- 
fent,  he  might  purcliafe  on  the  iflands  of  Bulama  and 
Areas,  or  on  that  part  of  the  adjacent  cemft  which  was 
ceded  to  the  fociety  by  the  kings  of  Ghinala,  200  acres 
for  L.  CO  fterling. 

The 
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Bunt’ng.  The  colonization  of  Africa  opens  a  noble  and  ex- 

-  »  tenfive  field  to  nations  and  to  individuals.  To  people 

thofe  fertile  territories,  defpoiled  of  their  inhabitants  by 
the  flave-trade  ;  to  rear  the  produdlions  of  the  climes 
between  the  tropics,  by  the  alliftance  of  free  men  ;  to 
give  ample  fcope  to  the  induftry  and  exertions  of  thofe 
who  may  be  inclined  to  remove  from  Great  Britain  ; 
and  to  extend  the  commerce  and  the  manufaftures  of 
our  native  country — thefe  are  fubjedts  which  have  ex¬ 
cited  the  attention  of  the  Bulama  aflbeiation,  and  now 
claim  the  afliftance  of  the  ingenious,  the  fupport  of  the 
rich,  and  the  concurrence  and  good  vvifhes  of  all.” 

BUNTING,  is  a  bird  which  has  been  deferibed  un¬ 
der  its  generic  name  Emberiza  (Uncyc/.)  ;  but  there 
is  one  fpecies,  the  orange Jhouldered  hunting  of  Latham, 
of  which  M.  Vaillant  relates  fome  particulars  certainly 
not  unworthy  of  notice  in  this  place. 

“  The  female  of  this  beautiful  bird  (fays  he)  has  the 
fimplc  colours  of  the  fky-lark,  and  a  fhort  horizontal 
tail,  like  that  of  almoft  all  other  birds  :  the  male,  on 
the  contrary,  is  wholly  black  except  at  the  fhoulder  of 
the  wing,  where  there  is  a  large  red  patch  ;  and  his  tail 
is  long,  ample,  and  vertical,  like  that  of  the  common 
Cock,  But  this  brilliant  plumage  and  fine  vertical  tail 
fubfift  only  during  the  feafon  of  love,  which  continues 
fix  months.  This  period  over,  he  lays  afide  his  fplendid 
habiliments,  and  afiumes  the  more  modeft  drefs  of  his 
mate.  The  moll  extraordinary  circumftance  is,  that  the 
vertical  tail  alfo  changes  to  a  horizontal  one,  and  the 
male  fo  exa<flly  refembles  the  female,  that  it  is  not  pof- 
fible  to  dillinguifh  them  from  each  other. 

“  The  female  has  her  turn.  When  Ihe  reaches  a  cer¬ 
tain  age,  and  has  loft  the  faculty  of  propagating  the 
fpecies,  Ihe  clothes  herfelf  for  the  remainder  of  her  days 
in  the  garb  which  the  male  had  temporarily  aflumed  ; 
her  tail,  like^his  at  that  period,  grows  long,  and,  like 
his  alfo,  from  horizontal  becomes  vertical. 

“  The  birds  of  this  fpecies  aflbeiate  together,  live  in 
a  fort  of  republic,  and  build  their  nefts  near  to  each 
other.  The  fociety  ufually  confifts  of  about  fourfeore 
females ;  but,  whether  by  a  particular  law  of  nature, 
more  females  are  produced  than  males,  or  for  any  other 
reafon  of  which  I  am  ignorant,  there  are  never  more 
than  twelve  or  fifteen  males  to  this  number  of  females, 
who  have  them  in  common.” 

According  to  our  author,  this  tranfmutation  is  by 
no  means  confined  to  this  particular  fpecies  of  bunting. 
Many  females  of  the  feathered  creation,  when  they 
grow  fo  old  as  to  ceafe  laying  eggs,  affume  the  more 
fplendid  colours  of  the  male,  which  they  retain  during 
the  remainder  of  their  lives.  This  fadl  is  ftrikingly  per¬ 
ceptible  in  thofe  fpecies  in  which  the  male  and  female 
very  much  differ  in  colour,  as  the  golden  pheafant  of 
China,  for  inllance.  In  fome  fpecies,  and  thofe  not  a 
few,  the  male  alone  regularly  changes  his  colour,  and 
affiimes  once  in  a  year  the  plumage  of  the  female ;  fo 
that  at  a  certain  period  all  the  birds  of  that  fpecies  ap¬ 
pear  females.  “  I  have  in  my  poffeffion  (fays  our  au¬ 
thor)  fpecimens  o-f  more  than  fifty  of  thofe  changing 
fpecies,  in  all  their  tranfitions  from  one  hue  to  another  ; 
and  the  change  is  fometimes  fo  great,  that  a  perfon 
would  fuppofe  himfelf  to  fee  individuals  totally  diffe¬ 
rent.  A  clofet-naturalift,  for  inftanee,  ftiev/ed  me  four 
birds  as  fo  many  different  fpecies,  and  even  as  not  be¬ 
longing  to  the  fame  genus,  with  which  I  was  well  ac- 
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quainted,  and  which  I  knew  to  be  the  fame  bird,  only 
of  different  ages.” 

Such  changes  as  thefe,  could  they  be  proved  to  take 
place  occafionally  among  doiiieftic  fowls,  would  in  fome 
meafure  account  for  ftrange  ftories  of  cocks  laying  eggs, 
which  we  have  heard  related  by  perfons  whofe  general 
veracity  was  never  queftioned. 

BURKE  (Edmund),  was  born  in  the  city  of  Dub¬ 
lin  on  the  ift  of  January  1730.  His  father  was  an  at¬ 
torney  of  confiderable  knowledge  in  his  profeflion,  and 
of  extenfivc  pradlice ;  and  the  family  from  which  he 
fprung  was  ancient  and  honourable.  He  received  the 
rudiments  of  his  claffical  education  under  Abraham 
Shackleton,  a  Quaker,  who  kept  a  private  fchool  or 
academy,  as  it  has  been  called,  at  Bellytore,  near  Car- 
low,  and  is  faid  to  have  been  a  very  ffcilful  and  fuccefs- 
ful  teacher. 

Under  the  tuition  of  this  mafter,  Burke  devoted  him¬ 
felf  with  great  ardour,  induftry,  and  perfeverance,  to 
his  ftudies;  and  manifefted,  even  from  his  bfwifh  days, 
a  diftinguiflied  fuperiority  over  his  contemporaries.  He 
was  the  pride  of  his  preceptor,  who  prognofticated  eve¬ 
ry  thing  great  from  his  genius,  and  who  was,  in  return, 
treated  by  his  illuftrious  pupil,  for  forty  years,  with  re- 
fpe£l  and  gratitude. 

From  fchool  Burke  was  fent  to  Trinity-college,  Dub¬ 
lin,  where  it  was  afferted  by  Goldfmith  and  others  his 
contemporaries,  that  he  difplayed  no  particular  eminence 
in  the  performance  of  liis  exercifes.  Like  Swift,  he 
defpifed  the  logic  of  the  fchools  ;  and  like  him  too,  he 
devoted  his  time  and  his  talents  to  more  ufeful  purfuits. 
Johnfon,  though  proud  of  being  an  Oxonian,  did  not 
much  employ  himfelf  in  academical  exercifes  ;  and  Dry- 
den  and  Milton,  who  ftudied  at  Cambridge,  were  nei¬ 
ther  of  them  ambitious  of  college  diftindions.  Let 
not,  however,  the  example  of  a  Burke,  a  Johnfon,  a 
Dryden,  or  a  Milton,  feduce  into  by-paths  the  ordina¬ 
ry  ftudent  ;  for  though  great  genius  either  finds  or 
makes  its  own  way,  common  minds  mull  be  content  to 
purfue  the  beaten  track.  Shakefpeare,  with  very  little 
learning,  was  the  greatell  dramatic  poet  that  ever  wrote ; 
but  how  abfurd  would  it  be  to  infer  from  this  fa6l,  that 
every  illiterate  man  may  excel  in  dramatic  poetry  ? 

^  Whilft  at  college  Burke  applied  himfelf  with  fuffi- 
cient  diligence  to  thofe  branches  of  mathematical  and 
phyfical  fcience  which  are  moft  fubfervient  to  the  purpo- 
fes  of  life  ;  and  though  he  negleded  the  fyllogiftic  lo¬ 
gic  of  Ariftotle,  he  cultivated  the  method  of  indudioii 
pointed  out  by  Bacon.  Pneumatology,  likewife,  and 
ethics,  occupied  a  confiderable  portion  of  his  attention  v 
and  whilft  attending  to  the  acquifition  of  knowledge* 
he  did  not  negled  the  means  of  communicating  it.  He 
ftudied  rhetoric  and  the  art  of  compofition,  as  well  as 
logic,  phyfics,  hiftory,  and  moral  philofophy  ;  and  had 
at  an  early  period  of  his  life,  fays  Dr  Biffet,  planned  a 
confutation  of  the  metaphyfical  theories  of  Berkeley 
and  Hume..  ^ 

•For  fuch  a  taflc  as  this,  we  do  not  think  that  nature 
intended  him.  Through  the  evcr-a<aive  mind  of  Burke 
ideas  feem  to  have  flbwed  vvith  too  great  rapidity  to 
permit  him  to  give  that  patient  attention  to  minute  di- 
ftinaions,  without  wliich  it  is  vain  to  attempt  a  confu- 
tation  of  the  fubtleties  of  Berkeley  and  Hume.  The 
ableft  antagonift  of  thefe  two  philofophcrs  was  remark¬ 
able  for  patient  thinking,  and  even  apparent  flownefs  of 
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apprehenfion  ;  and  we  have  not  a  doubt,  but  that  if  he 
had  poffefled  the  rapidity  of  thought  which  charadle,. 
rifed  Burke,  his  confutation  of  Hume  and  Berkeley 
would  have  been  far  from  conclufive.  It  might  have 
been  equal  to  the  E/p^y  on  the  Mature  and  I mmutability 
of  T ruthy  but  would  not  have  been  what  we  tind  it  in 
7*he  Inquiry  into  the  Human  Mind  on  the  Principles  of 
Common  Setife^  and  in  The  EJfays  on  the  IntelkSual  and 
jd8ive  Powers  of  Man, 

A  taflc  much  better  fuited  to  Burke’s  talents  than 
the  writing  of  metaphyfical  difquifitions  on  the  fubllra- 
tuin  of  body,  prefented  itfelf  to  him  in  the  year  1749* 
and  a  tafl'C  which  was  like  wife  more  immediately  ufefuL 
At  that  period  one  Lucas,  a  democratic  apothecary, 
wrote  a  number  of  very  daring  papers  againil  govern¬ 
ment,  and  acquired  by  them  as  great  popularity  at  Dub¬ 
lin  as  Mr  Wilkes  afterwards  obtained  by  his  North 
Briton  in  London.  Burke,  though  a  boy,  perceived, 
almoft;  intuitively,  the  pernicious  tendency  of  fuch  le¬ 
velling  doctrines,  and  refolved  to  counteradl  it.  He 
wrote  feveral  effays  in  the  ftyle  of  Lucas,  imitating  it 
fo  exa^lly  as  tp  deceive  the  public  ;  purfuing  his  prin¬ 
ciples  to  confequences  neceffarily  refulting  from  theni, 
and  file  wing  at  the  fame  time  their  abfurdity  and  their 
danger.  Thus  was  his  firft  literary  effort,  like  his  laft, 
calculated  to  guard  his  country  againft  anarchical  inno¬ 
vations 

Whilft  employed  in  treafuring  up  knowledge,  which 
at  a  future  period  was  to  command  the  admiration  of 
liftening  fenates,  he  did  not  negledl  the  means  neceffary 
to  render  himfelf  agreeable  in  the  varied  intercourfe  of 
private  life.  To  the  learning  of  a  fcholar  he  added  the 
manners  of  a  gentleman.  His  company  was  fought 
among  the  gay  and  the  falhionable,  for  his  pleafing  con- 
verfation  and  eafy  deportment ;  as  much  as  among  the 
learned,  for  the  force  and  brilliancy  of  his  genius,  and 
the  extent  and  depth  of  his  knowledge.  But  though 
the  objedl  of  very  general  regard  in  his  native  country, 
he  had  hardly  any  profpedl  of  obtaining  in  it  an  inde¬ 
pendent  fettlement.  He  therefore  applied,  fome  time 
after  the  publication  of  his  letters  expofing  the  dodrines 
of  Lucas,  for  the  profefforlhip  of  logic,  which  had  then 
become  vacant  in  the  univerfity  of  Glafgow  :  but  whe¬ 
ther  that  application  was  made  too  late,  or  that  the  uni¬ 
verfity  was  unwilling  to  receive  a  ftranger,  certain  it  is 
that  the  vacant  chair  was  filled  by  another,  and  that 
Burke  was  difappointed  of  an  office  in  which  he  was 
eminently  qualified  to  excel.  For  many  years  very  little 
attention  has  been  paid  in  the  univerlities  of  Scotland, 
perhaps  even  too  little,  to  the  Arilloteliau  logic  ;  and 
the  profeffors,  inftead  of  employing  their  time  in  the 
analyfing  of  fyllogifms,  deliver  ledlures  on  rhetoric  and 
the  principles  of  compofition — ledlures  which  no  man 
was  more  capable  of  giving  than  the  unfuccefsful  can¬ 
didate  for  the  profefforfhip  in  Glafgow. 

Difappointment  of  early  views  has  frequently  been 
the  means  of  future  advancement.  Had  Johnfon  be¬ 
come  mailer  of  the  Staffordiliire  fchool,  talents  might 
have  been  confumed  in  the  tuition  of  boys  which  Pro¬ 
vidence  formed  for  the  inftru6lion  of  nien  ;  and  had 
Burke  obtained  the  profeffoi  fhip  of  logic  in  Glafgow, 
he  would  have  been  the  moil  eloquent  lecturer  in  that 
univerfity,  inftead  of  the  moft  brilliant  fpeaker  in  the 
Britifh  fenat^  :  but  whether  his  talents  might  not  have 
been  as  ufefully  employed  in  the  univerfity  as  in  the  fe- 


nate,  may  perhaps  be  a  queftlon,  though  there  can  be  no  Burke, 
queftlon  whether  they  would  have  invelled  himfelf  with 
an  equal  blaze  of  fplendour. 

Difappointed  in  Glafgow,  he  went  to  London,  where 
he  immediately  entered  himfelf  of  the  Temple  ;  and  aa 
tliere  is  reafon  to  believe  that  he  was  in  ftraitened  cir- 
cumftances,  he  fubmitted  to  the  drudgery  of  regularly 
writing  for  dally,  weekly,  and  monthly  publications, 
effays  on  general  literature  and  particular  politics.  The 
profits  arifing  from  fuch  writings  were  at  firft  fmall  ; 
but  they  were  fo  neceffary  to  their  author,  that  the  in- 
tenfe  application  which  they'  required  gradually  impair¬ 
ed  his  health,  till  at  laft  a  dangerous  illnefs  enfued, 
when  he  reforted  for  medical  advice  to  Dr  Nugent,  a 
phyfician  whofe  ficill  in  his  profeffion  was  equalled  only 
by  the  benevolence  of  his  heart.  The  Do6lor,  confider- 
ing  that  the  noife,  and  various  difturbances  incidental  to 
chambers,  mu  ft  retard  the  recovery  of  his  patient,  fur- 
nlftied  him  with  apartments  in  his  own  houfe,  where 
the  attention  of  every  member  of  the  family  contribu¬ 
ted  more  than  medicines  to  the  reftoration  of  his  health. 

It  was  during  this  period  that  the  amiable  manners  of 
Mifs  Nugent,  the  Doftor’s  daughter,  made  a  deep  im- 
preffion  on  the  heart  of  Burke ;  and  as  fhe  could  not 
be  Infenfible  to  fuch  merit  as  his,  they  felt  for  each 
other  a  mutual  attachment,  and  were  married  foon  after 
his  recovery. 

Hitherto  his  mental  powers  and  acquirements  were 
known  in  their  full  extent  only  to  his  friends  and  more 
intimate  companions  ;  but  they  were  now  made  public 
in  his  firft  acknowledged  work,  intitled,  A  Vindication 
of  Natural  Society,  The  objedf  of  this  performance  was 
to  expofe  the  dangerous  tendency  of  Lord  Bolingbroke’a 
philofophy.  By  the  admirers  of  that  nobleman,  his 
principles  were  deemed  inimical  only  to  revealed  reli¬ 
gion  and  national  churches,  which  they  would  have 
been  glad  to  fee  overturned,  provided  our  civil  eftabliffi- 
ment  had  been  preferred;  and  to  the  civil  eftabliffimeiit 
they  perceived  no  danger  in  the  writings  of  the  author 
of  The  Patriot  King,  Mr  Burke  thought  very  diffe¬ 
rently  ;  and  endeavoured  to  convince  them,  that  if  his 
Lordfhip’s  philofophy  fiiould  become  general,  it  would 
ultimately  deftroy  their  rank,  their  confequence,  and 
their  property,  and  involve  the  church  and  Hate  in  one 
common  ruin.  In  his  ironical  attack  upon  artificial 
fociety,  he  makes  ufe  of  the  fame  common  place  mode 
of  unfair  reafoning  which  his  noble  antagonift  had  em¬ 
ployed  againft  religion  and  religious  eftabliflimerits.  He 
argues,  from  the  incidental  abufes  of  political  fociety, 
that  political  fociety  muft  itfelf  be  evil  ;  he  goes  over 
every  form  of  civil  polity,  pointing  out  its  defedls  in 
the  moft  forcible  language;  and,  in  perfedl  imitation  of 
the  fceptical  philofophy,  he  pulls  them  all  down,  one 
after  another,  without  ptopofing  any  thing  in  their 
ftead.  So  complete  is  the  irony,  that  to  many  not  ac¬ 
quainted  with  fuch  difquifitions,  he  would  appear  to  be 
ferioufiy  inveighing  againft  civil  government  ;  and  we 
have  actually  heard  fome  of  the  advocates  for  modern 
innovation  mention  this  work  as  a  proof  how  different 
Mr  Burke’s  opinions  in  politics  once  were  from  what 
they  appear  to  have  been  when  he  wrote  his  RefleBions 
on  the  French  Revolution, 

The  truth,  however,  is,  that  there  is  no  irtconfiftency 
between  The  Vindication  of  Natural  Society  and  the  la- 
teft  publications  of  its  illuftrious  author.  At  the  pe¬ 
riod 
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riod  wliea  that  work  was  publilhed,  infidelity  had  in- 
fev^led  only  the  higher  orders  of  men,  and  fuch  of  the 
lower  as  had  got  the  rudiments  of  a  liberal  education. 
Of  thefe  we  believe  a  fingle  individual  was  not  then  to 
be  found,  who  fuppofed  that  fociety  could  fubfift  both 
without  government  and  without  religion  ;  and  there- 
fore  while  they  laboured  to  overturn  the  church,  and 
to  prove  that  Chriftianity  itfelf  is  an  impofture,  they 
all  pretended  to  be  zealoufly  attached  to  our  civil  go¬ 
vernment  as  eftablifhed  in  king,  lords,  and  commons. 
Except  the  clergy  of  the  eftablifhed  church,  there  was 
no  order  of  men  whom  they  indifcriminately  reviled. 
Hence  it  was  that  not  Burke  only,  but  Warburton, 
and  almoft  every  other  opponent  of  Lord  Bolingbroke, 
began  their  defences  of  revelation,  by  fiiewing  the  in- 
dilfoluble  connexion  between  our  civil  and  ecclefiaftical 
eftablilhments  ;  and  -all  the  difference  was,  that  he  did, 
through  the  medium  of  the  moft  refined  irony,  the  very 
fame  thing  which  they  had  done  by  ferious  reafoning. 

Soon  after  his  Vlndiiation  of  Natural  Society,  Burke 
piiblifhed  Phtlofophical  Enquiry  into  the^  Origin  of  our 
Ideas  of  the  Sublime  and  Beautiful ;  a  work  which  foon 
made  its  author  univerfally  known  and  admired,  and 
which  has  been  ftudied  by  every  Englifh  reader  of  tafte. 
It  is  therefore  needlefs  for  us  to  hazard  any  opinion 
either  of  its  general  merit  or  its  particular  defedls.  In 
one  of  the  literary  journals  of  that  day,  Mr  Murphy 
urged  objeAions  againft  fome  of  its  fundamental  prin¬ 
ciples,  which,  in  our  opinion,  it  would  be  very  difficult 
to  anfwer  ;  whilft  Johnfon,  who  was  certainly  a  fevere 
judge,  confidered  it  as  a  model  of  philofophical  criti- 
cifm.  “We  have  (faid  he)  an  example  of  true  criti- 
cifm  in  Burke’s  Effay  on  the  Sublime  and  Beautiful. 
There  is  no  great  merit  in  (hewing  how  many  plays 
have  ghofts  in  them,  or  how  this  ghoft  is  better  than 
that ;  you  muff  fhew  how  terror  is  impreffed  on  the 
mind.” 

In  confequence  of  this  manifeftation  of  Burke’s  in- 
telleftual  powers,  his  acquaintance  was  courted  by  men 
of  diftinguifhed  talents,  and,  among  others,  by  Johnfon 
and  Sir  Jofhua  Reynolds.  The  literary  club  which  has 
been  mentioned  [Encycl.)  in  the  life  of  Johnson,  was 
inftituted  for  their  entertainment  and  inflrudion,  and 
confifted  at  firfl  of  Johnfon,  Burke,  Reynolds,  Gold- 
fmith.  Dr  Nugent,  Mr  Topham,  Beauclerk,  Sir  John 
Hawkins,  Mr  Chamier,  and  Mr  Bennet  Langton,  who 
were  all  men  of  letters  and  general  information,  though 
far  above  the  reft  ftood  Burke  and  Johnfon.  Of  Burke 
indeed  Johnfon  declared,  upon  all  occafions,  that  he  was 
the  greateft  man  living;  whilft  Burke,  on  a  very  folemri 
occafion,  faid  of  Johnfon,  “  He  has  made  a  chafm, 
which  not  only  nothing  can  fill  up,  but  which  nothing 
has  a  tendency  to  fill  up.  Johnfon  is  dead.  Let  us 
go  to  the  next  beft-— There  is  nobody— -No  man  can  be 
faid  to  put  you  in  mind  of  Johnfon.”  Nor  was  the 
opinion  which  thefe  two  illuftrious  men  held  of  each 
other’s  powers  peculiar  to  themfelves  alone  :  all  the 
members  of  the  club  obferved,  that  in  colloquial  talents 
they  were  nearly  matched,  and  that  Johnfon  never  dif- 
courfed  with  fuch  animation  and  energy  as  when  his 
powers  were  called  forth  by  thofe  of  Burke. 

Some  years  before  the  inftitution  of  this  club,  Burke, 
who  had  devoted  much  of  his  time  to  the  ftudy  of  hi- 
ftory  and  politics,  propofed  to  Mr  Dodfley,  an  eminent 
bookfeller,  a  plan  of  an  Annual  Register  of  the  ci- 
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vil,  political,  and  literary  tranfaftlons  of  the  times  ;  and 
the  propofal  being  acceded  to,  the  work  was  begun  and 
carried  on  for  many  years,  either  by  Burke  himfelf,  or 
under  his  immediate  infpeaion.  It  bears  indeed  inter¬ 
nal  marks  of  Ills  genius,  his  learning,  and  his  candour, 
being  by  much  the  moft  elegant  and  impartial  periodi¬ 
cal  hiftory  which  has  perhaps  appeared  in  any  age  or 
nation.  Even  when  the  heat  of  oppofition  made  him, 
in  his  fpeeches,  fometimes  mifreprefent  the  condiid  of 
adminiftration,  the  Annual  Regifter,  under  his  manage- 
ment,  continued  to  render  juftice  to.  all  parties. 

He  ftill  continued  to  write  occafionally  political  ef- 
fays  for  other  publications  than  the  Annual  Reo*ifter  ; 
and  fome  of  thefe  eftays  in  the  Public  Jdvertifer  having 
attraded  the  notice  of  the  Marquis  of  Rockingham, 
that  nobleman  fought  the  acquaintance  of  their  author! 
It  was  in  the  year  1765  that  the  firft  interview  took 
place  between  them;  and  the  Marquis,  who  was  then 
at  the  head  of  the  treafury,  offering  to  make  Burke  his 
own  fecretary,  the  offer  was  readily  accepted.  On  this 
occafion  he  gave  a  remarkable  proof  of  difintereftednefs 
^d  delicate  integrity.  Through  the  influence  of  Mr 
Hamilton,  known  by  the  appellation  of  Single  Speech 
Hamilton,  and  long  fufpeded  to  be  the  author  of  Tw- 
mus  s  Letters,  lie  had  fome  time  before  obtained  a  pen^ 
flon  of  L.300  a-year  on  the  Irifli  eftabliffimeiit ;  but 
this  penfion  he  now  thought  it  incumbent  upon  him  to 
relign,  becaufe  he  had  conneded  himfelf  with  a  party 
oppofite  in  many  things  to  the  party  whofe  meafures 
were  fupported  by  his  friend. 

'  During  the  Rockingham  adminiftration  he  was  cho- 
fen  member  of  Parliament  for  the  borough  of  Wendover 
in  the  county  of  Bucks ;  and  he  prepared  himfelf  for 
becoming  a  public  fpeaker,  by  ftudying,  ftill  more  clofe- 
ly  than  he  had  yet  done,  hiftory,  poetry,  and  philofo- 
phy ;  and  by  ftoring  his  mind  with  fads,  images,  rea- 
lomngs,  and  fentiments.  He  paid  great  attention  lik^- 
wile  to  parliamentary  ufage  ;  and  was  at  much  pains  to 
become  acquainted  with  old  records,  patents,  and  pre¬ 
cedents,  fo  as  to  render  himfelf  complete  mafter  of  the 
bufinefs  of  office.  That  he  might  communicate  with-  ^ 
out  embarraffment  the  knowledge  which  he  had  thus 
laborioufiy  acquired,  he  frequented,  with  many  other 
meii  of  eminence,  the  Robin  Plood  Society,  where  he 
pradifed  the  replies  and  contentions,  of  eloquence  ;  and 
to  acquire  a  graceful  adion,  with  the  proper  manage- 
ment  of  his  voice,  he  was  a  very  diligent  obferver  of 
Garrick  in  Drury-Lane  theatre.  He  procured  his  feat 
in  1765,  and  in  the  enfuing  feffion  delivered  his  maiden 
fpeech  ;  wrhich  was  fuch  a  difplay  of  eloquence  as  ex¬ 
cited  the  admiration  of  the  Houfe,  and  drew  very  high 
praife  from  its  mpft  diftinguifhed  member  Mr  Pitt  af¬ 
terwards  Earl  of  Chatham.  ’ 

The  principal  objeds  which  engaged  the  attention 
ot  the  Kockingham  admmillration  were  the  ferments 
m  America,  which  was  then  in  a  ftate  little  (liort  of  re¬ 
bellion,  on  account  of  the  famous  ftamp-afl.  Parlia 

m.lft  Mr  Grenville  and  his  party  (under  whofe  au- 
fpices  the  ftamp-aa  had  pafled  into  a  law)  were  for 
enforcing  obedience  to  it  by  coercive  meafures,  Mr  Pitt 
mid  his  followers  denied  that  the  parliament  of  Great 
Britain  had  a  right  to  tax  the  Americans;  and  the  mar- 
quis  of  Rockingham,  who  was  hardly  able  to  carry  any 
mcafure  in  oppolition  to  both  thefe  parties,  had  to  coii- 
^  fider, 
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«d»,  ..  this  occlion,  wh.f.  te..im....  .o.ld  Abo.,  tbi,  ptH.d  commt.c.d  the^  „,.i...l  rr...y 

■'  dopt.  By  the  advice,  it  is  faid,  of  Mr  Burke,  he  chofe 
a  middle  courfe  between  the  two  oppof.te  extremes. 

To  gratify  the  Americans,  he  repealed  the  ftamp  aa ; 
iO  grab_j  _  ir-tn  n.  he  {rot  a  law 
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andlo^vindicate  the  honour  of  Britam,  he  got  «  1?^ 
paffed  declaratory  of  her  right  to  legiflate  for  America 
in  taxation  as  in  every  other  cafe. 

This  mcafure,  whoever  was  its  author,  was  ocrtainly 
not  the  offspring  either  of  wifdom  or  vigour.  It  the 
Sther.couiitry  had  a  right  to  legiflate  in  all  cafes  for 
America,  obedience  to  the  ftamp-aft  fhould  certainly 
have  been  enforced;  and  the  miniltiy  which  relinqudh- 
ed  an  acknowledged  right,  to  gratify  the  fadious  d.f- 
pofition  of  diaant  colonies,  was  obvioufly  unfit^to  guide 
t^he  helm  of  a  great  empire.  L^d  Rockin^am  a 
his  friends  were  accordingly  difaiffed  from  office  ;  and 
a  new  adminiftration  was  formed  under  the  aufpices  of 
Mr  Pitt,  now  created  earl  of  Chatham. 

Burke,  in  the  mean  time,  wrote  iii  defence  of  the 
party  with  which  he  was  conneaed ;  and  affumed  great 

credit  to  it  for  compofing  the  diftraCfions  of  the 
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which  was  excited  by  the  expulfion  of  Wilkes  from  the 
houfe  of  commons,  for  having  printed  and  publijhed  a 
f editions  UbeU  arid  three  ohjccne  and  impious  libels.  In  the 
controverfy  to  which  this  tranfadfion  gave  rife,  ^  Burke 
and  Johnfon  took  oppolite  fides.^  Jolinfon,  in  his  Fal/e 
Alarm-i  contends,  with  great  ability,  that  the  expulfion 
of  a  member  from  the  houfe  of  commons  for  the  com. 
mifiion  of  a  crime,  amounts  to  a  difqualification  of  that 
member  from  fitting  in  the  parliament  from  which  he 
is  expelled  ;  whilft  Burke,  though  he  difapproved  of 
the  condud  of  Wilkes  as  much  as  his  friend,  laboured 
to  prove,  that  nothing  but  an  ad  of  the  leglflature  can 
dlfquallfy  any  perfon  from  fitting  in  parliament  who  is 
regularly  chofen,  by  a  majority  of  eledors,  to  fill  a  va- 
cant  feat.  It  does  not  appear  that  this  difference  of 
opinion  produced  the  fmalleR  abatement  of  mutual  re- 
gard  between  him  and  Johnfon*  They  both  attended 
the  weekly  club,  and  were  as  much  pleafed  with  each 

other  as  formerly.  ,  .  -n  • 

The  proceedings  of  the  Grafton  admin litrat ion,  re- 


credit  to  it  for  compofing  the  f.ed  ng  Wi  ke  and  other  fubjeas,  gave  rife  to  the  ce- 
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was  preferved  by  the  aa  for  fecunng  the  dependence 
of  the  colonies.  After  defending  his  friends,_  he  pro¬ 
ceeds  to  attack  thofe  who  had  fucceeded  them  in  office. 
Of  Lord  Chatham  he  fays— “  He  has  once  more  deign¬ 
ed  to  take  the  reins  of  government  into  his  own  hand, 
and  will,  no  doubt,  drive  with  his  fpeed,  and 

raife  a  deal  of  dull  around  him.  His  horfes  are  all 
matched  to  his  mind  ;  but  as  fome  of  them  are  young 
and  fkittifh,  it  is  faid  he  has  adopted  the  new  contri¬ 
vance  lately  exhibited  by  Sir  Francis  Delaval  on  Weft- 
minfl-er  bridge  :  whenever  they  begin  to  fnort  and  tofs 
up  their  heads,  he  touches  the  fpnng,  throv/s  them 
loofei  and  away  they  go,  leaving  his  lordffiip  fafe  and 
fnug,  and  as  much  at  his  eafe  as  if  he  fat  on  a  wool- 

^  The  letter,  of  which  this  is  an  extraft,  was  printed 
in  the  Public  Advertifer  ;  and  is  faid  to  have  contribu¬ 
ted,  in  no  fmall  degree,  to  leffen  the  popularity  of  the 
illuftrious  ftatefman  againft  whom  it  was  written.  The 
miniftry,  indeed,  which  he  had  formed,  confifted  of 
very  heterogeneous  materials,  and  was  not  heartily  ap¬ 
proved  of  by  the  nation.  It  therefore  foon  fell  in 
pieces  by  its  own  difeord,  and  Lord  Chatham  retired 

Th^  parliament  being  diffolved  in  1768,  Burke  was 
te-eledfed  for  Wendover,  and  took  his  feat,  when  the 
houfe  met,  in  November.  The  duke  of  Grafton  was 
now  prime  mlnifter,  and  was  oppofed  by  two  powerful 
parties  in  parliament ;  that  of  the  marquis  of  Rockiiig- 
haro,  and  that  of  which  Mr  Grenville  was  coiifidered 
as  the  leader.  Thefe  two  parties,  however,  dittered 
widely  between  themfelves.  Mr  Grenville  had  pub- 
lilhed  a  pamphlet,  intitled,  The  Prefent  State  of  the  Na¬ 
tion  ;  in  which  he  very  ably  vindicated  lus  own  mea- 
fures,  and  of  courfe  condemned  the  meafures  of  thofe 
who  had  fucceeded  him  ;  and  Burke  replied  to  him, 
with  greater  eloquence,  but  perhaps  with  lefs  of  argu¬ 
ment,  in  a  tra6f ,  intitled,  Obfervations  on  the  Prefent  State 
of  the  Nation,  in  which  he  makes  a  very  high  panegyric 
on  his  own  patron,  and  the  connexions  of  the  party, 
and  animadverts  with  cutting  feverlty  on  their  fuccelFors 
iii  office. 


w’ere.  In  clearnefs,  neatnefs,  and  precifion  of  ilyle,  in¬ 
finitely  fuperlor  to  perhaps  every  other  feries 
paper  InveXives,  has  never  been  controverted;  aiid  that 
they  dlfplay  a  vail  extent  of  hiftorical  and  political  in¬ 
formation,  is  known  to  all  who^  are  not  themfelves 
ftrangers  to  the  hiftory  of  this  kingdom.  ^  Unclaimed 
by  any  author,  and  fuperior  to  the  produXions  of  molt 
authors,  they  have  been  given  to  Burke,  to  his 
Richard,  a  man  like  wife  of  very  bright  talents,  to  Mr 
Hamilton,  and  to  Lord  George  Germaine.  We  Ihould 
hardly  heiitate  to  adopt  the  opinion  of  thofe  who  a- 
feribe  them  to  Burke,  had  he  not  difavowed  them  to 
his  friend  Johnfon.  “  I  Ihould  have  believed  Burke 
to  be  Junius  (faid  Johnfon),  becaufe  I  know  no  man 
but  Burke  who  is  capable  of  writing  thefe  letters  ;  but 
Burke  fpontaneoujly  denied  it  to  me.  The  cafe  would 
have  been  different  had  1  ajhed  him  If  he  was  the  au¬ 
thor.  A  man  may  think  he  has  a  right  to  deny  when 
fo  queflioned  as  to  an  anonymous  publication.”  The 
difference  between  the  ftyle  of  thefe  letters  and  that  ot 
Burke^s  acknowledged  writings,  would  have  bad  no 
weight  with  us;  becaufe  fuch  was  lus  command  of  lan¬ 
guage,  that  he  could  affume,  and  occafionally  did  aU 
fume,  any  ftyle  which  he  chofe  to  imitate.  He  had 
already  fo  clofely  imitated  the  very  different  ftyles  ot 
Lucas  and  Bolingbroke  as  to  deceive  the  public  ;  and. 
what  was  to  hinder  him  from  mutating  the  ilyle  o. 
Lord  George  Germaine,  which  certainly  has  a  ftrong 
rcfemblance  to  that  of  Junius?  We  think,  however, 
with  Tohnfon,  that  his  fpontaneous  difavonval  ot  thele 
letters  ought  to  be  held  as  efficient  proof  that  he  was 
not  their  author. 

Burke  had  now  gotten  a  very  pleafant  villa  near  Bea- 
consfield  In  Buckinghamfhire  ;  and  being  one  ot  the 
freeholders  of  the  county,  he  drew  up  a  petition  to  the 
king,  complaining  of  the  conduX  of  the  houfe  of  com- 
mons  refpeXing  the  Middlefex  eleXion,  and  Pjaymg 
for  a  dlffolution  of  the  parliament.  The  petition,  though 
explicit  and  firm,  was  temperate  and  decorous,^  and  as 
unlike  to  one  on  the  fame  fubjeX  from  the  Jivery  of 
London,  as  the  principles  of  a  moderate  Whig  are  t 
thofe  of  a  turbulent  democrate,  ^bout 
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About  this  period  he  ftated  very  clearly  his  own 
political  principles  in  a  pamphlet  intitled,  ‘‘  Thoughts 
on  the  Caufes  of  the  Prefent  Difcoiitents  and  his 
plan  for  removing  thefe  difcontents  had  not  a  grain  of 
democracy  in  its  compofition.  He  propofed  to  place 
the  government  in  the  hands  of  an  open  ariftocracy  of 
talents,  virtue,  property,  and  rank,  combined  together 
on  avowed  principles,  and  fupported  by  the  approba¬ 
tion  and  confidence  of  the  people  ;  and  the  ariftocracy 
v/hich  he  thought  fitteft  for  this  great  truft,  vi’’as  a 
combination  of  thofe  Whig  families  which  had  moft 
powerfully  fupported  the  revolution  and  confeqiient  efta- 
blifhments.  He  exprefied,  in  ftrong  terms,  his  diTappro- 
bation  of  any  change  in  the  conftitution  and  duration 
of  parliament  ;  and  declared  himfelf  as  averfe  from  an 
adminiftration  which  fhould'have  no  other  fupport  than 
popular  favour,  as  from  one  brought  forward  merely 
by  the  influence  of  the  court. 

Tn  this  plan  there  is  not  that  wifdom  or  liberality 
which  might  have  been  expelled  from  a  man  of  Burke^s 
cultivated  mind  and  extenfive  reading.  The  Whigs, 
when  in  powder,  had  been  as  venal  as  the  Tories  ;  and 
the  imprifonment  of  Lord  Oxford,  the  banifliment  of 
Atterbury  bifliop  of  Rochefter,  and  the  refolution  of 
the  houfe  of  commons  to  fit  for  feven  years,  when  it 
had  been  chofen  by  its  conftituents  for  no  more  than 
three,  were  certainly  greater  violations  of  the  conftitu¬ 
tion  than  the  difqualification  of  Wilkes,  or  any  other 
meafure  that  had  been  carried  by  the  court  during  the 
adminiftrations  of  Grenville  and  the  duke  of  Grafton. 
Burke  Ihewed  himfelf  in  this  publication  to  be  indeed 
no  republican  ;  but  every  fentence  of  it  breathed  the 
fpirit  of  party. 

Lord  North  was  now  prime  minifter  ;  and  in  order 
to  tranquillize  America,  he  propofed,  in  the  beginning 
of  his  adminiftration,  to  repeal  the  obnoxious  laws  of 
his  predecefTors  in  office,  and  to  referve  the  duty  on  tea 
merely  to  maintain  the  authority  of  parliament.  The 
confequences  of  this  condu(5l  we  have  detailed  elfewhere 
(fee  Britai!^,  EncycL);  and  they  are  too  well  known 
to  all  our  readers.  The  part  which  Burke  adled  du¬ 
ring  his  adminiftration  will  not,  in  our  opinion,  admit 
of  any  plaufible  defence.  It  was  not  indeed  the  part 
of  a  democrate,  but  of  a  man  determined  to  oppofe 
every  meafure  of  thofe  in  power.  In  the  beginning  of 
the  conteft,  he  certainly  difplayed  more  wifdom  and 
patriotifm  than  the  minifter  ;  for,  without  entering  di- 
re<Slly  into  the  queftion,  Whether  the  mother-country 
had  or  had  not  a  right  to  tax  the  colonies  ?  he  content¬ 
ed  himfelf  with  warning  the  houfe  againft  dangerous 
innovations.  The  Americans  (faid  he)  have  been 
very  ferviceable  to  Britain  under  the  old  fyftem  :  do 
not,  therefore,  let  us  enter  raflily  upon  new  meafures. 
Our  commercial  interefts  have  been  hitherto  greatly 
promoted  by  our  friendly  intercourfe  with  the  colonies; 
do  not  let  us  endanger  pofleffion  for  contingency  ;  do 
not  let  us  fubftitute  untried  theories  for  a  fyftem  expe¬ 
rimentally  afcertained  to  be  ufeful.’* 

This  was  undoubtedly  found  reafoning,  and  everyway 
becoming  a  lover  of  his  country  :  but  his  continued  op- 
pofition  to  government,  after  all  Europe  had  leagued 
againft  Great  Britain,  was  a  condu^f  which  will  admit 
of  no  vindication,  and  for  which  the  only  poffible  apo¬ 
logy  muft  be  found  in  that  ardour  of  temper  which 
made  his  friend  Hamilton  fay,  on  another  occafion. 


“  Whatever  opinion  Burke,  from  any  motive,  fuppotjs,  Burke, 
fo  du£lile  is  his  imagination,  that  he  foon  conceives  it  v'*"" 
to  be  right.”  In  his  moft  violent  oppofition,  however, 
though  his  expreffions  were  often  extravagant  and  in¬ 
decent,  he  never  for  a  moment  gave  his  fupport  to  the 
metaphyfical  dodrine  of  the  imprejcriptible  rights  of  man^ 
or  to  the  adual  innovations  wdiith  fome  meant  to  in¬ 
troduce  on  the  bafis  of  that  dodrine.  His  upright 
mind  was  indeed  fufficiently  guarded  againft  thefe  no¬ 
velties  by  what  he  had  obferved  in  France  during  the 
year  1772.  Whilft  he  remained  in  that  country,  his 
literary  and  political  eminence  made  him  courted  by  all 
the  anti -monarchical  and  infidel  philofopliers  of  the  time; 
and  in  the  religious  fcepticifm  and  political  theories  of 
Voltaire,  Helvetius,  Roufleau,  and  D'Alembert,  he  faw, 
even  at  that  period,  the  probable  overthrow  of  religion 
and  government.  His  fentiments  on  this  fubjed  he 
took  occafion,  immediately  on  his  return,  to  communi¬ 
cate  to  the  houfe  of  commons  ;  and  to  point  out  the 
confpiracy  of  atheifrn  to  the  watchful  policy  of  every 
government.  He  profefled  that  he  was  not  over-fond 
of  calling  in  the  aid  of  the  fecular  arm  to  fupprefs  doc¬ 
trines  and  opinions  ;  but  he  recommended  a  grand  al-  • 
liance  among  all  believers  againft  thofe  minifters  of  re¬ 
bellious  darknefs,  who  were  endeavouring  to  ffiake  all 
the  works  of  God  eftablifhed  in  beauty  and  in  order. 

The  American  war  proving  unfuccefsful,  though 
Great  Britain  never  made  a  more  glorious  ftand.  Lord 
North  and  his  friends  retired  from  office  ;  and,  in  Fe¬ 
bruary  1782,  a  new  miniftry  was  formed,  at  the  head 
of  which  was  placed  the  marquis  of  Rockingham;  Lord 
Shelburne  and  Mr  Fox  were  the  fecretaries  of  ftate  ; 
and  Mr  Burke,  who  was  appointed  pay. mailer  to  the 
forces,  exulted,  rather  childiflily,  in  the  houfe  of  com¬ 
mons,  on  the  happinefs  which  was  to  accrue,  both  to 
the  king  and  to  the  people,  from  the  able  and  upright 
conduft  of  the  new  minifters.  The  time  in  which  the 
greater  part  of  them  continued  in  office  was  too  fhort 
to  permit  them  to  do  either  much  good  or  much  evil. 

^  On  the  I  ft  of  July  the  marquis  of  Rockingham 
died  ;  and  the  earl  of  Shelburne  being  placed  at  the 
head  of  the  treafury,  Fox  and  Burke  refigned  in  dif- 
guft,  ^hd,  to  the  aftonifhment  of  the  nation,  formed 
the  famous  coalition  with  Lord  North,  whofe  meafures 
they  had  fo  long,  and  fo  vehemently  oppofed.  In  the 
coalition  of  North  and  Burke  there  would  have  been 
nothing  wonderful.  In  the  intercourfe  of  private  life, 
thefe  two  ftatefmen  had  always  met  on  terms  of  friend- 
fliip  and  mutual  regard;  they  had  the  fame  ideas  of 
the  excellence  of  the  conftitution,  and  the  fame  averfion 
to  innovation  under  the  name  of  reform  ;  even  their 
ftudies  and  amufements  were  very  fimilar,  being  both 
men  of  tafte  and  claffical  learning  ;  and  though  Burke 
oppofed  the  taxation  of  America  by  the  Britifh  parlia¬ 
ment,  his  oppofition  proceeded  rather  from  motives  of 
prudence  and  expediency  than  from  any  fettled  con- 
vidlion  that  the  meafure  was  unconftitutional.  But  the 
political  enmity  of  Fox  and  North  had  proceeded,  not 
only  to  perfonal  abufe,  but  to  profeffions  of  mutual  ab¬ 
horrence  ;  and  perhaps  there  was  hardly  an  unprejudi- 
ced  perfon  in  the  kingdom  who  entertained  not  fufpi- 
cions,  that  the  unexpected  union  of  fuch  enemies  was 
cemented  by  a  principle  lefs  pure  than  patriotifm. 

Mr  Pitt  was  now  chancellor  of  the  exchequer ;  and 
when  he  announced  to  the  houfe  of  commons  the  peace 
S  2  which 
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Burke,  wkich  was  concluded  in  January  17^3*  found  the 
— terms  on  which  it  had  been  made  feverely  condemned 
by  North,  Fox,  Burke,  and  all  their  friends.  The  cen- 
fure  pafFed  on  it  by  Lord  North  and  his  followers  was 
perfedlly  confident  with  their  former  condudl,  and  with 
the  opinions  which  they  had  uniformly  maintained  ; 
but  it  was  v^ith  no  good  grace  that  Fox  and  Burke, 
who  had  offered  an  unconditional  peace  to  the  Dutch, 
and  fo  frequently  piopofed  to  recognize  the  indepen¬ 
dence  of  America,  condemned  the  peace  which  had  been 
concluded  by  Lord  Shelburne.  On  this,  as  on  many 
other  occahons,  they  a£fed,  not  as  enlightened  politi¬ 
cians,  but  as  the  rancorous  leaders  of  a  party. 

In  confeqnence  of  a  vote  of  cenfure  paffed  by  the 
commons,  the  minifters  refigned  their  employments,  and 
were  fncceedcd  by  the  duke  of  Portland,  Lord  North, 
Mr  Fox,  Mr  Burke,  and  their  friends.  Burke  had  his 
former  employment  of  paymafterto  the  forces  ;  Lord 
North  and  Mr  Fox  were  fecretaries  of  llate,  and  the 
duke  of  Portland  was  firfl  lord  of  the  treafury.  To 
many  perfons  this  miniftry  had  the  appearance  of  greater 
Hrength  than  any  that  had  governed  the  kingdom  fince 
the  time  of  Sir  Robert  Walpole  ;  but  its  duration  was 
not  longer  than  that  of  the  preceding.  On  the  i8th  of 
November,  Mr  Fox  introduced  his  famous  India-bill, 
into  the  merits  of  which  it  is  foreign  from  our  piirpofe 
to  enter:  fuffice  it  to  fay,  that  after  being  ftrongly  flip- 
ported  by  Burke,  and  ably  oppofed  by  Pitt  and  Dun- 
das,  it  paffed  thedionfe  of  commons  by  a  very  great  ma- 
iority  ;  but  was  loft  in  the  hoiife  of  peers,  and  viewed 
by  the  king  in  fuch  a  light,  that  he  determined  on  an 
entire  change  of  adminiftration. 

Mr  Pitt  was  now  placed  at  the  head  of  the  treafury, 
where  he  has  remained  ever  fince  (  1800),  notwithftand- 
ing  the  violent  and  powerful  oppohtion  which  he  met 
with  at  firft  from  North  and  Fox  and  their  coalefced 
friends  :  the  voice  of  the  nation  has  been  on  his  fide  ; 
and  that  voice  will  alvs''ays  drowm  the  bellowings  or  pa¬ 
triot  ifm. 

Tbe  principal  events  in  which  Burke  fignalized  him- 
felf,  fince  the  year  j784,  were  the  trial  of  Haftings, 
the  deliberations  of  the  houfe  on  the  propofed  regency 
during  the  lamented  illnefs  of  the  king,  and  the  French 
revolution  ;  and  on  each  of  thefe  occafions  he  difplayed 
talents  which  aftoniftied  the  nation.  He  has.  Indeed, 
been  feverely  blamed  for  the  pertinacity  with  which  he 
profecuted  Mr  Haftings,  and  his  condudt  has  been  at¬ 
tributed  to  very  unworthy  motives  ;  but  of  this  there 
is  neither  proof  nor  probability.  The  temperament  of 
his  mind  was  fuch,  that,  into  whatever  meafure  he  en¬ 
tered,  he  entered  with  a  degree  of  ardour  of  which 
cooler  heads  can  hardly  form  a  conception.  Burke 
was  but  one  member  of  a  committee  which  found,  or 
thought  it  found,  evidences  of  the  guilt  of  Haftings  ; 
and,  in  forming  his  opinion,  it  Is  little  likely  that  he 
ftiould  have  been  biafted  by  intereft  or  refentment,  whofe 
delicate  fenfe  of  redlitude  would  not  permit  him  to  re¬ 
tain  a  penfion  when  he  could  no  longer  fupport  the 
party  of  that  friend  who  had  obtained  it  for  him. 

When  the  eftablifhment  of  a  regency  was  thought 
neceffary,  be  took  the  part,  as  it  was  called,  of  the 
Prince  of  Wales,  in  oppofition  to  the  plan  propofed  by 
Lord  Thurlow  and  the  minifter  ;  and  we  doubt  not 
but  he  was  aifuated  by  the  pureft  principles  :  but  the 
language  which  he  ufed  in  the  houfe  was  vehement, 


and  fome  of  his  cxpreflions  were  highly  indecent.  Our 
regard  for  his  memory  makes  us  wifh  to  forget  them. 

Soon  after  the  recovery  of  the  king,  the  attention  of 
Burke  was  attradled  to"  the  moft  momentous  event  of 
modern  times  ; — an  event  which  has  convulfed  all  Eu¬ 
rope,  and  of  which,  from  the  very  firft,  his  fagacity 
forefaw  the  confequences.  Many  of  his  friends  in  Par¬ 
liament,  as  well  as  numbers  of  wife  and  good  men  out 
of  it,  augured,  from  the  meeting  of  the  ftates-general 
of  France,  great  benefit  to  that  nation,  of  wliicli  the 
government  was  confidered  as  defpotic  and  oppreflive  ; 
and  fome  were  fanguine  enough  to  prognofticate  a  new 
and  happy  order  of  things-  to  all  the  nations  connefted 
with  France,  when  its  government  ftiould  become  more 
free.  Burke  thought  very  differently  :  He  was  well 
acquainted  with  the  genius  of  the  French  people,  and 
with  the  principles  of  thofe  philofophers,  as  they  called 
themfelves,  by  whom  a  total  revolution  in  church  and 
ftate  had  long  been  projedled;  and  from  the  commence¬ 
ment  of  their  career  in  the  conftituent  aflembly,  when 
they  eftabliflied,  as  the  foundation  of  all  legal  govern¬ 
ment,  the  metaphyfical  dodrine  of  the  rights  of  man^  he 
predided  that  torrent  of  anarchy  and  irreligion  which 
they  have  fince  attempted  to  pour  over  all  Europe. 
Fox  and  fome  of  the  other  leading  men  in  oppofition 
affeded  to  confider  this  as  a  vain  fear  ;  and  a  coolnefs 
took  place  between  them  and  Burke,  though  they  ftlll 
aded  together  In  Parliament.  At  laft,  perceiving  the 
French  dodrines  of  liberty  and  equality,  and  athelfm, 
fpreading  through  this  nation,  not  only  among  thofe 
wdio  had  talents  for  fuch  dlfquifitions,  but  in  clubs  and 
focieties,  of  which  the  members  could  be  no  judges  of 
metaphyfical  reafonings,  he  expreffed  his  apprehenfion 
of  the  confequences  in  the  houfe  of  commons.  This 
brought  on  a  violent  altercation  between  him  and  Fox, 
who  was  fupported  by  Sheridan  ;  and  a  rupture  took 
place  between  thefe  old  friends  which  v/as  never  healed. 
He  no  more  attended  the  meetings  of  the  oppofition 
members  ;  and  in  1790  he  publifhed  his' celebrated  Re- 
JleBwns  on  the  French  Resolution, 

By  the  friends  of  government  this  work  was  admired 
as  the  moft  feafonable,  as  well  as  one  of  the  ableft,  de¬ 
fences  of  the  Britifti  conftitution  that  ever  was  written,* 
vvhilft  Fox  and  his  friends,  with  the  great  body  of  Eng- 
llfh  diftenters,  though  they  admitted  it  to  be  the  off- 
fpring  of  uncommon  genius,  affedfed  to  confider  it  as 
declamatory  rather  than  argumentative,  and  as  incon- 
lifteiit  with  the  principles  which  its  author  had  hitherto 
uniformly  maintained.  Many  anfwers  were  written  to 
it ;  of  which  the  moft  confpicuous  were  Vindicice  Gallica 
by  Mr  Mac  Tntofh,  and  "The  Rights  of  Man  by  Thomas 
•  Paine.  To  thefe  Burke  deigned  not  to  make  a  diredf 
reply.  He  vindicated  his  general  principles,  as  well  as 
fome  of  his  particular  reafonings,  in  A  Letter  to  a  Mem¬ 
ber  of  the  National  AJfemhly  ;  and  he  very  completely 
evinced  the  confiftency  of  his  principles  in  his  Appeal 
from  the  New  to  the  Old  Whigs, 

Of  this  great  work,  for  great  it  undoubtedly  is,  the 
merits  as  well  as  the  demerits  have  been  much  exagge¬ 
rated  ;  and  fome  have  made  it  a  queftion, 
has  on  the  whole  been  produdlive  of  good  or  harm  ? 
By  the  enemies  of  the  author,  it  is  reprefented  as  ha- 
ving  given  rife  to  the  fpint  of  difeontent,  by  exciting 
fuch  writers  as  Paine  and  his  adherents,  who,  but  for 
the  provocation  given  by  The  Refe^knsy  might  have 

remained 
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Barke.  remained  in  filencc  and  obfcurity.  This  was  from  the 
—  V  '  '  lirft  a  very  improbable  fuppofition  ;  for  the  fpirit  of  de¬ 
mocracy  has  at  all  times  been  reftlefs  :  but  fince  the  ap¬ 
pearance  of  Profeflbr  Robifon’s  Proofs  of  a  Confpiracyy 
and  BarruePs  Hiflory  of  yacohtntfrn,  it  muft  be  known 
to  every  reader  to  be  a  fuppofition  contrary  to  fa6t. 
The  confpirators  were  bufy  long  before  Burke  wrote 
his  RefleBions ;  and  the  friends  of  order  and  religion 
are  his  debtors,  for  having  fo  forcibly  roufed  them  from 
their  flumber,  and  put  them  on  their  guard.  -  With  re- 
fpe6t  to  compoiition,  it  is  certainly  neither  fo  energetic 
nor  fo  argumentative  as  the  political  trads  of  Johnfon, 
to  which  fome  have  affedled  to  confider  it  as  fuperior  ; 
but  it  is  more  poetical,  gives  fcope  for  a  greater  difplay 
of  the  knowledge  of  human  nature;  and,  being  written 
on  a  more  interefting  fubjeC^,  it  has  had  a  much  great¬ 
er  number  of  readers  than  thofe  unrivalled  pieces  of  po¬ 
litical  controverfy. 

Burke  being  now  affociated  with  Mr  Pitt,  continued 
to  write  from  time  to  time  memorials  and  remarks  on 
the  Hate  of  France,  and  the  alliance  that  was  formed 
againll  the  new  order  of  things  in  that  diftraded  coun¬ 
try,  of  which  fome  have  been  publiihed  fince  his  death  ; 
and  having  refolved  to  quit  the  buftle  of  public  life  as 
foon  as  the  trial  of  Mr  Haftings  fhould  be  concluded, 
he  vacated  his  feat  when  that  gentleman  was  acquitted, 
and  retired  to  his  villa  at  Beaconsfield,  where,  on  the 
2d  of  Auguft  1794,  he  met  with  a  heavy  domellic  lofs 
in  the  death  of  his  only  fon.  In  the  beginning  of  the 
fame  year  he  had  loft  his  brother  Richard,  whom  he 
tenderly  loved  :  but  though  this  reiterated  ftroke  of 
death  deeply  affedled  him,  it  never  relaxed  the  vigour 
of  his  mind,  nor  leffened  the  intereft  which  he  took  in 
the  public  weal. 

In  this  retreat,  while  lie  was  labouring  for  the  good  of 
all  around  him,  he  was  difturbed  by  a  very  unprovoked 
attack  upon  his  character  by  fome  diftinguifiied  fpeakers 
in  the  houfe  of  Peers.  Soon  after  the  death  of  his  fon  the 
king  was  gracioufly  pleafed  to’  beftow  a  penfion  on  him 
and  Mrs  Burke;  and  this  thofe  noble  lords  were  pleafed 
to  reprefent  as  the  reward  of  what  they  termed  the  change 
of  his  principles  and  the  defertion  of  his  friends.  The 
injuftice  of  this  charge  muft  be  obvious  to  every  impar¬ 
tial  mind,  fince  the  penfion  was  given  after  he  had  re¬ 
tired  from  parliament,  and  could  not  by  his  eloquence 
either  fupport  the  miniftry  or  gall  the  oppofition.  He 
was  not  a  man  to  fubmit  tamely  to  fuch  an  infult.  He 
publiihed  a  letter  on  the  occafion,  addreffed  to  a  noble 
lord  (Earl  Fitzwilliam),  in  which  he  repels  the  attack 
on  his  charadler,  and  retaliates  on  thofe  by  whom  it  was 
made,  in  terms  of  fuch  eloquent  and  keen  farcafm,  as 
will  be  read  with  admiration  as  long  as  the  language  of 
the  letter  (hall  be  underftood. 

Burke  having  employed  every  effort  which  benevo¬ 
lence  and  wifdom  could  devife  to  ftimulate  civilized  go¬ 
vernments  to  unite  in  oppofition  to  the  impiety  and 
anarchy  of  France,  laboured  likewife  in  private  to  re¬ 
lieve  thofe  who  had  fuffered  exile  and  profeription  from 
the  direful  fyftem.  Through  his  influence  a  fchool  was 
eftablifhed  in  his  neighbourhood  for  the  education  of 
thofe  whofe  parents,  for  their  adherence  to  principle, 
were  rendered  unable  to  afford  to  their  children  ufeful 
mftrudion  ;  and  that  fchool,  which  on  his  deathbed  he 
recommended  to  Mr  Pitt,  continues  to  ftourilh  under 
his  powerful  prote(ftion.. 


When  the  appearance  of  melioration  in  the  principles 
and  government  of  France  induced  our  fovereign  to 
make  overtures  of  peace  to  the  French  diredtory,  Burke 
refumed  his  pen  ;  and  in  a  feries  of  letters,  intitled, 
P'hot^ghts  on  the  PrcfpeB  of  a  Regicide  Peace^  difplay ed 
a  force  of  genius  which  is  certainly  not  furpaffed,  and 
perhaps  not  equalled,  even  in  bis  far-famed  RefeBions  on 
the  French  Revolution.  This  was  his  laft  work,  and 
was  confidered  by  himfelf  as  in  its  nature  teftamen- 
tary. 

From  the  beginning  of  June  1797  his  health  rapidly 
declined  ;  but  his  underftanding  exerted  itfelf  with  un- 
diminifhed  force  and  uncontradled  range  ;  and  his  dif- 
pofitions  retained  all  their  amiable  fweetnefs.  On  the 
7th  of  July,  when  the  French  revolution  was  mentioned, 
he  fpoke  with  pleafure  of  the  confeious  redlitude  of  his 
own  intentions  in  what  he  had  done  and  written  refpedl- 
ing  it ;  entreated  thofe  about  him  to  believe,  that  if  any 
unguarded  expreflion  of  his  on  the  fubjedl  had  offended 
any  of  his  former  friends,  no  offence  was  by  him  in- 
tended  ;  and  he  declared  his  unfeigned  forgivenefs  of  all 
who  had  on  account  of  his  writings,  or  for  any  other' 
caiife,  endeavoured  to  do  him  an  injury.  On  the  day 
following  he  defired  to  be  carried  to  another  room  ; 
and  whilft  one  of  his  friends,  aftifted  by  fome  fervants, 
was  complying  with  his  reqneft,  Mr  Burke  faintly  ut¬ 
tering,  “  God  blefs  you,”  fell  back  and  expired  in  the 
68th  year  of  his  age. 

From  this  detail,  we  truft  that  our  readers  are  already 
fufficiently  acquainted  with  his  general  charader.  In 
genius,  variety  of  knowledge,  and  readinefs  of  expref- 
fion,  Johnfon  alone  of  all  his  contemporaries  could  be 
confidered  as  his  rival  ;  and,  like  that  great  man,  he 
took  every  opportunity,  efpecially  during  his  laft  illnefs, 
to  declare  his  unfiiaken  belief  of  the  Chriftian  religion, 
his  veneration  for  fincere  Chriftians  of  all  peifuaffons, 
and  his  own  preference  of  the  church  of  England.  On 
the  worHiip  of  that  church  he  had  indeed  thrci?gh  the 
whole  of  his  life  been  a  regular  and  devout  attendant  ; 
and  the  teais  which  the  poor,  in  the  neighbourhood  oi 
his  villa,  filed  at  his  funeral,  gave  fufticient  evidence  that 
his  faith  had  been  produdive  of  charity.  In  his  public 
condud,  the  irritability  of  his  temper,  and  the  ardour 
of  his  imagination,  fometimes  hurried  him  into  the  e» 
cefies  of  a  mere  party-man;  hut  we  believe  that  his 
great  religious  and  political  principles  never  varied.  He 
has  himfelf  charaderifed  his  public  condud  in  the  con- 
clufion  of  his  Refledions  on  the  French  Revolution, 
when  he  fays,  that  ‘‘  they  come  from  one  who  has  been 
no  tool  of  power,  no  flatterer  of  greatnefs,  and  who  in 
his  laft  ads  does  not  wifii  to  belie  the  tenor  of  his  life; 
from  one  who  wifiies  to  preferve  confiftency,  but  who 
would  preferve  confiftency  by  varying  his  means  to  fe- 
cure  the  unity  of  his  end  ;  and  when  the  equipoife  of 
the  yeffel  in  which  he  fails  may  be  endangered  by  over- 
loading  it  upon  one  fide,  is  defirous  of  carrying  tli'^ 
fmall  weight  of  his  reafons  to  that  which  may  preferve 
the  equipoife.”  ^  ^ 


^  ^james,  i:.iq;J,  better  known  by  th 

title  of  Lord  Monhoddo,  defeended  from  an  ancient  fa 
“‘Jy  ‘  r  Mearns  in  Scotland.  He  tvas  lit 

eldeft  fon  of  Arthur  Burnet,  Efq;  of  Monboddo,  wher. 
he  was  born  m  the  year  lyiq.  After  palTing  througl 
the  ufual  courfe  of  fchool  education,  he  profecuted  H 
fiudies  at  the  univeruties  of  Aberdeen,  Edinburgh,  an 


Eeydta,. 


Burke, 

Eurnet. 
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Burnet.  Leyden,  with  dlftinguiOied  reputation 
-v^-^  ted  an  advocate  in  1737  ;  and  on  the  I2th  of  February 
1767,  he  was  raifed  to  the  bench,  by  the  title  of  Lord 
Monboddo,  in  the  room  of  Lord  Milton,  appointed  a 
iudpe  the  4th  of  June  1742,  and  who  had  fucceeded 
'sir  John  Lauder  of  Fountainliall,  admitted  November 
I.  1689  ;  fo  that  he  was  only  the  third  judge  in  fuceef- 
fion  fince  the  revolution.  ,  ,  •  1 

Before  his  promotion  to  the  bench,  he  had  married 
Mifs  Farquharfon,  a  very  amiable  woman,  by  whom  he 
had  a  fon  and  two  daughters ;  whom,  without  regard¬ 
ing  the  difference  of  climate,  he  reared  as  the  children 

of  ancient  Greece  were  reared.  ^ 

From  early  youth  Lord  Monboddo's  application  to 
literary  and  juridical  ftudies  was  feverely  diligent.  Be- 
twccii  clafiical  literature  and  the  law  of  Scotland,  there 
exifls  a  llrong  connexion,  arifing  from  the  adoption  of 
the  forms  and  maxims  of  the  civil  law  of  the  Romans, 
by  the  ancient  legiflators  and  judges  of  Scotland.  Ac¬ 
cordingly,  while  Mr  Burnet  rofe  into  reputation  as  a 
lawyer,  he  at  the  fame  time  improved  into  profound 
erudition  that  knowledge  of  the  Greek  and  Roman 
authors  which  he  had  acquired  at  fchool  and  the  uni- 
verfity  ;  and  his  partiality  to  the  Greek  language  could 
not  fail  to  be  ftrengthened  by  his  frequent  converfa- 
tions  with  Dr  Blackwell,  the  celebrated  profefTor  of 
that  language  in  the  Marifchal  College  and  Univcrfity 
of  Aberdeen. 

His  favourite  ftudies,  however,  were  not  fuffered  to 
interfere  with  his  duty  as  a  judge.  In  his  native  coun¬ 
ty,  his  integrity  as  Sheriff  will  be  long  remembered  ; 
and  during  the  whole  time  that  he  was  a  Lord  of  Sef- 
fion,  he  difeharged  the  duties  of  his  high  office  with  an 
aftidulty,  a  patience,  a  clear  intelligence,  and  inflexible 
reaitude,  which  did  honour  to  the  court  of  which  he 
was  a  judge.  Like  others,  he  was  liable  to  error; 

*  but  neither  the  awe  of  power,  the  blandifhments  of  flat¬ 
tery,  nor  even  compaffiion  for  diftrefs,  could  turn  Lord 
Monboddo  afide  from  what  he  believed  to  be  the  courfe 

of  juftice.  r  r  rr 

Several  of  the  judges  of  the  court  of  feflion  were  at 

that  period  ambitious  of  ftiining  among  philofophers 
and  men  of  tafte  ;  and  Lord  Karnes's  Elements  of  CrU 
ticijm  ‘\%  a  work  which  will  be  long  read,  and  always  ad¬ 
mired.  It  was  not,  however,  admired  by  Lord  Mon- 
boddo  ;  and  he  determined  to  vindicate  the  fuperiority 
of  the  ancients  over  the  moderns,  as  well  in  philofophy  as 
in  belles  lettrea.  With  this  view  he  publifhed,  in  1773, 
the  firft  volume  of  his  Origin  and  Progress  of  Lan¬ 
guage  ;  which  was  perufed  with  mingled  fentirnents  of 
refpea  and  indignation.  It  was  better  received  in  Eng- 
land  than  in  his  own  country  ;  and  notwithftanding  the 
ridicule  brought  upon  him  by  his  belief  in  the  exiftence 
of  mermen^  and  men  ^ttb  tallsy  the  author  felt  himfelf 
fufficiently  encouraged  to  complete  his  plan  in  five  vo¬ 
lumes. 

Having,  as  he  thought,  vindicated  Grecian  literature^ 
he  was  induced  to  undertake  another  great  work  in  de¬ 
fence  of  Grecian  philofophy  ^  again  ft  the  ftill  more  arro¬ 
gant  claims,  as  he  deemed  them,  of  Bacon  and  New¬ 
ton,  with  their  followers.  With  this  view,  he  publKh- 
ed,  at  different  times,  and  in  fix  volumes  4to,  a  work 
in  titled  Ancient  Metaphyfics,  fraught,  it  mu  ft  be  confef- 
fed,  with  much  erudition,  much  good  fenfe,  and,  ftrange 
as  the  combination  may  feem,  with  much  abfurdity.  In 
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He  was  admit-  the  preface  to  the  firft  volume,  he  declares  open  war  Burnet, 
againft  all  modern  writers  of  philofophy,  except 
Harris,  who  was  an  adorer  of  the  ancients  like  himfelf, 

Mr  Baxter,  and  Dr  Cudworth.  He  acknowledges  Bax¬ 
ter's  book  on  the  Immateriality  of  the  Soul  to  be  a 
truly  valuable  work  ;  and  fays  of  Cudworth's  Intelledlual 
Syjlem^  that  he  agrees  with  it  throughout.  There  is 
indeed  fuch  a  coincidence  of  notions  in  the  IntelleBual 
Syflem  and  the  Ancient  Metaphyficsj  that  an  ill-natured 
critic  might  be  tempted  to  fufped,  that  every  thing 
valuable  in  the  latter  was  borrowed  from  the  former. 

The  Ancient  Metaphyfics  had  few  admirers  in  Scot¬ 
land  ;  but  it  procured  for  its  author,  from  a  fcholar  of 
Oxford,  we  think  Mr  Huntingford,  the  title  of  ax\of 
His  Lordfhip  continued  to  cultivate  what 
he  called  Greek  philofophy y  and  to  attend  his  judicial  du¬ 
ties,  with  indefatigable  diligence  till  within  a  few  days 
of  his  death,  which  happened  at  his  houfe  in  Edinburgh, 
on  the  26th  of  May  1799,  at  the  advanced  age  of  85. 

His  private  life  was  fpent  in  the  praftice  of  all  the 
focial  virtues,  and  in  the  enjoyment  of  much  domeftic 
felicity.  Although  rigidly  temperate  in  his  habits  of 
life,  he,  however,  delighted  much  in  the  convivial  focie- 
ty  of  his  friends  ;  and  among  thefe  he  could  number 
almoft  all  the  moft  eminent  of  thofe  who  were  diftin- 
guiihed  in  Scotland  for  virtue,  literature,  or  genuine 
elegance  of  converfation  and  manners.  His  fon,  a  very 
promifing  boy,  in  whofe  education  he  took  great  de¬ 
light,  was  fnatched  away  from  his  affedlions  by  a  pre¬ 
mature  death.  But  when  it  was  too  late  for  forrow 
and  anxiety  to  avail,  the  afflidfed  father  ftifled  the  emo¬ 
tions  of  nature  in  his  breaft,  and  wound  up  the  energies 
of  his  foul  to  the  firmed  tone  of  ftoical  fortitude.  He 
was,  in  like  manner,  bereaved  of  his  excellent  lady,  the 
objed  of  bis  deareft  tendernefs  ;  and  he  endured  the 
lofs  with  a  fimilar  firmnefs,  fitted  to  do  honour  either 
to  philofophy  or  to  religion.  In  addition  to  his  office 
as  a  judge  in  the  court  of  feflion,  an  offer  was  made  to 
him  of  a  feat  in  the  court  of  judiciary.  But  though  the 
emoluments  of  the  office  would  have  made  a  convenient 
addition  to  his  income,  he  refufed  to  accept  it,  left  its 
bufiiiefs  (hould  too  much  detach  him  from  the  purfuit 
of  his  favourite  ftudies. 

The  vacations  of  the  court  of  feflion  afforded  him  fuf- 
ficient  leifure  to  retire  every  year,  in  fpring  and  in  au¬ 
tumn,  to  the  country  ;  and  be  ufed  then  to  drefs  in  a 
ftyle  of  fimplicity,  as  if  he  had  been  only  a  plain  far¬ 
mer  ;  and  to  live  among  the  people  upon  liis  eftate  with 
all  the  kind  familiarity  and  attention  of  an  aged  father 
among  his  grown-up  children.  Although  the  eftate, 
from  the  old  leafes,  did  not  afford  an  income  of  more 
three  or  four  hundred  pounds  a*year,  he  would  never 
raife  the  rents  upon  his  old  tenants,  nor  difplace  an  old 
tenant,  for  the  fake  of  any  augmentation  of  emolument 
offered  by  a  richer  or  more  enterprifing  ftranger  In 
imitation  of  the  rural  economy  of  fome  of  the  ancients, 
whom  he  chiefly  admired,  he  accounted  population  the 
true  wealth  of  an  eftate,  and  was  defirous  of  no  other 
improvement  of  liis  lands,  than  that  of  having  the  num¬ 
ber  of  perfons  that  fhould  refide  upon  them,  and  be  fuf- 
tained  by  their  produce,  fuperior  to  that  of  the  popula¬ 
tion  of  any  equal  portion  of  the  lands  of  his  neighbours. 

It  was  at  Monboddo  that  he  had  the  pleafure  of 
receiving  Dr  Samuel  Johnfon,  with  his  friend  James 
Bofwell,  at  the  time  when  thefe  two  gentlemen  were 

upon 
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Butnct.  upon  their  well-known  Tour  through  the  Highlands 
Scotland.  Johnfon  admired  nothing  in  literature 
fo  much  as  the  difplay  of  a  keen  difcvimination  of  hu¬ 
man  charader,  a  juft  apprehenfion  of  the  principles  of 
moral  aftion,  and  that  vigorous  common  fenfe  which 
is  the  moft  happily  applicable  to  the  ordinary  con- 
dudloflife,  Monboddo  delighted  in  the  refinements, 
the  fubtleties,  the  abftradlions,  the  affedlations,  of  li¬ 
terature  ;  and,  in  comparifon  with  thefe,  defpifed  the 
groffnefs  of  modern  tafte  and  of  common  affairs.  John¬ 
fon  thought  learning  and  fcience  to  be  little  valu¬ 
able,  except  fo  far  as  they  could  be  made  fubfervient 
to  the  piirpofes  of  living  ufefully  and  happily  v/ith 
the  world  upon  its  own  terms.  Monboddo^s  favourite 
fcience  taught  him  to  look  down  with  contempt  upon 
all  fublunary,  and  efpecially  upon  all  modern  things  ; 
and  to  fit  life  to  literature  and  philofopliy,  not  litera¬ 
ture  and  philofophy  to  life.  James  Boiwell,  therefore, 
in  carrying  Johnfon  to  vifit  Monboddo,  probably  thought 
iyi pitting  them  one  againft  another,  as  two  game  cocks, 
and  promifed  himfelf  much  fport  from  the  colloquial 
conteft  which  he  expedled  to  enfue  between  them.  But 
Monboddo  was  too  hofpitablc  and  courteous  to  enter 
into  keen  contention  with  a  ftranger  in  his  own  houfe. 
There  was  much  talk  between  them,  but  no  nngry  con- 
troverfy,  no  exafperatibn  of  titat  diflike  for  each  other’s 
well-known  peculiarities  with  vyhich  they  had  met. 
Johnfon,  it  is  true,  ftill  continued  to  think  Lord  Mon¬ 
boddo  what  he  called  a  prig  in  literature  ;  and  Mon¬ 
boddo  to  cenfure  Johnfon  for  allowing  the  moderns,  in 
fome  things,  to  furpafa  the  ancients. 

Lord  Monboddo  ufed  frequently  to  vifit  London,  to 
which  he  was  allured  by  the  opportunity  that  great  me¬ 
tropolis  affords  of  enjoying  the  converfation  of  a  vaft 
number  of  men  of  profound  erudition.  A  journey  to 
the  capital  became  a  favourite  amufement  of  his  periods 
of  vacation  from  the  biilinefs  of  the  court  to  which  be 
belonged  ;  and,  for  a  time,  he  made  this  journey  once 
a-year.  A  carriage,  a  vehicle  that  was  not  in  common 
ufe  among  the  ancients,  he  confidered  as  an  engine  of 
effeminacy  and  doth,  which  it  w^as  difgraceful  for  a  man 
to  make  ufe  of  in  travelling.  To  be  dragged  at  the 
tail  of  a  horfe,  inft^;>ad  of  mounting  upon  his  back, 
feemed,  in  his  eyes,  to  be  a  truly  fudicrous  degradation 
of  the  genuine  dignity  of  human  nature.  In  all  his 
journeys,  therefore,  between  Edinburgh  and  London, 
he  was  wont  to  ride  on  horfeback,  with  a  (ingle  fervant 
attending  him.  He  continued  this  prafticc,  without 
finding  it  too  fatiguing  for  his  ftrength,  till  he  was  up¬ 
wards  of  eighty  years  of  age.  Within  a  few  years  of 
his  death,  on  his  return  from  a  laft  vilit,  which  he 
made  on  purpofe  to  take  leave  of  all  his  old  friends 
ill  London,  he  became  exceedingly  ill  upon  the  road, 
and  was  unable  to  proceed  ;  and  had  he  not  been  over¬ 
taken  by  a  Scotch  friend,  who  prevailed  upon  him  to 
travel  the  remainder  of  the  way  in  a  carriage,  he  might 
perhaps  have  actually  periihed  by  the  way-fide,  or 
breathed  his  laft  in  fome  dirty  inn. 

In  London,  his  vifits  were  exceedingly  acceptable  to 
all  his  friends,  whether  of  the  literary  or  falhionable 
world.  He  delighted  to  (hew  himfelf  at  court  ;  and 
the  king  is  faid  to  have  taken  a  pleafure  in  converfing 
with  the  old  man  with  a  diftinguifhing  notice  that  could 
not  but  be  very  flattering  to  him.  He  ufed  to  mingle, 
with  great  fatisfadion,.  with  the  learned  and  the  inge¬ 


nious,  at  the  houfe  of  Mrs  Montague.  However,  after  Burn?, 
the  death  of  his  friend  Mr  Harris,  he  found  a  very  fen-  yr— ^ 

Able  diminution  of  the  pleafure  he  had  been  wont  to 
enjoy  in  the  fociety  of  London, 

A  conftitution  of  body,  naturally  framed  to  wear 
well  and  laft  long,  was  ftrengthened  to  Lord  Monbod¬ 
do  by  exercife,  guarded  by  temperance,  and  by  a  tenor 
of  mind  too  firm  to  be  deeply  broken  in  upon  by  thofe 
paffions  which  confume  the  principles  of  life.  In  the 
country  he  always  ufed  much  the  exercifes  of  walking 
in  the  open  air  and  of  riding.  1  he  cold  bath  was  a 
means  of  preferviug  the  health,  to  which  he  had  re- 
courfe  in  all  feafons,  amid  every  feverity  of  the  weather, 
and  under  every  inconvenience  of  indifpofition  or  bufi- 
nefs,  with  a  perfeverance  invincible.  He  was  acenftomed, 
alike  in  winter  and  in  fummer,  to  rife  at  a  very  early- 
hour  in  the  morning,  and,  without  lofs  of  time,  to  be¬ 
take  himfelf  to  ftudy  or  wholefome  exercife.  It  is  faid 
that  he  even  found  the  ufe  of  what  he  called  the  air 
bath,  or  the  pradice  of  occafionally  walking  about,  for 
fome  minutes,  naked,  in  a  room  filled  with  frefh  and 
cool  air,  to  be  highly  falutary.  In  a  word,  if  his  pecu¬ 
liarities  were  (Inking,  his  virtues,  and  learning,  and  ta¬ 
lents,  were  equally  linking ;  and,  taken  altogether,  Lc 
muft  be  confidered  as  a  great  and  a  good  man. 

BURNS  (Robert),  was  a  native  of  Airlhire,  one 
of  the  weftern  counties  of  Scotland.  He  was  the  fon 
of  humble  parents  ;  and  bis  father  paffed  through  life 
in  the  condition  of  a  hired  labourer,  or  of  a  fmall  far¬ 
mer.  Even  in  this  fitiiation,  however,  it  was  not  hard 
for  him  to  fend  his  children  to  the  parifhTchool,  to  re¬ 
ceive  the  ordinary  inftrudlion  in  reading,  writing,  arith¬ 
metic,  and  the  principles  of  religion.  By  this  courfe  of 
education  young  Robert  profited  to  a  degree  that  might 
have  encouraged  his  friends  to  deftiiie  him  to  one  of 
the  liberal  profeffions,  had  not  his  father’s  poverty  made 
it  neceffary  to  remove  him  from  fchool,  as  foon  as  be 
had  grown  up,  to  earn  for  himfelf  the  means  of  fupport 
as  a  hired  ploughboy  or  (hepherd. 

The  expence  of  education  in  the  parilh-fchools  of 
Scotland  is  fo  fmall,  that  hardly  any  parents  who  are 
able  to  labour  want  the  means  of  giving  to  their  child¬ 
ren  at  lead  fiich  education  as  young  Burns  received. 

From  the  fpring  labours  of  a  ploughboy,  from  the 
fummer  employment  of  a  (hepherd,  the  peafant-youth 
often  returns  for  a  few  months,  eagerly  to  purfue  his. 
education  at  the  parilh-fehool. 

It  was  fo  with  Burns:  he  returned  from  labour  to 
learning,  and  from  learning  went  again  to  labour,  till 
his  mind  began  to  open  to  the  charms  of  tafte  and 
knowledge  ;  till  he  began  to  feel  a  paflion  for  books, 
and  for  the  fubjeefts  of  books,  which  was  to  give  a  co- 
lour  to  the  whole  thread  of  his  future  life.  On  nature* 
he  foon  began  to  gaze  with  new  difeernmeut  and  witli 
new  enthufiafm  ;  his  mind’s  eye  opened  to  perceive  af- 
fedling  beauty  and  fublimity,  where,  by  the  mere  grofs 
peafant,  there  was  nought  to  be  feen  but  water,  earth, 
and  (Icy — but  animals,  plants,  and  foil. 

What  might  perhaps  firft  contribute  to  difpofe  his 
mind  to  poetical  efforts,  is  one  particular  in  the  devo¬ 
tional  piety  of  the  Scotti(h  peafantry ;  it  is  ftill  com¬ 
mon  for  them  to  make  their  children  get  by  heart  the 
Pfalms  of  David,  in  that  verfion  of  homely  rhymes 
which  is  ufed  in  their  churches.  In  the  morning  and 
in  the  evening  of  every  day,  or  at  leaft  on  the  evening. 
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Burns,  of  every  Saturday  and  Sunday,  tliefe  Pfalms  are  fung 

— - ia  folemn  family-devbtion,  a  chapter  of  the  Bible  is 

■read,  and  extemporary  jirayer  is  fervently  uttered.  The 
whole  books  of  the  Sacred  Scriptures  are  thus  conti- 
liiially  in  the  hands  of  almoft  every  peafant.  And  it  is 
impofTible  that  there  flionld  not  be  occafionally  fome 
fouls  among  them,  awakened  to  the  divine  emotions  of 
genius  by  that  rich  afierablage  which  thofe  books  pre- 
fent,  of  almoll  all  that  is  interefting  in  incidents,  or  pic- 
turefque  in  imagery,  or  affedingly  fiiblime  or  tender  in 
fentime nts  and  charadler.  It  is  impoflible  that  thofe 
rude  rhymes,  and  flie  fimple  artlefs  mufic  with  which 
they  are  accompanied,  fhould  not  occafionally  excite 
fome  ear  to  a  fond  perception  of  the  melody  of  verfe. 
That  Burn^  had  felt  thefe  impulfes,  will  appear  unde¬ 
niably  certain  to  whoever  (hall  carefully  perufe  his  Cot- 
tar*s  Saturdays  Night ;  or  fiiall  remark,  with  nice  ob- 
fervation,  the  various  fragments  of  Scripture  fentiment, 
of  Scripture  imagery,  of  Scripture  language,  which 
arc  fcattered  throughout  his  works. 

Still  more  interefting  to  the  young  peafantry  arc 
thofe  ancient  ballads  of  love  and  war,  of  which  a  great 
number  are,  in  the  fouth  of  Scotland,  yet  popularly 
known,  and  often  fung  by  the  riiftic  maid  or  matron  at 
her  fpinning-wheel.  They  are  liftened  to  with  ravifhed 
ears  by  old  and  young.  Their  rude  melody  ;  that 
mingled  curiofity  and  awe  which  are  naturally  excited 
by  the  very  idea  of  their  antiquity  ;  the  exquifitely 
tender  and  natural  complaints  fometimes  poured  forth 
in  them  ;  the  gallant  deeds  of  knightly  heroifm,  which 
they  fometimes  celebrate  ;  their  wild  tales  of  demons, 
ghofts,  and  fairies,  in  whofe  exiftence  fuperftition  alone 
has  believed  j  the  manners  which  they  reprefent ;  the 
obfolete,  yet  pidurefque  and  expreflive,  language  in 
which  they  are  often  clothed — give  them  wonderful 
power  to  tranfport  every  imagination,  and  to  agitate 
every  heart.  To  the  foul  of  Burns  they  were  like  a 
happy  breeze  touching  the  wires  of  an  JEolian  harp, 
and  calling  forth  the  moft  ravi(hing  melody. 

Befide  all  this,  the  Gentle  Shepherd,  and  the  other 
poems  of  Allan  Ramfay,  have  long  been  highly  popu¬ 
lar  In  Scotland.  They  fell  early  into  the  hands  of 
Burns  ;  and  while  the  fond  applaufe  which  they  recei¬ 
ved  drew  his  emulation,  they  prefented  to  him  like- 
wife  treafures  of  phrafeology  and  models  of  verfifica- 
tion.  He  got  acquainted  at  the  fame  time  with  the 
poetry  of  Robert  Fergufon,  written  chiefly  in  the  Scot- 
tilh  dialed,  and  exhibiting  many  fpecimeiis  of  Uncom¬ 
mon  poetical  excellence.  The  Seafons  of  Thomfon 
too,  the  Grave  of  Blair,  the  far-famed  Elegy  of  Gray, 
the  Paradife  Loft  of  Milton,  perhaps  the  Minftrel  of 
Beattie,  were  fo  commonly  read,  even  among  thofe 
with  whom  Burns  would  naturally  affociate,  that  poe¬ 
tical  curiofity,  although  even  lefs  ardent  than  his,  could 
in  fuch  circumftances  have  little  difficulty  in  procuring 
them. 

With  fuch  means  to  give  his  imagination  a  poetical 
bias,  and  to  favour  the  culture  of  his  tafte  and  genius. 
Burns  gradually  became  a  poet.  Jdc  was  not,  however, 
one  of  thofe  forward  children  who,  from  a  miftaken  im- 
piilfe,  begin  prematurely  to  write  and  to  rhyme,  and 
hence  never  attain  to  excellence.  Cohverfing  familiarly 
for  a  long  while  with  the  works  of  thofe  poets  who 
were  known  to  him  ;  contemplating  the  afped  of  na¬ 
ture  in  a  diftrid  which  exhibits  an  uncommon  afiem- 
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blage  of  the  beautiful  and  the  ruggedly  grand,  of  the 
cultivated  and  the  wild  ;  looking  upon  human  life  with 
an  eye  quick  and  keen,  to  remark  as  well  the  ftronger 
and  leading,  as  the  nicer  and  fubordinate,  features  of 
charader  ;  to  diferiminate  the  generous,  the  honour¬ 
able,  the  manly,  in  condud,  from  the  ridiculous,  the 
bafe,  and  the  mean — he  was  diftinguifhed  among  his 
fellows  for  extraordinary  intelligence,  good  fenfe,  and 
penetration,  long  before  others,  or  perhaps  even  him- 
felf,  fufpeded  him  to  be  capable  of  writing  verfes.  His 
mind  was  mature,  and  well  ftored  with  fuch  knowledge 
as  lay  within  his  fearch  :  he  had  made  himfelf  mafter  of 
powers  of  language,  fuperior  to  thofe  of  almoft  any  for¬ 
mer  writer  in  the  Scottifh  dialed,  before  he  conceived 
the  idea  of  furpaffing  Ramfay  and  Fergufon. 

Hitherto  he  had  converfed  intimately  only  with  pea- 
fants  on  his  own  level ;  but  having  got  admiffion  into 
the  fraternity  of  free  mafons,  he  had  the  fortune,  whe¬ 
ther  good  or  bad,  to  attrad  in  the  lodges  the  notice  of 
gentlemen  better  qualified  than  his  more  youthful  com¬ 
panions  to  call  forth  the  powers  of  his  mind,  and  to 
(how  him  that  he  was  indeed  a  poet.  A  mafonic  fong, 
a  fatirical  epigram,  a  rhyming  epiftle  to  a  friend,  at¬ 
tempted  with  fuccefs,  taught  him  to  know  his  own 
powers,  and  gave  him  confidence  to  try  taflis  more 
arduous,  and  which  fhould  command  ftill  higher  burfts 
of  applaufe. 

The  annual  celebration  of  the  facrament  of  the  Lord’s 
Supper,  in  the  rural  parlflies  of  Scotland,  has  much  in  it 
of  thofe  old  popifh  feftlvals,  in  which  fuperftition,  traffic, 
and  amufement,ufed  to  be  ftrangely  intermingled.  Burns 
faw,  and  feized  in  it  one  of  the  happieft  of  all  fubjeds, 
to  afford  fcope  for  the  dlfplay  of  that  ftrong  and  pier¬ 
cing  fagacity  by  which  he  could  almoft  intuitively  di- 
ftinguifli  the  reafonable  from  the  abfurd,  and  the  beco- 
coming  from  the  ridiculous;  of  that  pldurefque  power  of 
fancy,  which  enabled  him  to  reprefent  feenes,  and  per- 
fons,  and  groupes,  and  looks,  attitude,  and  geftures,  in 
a  manner  almoft  as  lively  and  Impreffive,  even  in  words, 
as  if  all  the  artifices  and  energies  of  the  pencil  had  been 
employed  ;  of  that  knowledge  which  he  had  neceffarily 
acquired  of  the  manners,  paffions,  and  prejudices  of  the 
ruftics  around  him,  of  whatever  was  ridiculous,  no  lefs 
than  of  whatever .  was  affedingly  beautiful  in  rural 
life. 

A  thoufand  prejudices  of  PopKh,  and  perhaps  too  of 
ruder  Pagan  fuperftition,  have  from  time  immemorial 
been  connedled  in  the  minds  of  the  Scottifh  peafantry, 
with  the  annual  recurrence  of  the  Eve  of  the  Feftival  of 
all  the  Saints  or  Halloween.  Thefe  were  all  intimate¬ 
ly  known  to  Burns,  and  had  made  a  powerful  impref- 
fion  upon  his  imagination  and  feelings.  He  chofc  them, 
for  the  fubjedl  of  a  poem,  and  produced  a  piece  which 
is  almoft  to  frenzy  the  delight  of  thofe  who  are  beft  ac¬ 
quainted  with  its  fubjeft  ;  and  which  will  not  fail  to 
preferve  the  memory  of  the  prejudices  and  ufages  wdiich 
it  deferibes,  when  they  fliall  perhaps  have  ceafed  to  give 
one  merry  evening  in  the  year  to  the  cottage  fire- 
fide. 

The  fimple  joys,  the  honeft  love,  the  fincere  friend- 
fhip,  the  ardent  devotion  of  the  cottage  ;  whatever  in 
the  more  folemn  part  of  the  ruftic’s  life  is  humble  and 
artlefs,  without  being  mean  or  unfeemly — or  tender  and 
dignified,  without  afplring  to  ftilted  grandeur — or  to 
unnatural,  bulldned  pathos,  had  deeply  impreffed  the 
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imagination  of  the  riling  poet;  had,  in 
wrought  itfelf  into  the  very  texture  of  the  fibres  of  his 
foul.  He  tried  to  exprefs  in  verfe  what  he  moll  ten¬ 
derly  felt,  what  he  moll  entliufiaflically  imagined  ;  and 
produced  the  Cottar* s  Saturday  Night. 

Thefe  pieces,  the  true  effufions  of  genius,  informed 
by  reading  and  obfervation,  and  prompted  by  its  own 
native  ardour,  as  well  as  by  friendly  applaufe,  were 
foon  handed  about  among  the  moft  difcerning  of  Biirns’s 
acquaintance  ;  and  were  by  every  new  reader  perufed, 
and  reperufed,  with  an  eagernefs  of  delight  and  appro¬ 
bation  which  would  not  fuffer  their  author  long  to  with¬ 
hold  them  from  the  prefs.  A  fubfcription  was  propofed, 
was  earrieftly  promoted  by  fome  gentlemen,  who  were 
glad  to  interell  themfelves  in  behalf  of  fuch  fignal  poe¬ 
tical  merit ;  was  foon  crowded  with  the  names  of  a 
confiderable  number  of  the  inhabitants  of  Airlhire,  wdio 
in  the  proffered  purchafe  fought  not  lefs  to  gratify 
their  own  paflion  for  Scottilh  poefy,  than  to  encourage 
the  wonderful  ploughman.  At  Kilmarnock  were  the 
poems  of  Burns  for  the  firll  time  printed.  The  whole 
edition  was  quickly  diftributed  over  the  country. 

It  is  hardly  pofiible  to  exprefs  with  what  eager  ad¬ 
miration  and  delight  they  were  everywhere  received.— 
They  eminently  poffeffed  all  thofe  qualities  which  the 
moft  invariably  contribute  to  render  any  literary  work 
quickly  and  permanently  popular.  They  were  written 
in  a  phrafeology,  of  which  all  the  powers  were  univer- 
fally  felt  ;  and  which  being  at  once  antique,  familiar, 
and  now^  rarely  written,  was  hence  fitted  to  ferve  all 
the  dignified  and  pidlurefque  ufes  of  poetry,  without 
making  it  unintelligible.  The  imagery,  the  fentiments, 
were  at  once  faithfully  natural,  and  irrefiftibly  impreflive 
and  interefting.  Thofe  topics  of  fatire  and  fcandal  in 
which  the  ruftic  delights  ;  that  humorous  imitation  of 
charadler,  and  that  witty  affociation  of  ideas  familiar, 
and  ftriking,  yet  not  naturally  allied  to  one  another, 
which  has  force  to  ftiake  his  fides  with  laughter  ;  thofe 


fancies  of  fuperftifion,  at  which  he  ftill  wonders  and 
trembles;  thofe  affedling  fentiments  and  images  of  true 
religion,  which  are  at  once  dear  and  awful  to  his  heart 
—were  all  reprefented  by  Burns  with  all  a  poet^  magic 
power.  Old  and  young,  high  and  low^  grave  and  gay, 
learned  or  ignorant,  all  were  alike  delighted,  agitated, 
tranfported. 

In  the  mean  time,  fome  few  copies  of  thefe  fafclna- 
ting  poems  found  their  way  to  Edinburgh;  and  having 
been  read  to  Dr  Blacklock,  they  obtained  his  warmeft 
approbation.  In  the  beginning  of  the  winter  1^86-7 
Burns  went  to  Edinburgh,  where  he  was  received  by 
Dr  Blacklock  with  the  moft  flattering  kindnefs,  and 
in^troduced  to  every  man  of  generofity  and  tafte  among 
that  good  man’s  friends.  Multitudes  now  vied  with 
each  other  in  patronizing  the  ruftic  poet.  Thofe  who 
poffeffed  at  once  true  tafte  and  ardent  philanthropy 
were  foon  earneftly  united  in  his  praife  :  they  who  were 
difpofed  to  favour  any  good  thing  belonging  to  Scot¬ 
land,  purely  becaufe  it  was  Scottilh,  gladly  joined  the 
cry  ;  thofe  who  had  hearts  and  underftanding  to  be 
charmed,  without  knowing  why,  when  they  faw  their 
native  cuftoms,  manners,  and  language,  made  the  fub- 
jefts  and  the  materials  of  poefy,  could  not  fupprefs  that 
voice  of  feeling  which  ftruggled  to  declare  itfelf  for 
Burns  ;  for  the  diflipated,  the  licentious,  the  malignant 
wits,  and  the  freethinkers,  he  was  fo  unfortunate  as  to 
SupPL.  VoL.  I,  Part.  I. 
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fome  fort,  have  fatirc,  and  obfcenity,  and  ridicule  of  things  facred, 
fuflicient  to  captivate  their  fancies  ;  even  for  the  pious  ' 
he  had  paffages  in  which  the  infpired  language  of  de¬ 
votion  might  feem  to  come  mended  from  his  pen. 

^  T.  hus  did  Burns,  ere  he  had  been  many  weeks  in  E- 
dinburgh,  find  himfelf  the  objedl  of  univerfal  curiofity, 
favour,  admiration,  and  fondnefs.  He  was  fought  after, 
courted  with  attentions  the  moft  refpeeftful  and  affidu- 
ous,  feafted,  flattered,  careffed,  treated  by  all  ranks  as 
the  firft  boaft  of  his  country,  whom  it  was  fcarcely  pof- 
fible  to  honour  and  reward  to  a  degree  equal  to  his 
merits.  In  comparifon  with  the  general  favour  which, 
now'  promifed  to  more  than  crown  his  moft  fanguine 
hopes,  it  could  hardly  be  called  praife  at  all  w^hich  he 
had  obtained  in  Aiifliire. 

^  In  this  pofture  of  our  poet’s  affairs  a  new  edition  of 
his  poems  was  earneftly  called  for.  He  fold  the  copy¬ 
right  for  one  hundred  pounds  ;  but  his  friends  at  the 
fame  time  fuggefted,  and  a£lively  promoted,  a  fubfcrip¬ 
tion  for  an  edition,  to  be  publilhed  for  the  benefit  of 
the  author,  ere  the  bookfeller’s  right  fliould  commence. 
Thofe  gentlemen  who  had  formerly  entertained  the  pub¬ 
lic  of  Edinburgh  with  the  periodical  publication  of  the 
papers  of  the  Mirror^  having  again  combined  their  ta¬ 
lents  in  producing  the  Lounger,  were  at  this  time  about 
to  conclude  this  laft  feries  of  papers;  yet  before  the 
Lounger  relinquiflied  his  pen,  he  dedicated  a  number  to 
a  commendatory  criticifm  of  the  poems  of  the  Airfhire 
bard. 

The  fubfeription-papers  were  rapidly  filled;  and  it 
w^as  fuppofed  that  the  poet  might  derive  from  the  fub¬ 
fcription  and  the  fale  of  his  copy-right  a  clear  profit  of 
at  leaft  700  pounds. 

The  converfation  of  even  the  moft  eminent  authors 
is  often  found  to  be  fo  unequal  to  the  fame  of  their 
writings,  that  he  who  reads  with  admiration  can  lifteii 
with  none  but  fentiments  of  the  moft  profound  contempt. 
But  the  converfation  of  Burns  was,  in  comparifon  with 
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the  formal  and  exterior  circumftances  of  his  education, 
perhaps  even  more  wonderful  than  his  poetry.  .  He  af- 
fedled  no  foft  air  or  graceful  motions  of  politenefs, 
which  might  have  ill  accorded  with  the  ruftic  plalnnefs 
of  his  native  manners.  Confeious  fuperiority  of  mind 
taught  hiiu  to  affociate  with  the  great,  the  learned,  and 
tlie  gay,  without  being  overawed  into  any  fuch  bafliful- 
nefs  as  might  have  made  him  confufed  in  thought,  or 
hefitating  in  elocution.  He  poffeffed  withal  an  extra¬ 
ordinary  fliare  of  plain  common  fenfe  or  mother-wit, 
which  prevented  him  from  obtruding  upon  perfons,  of 
whatever  rank  with  whom  he  was  admitted  to  converfe, 
any  of  thofe  effufions  of  vanity,  envy,  or  felf  conceit,  iii 
which  authors  are  exceedingly  apt  to  indulge,  who  have 
lived  remote  from  the  general  pradiceof  life,  and  whofe 
minds  have  been  almoft  exclufively  confined  to  contem¬ 
plate  their  ovvn  ftudies  and  their  own  works.  In  con¬ 
verfation  he  difplayed  a  fort  of  intuitive  quicknefs  and 
reditiide  of  judgment  upon  every  fubjed  that  arofe. 
Hie  fenhbility  of  his  heart,  and  the  vivacity  of  his  fan- 
cy,  gave  a  rich  colouring  to  whatever  reafoning  he  was 
difpofed  to  advance  ;  and  hi's  language  in  converfation 
was  not  at  all  lefs  happy  than  in  his  waitings.  For 
th^e  reafons,  thofe  who  had  met  andconverfed  with  him 
once,. were  pleafed  to  meet  and  to  converfe  with  him 
again  and  again. 

For  fome  time  he  converfed  only  with  the  virtuous, 
T  the 
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his  illnefs,  he  was  recommended  with  effeiSE  to  the  com- 
mifiloners  of  excife  ;  and  Patrick  Millar,  Efq.  of 
fwinton,  deceived,  like  Burns  himfelf  and  Burnses  other 
friends,  into  an  idea  that  the  poet  and  excifeman  might 
yet  be  refpedable  and  happy  as  a  farmer,  generoufly 
propofed  to  eftablifh  him  in  a  farm,  upon  conditions  of 
leafe  which  prudence  and  induftry  might  eafily  render 
exceedingly  advantageous.  Burns  eagerly  accepted  the 
offers  of  this  benevolent  patron.  1!  wo  of  the  poet  s 
friends  from  Airfhire  were  invited  to  furvey  that  farm 
in  Dumfriesfhire  which  Mr  Millar  offered.  A  leafe 
was  granted  to  the  poetical  farmer  at  that  animal  rent 
which  his  own  friends  declared  that  the  due  cultivation 
of  his  farm  might  eafily  enable  him  to  pay.  What  yet 
remained  of  the  profits  of  his  publication  was  laid  out 
in  the  purchafe  of  farm-iWk  ;  and  Mr  Millar  might, 
for  fome  fhort  time,  pleafe  himfelf  with  the  perfuafion' 
that  he  had  approved  himfelf  the  liberal  patron  of  ge¬ 
nius  ;  had  acquired  a  good  tenant  upon  his  eftate^ ;  and 
had  placed  a  deferving  man  in  the  very  fituation  in 
which  alone  he  himfelf  defired  to  be  placed,  in  order  to* 
he  happy  to  his  wifhes. 

Burns,  with  his  Jane,  whom  he  now  married,  took- 
tip  their  refidence  upon  his  farm.  *1  he  neighbouring 
farmers  and  gentlemen,  pleafed  to  obtain  for  an  inmate 
among  them  the  poet  by  whoie  works  they  had  been 
delighted,  kindly  fought  his  company,  and  invited  him 
to  their  houfes.  He  found  an  inexpreflible  charm  in 
fitting  down  befide  his  wife,  at  his  own  firefide  ;  m 
wandering  over  his  own  grounds;  in  once  more  putting 
his  hand  to  the  fpade  and  the  plough  ;  in  forming  his 
enclofures,  and  managing  his  cattle.  For  fome  months 
he  felt  almoft  all  that  felicity  which  fancy  had  taught 
him  to  expe£f  in  his  new  fituation.  He  had  been  for 
a  time  idle  ;  but  his  mufcles  were  not  yet  unbraced  for 
rural  toil.  He  now  feemed  to  find  a  joy  in  being  the 
hufband  of  the  millrefs  of  his  afFeftions,  in  feeing  him¬ 
felf  the  father  of  her  children,  fuch  as  might  promife  to 
attach  him  for  ever  to  that  modeft,  humble,  and  domef- 
tic  life,  in  which  alone  he  could  hope  to  be  permanent¬ 
ly  happy.  Even  his  engagements  in  the  fervice  of  the 
excife  did  not,  at  the  very  firft,  threaten  neceffarily  to 
debafe  him  by  afibciation  with  the  mean,  the  grofs,  and 
the  profligate,  to  contaminate  the  poet,  or  to  rum  the 

farmer.  ^  m  1  r 

But  it  could  not  be  :  it  was  not  pofiible  for  Burns 

now  to  aflume  that  fobernefs  of  fancy  and  paffions,  that 
fedatenefs  of  feeling,  thofe  habits  of  earneft  attention  to 
grofs  and  vulgar  cares,  without  which  fuccefs  in  his  new 
fituation  was  not  to  be  expefted.  A  thoufand  difficul¬ 
ties  were  to  be  encountered  and  overcome,  much  money 
was  to  be  expended,  much  weary  toil  was  to  be  c^ter- 
cifed,  before  his  farm  could  be  brought  into  a  ftate  of 
cultivation  in  which  its  produce  might  enrich  the  oc¬ 
cupier.  This  was  not  a  profpeA  encouraging  to  a  man 
who  had  never  loved  labour,  and  who  was  at  this  time 
certainly  not  at  all  difpofed  to  enter  into  agriculture 
with  the  enthufiafm  of  a  projeaor.  The  bufinefs  of  the 
excife  too,  as  he  began  to  be  more  and  more  employed 
in  it,  diftraaed  his  mind  from  the  care  of  his  farm,  led 
rs  and  fimple  toils  ot  undillipated  rural  lite.  him  into  grofs  and  vulgar  fociety,  and  expofed  him  to 

In  this  temper  of  Burns’s  mind,  in  this  ftate  of  his  -  many  unavoidable  temptations  to  -L 

fortune,  a  farm  and  the  excife  were  the  objeas  upon  'as  he  had  no  longer  fufficient  fortitude  to  refift^^  A^^^^ 
which  his  choice  ultimately  fixed  for  future  employment  the  anxieties,  diftraaions,  an  e  ucemen  s  w  c 
and  fupport.  By  the  furgeon  who  attended  him  during  arofe  to  him,  home  became  jnfenfibly  le  s  a 


Burn.,  the  learned,  and  the  wife  ;  and  the  purity  of  his  morals 
— -Y^  remained  uncontaminated.  But,  alas  1  he  fell,  as  otliei  s 
have  fallen  in  fimilar  circumftances.  He  fuffered  him¬ 
felf  to  be  furrounded  by  a  race  of  miferable  beings,  who 
were  proud  to  tell  that  they  had  been  in  company  with 
Burns,  and  had  feen  Burns  as  loofe  and  as  foolilh  as 
themfelves.  He  was  not  yet  irrecoverably  loft  to  tem¬ 
perance  and  moderation  ;  but  he  was  already  almolt 
too  much  captivated  with  their  wanton  revels,  to  be 
ever  more  won  back  to  a  faithful  attachment  to  their 
more  fober  charms.  He  now  alfo  began  to  contraift 
fomething  of  new  arrogance  in  converfatioii,  Accul- 
tomed  to  be  among  his  favourite  alTociates  what  is  vul¬ 
garly  but  expreflively  called  the  cod  cj  the  company,  he 
could  fcarcely  refrain  from  indulging  in  fimilar  freedotn 
and  diaatorial  decifion  of  talk,  even  in  the  prefence  of 
perfons  who  could  lefs  patiently  endure  his  prelump- 

tion.  _  .  , 

The  fubfcription-edltion  of  nis  poems,  in  the  mean 
time,  appeared;  and  although  not  enlarged  beyond  that 
which  came  from  the  Kilmarnock  prefs  by  any  new 
pieces  of  eminent  merit,  did  not  fail  to  give  entire  fa- 
tisfaaion  to  the  fuhfcribers.  He  was  now  to  dole  ac¬ 
counts  with  his  bookfeller  and  his  printer,  to  retire  to 
the  country  with  his  profits  in  his  pocket,  and  to  fix 
upon  a  plan  for  his  future  life.  ^  He  talked  loudly  of 
independence  of  fpirit  and  fimplicity  of  manners,  and 
boailed  his  refolution  to  return  to  the  plough  ;  yet  ttill 
he  lingered  in  Edinburgh,  week  after  week,  and  month 
after  month,  perhaps  expeding  that  one  or  other  of  his 
noble  patrons  might  procure  him  fome  permanent  and 
competent  annual  income,  which  fhould  fet  hini  ^7^ 
all  neceffity  of  future  exertions  to  earn  for  himfelf  the 
means  of  fubfiftence;  perhaps  unconfeioufly  reludant  to 
quit  the  pleafures  of  that  voluptuous  town-life  to  which 
he  had  for  fome  time  too  willingly  accuftomed  himfelt. 
An  accidental  diflocation  or  frailure  of  an  arm  or  a  leg 
confining  him  for  fome  weeks  to  his  apartment,  left  him 
during  this  time  leifure  for  ferious  refleaion  ;  and  he 
determined  to  retire  from  the  town  without  longer  de¬ 
lay.  None  of  all  his  patrons  interpofed  to  divert  him 
from  his  purpofe  of  returning  to  the  plough,  by  the  of¬ 
fer  of  any  fmall  penfion,  or  anyTinecure  place  of  mode¬ 
rate  emolument,  fuch  as  might  have  given  him  compe¬ 
tence  without  withdrawing  hirh  from  his  poetical  ilu- 
dies.  It  feemed  to  be  forgotten  that  a  ploughman  thus 
exalted  into  a  man  of  letters  was  unfitted  for  his  fc^- 
mer  toils,  without  being  regularly  qualified  to  enter  the 
career  of  any  new  profelTion  ;  and  that  it  became  in¬ 
cumbent  upon  thofe  patrons  who  had  called  him  from 
the  plough,  not  merely  to  make  him  their  companion  in 
the  hour  of  riot,  not  fimply  to  fill  his  purfe  vvith  gold 
for  a  few  traiifient  expences,  but  to  fecure  him  as  far 
as  was  pofiible  from  being  ever  overwhelmed  in  diftrefs  in 
confequence  of  the  favour  which  they  had  fiiown  him, 
and  of  the  habits  of  life  into  which  they  had  feduced 
him.  Perhaps  indeed  the  fame  delufion  of  fancy  be¬ 
trayed  both  Burns  and  his  patrons  into  the  miftaken 
idea,  that,  after  all  which  had  pafied,  it  was  ftill  pofiible 
for  him  to  return  in  cheerful  content  to  the  homely 
ioys  and  fimple  toils  of  undifiipated  rural  life. 
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Burns,  fing  •  even  the  endearments  of  his  Jane’s  affedlion  be- 
gan  to  lofe  their  hold  on  liis  heart  ;  he  became  every 
day  lefs  and  lefs  unwilling  to  forget  in  riot  thofe  ga¬ 
thering  forrows  which  he  knew  not  to  fiibdue. 

Mr  Millar  and  fome  others  of  his  friends  would  glad¬ 
ly  have  exerted  an  influence  over  his  mind  which  might 
liave  preferved  him  in  this  fit  nation  of  his  affairs,  equally 
from  defpondeiicy  and  from  diflipation  ;  but  Burns’s 
temper  fpurned  all  controul  from  his  fuperiors  in  for¬ 
tune.  He  refented,  as  an  arrogant  encroachment  upon 
his  independence,  that  tenor’  of  condudl  by  which  Mr 
Millar  wiflied  to  turn  him  from  diffolute  conviviality, 
to  that  fteady  attention  to  the  bufinefs  of  his  farm, 
without  which  it  was  impoflible  to  thrive  in  it.  His 
croffes  and  difappointments  drove  him  every  day  more 
and  more  into  diffipation  ;  and  this  diffi})ation  tended  to 
enhance  whatever  was  difagreeable  and  perplexing  in 
the  ftate  of  his  affairs.  He  funk,  by  degrees,  into  the 
boon  companion  of  mere  excifemen  ;  and  alinoft  every 
drunken  fellow,  who  was  willing  to  fpend  his  money  la- 
viflily  in  the  alehoufe,  could  eafily  command  the  com¬ 
pany  of  Burns.  The  care  of  his  farm  was  thus  negledf- 
ed  ;  wafte  and  Ioffes  wholly  confumed  his  little  capital ; 
he  refigned  his  leafe  into  the  hands  of  his  landlord;  and 
retired,  with  his  family,  to  the  town  of  Dumfries,  de¬ 
termining  to  depend  entirely  for  the  means  of  future 
fupport  upon  his  income  as  an  excife-officer. 

Yet  during  this  unfortunate  period  of  his  life,  which 
paffed  between  his  departure  from  Edinburgh  to  fettle  in 
Dumfriesfliire,  and  his  leaving  the  country,  in  order  to 
take  up  his  refidence  in  the  town  of  Dumfries,  the  ener¬ 
gy  and  activity  of  his  intelle<ftual  powers  appeared  to 
have  been  not  at  all  impaired^  In  a  colledfion  of  Scot- 
tifh  fongs,  which  were  publiflied  (the  words  with  the 
mufic)  by  Mr  Johnfon,  engraver  in  Edinburgh,  in  4 
vols  Svo,  Burns,  in  many  inftances,  accommodated  new 
verfes  to  the  old  tunes  with  admirable  felicity  and  fldll. 
He  affdled  in  the  temporary  inftitution  of  a  fmall  fub- 
feription  library,  for  the  ufe  of  a  number  of  the  well- 
difpofed  peafants  in  his  neighbourhood.  He  readily 
aided,  and  by  his  knowledge  of  genuine  Scottifli  phra- 
feology  and  manners  greatly  enlightened,  the  antiqua¬ 
rian  refearches  of  the  late  ingenious  Captain  Grofe. 
He  ftill  carried  on  an  epiflolary  correfpondence,  fome- 
times  gay,  fportive,  humorous,  but  always  enlivened 
by  bright  flafhes  of  genius,  with  a  number  of  his  old 
friends,  and  on  a  very  wide  diverfity  of  topics.  At 
times,  as  it  Ihould  feera  from  his  writings  of  this  period, 
he  reflefted,  with  inexpreflibie  heart-bitternefs,  on  the 
high  hopes  from  which  he  had  fallen  ;  on  the  errors  of 
moral  condudl  into  which  he  had  been  hurried  by  the 
ardour  of  his  foul,  and  in  fome  meafure  by  the  very  ge- 
ncrofity  of  his  nature;  on  the  difgrace  and  wretchednefs 
into  which  he  faw  himfelf  .rapidly  finking  ;  on  the  for- 
row  with  which  his  mifcondudl  oppreffed  the  heart  of 
his  Jane ;  on  the  w^ant  and  deftitute  mifery  in  wliich  it 
feemed  probable  that  he  muff  leave  her  and  their  in¬ 
fants  ;  nor  amidft  thefe  agonizing  reflexions  did  he  fail 
to  look,  with  an  indignation  half  invidious,  half  con¬ 
temptuous,  on  thofe  who,  with  moral  habits  not  more 
excellent  than  his,  with  powers  of  intelled  far  inferior, 
yet  bafked  in  the  fun-fliine  of  fortune,  and  were  loaded 
with  the  w'ealth  and  honours  of  the  world,  while  his 
follies  could  not  obtain  pardon,  nor  his  wants  an  ho¬ 
nourable  fupply.  His  wit  became  from  this  time  more 


BUR 

gloomily  farcaftlc ;  and  his  converfation  and  writings 
began  to  affume  fometliing  of  a  tone  of  mifanthropical 
malignity,  by  which  they  had  not  been  before,  in  any 
eminent  degree,  diftinguiflied.  But  with  all  thefe  fail- 
ings,  he  was  ftill  that  exalted  mind  which  had  raifed 
itfelf  above  the  depreftion  of  its  original  condition  : 
with  all  the  energy  of  the  lion,  pawing  to  fet  free  his 
hinder  limbs  from  the  yet  encumbering  earth,  he  ftill 
appeared  not  lefs  than  archangel  ruined  I 

His  morals  were  not  mended  by  his  removal  from 
the  country.  In  Dumfries  his  diffipation  became  ftill 
more  deeply  habitual ;  he  was  here  more  expofed  than 
in  the  country  to  be  folicited  to  lhare  .the  riot  of  the 
diffolute  and  the  idle  :  foolifti  young  men  flocked  eager¬ 
ly  about  him,  and  from  time  to  time  preffed  him  to 
drink  with  them,  that  they  might  enjoy  his  wicked  wit. 
The  Caledonian  Club,  too,  and  the  Dumfriesfliire  and 
Galloway  Hunt,  had  occafional  meetings  in  Dumfries 
after  Burns  w^nt  to  refide  there,  and  the  poet  was  of 
courfe  invited  to  fliare  their  conviviality,  and  hefitated 
not  to  accept  the  invitation. 

In  the  intervals  between  his  different  fits  of  intem¬ 
perance,  he  fuffered  ftill  the  keeneft  anguifli  of  remorfe, 
and  horribly  affliXive  forefight.  His  Jane  ftill  beiiaved 
with  a  degree  of  maternal  and  conjugal  tendernefs  and 
prudence,  which  made  him  feel  more  bitterly  the  evil  of 
his  mifeonduX,  although  they  could  not  reclaim  him. 
At  laft  crippled,  emaciated,  having  the  very  power  of 
animation  wafted  by  difeafe,  quite  broken-hearted  by 
the  fenfe  of  his  errors,  and  of  the  hopelefs  mlieries  in 
which  he  faw  himfelf  and  his  family  depreffed  ;  with 
his  foul  ftill  tremblingly  alive  to  the  fenfe  of  fliame,  aAd 
to  the  love  of  virtue;  yet  even  in  the  laft  fceblenefs, 
and  amid  the  laft  agonies  of  expiring  life,  yielding  rea¬ 
dily  to  any  temptation  that  oflered  the  femblance  of  in¬ 
temperate  enjoyment,  he  died  at  Dumfries,  In  the  fum- 
mer  of  1796,  while  he  was  yet  three  or  four  years  un¬ 
der  the  age  of  forty,  furniflilng  a  melancholy  proof  of 
the  danger  of  fnddenly  elevating  even  the  greateft  mind 
above  its  original  level. 

xAfter  his  death,  it  quickly  appeared  that  his  failings 
had  not  effaced  from  the  minds  of  his  more  refpeXable 
acquaintance  either  the  regard  which  had  once  been 
won  by  his  focial  qualities,  or  the  reverence  due  to  his 
intelleXual  talents.  Phe  circumftances  of  want  in  which 
he  left  his  family  were  noticed  by  the  gentlemen  of 
Dumfries  with  earneft  commiferation.  His  funeral  was 
celebrated  by  the  care  of  his  friends  with  a  decent  fo- 
lemnity,  and  with  a  numerous  attendance  of  mourners, 
Efficiently  honourable  to  his  memory.  Several  copies 
of  verfes  were  inferted  in  different  newfpapers  upon  the 
occaflon  of  his  death.  A  contribution,  by  fubfcription, 
was  propofed,  for  the  purpofe  of  raifing  a  fmall  fund, 
for  the  decent  fupport  of  his  widow,  and  the  education 
of  his  infant  children. 

From  the  preceding  detail  of  the  particulars  of  this 
poet’s  life,  the  reader  will  naturally  and  juftly  infer  him 
to  have  been  an  honeft,  proud,  warm-hearted  man  ;  of 
high  paffions  and  found  underftandiiig,  and  a  vigorous 
and  excurflve  imagination.  He  was  never  known  to 
defeend  to  any  aX  of  deliberate  meannefs.  In  Dum¬ 
fries  he  retained  many  refpeXable  friends  even  to  the 
laft  ;  and  it  may  be  doubted  whether  any  poet  of  the 
prefent  age  has  exercifed  a  greater  power  over  the 
minds  of  his  readers.  Burns  has  not  failed  to  command 
T  %  ODC 
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Burfam-  one  remarkable  fort  of  homage,  fuch  as  is  never  paid 
pooter,  great  original  genius  ;  a  crowd  of  poetafters 

Butte^  ftarted  up  to  imitate  him,  by  writing  verfes  as  he  had 
^  done  in  the  Scottilh  dialed  •,  but,  0  imitatores  !  fermtm 
peats  !  To  write  rugged  rhimes,  in  antiquated  phrafe,  is 
not  to  imitate  the  poetry  of  Burns. 

BURRAMPOOTER.  See  Sandpu,  EncycL 

BUTTEPv  is  a  fubilance  fo  well  known,  that  it  is 
needlefs  to  give  here  any  definition  of  it  ;  but  as  it  is, 
in  this  country  at  lead,  fo  general  an  article  of  food,  that 
the  proper  methods  of  making  and  curing  it  have  en¬ 
gaged  the  attention  of  fome  of  our  ableft  writers  on 
agriculture,  in  addition  to  what  has  been  faid  on  thefe 
fubjefe  under  the  titles  Butter  and  Dairy  {Encycl) 
cur  readers  will  probably  be  pleafed  with  the  following 
method  of  curing  it,  which  is  pradfifed  by  fome  farmers 
in  the  parifh  of  Udney,  in  the  county  of  Aberdeen, 
and  gives  to  their  butter  a  great  fuperiority  above  that 
of  their  neighbours. 

Take  two  parts  of  the  bell  common  fait,  one  part  of 
fugar,  and  one  part  of  faltpetre;  beat  them  up  together, 
and  blend  the  whole  completely.  Take  one  ounce  of 
this  compofition  for  every  16  ounces  of  butter,  work  it 
well  into  the  mafs,  and  elofe  it  up  for  ufe. 

Dr  James  Anderfon,  from  whofe  View  of  the  Agri¬ 
culture  of  the  County  of  Aberdeen  this  receipt  is  taken, 
fays,  that  he  knows  of  no  fimple  improvement  in  eco¬ 
nomics  greater  than  this  is,  when  compared  with  the 
ufual  mode  of  curing  butter  by  means  of  common  fait 
alone.  ‘‘  I  have  feen  (continues  he)  the  experiment 
fairly  made,  of  one  part  of  the  butter  made  at  one  time 
being  thus  cured,  and  the  other  part  cured  with  fait 
alone  :  the  difference  was  inconceivable.  I  fhould  fup- 
pofe  that,  in  any  open  market,  the  one  would  fell  for 
30  per  cent,  more  than  the  other.  The  butter  cured 
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with  the  mixture  appears  of  a  rich  marrowy  confiflence  Butter, 
and  fine  colour,  and  never  acquires  a  brittle  hardnefs v*- 
nor  tafles  fait;  the  other  is  comparatively  hard  and 
brittle,  approaching  more  nearly  to  the  appearance  of 
tallow,  and  is  much  falter  to  the  tafte.  I  have  ate  but¬ 
ter  cured  with  the  above  compofition  that  had  been 
kept  three  years,  and  it  was  as  fvveet  as  at  lirft  ;  but  it 
m nil  be  noted,  that  butter  thus  cured  requires  to  ftand 
three  wxeks  or  a  month  before  it  is  begun  to  be  ufed. 

If  it  be  fooner  opened,  the  fairs  are  not  fufficiently 
blended  with  it ;  and  fomefimes  the  coolnefs  of  the  nitre 
will  then  be  perceived,  which  totally  difappears  after¬ 
wards.’’ 

The  following  obfervations  refpedfing  the  proper  me¬ 
thod  of  keeping  both  milk  and  butter  are  by  the  fame 
author,  and. we  trufl  may  prove  ufeful.  Speaking  flill 
of  the  county  of  Aberdeen,  he  fays,  “  The  pernicious 
pradlice  of  keeping  milk  in  leaden  veffels,  and  falting 
butter  in  Hone  jars,  begins  to  gain  ground  among  fome 
of  the  fine  ladies  in  this  county,  as  well  as  elfewhere, 
from  an  idea  of  cleanlinefs.  The  fa6l  is,  it  is  juft  the 
reverfe  of  cleanlinefs ;  for  in  the  hands  of  a  careful  per- 
fon  nothing  can  be  more  cleanly  than  wooden  difiies, 
but  under  the  management  of  a  flattern  they  difeover 
the  fecret  which  ftone  difties  indeed  do  not. 

<<  In  return,  thefe  latter  communicate  to  the  butter 
and  the  milk,  which  has  been  kept  in  them,  a  poifon- 
ous  quality,  which  inevitably  proves  deftrudlive  to  the 
human  conftitution.  To  the  prevalence  of  this  prac¬ 
tice  I  have  no  doubt  we  muft  attribute  the  frequency 
of  palfies,  which  begin  to  prevail  fo  much  in  this  king¬ 
dom;  for  the  well  known  effedl  of  the  poifon  of. lead  is 
bodily  debility,  palfy — death  !” 

BYSAK,  the  firft  month  of  the  Bengal  year,  begin¬ 
ning  in  April. 
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CAFFRES,  the  inhabitants  of  CafTraria,  are  gene¬ 
rally  confounded  with  the  Hottentots;  but,  ac¬ 
cording  to  M.  Vaillant,  there  is  a  confiderable  diffe- 
i?ence  between  the  manners,  cuftoms,  and  even  appear¬ 
ance  of  thefe  two  nations. 

The  CafFres,  fays  he,  are  generally  taller  than  the 
Hottentots,  more  robuft,  more  fierce,  and  much  bolder. 
Their  figure  is  likewife  more  agreeable,  and  their  coun¬ 
tenances  have  not  that  narrownefs  at  the  bottom,  nor 
their  cheeks  thofe  prominences,  which  are  fo  difagree- 
able  among  the  Hottentots.  A  round  figure,  a  nofe 
not  too  flat,  a  broad  forehead,  and  large  eyes,  give  them 
an  open  and  lively  air  ;  and  if  prejudice  can  overlook 
the  colour  of  the  flein,  there  are  fome  Caffre  women 
who,  even  in  Europe,  would  be  accounted  pretty. 
Thefe  people  do  not  make  their  faces  ridiculous,  by  pul¬ 
ling  out  their  eye  brows  like  the  Hottentots ;  they  tat¬ 
too  themfelves  much^  and  particularly  their  bodies  5 


their  hair,  which  is  frizzled  very  much,  is  never  greafed, 

but  their  bodies  are  liberally  anointed,  merely  with  a .  - — , 

view  to  preferve  their  vigour  and  agility. 

The  men  generally  beftow  more  attention  on  their 
drefs  than  the  women,  and  are  remarkably  fond  of  beads 
and  copper  rings.  The  women  wear  hardly  any  of  the 
ornaments  in  which  the  other  favages  in  Africa  take 
fuch  delight.  They  do  not  even  wear  copper  brace¬ 
lets  ;  but  their  fmall  aprons,  which  are  ftill  fliorter  than 
thofe  of  the  Hottentots,  are  bordered  with  a  few  rows 
of  glafs  beads;  and  in  this  all  their  luxury  confifts.  It 
would  appear  that  the  Caftres  are  not  fo  chafte  as  the 
Hottentots,  becaufe  the  men  do  not  ufe  a  jackal  to  vail 
what  nature  teaches  other  men,  even  favages,  to  con¬ 
ceal.  A  fmall  cowl,  which  covers  only  the  glans,  in- 
ftead  of  difplaying  modefty,  feems  to  announce  the 
greateft  indecency.  This  fmall  covering  adheres  to  a 
thong,  which  is  faftened  round  their  girdles,  merely 
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Caffrcs,  that  It  may  not  be  loft;  for  a  Caifre,  if  he  be  not  afraid 
of  being  hurt  or  ftung  by  infers,  cares  very  little  whe¬ 
ther  his  cowl  be  in  its  place  or  not.  Our  author  faw 
one  Caffre  who,  inftead  of  a  cowl,  wore  a  cafe  made  of 
wood,  and  ornamented  with  fculpture.  This  was  a  new 
and  ridiculous  fafhion,  which  he  had  borrowed  from  a 
nation  of  black  people  who  lived  at  a  great  diftance 
from  Caffraria. 

In  the  hot  feafon  the  Caffres  go  always  naked,  and 
retain  nothing  but  their  ornaments.  In  cold  weather 
they  wear  krofies  made  of  calves  or  oxen  hides,  which 
reach  down  to  the  ground  ;  but  whatever  the  w^eather 
be,  both  fexes  go  bare-headed,  except  that  they  fome- 
times,  though  rarely,  fix  a  plume  of  feathers  in-  their 
hair. 

The  Caffre  huts  are  more  fpacious  and  higher  than 
thofe  of  the  Hottentots,  and  have  alfo  a  more  regular 
form.  The  frames  of  them  are  conftruded  of  wooden 
work,  well  put  together,  and  very  folid,  being  intend¬ 
ed  to  laft  for  a  long  time :  for  the  Caffres,  applying  to 
agriculture,  which  the  free  Hottentots  do  not,  remain 
fixed  to  one  fpot,  unlefs  fomething  unexpected  inter¬ 
rupt  their  repofe. 

A  more  perceptible  induftry,  an  acquaintance  with 
fome  of  the  moft  neceffary  arts  of  life,  a  little  know¬ 
ledge  of  agriculture,  and  a  few  religious  dogmas,  feem 
to  announce  that  the  Caffres  approach  much  nearer  to 
civilization  than  the  Hottentots.  They  entertain  a  to¬ 
lerably  exalted  idea  of  the  Supreme  Being  and  his 
power ;  they  believe  that  the  good  will  be  rewarded, 
and  the  wicked  punifiied,  in  a  future  ftate  ;  but  they 
have  no  notion  of  creation,  which  indeed  was  not  ad¬ 
mitted  by  the  fages  of  Greece  and  Rome.  They  prac- 
tife  circumcifion,  but  can  give  no  account  of  its  origin 
among  them,  or  of  the  purpofe  for  which  the  praClice  is 
continued. 

Polygamy  is  ufed  among  the  Caffres  ;  and  on  the 
death  of  a  father  the  male  children  and  their  mothers 
ftiare  the  fucceflion  among  them.  The  girls  remain 
with  their  mothers  without  property  of  any  kind  until 
they  can  procure  hufbands.  One  very  fingular  cuftom 
of  the  Caffres  is,  that  they  do  not,  in  general,  inter 
their  dead,  but  tranfport  them  from  the  kraal  to  an 
open  ditch,  which  is  common  to  the  whole  horde.  At 
this  ditch  favage  animals  feed  at  their  leifure  on  the 
multitude  of  carcafes  which  are  heaped  together.  Fu¬ 
neral  honours  are  due  only  to  kings,  and  the  chiefs  of 
each  horde,  whofe  bodies  are  covered  with  a  heap  of 
ftones  colleded  into  the  form  of  a  dome. 

This  nation  is  governed  by  a  general,  chief,  or  kincr, 
whofe  power  is  very  limited.  He  appoints,  however, 
the  fubordinate  chiefs  over  the  different  hordes,  and 
through  them  communicates  his  diredions  or  orders. 
The  arms  of  the  Caffre  are  a  club,,  two  feet  and  a  half  in 
length,  and  where  thickeft  three  Inches  in  diameter,  and 
a  plain  lance  or  aJTagey.  He  defpifes  poifoned  arrows,, 
which  are  fo  much  ufed  by  fome  of  the  neighbouring 
nations  ;  and  with  his  two  fimple  weapons  feeks  always 
to  meet  his  enemy  face  to  face  in  the  field.  The  Hot¬ 
tentot,  on  the  contrary,,  concealed  under  a  rock  or  be¬ 
hind  a  bufti,  deals  out  deftru6lioii,  without  being  expo- 
fed  to  danger.  The  one  is  a*  perfidious  tyger,  which 
rufhes  treacheroufiy  on  his  prey;  the  other  is  a  gene¬ 
rous  lion,  which,  haying  given  waj*ning  of  his  approach, 


makes  his  attack  boldly,  and  perifiies  if  he  prevail  not 
againft  his  antagonift, 

CALCULUS,  in  mathematics,  denotes  a  certain 
way  of  performing  inveftigations  and  refolutions,  which 
occur  on  many  occafions,  particularly  in  mechanical  phi- 
lofophy.  Thus  we  fay,  the  antecedental  calculus,  the 
algebraical  calculus,  the  arithmetical  calculus,  the  diffe¬ 
rential  calculus,  the  exponential  calculus,  the  Jluxional 
calculus,  and  the  integral  calculus.  Of  by  much  the 
greater  part  of  thefe  calculi  fome  account  has  been  given 
in  the  Encyclopaedia  Britannica  ;  but  there  is  one  of 
them,  of  which  no  notice  has  been  taken  in  that  work. 
It  is, 

The  Antecedental  Calculus,  a  geometrical  method  of 
reafoning,  without  any  confideration  of  motion  or  ve¬ 
locity,  applicable  to  every  purpofe  to  which  the  much 
celebrated  dodrine  of  fluxions  of  the  illuftrious  Newton 
has  been,  or  can  be,  applied.  This  method  was  in¬ 
vented  by  James  Glenie,  Efq;  “  in  which  (he  fays), 
every  expreflion  is  truly  and  ftridlly  geometrical,  is 
founded  on  principles  frequently  made  life  of  by  the 
ancient  geometers,  principles  admitted  into  the  very  firft 
elements  of  geometry,  and  repeatedly  ufed  by  Euclid 
himfelf.  As  it  is  a  branch  of  general  geometrical  pro¬ 
portion,  or  univerfal  comparlfon,  and  is  derived  from  an 
examination  of  the  antecedents  of  ratios,  having  given 
confequents  and  a  given  ftandard  of  comparlfon  in  the 
various  degrees  of  augmentation  and  diminution  they 
undergo  by  compofition  and  decompofition,  1  have  call¬ 
ed  it  the  antecedental  calculus.  As  it  is  purely  geo¬ 
metrical,  and  perfedly  fcientific,  I  have,  fince  h  iii  ft 
occurred  to  me  in  1779,  always  made  ufe  of  it  inftead 
of  the  fluxionary  and  differential  calculi,  which  are 
merely  arithmetical.  Its  principles  are  totally  uncoti- 
neded  with  the  ideas  of  motion  and  time,  which,  ftridL 
ly  fpeaking,  are  foreign  to  pure  geometry  and  abftrnet 
fcience,  though,  in  mixed  mathematics  and  natural  phi- 
lofophy,  they  are  equally  applicable  to  every  inveliiga^ 
tion,  involving  the  confideration  of  cither  with  the  two 
numerical  methods  juft  mentioned.  And  as  many  fuel* 
inveftigations  require  compofitions  and  decompofitioDs- 
of  ratios,  extending  greatly  beyond  the  triplicate  and. 
fubtnplicate,  this  calculus  in  all  of  them  furnifhes  every 
expreflion  in  a  ftriclly  geometrical  form.  The  Itan- 
dards  of  comparlfon  in  it  may  be  any  magnitudes  what¬ 
ever,  and  are  of  courfe.  indefinite -and  innumerable  ;  and 
the  confequents  of  the  ratios,  compounded  or  decom¬ 
pounded,  may  be  either  equal  or  unequal,  homogeneous 
or  heterogeneous.  In  the  fluxionary  and  differentiaL 
methods,  on  the  other  hand,  i,  or  unit,  is  not  only  the 
ftandard  of  comparlfon,  but  alfo  the  confequent  of  eve¬ 
ry  ratio  compounded  or  decompounded.” 

^  This  method  is  deduced  immediately  from  Mr  Gle- 
nle’s  Treatife  on  the  Doarine  of  Univerfal  Gomparifon 
or  General  Proportion  :  And.  as  the  limits  of  the  pie- 
fent  work  will  not  allow  . us  to  enter  upon  this  fubjed, , 
vye  therefore  refer  our  readers  to  the  two  above  men¬ 
tioned  treatlfes,  and  to  the  fourth  volume  of  the  Traiif- 
adions  of.the  Royal  Society  of  Edinburgh, 

We.confefs,  however, .  that  .we  do.  not  exped  fucli 
great  advantage  from  the  employment  of  this  calculus 
as  the  very  acute  and  ingenious  author  feem 3  to  promife 
from  it.  'Ihe  mathematical  world  is  truly  Indebted  to 
him  for  the  clear  and  difcriminating.view  that  he  has 

taken/ 
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Calculu?.  taken  of  the  dodlrine  of  iiniverfal  comparifon 

believe  it  to  be  perfedlly  accurate,  and  in  fome  refpedls 
new.  Notwithrtanding  the  continual  occupation  of  ma- 
thcmaticians  with  ratios  and  analogies,  their  particular 
objeds  commonly  reflri6l:ed  their  manner  of  conceiving 
ratio  to  fome  prefent  modification  of  it.  Idence  it  feems 
to  have  happened  that  their  conceptions  of  it  as  a  mag¬ 
nitude  have  not  been  uniform.  But  Mr  Glenic,  by 
avoiding  every  peculiarity,  has  at  once  attributed  to  it 
all  the  meafurable  affedlions  of  magnitude,  addition  or 
fubtradtion,  multiplication  or  divifion,  and  ratio  or  pro¬ 
portion.  He  is  perhaps  the  firft  who  has  roundly  coii- 
iidered  ratio  or  proportion  as  an  affedion  of  ratio  ; 
and  it  is  chiefly  by  the  employment  of  this  undoubted 
affedion  of  ratio  that  he  has  rendered  the  geometrical 
analyfis  fo  com  prehen  five. 

But  when  we  view  this  antecedental  calculus,  not  as 
a  method  of  exprefiing  mathematical  fcience,  but  as  an 
art,  as  a  calculus  in  fliort,  and  confider  the  means  which 
it  muft  employ,  and  the  notation  which  muft  be  ufed, 
we  become  lefs  faiiguine  in  our  hopes  of  advantage  from 
it.  The  notation  cannot  (we  think)  be  more  fimple 
than  that  of  the  fluxionary  method,  juftly  called  arith¬ 
metical ;  and  if  we  infifl:  on  carrying  clear  conceptions 
along  with  us,  we  imagine  that  the  arithmetical  expofi- 
tion  of  our  fymbols  will  generally  be  the  Ampler  of  the 
two.  fcience  of  the  antecedental  calculus  feems  to 

confiA  in  the  attainable  perception  of  all  the  Ample  ra¬ 
tios,  whether  of  magnitudes  or  ratios,  or  both,  which 
concur  to  the  formation  of  a  compound  and  complica¬ 
ted  ratio.  Now  this  is  equally,  and  more  eafily  attain¬ 
able  in  the  fluxionary  or  other  arithmetical  method, 
when  the  confequent  is  a  Ample  magnitude.  When  it  is 
not,  the  fame  procefs  is  farther  neceflary  in  both  me¬ 
thods,  for  getting  rid  of  its  complication. 

We  apprehend  that  it  is  a  miflake  that  the  geome¬ 
trical  method  is  more  abAraded  than  the  fluxionary, 
becaufe  the  latter  fuperadds  to  the  notion  of  extenfion 
the  notions  of  time  and  motion.  Thefe  notions  were 
introduced  by  the  illuftrious  inventor  for  the  demonjlra- 
tion,  but  never  occupy  the  thoughts  in  the  ufe  of  his 
propoAtions.  Thefe  are  geometrical  truths,  no  matter 
how  demonftrated  ;  and  when  duly  conAdered,  involve 
nothing  that  is  omitted  in  the  antecedental  calculus. 
We  even  prefume  to  fay,  that  the  complication  of 
thought,  in  the  contemplation  of  the  ratios  of  ratios,  is 
greater  than  what  will  generally  arife  from  the  addi¬ 
tional  elements,  time  and  motion. 

We  do  not  And  that  any  of  our  moA  adive  mathe¬ 
maticians  have  availed  themfelves  of  the  advantages  of 
this  calculus,  nor  do  we  know  any  fpecimen  that  has 
been  exhibited  of  its  eminent  advantages  in  mathemati¬ 
cal  difcufAoiis.  Should  it  prove  more  fertile  in  geome¬ 
trical  exprelAons  of  highly  compounded  or  complicated 
quantities  or  relations,  we  fhould  think  it  a  mighty  ac- 
quiAtion  ;  being  fully  convinced  that  thefe  afford  to  the 
memory  or  imagination  an  objed  (we  may  call  it  a  fen- 
fible  pidure)  which  it  can  contemplate  and  remember 
with  incomparably  greater  clearnefs  and  Aeadinefs  than 
any  algebraical  formula.  We  need  only  appeal  to  the 
geometrical  expreflions  of  many  fluents,  which  are  to 
be  feen  in  Newton’s  lunar  theory,  in  the  phyAcal  trads 
of  Dr  Matthew  Stewart,  and  others  who  have  (hewn  a 
partiality  for  this  method. 

It  would  be  very  prefumptuous,  however,  for  us  to 
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and  we  fay,  that  the  accurate  geometer  and  metaphyAclin  may 
not  derive  great  advantages  from  profecutiug  the  very 
ingenious  and  recondite  fpeculations  of  Mr  Glenie,  in 
his  dodrine  of  univerfal  comparifon. 

CALENDAR,  in  chronology.  (EncycL)  Ka- 
lendar.  ;  and  Revolution,  n®  184. 

CALIPPIC  period,  in  chronology,  a  period  of  76 
y^ears,  continually  recurring ;  at  every  repetition  of 
which,  it  was  fuppofed  by  its  inventor  Calippus,  an  A- 
theiiian  aAronomer,  that  the  mean  and  new  full  moons 
would  always  return  to  the  fame  day  and  hour. 

About  a  century  before,  the  golden  number,  or  cy¬ 
cle  of  19  years,  had  been  invented  by  Melon  ;  which 
Calippus  Anding  to  contain  19  of  Nabonaffar’s  year, 

4  days,  and  to  avoid  fradions  he  quadrupled  it, 
and  fo  produced  his  period  of  76  years,  or  4  times  19  ; 
after  which  he  fuppofed  all  the  lunations,  &c.  would  re¬ 
gularly  return  to  the  fame  hour.  But  neither  is  this 
exad,  as  it  brings  them  too  late  by  a  whole  day  in  225 
years. 

CALLAO,  as  it  is  called  by  its  inhabitants,  but 
more  generally  known  to  Europeans  under  the  name  of 
Campello,  is  a  fmall  illand,  which  was  viAted  by  fome 
of  Lord  Macartney’s  fuite  on  their  voyage  to  China. 

In  confequence  of  that  viAt,  we  have  the  following  de- 
feription  of  it  in  Sir  George  Staunton’s  Account  of 
the  Embaffy. 

“  It  lies  oppoAte  to,  and  about  eight  miles  to  the 
eaffward  of,  the  mouth  of  a  confiderable  river  on  the 
coaA  of  Cochin-china,  on  the  banks  of  which  is  Atuated 
the  town  of  Fai-foo,  a  place  of  fome  note,  not  far  from 
the  harbour  of  Turon.  The  bearing  of  the  higheft 
peak  of  Callao  from  this  harbour  is  about  foutli-caA, 
diAance  thirty  miles.  The  extreme  points  of  the  ifland 
lie  in  latitude  15^  53',  and  15"^  57'  north  ;  the  greateA 
length  is  from  north-weA  to  fouth-eaA,  and  is  fomewhat 
about  Ave  miles,  and  the  mean  breadth  two  miles.  The 
only  inhabited  part  is  on  the  fouth-weA  coaA,  on  a  Aip 
of  ground  rifing  gently  to  the  eaA,  and  contained  be¬ 
tween  the  bottom  of  a  femilunar  bay  and  the  mountains 
on  each  Ade  of  it.  Thofe  mountains,  at  a  diAance,  ap¬ 
pear  as  if  they  formed  two  diAin6l  iAands.  The  fouth- 
ern  mountain  is  the  higheA,  and  is  about  1500  feet. 
The  lower  grounds  contain  about  200  acres.  This 
fmall  but  enchanting  fpot  is  beautifully  diverAAed  with 
neat  houfes,  temples,  clumps  of  trees,  fmall  hillocks 
fwelling  from  the  plain,  and  richly  decorated  with 
Ainibbery  and  trees  of  various  kinds  ;  among  which  the 
elegant  areca,  riAng  like  a  Corinthian  column,  is  emi¬ 
nently  confpicuous.  A  rill  of  clear  water,  oozing  from 
the  mountains,  is  contrived  to  be  carried  along  the  up¬ 
per  ridges  of  the  vale,  from  whence  it  is  occaAonally 
conveyed  through  Auices,  for  the  purpofe  of  wintering  the 
rice  grounds,  and  appeared,  though  then  in  the  dry  fea- 
fon,  fully  fufficient  for  every  purpofe  for  which  it  could  ' 
be  wanted. 

The  houfes,  in  general,  were  clean  and  decent ;  a 
few  were  built  with  Aone,  and  covered  with  tiles.  ^  One, 
probably  the  man  Aon  of  the  chief  perfon  of  the  iAand, 
was  enclofed  by  a  Aone  wall,  and  the  appoach  to  it 
was  through  a  gateway  between  two  Aone  pillars.  The 
houfe  was  divided  into  a  number  of  apartments,  of 
which  the  arrangement  did  not  feem  to  want  either 
taAe  or  convenience.  This  building  Aood  at  the  head 
of  the  principal  village,  which  conAAed  of  about  thirty 
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Callao,  habitations  built  of  wood,  chiefly  the  bamboo.  Behind 
the  village,  and  on  the  fide  of  the  hill,  was  a  cave,  ac- 
cefiible  only  by  one  way,  through  an  irregular  range  of 
rocks.  Within  the  cave,  but  near  its  mouth,  was  a 
fmall  temple,  commanding  a  view  of  the  whole  vale. 
Several  other  temples  were  difperfed  over  the  plain,  all 
of  which  were  open  in  front,  with  a  colonnade  before 
them  of  round  wooden  pillars,  painted  red  and  varnifh- 
ed.  The  number  of  houfes  on  the  ifland  fcarcely  ex¬ 
ceeded  fixty.  Behind  every  houfe,  not  immediately  in 
the  principal  village,  were  enclofures  of  fugar-canes,  to¬ 
bacco,  and  other  vegetables,  growing  in  great  luxuri¬ 
ance.  The  mountains  were  covered  with  verdure,  and 
feemed  well  calculated  for  rearing  goats,  of  which  the 
ifland  produced  a  few. 

‘‘  Beflde  the  principal  bay,  there  were  feveral  fandy 
inlets,  with  fmall  patches  of  level  ground  behind  them. 
Boats  might  eafily  land  in  any  of  thefe  inlets ;  but  a 
communication  between  them  by  land  appeared  to  be 
exceedingly  difficult,  if  not  entirely  prevented,  by  the 
fteep  and  rugged  ridges  which  feparated  them  from  each 
other.  On  this  account  very  flight  works,  and  an  e- 
ftablifliment  of  a  few  men  only,  would  be  requifite  for 
the  defence  of  the  ifland,  a  great  part  of  its  coaft  being 
impregnably  fortified  by  nature.  The  depth  of  W'ater 
In  the  bay  and  road  was  fufficient  for  fhips  of  any  bur¬ 
den,  and  there  was  perfe(51:  flielter  from  every  wind  ex¬ 
cept  the  fouth-wefl,  to  which  quarter  it  was  directly 
open.  The  fliort  diftance,  however,  from  the  conti¬ 
nent  in  that  direction  would  always  prevent  the  fea  from 
rifing  high,  though  it  might  not  be  Efficiently  near  to 
break  the  force  of  the  wind.’^ 

The  inhabitants  of  this  ifland  are  fo  exceedingly  fliy 
and  afraid  of  flrangers,  that  upon  the  approach  of  the 
Englifli  veflel,  they  all,  except  a  very  few,  retired  on 
board  their  galleys.  When  the  Britifli  landed,  therefore, 
they  found  the  doors  of  all  the  houfes  open,  with  feveral 
domellic  animals  feeding  before  them,  but  neither  man, 
woman,  nor  child  within.  After  fome  time,  however, 
a  perfon  was  perceived  lurking  among  the  neighbour¬ 
ing  trees,  who,  finding  he  w^as  obferved,  came  forward 
with  relu(5lance  and  evident  marks  of  fear.  While  he 
was  yet  at  fome  diftance,  he  fell  upon  his  knees,  and 
touched  the  ground  with  his  forehead  feveral  times.  On 
approaching  to  him,  it  was  noticed  that  the  firft  joint 
of  every  one  of  his  fingers  and  toes  was  wanting,  and 
as  if  twifted  off  by  violence  :  it  was  poflible  that  he 
might  have  thus  been  treated  by  way  of  punifliment  for 
fome  crime,  and  that  he  was  confidered  as  the  fitted 
perfon  to  be  expofed  to  the  fuppofed  danger  of  watch¬ 
ing  the  movements  of  the  ftrangers  coming  afliore.  In 
a  little  time  fome  others,  hidden  in  the  thickets,  find¬ 
ing  that  no  mifehief  w^as  fuffered  by  the  firft,  ventured 
out.  None  of  them  could  underftand  the  Chinefe  inter¬ 
preter  ;  and  not  being  able  to  read  or  write,  there  was 
no  converfing  with  them  by  the  medium  of  the  Chinefe 
charaders.  Recourfe  w^as  had  to  hieroglyphics,  and 
lude  figures  were  drawn  of  the  articles  which  were  pro- 
pofed  to  be  purchafed  5  and  this  method  fucceeded  to¬ 
lerably  well  ;  poultry  and  fruits  were  brought  for  fale, 
for  which  high  prices  were  given,,  purpofely  to  conci¬ 
liate  the  good  will  of  thofe  iflanders.  The  few  that 
were  found  grew  foon  familiar ;  and  one  old  man  pref- 
fingly  invited  the  ftrangers  to  his  houfe,  fituated  upon 
an  eminence,  at  a  little  diftaneCi  On  arriving  there, 


he  introduced  them  to  his  wife,  an  old  woman,  who, 
after  recovering  from  her  aftoniflimcnt  at  the  fight  of 
figures  fo  different  from  thofe  (he  had  ever  been  accuf- 
tomed  to  behold,  laid,  in  a  neat  manner,  before  them 
fome  fruits,  fugar,  cakes,  and  water.  On  departing 
from  the  houfe,  this  decent  and  hofpitable  couple  made 
figns  to  teftify  their  defire  of  feeing  them  again.’* 

The  poffeflioii  of  this  ifland  would  be  of  fuch  im¬ 
portance  to  any  European  nation  who  wiflied  to  trade 
fecurely  with  Tu  kg -quin  and  Cochin  china,  that  it  is 
faid  the  French  had  iormerly  fome  thoughts  of  purcha- 
fing  it.  Sir  George  Staunton,  however,  is  of  opinion, 
that  the  want  of  flielter  in  the  fouth-weii  monfoon  would 
render  it  of  little  value,  without  a  further  fettlenient 
near  it  upon  the  main  land  of  Cochin-china  :  and  he 
thinks,  that  if  a  folid  eftablifliment  there  could  be  pro¬ 
ductive  of  advantage  to  any  European  nation,  it  would 
neceffarily  be  fo  to  Great  Britain  ;  becaufe,  beflde  the 
opening  which  it  would  make  for  the  fale  of  Britifh 
luanufac^tures  among  the  people  of  the  country,  the  Bri¬ 
tifli  pofleffions  in  Hindoftaii  would  be  fure  of  a  very 
conllderabie  demand  for  their  productions. 

CAMEL,  in  navigation,  is  a  machine  which  has 
been  deferibed  with  fufficient  accuracy  in  the  Encyclo¬ 
paedia  ;  but  the  following  account  of  its  invention,  givea 
by  Profeffor  Beckmann,  is  perhaps  not  unworthy  of  a 
place  in  this  Supplement. 

^  “  In  the  Zuyder-Zee,  oppofite  to  the  mouth  of  the 
river  Y,  about  fix  miles  from  the  city  of  Amfterdam, 
there  are  two  fand  banks,  between  which  is  a-paffage 
called  the  Pampusy  which  is  fufficiently  deep  for  fmall 
fliips,  but  not  for  fiich  as  are  large  or  heavy  laden.  In 
1672  the  Dutch  contrived,  however,  to  carry  their  nu¬ 
merous  fleet  through  this  paffage,  by  means  of  large 
empty  chefts  faftened  to  the  bottom  of  each  fliip  ;  and 
this  contrivance  gave  rife  to  the  invention  of  the  camelP 
In  the  Encyclopaedia  Britannica  its  invention  is  <nven 
to  the  famous  De  Wit  ;  in  the  German  Cyclopaedia  to 
Meyer  a  Dutch  engineer  of  very  confiderable  eminence; 
but  the  Dutch  writers,  almoft  unanimoufly,  "aferibe  the 
invention  of  the  camel  to  a  citizen  of  Amfterdam,  who 
calls  himfelf  Meeuves  Meindertfoon  Bakker.  Some 
make  the  year  of  the  invention  to  have  been  1688,  and 
others  1690.  Much  has  been  faid  of  the  utility  of  this 
invention  ;  but  however  beneficial  it  may  be,  we  have 
reafon  to  fuppofe  that  fuch  heavy  veffels  as  fliips  of  war 
cannot  be  raifed  up,  in  fo  violent  a  manner,  without  fuf- 
taining  injury.  A  fure  proof  of  this  is  the  well  known 
circurnftance  mentioned  by  Mufehenbroek  ( Introduaio 
ad  Philofoph,  Naturjy  that  the  ports  of  a  fliip  which 
had  been  raifed  by  the  camel  could  not  afterwards  be 
fliut  clofely.” 

CAMELEON,  one  of  the  conflellations  of  the 
fouthern  hemifphere,  near  the  fouth  pole,  and  invifible 
in  our  latitude.  There  are  lo  liars  marked  in  this  con- 
llellation  in  Sharp’s  catalogue. 

CAMELOPARD  ALUS,  a  new  conllellation  of 
the  northern  hemifphere, ’formed  by  Hevelius,  conlift- 
ing  of  32  liars,  firft  obferved  by  him.  It  is  fituated 
between  Cepheus,  Cafliopeia,  Perfeus,  the  Two  Bears,, 
and  Draco  ;  and  it  contains  58  liars  in  the  Britilh  ca. 
talogue. 

CAMELLIA,  in  botany  (fee  Encycl,)y  is  a  plant' 
which  the  Chinefe  call  Chci-^hay  or  flower  of  tea,  on 
account  of  the  refemblance  of  the  one  to  the  other,  and; 
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Campbell,  becaufe  us  nelals  are  fometimes  mixed  among  the  teas  came  neceffary.  Then,  for  the  firR  time,  he  owned 

u — ^ increafe  their  fragrance.  Sir  George  Staunton,  who  the  utility  of  medical  men,  and  declared’ Ins  recantation 

calls  it  Camellia  Sejanqua,  faw  it  fioiinfhing  on  the  fides  of  the  very  mean  opinion  lie  had  formerly  entertained 

and  very  high  tops  of  mountains,  where  the  foil  con-  of  then?  and  their  art.  A  few  months  before  his  death, 

filled  of  little  more  than  fragments  of  done,  crumbled  in-  he  refigned  his  offices  of  principal,  profeffor  of  divinity, 

to  a  fort  of  coarfe  earth  by  the  joint  adion  of  the  fun  and  and  one  of  the  city  minillers,  and  was  in  all  fucceeded 

rain  It  yields,  he  fays,  a  nut,  from  which  is  exprelTed  by  Dr  W.  L.  Brown,  late  of  Utrecht,  a  man  of  dif¬ 
an  cfculent  oil,  equal  to  the  bell  which  comes  from  Flo-  tinguiffied  abilities.  Dr  Campbell  retained  all  his  fa- 

rence  On  this  account,  it  is  cultivated  in  vaft  abun-  culties  entire  to  the  laft,  and  died  on  the  6th  of  April 

dance  ;  and  is  particularly  valuable  from  the  facility  of  1796,  in  the  77th  year  of  his  age.  His  charader  has 

its  culture  in  litualions  fit  for  little  elfe.  been  fo  jullly  drawn  by  his  fuccelTor,  that  we  ffiall  give 

CAMPBELL  (George,  D.  D.),  fo  jullly  admired  it  to  our  readers  in  his  words,  adding  only  a  circum- 

for  his  metaphyficalacutenefs  and  various  erudition,  was,  llanee  or  two,  which  we  have  reafon  to  think  will  con- 

in  1719,  born  at  Aberdeen,  where  his  father,  the  reve-  tribute  to  endear  his  memory  to  every  liberal  and  en- 

rend  Colin  Campbell,  was  one  of  the  minillers  of  the  lightened  mind. 

efiablilhed  church.  He  was  educated  in  his  native  city  ;  “  Dr  Campbell,  as  a  public  teacher,  was  long  ad- 

and,  after  paffing  through  the  ufual  courfe  of  acade-  mired  for  the  clearnefs  and  copioufiiefs  with  which  he 

mical  learning,  he  iludied  divinity  under  the  Rev.  J.  illullrated  the  great  dodrines  and  precepts  of  religion, 

Chalmers,  profellbr  of  divinity  in  Marifchal  College.—  and  the.llrength  and  energy  with  which  he  enforced 

He  was,  ill  i749>  unfuccefsfiil  <>andidate  for  the  them.  Intimately  perfuaded  of  the  truth  and  infinite 
church  of  Fordown,  though  his  competitor  Mr  For-  confequence  of  what  relevatioii  teaches,  he  was  ftrong- 
bes  was  a  man  of  very  (lender  abilities,  and  fuppofed  to  ly  defirous  of  carrying  the  fame  convidion  to  the  minds 
be  attached  to  the  conllitution  and  liturgy  of  the  church  of  his  hearers,  and  delivered  his  difeourfes  with  that 
of  England.  It  might  indeed  be  that  attachment  which  zeal  which  flows  from  llroiig  impreffions,  and  that 
contributed  principally  to  procure  him  the  living  in  pre-  power  of  perfuafion  which  is  the  refult  of  fincerity  of 
ference  to  Mr  Campbell.  heart,  combined  with  clearnefs  of  underllanding.  He 

The  living  of  Fordown  is  in  the  gift  of  the  crown  ;  was  fatisfied,  that  the  more  the  pure  didates  of  the 
and  it  has  generally  been  a  rule  with  his  majefty’s  mi-  gofpel  were  Iludied,  the  more  they  would  approve 
iiillers,  to  give  fuch  livings,  when  they  become  vacant,  themfelves  to  the  mind,  and  bring  forth,  in  the  afFec- 
to  thofe  candidates  who  are  favoured  by  the  majority  tions  and  condud,  all  the  peaceable  fruits  of  righteouf- 
of  land-owners  in  the  parifli.  At  the  era  of  1749,  the  nefs.  The  unadulterated  didates  of  Chriftianity,  he 
land-owners  in  fome  of  the  northern  and  middle  coun-  was,  therefore,  only  itudious  to  recommend  and  in- 
‘ties  of  Scotland  were  more  generally  attached  to  the  culcate,  and  knew  perfedly  to  diferiminate  them  from 
coiiftitution  of  the  church  of  England  than  to  that  of  the  inventions  and  traditions  of  men.  His  chief  ftudy 
their  own  eftablifhment ;  and  fuch  was  certainly  the  cafe  ever  was,  to  dired  belief  to  the  great  objeds  of  pradice  ; 
in  the  parifli  of  Fordown.  and,  without  thefe,  he  viewed  the  moft  orthodox  pro- 

But  whatever  was  the  caufe  of  Mr  CampbelPs  failure,  feffion  as  “  a  founding  brafs,  and  a  tinkling  cymbal.” 
lie  failed  by  a  very  fmall  number,  and  was  not  long  But,  befides  the  charader  of  a  preacher  of  righteouf- 
without  an  eftabliftiment.  In  1750,  he  was  prefented,  nefs,  he  had  alfo  that  of  a  teacher  of  the  fcience  of  di- 
by  Sir  Thomas  Burnet  of  Leys,  to  the  living  of  Ban-  vinity  to  fullain.  How  admirably  he  difeharged  this 
chary  Ternan,  on  the  Dee,  about  twenty  miles  weft  duty,  and  with  what  effed  he  conveyed  the  founded 
from  Aberdeen.  From  this  he  was  tranflated,  or,  as  and  moil  profitable  inftrudion  to  the  minds  of  his  feho- 
the  Scotch  ecclefiaftical  phrafe  is,  tranjported  to  Aber-  lars,  let  thofe  declare  who  are  now  in  various  congre- 
deen  in  1756,  and  nominated  one  of  the  city  minifters,  gations  of  this  country,  communicating  to  their  fellow 
in  the  room  of  Mr  John  Biflfet  deceafed,  a  puritan  of  Chriftians  the  fruits  of  their  ftudies  under  fo  able  and 
I  he  old  fchool,  whofe  ftridnefs  and  peculiarities  are  yet  judicious  a  teacher.  Difcarding  all  attachrnent  to  hu- 
remembered  by  many  in  that  place.  man  fyftems,  merely  confidered  as  fuch,  he  tied  his  faith 

In  1759,  on  the  deceafe  of  principal  Pollock,  he  was  to  the  Word  of  God  alone,  pofTeffed  the  happieft  ta- 
chofen  principal  of  the  Marifchal  college,  and  fucceeded  lent  in  inveftigating  its  meaning,  and  communicated  to 
to  the  divinity  chair  in  1771,  on  Dr  Alexander  Ge-  his  hearers  the  refult  of  his  own  inquiries,  with  a  pre- 
rard  being  tranflated  to  the  profeflTorfliip  of  divinity  in  cifion  and  perfpicuity  which  brought  light  out  of  ob- 
King’s  college.  Before  his  fettling  in  Aberdeen,  he  feurity,  and  rendered  clear  and  Ample  \yhat  appeared 
married  Mil's  Grace  Farquharfon,  daughter  of  Mr  Far-  intricate  and  perplexed.  He  expofed,  without  referve, 
quharfon  of  Whitehoufe,  by  whom  he  had  no  iflue.  the  corruptions  which  ignorance,  craft,  and  hypocrify, 
This  amiable  woman  died  about  a  year  before  him.  had  introduced  into  religion,  and  applied  his  talent  for 
They  were  an  eminent  pattern  of  conjugal  affedlion.  ridicule  to  the  bell  of  all  purpofes,  to  hold  up  to  con- 
From  this  time  he  enjoyed  a  remarkable  (hare  of  tempt  the  abfurdities  with  which  the  pureft  and  fub- 
good  health  and  fpirits.  He  had,  all  his  life,  a  rooted  limeft  truths  had  been  loaded. 

averfion  to  medicine.  He  got  the  better  of  every  ail-  Placed  at  the  head  of  a  public  feminary  of  learn- 

ment  by  a  total  and  rigonaus  abftinence  from  all  kind  of  ing,  he  felt  all  the  importance  of  fuch  a  fituation,  and 
fuftenance  whatever  ;  and  it  was  not  till  he  was  attacked  uniformly  direded  his  influence  to  public  utility.  His 
by  an  alarming  illnefs,  about  two  years  before  his  death,  enlarged  and  enlightened  mind  juftly  appreciated  the 
that  he  was  perfuaded  by  his  friends  to  call  in  medical  extenfive  confequence  of  the  education  of  youth.  He 
aid.  What  nature  could  do,  (he  had  all  along  performed  anticipated  all  the  effedls  refulting  to  the  great  commu- 
tvell ;  but  her  day  was  over,  and  fomething  of  art  be-  nity  of  mankind,  from  numbers  of  young  men  iffuing. 
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Campbell,  in  regular  fuccefllon,  from  the  univerfity  over  which  he 
preiided,  and  occupying  the  different  departments  of 
focial  life. 

“  His  benevolent  heart  delighted  to  reprefeiit  to  it- 
felf  the  ftudents  under  his  diredlion  ufefully  and  ho¬ 
nourably  difeharging  the  refpeAive  duties  of  their  dif¬ 
ferent  profefiions  ;  and  fome  of  them,  perhaps,  filling 
the  moft  diftinguiihed  ftations  of  civil  fociety.  With 
tliefe  prorpe6ts  before  him,  he  conftantly  directed  his 
public  condu6l  to  their  attainment.  He  never  fuffered 
Iiis  judgment  to  be  warped  by  prejudice  or  partiality, 
or  his  heart  to  be  feduced  by  paflion  or  private  intereil. 
Thofe  mean  and  ignoble  motives  by  which  many  are 
actuated  in  the  difeharge  of  important  trulls,  approach¬ 
ed  not  liis  mind.  A  certain  honourable  pride,  if  pride 
it  may  be  called,  diffufed  an  uniform  dignity  over  the 
whole  of  his  behaviour.  He  felt  the  man  degraded 
by  the  perverfion  of  public  charafter.  His  underftand- 
iiig  alfo  clearly  Ihewed  him  even  perfonal  advantage  at¬ 
tached  to  fuch  principles  and  pra6l;ice,  as  he  adopted 
from  a  fenfe  of  obligation,  and  thofe  elevated  concep¬ 
tions  of  real  worth  which  were  fo  congenial  to  his  foul. 
He  faw,  he  experienced,  efteem,  refpeft,  and  influence, 
following  in  the  train  of  integrity  and  beneficence  ;  but 
contempt,  difgrace,  averlion,and  complete  inlignificance, 
clofely  linked  to  corruption  and  felfilhiiefs.  Little  minds 
are  feduced  and  overpowered  by  felfifli  confiderations, 
becaufe  they  have  not  the  capacity  to  look  beyond  the 
prefent  advantage,  and  to  extend  to  the  mifery  that 
fiands  on  the  other  fide  of  it.  The  fame  circumftaiice 
that  betrays  the  perverfity  of  their  hearts,  alfo  evinces 
the  weaknefs  of  their  judgments. 

“  His  reputation  as  a  writer  is  as  extenfive  as  the 
prefent  iiitercourfe  of  letters  ;  not  confined  to  his  own 
country,  but  fpread  through  every  civilized  nation.  In 
liis  literary  purfuits,  he  aimed  not,  as  is  very  often  the 
cafe,  with  men  of  diftinguiihed  literary  abilities,  merely 
at  eftablifhing  his  own  celebrity,  or  increafing  his  for¬ 
tune  ;  but  had  chiefly  at  heart  the  defence  of  the  great 
caufe  of  Religion,  or  the  elucidation  of  her  dictates. 

“  At  an  early  period  he  entered  the  lifts  as  a  cham¬ 
pion  for  Chriftianity  againft  one  of  its  acuteft  oppo¬ 
nents.  He  not  only  triumphantly  refuted  his  argu¬ 
ments,  but  even  conciliated  his  refped  by  the  handfome 
and  dexterous  manner  in  which  his  defence  was  conduc¬ 
ed.  While  he  refuted  the  infidel,  he  fpared  the  man, 
and  exhibited  the  uncommon  fpeCacle  of  a  polemical 
writer  poflefling  all  the  moderation  of  a  Chriftian.  But 
while  he  defended  Chriftianity  againft  its  enemies,  he 
was  defirous  of  contributing  his  endeavours  to  increafe, 
among  its  profelTors,  the  knowledge  of  the  facred  wri¬ 
tings.  Accordingly,^  in  the  latter  part  of  his  life,  he 
favoured  the  world  with  a  work,  the  fruit  of  copious 
erudition,  of  unwearied  application,  for  alnioft  thirty 
years,  and  of  a  clear  and  comprehenfive  judgment.  We 
have  only  to  regret,  that  the  other  writings  of  the 
New  Teftament  have  not  been  elucidated  by  the  fame 
pen  that  tranflated  the  Gofpels.  Nor  were  his  literary 
merits  confined  to  theology,  and  the  ftudies  more  im¬ 
mediately  conneCed  with  it.  Philofophy,  and  the  fine 
arts,  are  alfo  indebted  to  his  genius  and  labours  ;  and 
in  him  the  polite  fcholar  was  eminently  joined  to  the 
deep  and  liberal  divine. 

“  Political  principles  will  always  be  much  affeCed 
by  general  charaCer.  This  was  alfo  the  cafe  with  Dr 
SuppL.  VoL.  L  Part  L 
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Campbell.  In  politics,  he  nialntamed  that  moderation  C»mp1>ell. 
which  IS  the  fureft  criterion  of  truth  and  reftitude,  and  ' 
was  equally  diftant  from  thofe  extieir.es  into  which  men 
are  fo  apt  to  run  on  great  political  queftions.  He  che- 
rifhed  that  patriotiftn  which  confifts  in  wifliing,  and  en¬ 
deavouring  to  promote  the  greateft  happinefs  of  his 
country,  and  is  always  fubordinate  to  univerfal  benevo- 
lence.  Firmly  attached  to  the  Britifh  conftitution,  he 
was  animated  with  that  genuine  love  of  liberty  wliich 
it  infpires  and  invigorates.  He  was  equally  averfe  to 
defpotifm  and  to  popular  anarchy  ;  the  two  evils  into 
which  political  parties  are  fo  frequently  hurried,  to  the 
delf  1  udf ion  of  all  that  is  valuable  in  government.  Fat¬ 
ty -fpirit,  of  whatever  defeription,  he  coiifidered’as  ha¬ 
ving  an  unhappy  tendency  to  pervert,  to  the  moft  per¬ 
nicious  purpofes,  the  heft  principles  of  the  human  mind, 
and  to  clothe  the  moft  iniquitous  aftions  with  the  moft 
fpecious  appearances.  Although  tenacious  of  thofe  fen- 
timents,  whether  in  religion  or  politics,  which  he  was 
convinced  to  be  rational  and  juft,  he  never  fuffered 
mere  difference  of  opinion  to  impair  his  good-will  to 
obftrua  his  good  offices,  or  to  cloud  the  cheerfulnefs 
of  converfation.  His  own  converfation  was  enlivened 
by  a  vein  of  the  moft  agreable  pleafantry.” 

So  far  was  he  from  being  influenced  by  jealoufy  or 
any  portion  of  that  corporatlon-fpirit  which  fometimes 
incites  men  of  undoubted  abilities  to  detraa  from  the 
merit  of  every  writer  who  fills  not  a  ftation  as  confpi. 
cuous  as  their  own,  that  he  was  loud  in  his  praifes  of 
thofe,  whom  men  of  meaner  minds  would  have  looked 
upon  with  difguft,  as  upon  prefumptuous  rivals.  This 
generofity  was  fully  experienced  by  the  writer  of  the 
article  Miracle,  in  the  Encyclopaedia  Britannica,  who, 
though  he  had  prefumed  to  treat  the  fubjea  differentlr 
from  Dr  Campbell,  received  from  him  fuch  a  teftimony 
of  .approbation  of  what  he  had  done,  as  he  will  hardlv 
look  for  from  any  other  man  in  fimilar  circiimftaiices. ' 

_  Among  his  other  qualities,  which  fo  much  endeared 
him  to  all  who  had  the  honour  of  liis  acquaintance.  Dr 
Campbell  poffeffed  an  uncommon  facility  of  paffing  from 
the  graved  to  the  moft  airy  fubjeas,  and  from  the  live- 
heft  to  the  graved,  without  degrading  the  one  or  di- 
miniffimg  the  pleafure  of  the  other.  The  infirmities  of 
age  abated  not  the  cheerfulnefs  of  his  temper,  nor  did 
even  the  perfuafion  of  approaching  diffoliition  impair 
his  lerenity,  ^ 

We  cannot  conclude  this  fliort  flietch  better  than 
with  a  lift  of  his  works,  in  the  order  in  which  they 
were  publifted.  In  1752,  lie  publiflied  a  Sermon 
preached  before  the  Syrrod  of  Aberdeen. 

1761.  A  Differtation  on  Miracles,  againft  Mr  Hume. 

This  treatife  is  well  known  to  the  learned  world  He 
obtained,  and  defervedly  obtained,  a  very  high  leputa- 
tion,  not  only  from  the  able  manner  in  which  he  haiid- 

«'ltich  he 

addreffed  his  antagonill.  It  was  fpeedily  tranflated  in- 
to  rreiich,  German,  and  Dutch. 

.  Sermon  before  the  Society  for  Propasra. 

ting  Chriftian  Knowledge,  Edinburgh.  ^ 

- before  tlie  Synod  of  Aberdeen.- 

1776.  The  Philofophy  of  Rhetoric,  2  vols  8vo.  A 


work  which  difcovers  a  clearnefs  of  difeernment,  and 
^curacy  of  obfervation,  which  juftly  entitled  him  to  be 
Tanked  among  the  moft  judicious  critics.  He  entered 
on  this  inquiry  as  early  as  2750,  when  a  part  of  the 
e  'work 
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work  was  compofed.  The  laws  of  elegant  compolition 
^  and  criticifm  are  laid  down  with  great  perfpiculty  :  but 
the  moft  valuable  part  of  the  work  is  undoubtedly  the 
theory  of  evidence^  to  which  we  know  nothing  fuperior, 
perhaps  nothing  equal,  on  the  fubjed,  in  our  own  or  any 
other  language.  His  philofophy,  in  general,  Is  the  phi- 
lofophy  of  Dr  Reid  ;  and  where  he  differs  from  that  a- 
cutc  reafoner  refpedlng  ahJlraBlon^  and  fome  other  ob¬ 
jects  of  metaphyfical  difquifition,  we  think  it  Impoffible 
to  refiife  him  the  pre-eminence  in  everything  but  llyle. 

lyyy.  A  Sermon  on  the  King’s  Faft-day,  on  Alle¬ 
giance,'  firfl  printed  in  4to,  and  aftervyards,  at  the 
CKpence  of  government,  fix  thoufand  copies  were  print¬ 
ed  in  i2mo,  enlarged  with  notes,  and  fent  to  Ame¬ 
rica,  when  the  unhappy  ftruggle  had,  however,  put  on 
appearances  which  prevented  the  effedf  hoped  for  from 
this  fermon. 

1780.  An  Addrefs  to  the  People  of  Scotland  on 
the  Alarms  which  have  been  raifed  by  what  Is  called 
the  Popifh  Bill.  This  is  a  powerful  diffuafive  from  bi¬ 
gotry,  and  every  fpecles  of  religious  perfecutioii. 

His  Magnum  Opus*  The  tranflation  of  the 
Gofpeis,  with  Preliminary  Dlffertations,  2  vols  qto. 

1800.  Ledures  on  Ecclefiaftical  Hiflory,  a  pollhu- 
mous  work.  In  2  vols  8vo  ;  which,  in  the  opinion  of 
mod  people,  fhould  have  been  fupprcffed. 

CAMPI-IOR,  or  Camphire,  (fee  Encycl.)^  is,  in 
China,  obtained  by  boiling  the  branches,  twigs,  and 
leaves,  of  the  Laurus-Camphora  in  water,  upon  the  fur- 
face  of  which  It  Is  found  fwimming  in  the  form  of  an 
oil,  or  adhering,  in  a  glutinous  form,  to  a  wooden  rod, 
with  which  the  boiling  matter  Is  conftantly  dirred. 
The  glutinous  mafs  is  then  mixed  with  clay  and  lime, 
and  put  Into  an  earthen  vefTel,  with  another  of  the  fame 
iize  properly  luted  over  It ;  the  lower  veffel  being  placed 
over  a  flow  fire,  the  camphor  gradually  fubllmes  through 
the  clay  and  lime,  and  adheres  to  the  Tides  of  the  upper 
veflel,  forming  a  cake  of  a  fliape  correfponding  to  the 
cavity  which  received  it.  It  is,  however,  lefs  pure  and 
much  weaker  than  what  is  difeovered  in  a  folid  date 
among  the  fibres  of  the  trunk,  as  turpentine  is  found 
in  different  forts  of  pines.  In  the  great,  but  ill-peo¬ 
pled,  Ifland  of  Borneo,  and  alfo  in  Japan,  the  camphor 
tree  is  felled  for  the  foie  purpofe  of  finding  this  codly 
drug  in  fubdance  among  the  fplinters  of  the  trunk,  in 
the  fame  manner  as  other  trees  are  felled  in  Louifiana 
merely  for  colledling  the  fruit  they  bear  upon  their 
fummits.  The  Borneo,  or  Japan  camphor,  is  pure, 
and  fo  very  drong,  as  readily  to  communicate  much  of 
its  odour  and  its  virtues  to  other  infpiflated  oils,  which 
thus  pafs  for  real  camphor  ;  and  this  adulterated  drug 
is  fold  by  Chinefe  artids  at  a  vadly  lower  price  than 
they  gave  themfelves  for  the  genuine  fubdance  from 
Borneo  or  Japan. 

Sir  George  Staunton,  from  whom  we  have  this  ac¬ 
count,  does  not  inform  us  whether  the  camphor-tree 
of  China,  if  felled  and  torn  into  fplinters,  would  not 
produce  as  large  quantities  of  the  drug,  and  equally 
pure,  as  the  trees  of  Borneo  and  Japan  ;  but  he  afliires 
us,  that  in  China  It  is  never  fo  torn,  being  there  a  large 
and  valuable  timber-tree.  It  is  *ufed  (fays  he)  in 
the  bed  buildings  of  every  kind,  as  well  as  for  mads  of 
veflels,  and  bears  too  high  a  price  to  allow  of  any  part, 
except  the  branches,  being  cut  up  for  the  fake  of  the 
drug.’^ 
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CANALS  OF  Communication  may  be  of  fuch  Canals, 
advantage  In  a  commercial  or  agricultural  country,  that  ^ 
every  attempt  to  render  them  more  convenient,  and  lefs 
expenfive  in  the  condrudlion.  Is  intitlcd  to  public  no¬ 
tice.  In  the  Encyclopaidia,  an  account,  fufiiciently 
pevfpicuous.  Is  given  of  the  common  canals  with  locks; 
but  in  many  cafes  It  is  very  difficult  to  provide  a  fufficient 
quantity  of  water  for  the  confumptlon  of  a  canal  where 
many  boats  are  to  pafs.  Different  attempts  have  there¬ 
fore  been  made,  by  ingenious  men,  to  fave  water  in  the 
paffing  of  boats  or  lighters  from  one  lock  of  a  canal  to 
another  ;  and,  among  thefe,  perhaps  none  is  more  de- 
ferving  of  public  favour  than  the  following,  by  the  late 
Mr  James  Playfair  of  Ruffel-dreet,  archiie(^.  We  fhall 
date  his  invention  in  his  own  words. 

“  The  nature  and  principle  of  this  manner  of  faving 
water  confid  in  letting  the  water  which  has  ferved  to 
raife  or  fall  a  boat  or  barge  from  the  lock,  pafs  into 
refervoirs  or  clderns,-  whofe  apertures  of  communication 
with  the  lock  are  upon  different  levels,  and  which  may 
be  placed  or  condrinfled  at  the  fide  or  Tides  of  the  lock 
with  which  they  communicate,  or  in  any  other  conti¬ 
guous  fituation  that  circumdances  may  render  eligible  ; 
which  apertures  may  be  opened  or  fliut  at  pleafure,  fo 
that  the  water  may  pafs  from  the  lock  to  each  refervoir 
of  the  canal,  or  from  each  refervoir  to  the  lock.  In  the 
following  manner  :  The  water  which  fills  the  lock, 
when  a  boat  Is  to  afeend  or  defeend,  indead  of  being 
paffed  immediately  Into  the  lower  part  of  the  canal,  is 
let  pafs  Into  thefe  ciderns  or  refervoirs,  upon  different 
levels  ;  then,  their  communications  with  the  lock  being 
fliut,  they  remain  full  until  another  veffel  is  wanted  to 
pafs;  then,  again,  the  ciderns  are  emptied  into  the 
lock,  which  Is  thereby  nearly  filled,  fo  that  only  the  re¬ 
mainder  which  is  not  filled  Is  fupplled  from  the  higher 
part  of  the  canal.  Each  of  thefe  ciderns  mud  have  a 
furface’'not  lefs  than  that  of  the  lock,  and  mud  con¬ 
tain  half  as  much  water  as  is  meant  to  be  expended  for 
the  paffing  of  each  veffel.  The  cidern  the  mod  eleva¬ 
ted  is  placed  twice  its  own  depth  (meafuring  by  the 
aperture,  or  communicating  opening  of  the  ciderns) 
under  the  level  of  the  water  in  the  higher  part  of  thc^ 
canal.  The  fecond  cidern  is  placed  once  its  own  depth, 
under  the  fird,  and  fo  on  are  the  others  to  the  lowed  ; 
which  lad  is  placed  once  Its  own  depth  above  the  level 
of  the  water  in  the  lower  part  of  the  canal.  The  aper¬ 
tures  of  the  intermediate  ciderns,  whatever  their  num¬ 
ber  may  be,  mud-  all  be  equally  divided  Into  different 
levels ;  the  furface  of  the  water  in  the  one  being  al¬ 
ways  on  the  level  of  tf  e  bottom  of  the  aperture  of  the 
cidern  which  is  immediately  above.  As  an  example 
of  the  manner  and  rule  for  condruding  thefe  ciderns, 
fuppofe  tfiat  a  lock  is  to  be  condrudfed  twelve  feet 
deep,  that  is,  that  the  veffel  may  afeend  or  defeend  twelve 
feet  in  paffing.  Suppofe  the  lock  fixty  feet  long  and 
fix  feet  wide,  the  quantity  of  water  required  to  fill  the 
lock,  and  to  pafs  a  boat,  is  4320  cubic  feet  ;  and  fup¬ 
pofe  that,  in  calculating  the  quantity  of  water  that  can 
be  procured  for  fupplying  the  canal,  after  allov/ing  for 
wade,  it  is  found  (according  to  the  number  of  boats 
that  may  be  expedfed  to  pafs)  that  there  will  not  be 
above  800  cubic  feet  for  each  ;  then  it  will  be  necef- 
fary  to  fave  five-fixths  of  the  whole  quantity  that  in  the 
common  cafe  would  be  neceffary  :  to  do  which  ten  clf- 
terns  mud  be  made  (the  mode  of  placing  which  is  ex- 
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prefled  in  the  drawing,  fig.  i.  Plate  VII.),  each  of 
which  mud  be  one  foot  deep,  or  deeper  at  pleafure, 
and  each  mud  have  a  furface  of  360  feet  fquare,  equal 
to  the  furface  of  the  lock.  The  bottom  of  the  aper¬ 
ture  of  the  lowed  cidern  mud  be  placed  one  foot  above 
the  level  of  the  water  in  the  lower  part  of  the  canal,  or 
eleven  feet  under  the  level  of  the  high  water ;  the  fe- 
cond  cidern  mud  be  two  feet  above  the  level  of  the 
low  water;  the  third  three  feet,  and  fo  on  of  the  others  ; 
the  bottom  of  the  tenth,  or  uppermod  cidern,  being 
ten  feet  above  the  low  water,  and  two  feet  lower  than 
the  high  water;  and,  as  each  cidern  mud  be  twelve 
inches  in  depth,  the  furface  of  the  water  in  the  higher 
cidern  will  be  one  foot  under  the  level  of  the  water  in 
the  upper  part  of  the  canal.  The  cidenis  being  thus 
condruded,  wdien  the  lock  is  full,  and  the  boat  to  be 
let  down,  the  communications  between  the  lock  and  the 
ciderns,  w^hich  until  then  have  all  been  fhut,  are  to  be 
opened  in  the  following  manner  :  fird,  the  communica¬ 
tion  with  the  higher  cidern  is  opened,  which,  being  at 
bottom  two  feet  under  the  level  of  the  water  in  the 
lock,  is  filled  to  the  depth  of  one  foot,  the  water  in  the 
lock  defeending  one  foot  alfo  at  the  fame  time  ;  that 
communication  is  then  fhut,  and  the  communication  be¬ 
tween  the  lock  and  the  fecond  cidern  is  opened  ;  one 
foot  more  of  the  water  then  pades  into  that  cidern  from 
the  lock,  and  fills  it  ;  the  opening  is  then  fhut  :  the 
fame  is  done  with  the  third,  fourth,  'fifth,  fixth,  feventh, 
eighth,  ninth,  and  tenth,  ciderns,  one  by  one,  until 
they  are  all  filled  ;  and  when  the  tenth,  or  lovvermod 
cidern,  is  filled,  there  remains  but  two  feet  depth  of 
water  in  the  lock.  The  communication  between  the 
lock  and  the  lower  part  of  the  canal  is  then  opened, 
and  the  lad  two  feet  depth  of  water  is  emptied  into  the 
lower  part  of  the  canal.  By  this  means,  it  is  evident 
that,  indead  of  twelve  feet  depth  of  water  being  let 
defeend  into  the  lower  part  of  the  canal,  there  is  only 
two  feet  depth  that  defeends,  or  one-fixth  of  the  whole; 
therefore,  indead  of  4320  cubic  feet  being  ufed,  there 
are  only  720  cubic  feet  ufed;  the  remainder  of  the  wa¬ 
ter  in  the  ciderns  being  ufed  as  follows;  When  another 
boat  is  to  mount,  the  fluices  being  then  fhut,  and  ihe 
boat  in  the  lock,  the  tenth  or  lowermod  cidern  is 
emptied  into  the  lock,  which  it  fills  one  foot;  the  com¬ 
munication  being  then  fhut,  the  next  lowed  cidern,  or 
the  ninth,  is  emptied  into  the  lock,  which  is  thereby 
filled  another  foot ;  and  fo,  in  like  manner,  ali  the  other 
ciderns  are  emptied  one  after  another,  until  the  higher 
cidern  being  emptied,  which  fills  the  tenth  foot  of  wa¬ 
ter  in  the  lock,  there  remains  but  two  feet  of  water  to 
fill,  vyhich  is  done  from  the  upper  part  of  the  canal  by 
opening  the  higher  fluice  to  pafs  the  boat ;  by  that 
means,  the  fame  quantity  of  water  defeends  from  the 
upper  part  of  the  canal  into  the  lock,  that  in  the  other 
cafe  defeended  from  the  lock  into  the  lower  part  of  the 
canal ;  fo  that,  in  both  cafes,  the  fame  quantity  of  wa¬ 
ter  is  faved,  that  is,  five-fixths  of  what  would  be  necef- 
fary  w^ere  there  no  ciderns.  Suppofe  again  that,  u])on 
the  fame  canal,  and  immediately  after  the  twelve  feet 
lock,  it  would  be  advantageous  to  condrudl  one  of 
eighteen  feet  ;  then,  in  order  not  to  ufe  any  greater 
quantity  of  water,  it  will  be  neceffary  to  have  fixteen 
ciderns,  upon  different  levels,  communicating  with  the 
lock  in  the  fame  manner.  Should,  again,  ja,  lock  of 
only  fix  feet  be  wanted,  after  that  of  eighteen,  then  it 
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will  only  be  neceffary  to  have  four  ciderns  on  different 
levels,  and  fo  of  any  other  height  of  lock.  The  rule 
is  this;  For  finding  the  number  and  fize  of  the  ciderns, 
each  cidern  being  the  fame  in  fuperficies  with  the  lock, 
its  depth  mud  be  fuch  as  to  contain  one  half  the  quan¬ 
tity  of  water  meant  to  he  ufed  in  the  paffing  of  one 
•boat.  The  depth  of  the  lock,  divided  by  the  depth 
neceffary  for  fuch  a  cidern,  will  give,  in  all  cafes,  the 
whole  number  of  ciderns,  and  two  more  ;  dediid  the 
number  two,  therefore,  from  the  number  which  you 
find  by  dividing  the  depth  of  the  lock  by  the  depth  of 
one  cidern,  and  you  have  always  the  number  of  ci- 
flerns  required  ;  which  are  to  be  placed  upon  diflerent 
levels,  according  to  the  rule  already  given.  The  above 
is  the  principle  and  manner  of  uling  the  lock,  for  fa¬ 
ying  water  in  canals,  and  for  enabling  engineers  to  con- 
flruft  locks  of  different  depths  upon  the  fame  canal, 
without  ufing  more  water  for  the  deep  locks  than  for 
the  fhallow  ones.  With  regard  to  the  manner  of  dif- 
pofing  the  ciderns,  the  circuindances  of  the  ground, 
the  declivity,  &c.  will  be  the  bed  guide  for  the  engi¬ 
neer.’’ 

But  fuppofing  a  fufnciency  of  water,  or  admitting 
that  this  method  of  Mr  Playfair’s  of  faving  it,  where 
defective,  is  adequate  to  his  fonded  expedations,  dill, 
in  paffing  numerous  locks,  where  the  rife  is  confider- 
able,  the  interruption  is  fo  great,  that  it  has  often  been 
vyifhed  that  an  eligible  method  of  lowering  and  eleva¬ 
ting  boats  could  be  devifed,  without  the  affidance  of 
water-locks.  Though  tliis  is  evidently  at  fird  view  prac¬ 
ticable,  and  feveral  different  modes  of  doing  it  have 
been  fuggefted,  fome  of  wdiich  have  adually  been  car¬ 
ried  into  effed,  yet  all  of  them  have  been  found  to  be 
attended  with  fuch  inconvenience  as  to  render  an  im¬ 
provement  in  this  refped  dill  neceflary. 

In  China,  where  water-carriage  is  more  generally  prac- 
tifed  than  in  any  kingdom  of  Europe,  boats  are  raifed 
and  lowered  from. one  canal  into  another,  by  Aiding  them 
along  an  inclined  plane  ;  but  the  contrivances  for  ef- 
feding  that  purpofe  are  fo  awkward,  and  fuch  a  num¬ 
ber  of  hands  are  required,  that  it  has  in  general  been 
deemed  inexpedient  to  refort  to  that  mode  of  pradice 
in  Europe.  Several  devices,  that  difeover  coiifiderable 
ingenuity,  however,  have  been  publifhed,  with  a  view 
to  facilitate  this  operation  ;  either  by  rendering  the  mo¬ 
tion  up  the  inclined  plane  more  equable,  or  producing 
a  power  fufficient  to  move  thefe  great  weights.  But 
none  of  them  have  yet  been  fo  fimple  in  their  condruc- 
tion  as  could  be  w idled,  nor  have  they  afforded  fatisfac- 
tion  in  pradice.  For  the  greater  part  of  them,  like- 
wife,  patents  have  been  granted  ;  fo  that  whatever  be 
their  value,  no  engineer  could  avail  himfelf  of  them 
without  previoufly  purchafing  a  licence  from  the  pa¬ 
tentee.  ^ 

The  following  contrivance  for  this  purpofe  is  the  in- 
vention  of  James  Anderfon,  LL,  D.  whofe  knowledge 
of  economics  is  well  known,  and  of  whofe  public  fpint 
there  cannot  be  a  doubt.  Inftead  of  applying  for  a  pa¬ 
tent,  to  fecure  to  himfelf  the  fruits  of  his  ingenuity,  he 
publilhed,  for  the  good  of  his  countrymen  in  general, 
his  device.  In  the  View  of  the  Agriculture  of  the  Coun¬ 
ty  of  Aberdeen,  which  he  drew  up  for  the  confidera- 
tion  of  the  board  of  agriculture.  He  introduces  it  to 
public  notice  with  juRly  obferving,  that  it  poffelfes  at 
leaii  the  merit  of  fimplicity,  in  as  high  a  degree,  per* 
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Canals,  haps,  as  coulj  be  wifhed  ;  and,  in  the  opinion  (fays 
" ■  he)  of  very  good  judges  of  matters  of  this  fort,  to 
whom  the  plan  has  been  fhewn,  it  has  been  decoded 
fully  adequate  to  the  purpofe  of  railing  and  lowering 
boats  of  a  moderate  lize,  that  is,  of  20  tons,  or  down¬ 
wards  ;  and  it  is  the  opinion  of  moll  men  v/ith  whom  I 
have  converfed,  who  are  bell  acquainted  with  the  in¬ 
land  navigations,  that  a  boat  of  from  10  to  15  tons  is 


better  than  thofe  of  a  larger  fize.  When  feveral  are 


wanted  to  be  fent  at  once,  they  may  be  affixed  to  one 
another,  as  many  as  the  towing- horfe  can  conveniently 
draw.  Were  boats  of  this  lize  adopted,  and  were  all 
the  boats  on  one  canal  to  be  of  the  fame  dimenlions,  it 
would  prove  a  great  convenience  to  a  country  in  a  Hate 
of  beginning  improvements>  becaufe  the  expence  of  fuch 
a  boat  would  be  fo  trifling,  that  every  farmer  could 
have  one  for  aimfelf,  and  might  of  courfe  make  ufe  of 
it  when  he  pleafed  by  the  aid  of  his  own  horle,  without 
being  obliged  to  have  any  dependence  on  the  time  that 
might  fuit  the  convenience  of  his  neighbour  ;  and  if 
two  or  more  boats  were  going  from  the  fame  neigh- 
bouihood,  one  horfe  could  ferve  the  whole. 

“  You  are  to  fuppofe  that  fig.  2.  (Plate  VII.)  repre- 
fents  a  bird’s-eye  view  of  this  fimple  apparatus,  as  feen 
from  above.  A  is  fuppofed  to  be  the  upper  reach  of 
the  canal,  and  B  the  lower  reach,  with  the  apparatus 
between  the  two.  This  confills  of  three  divifions  ;  the 
middle  one,  extending  from  C  to  D,  is  a  folid  piece  of 
mafonry,  raifed  from  a  firm  foundation  below  the  level 
of  the  bottom  of  the  fecond  reach  :  this  is  again  divi¬ 
ded  into  five  parts,  viz.  ddd,  where  the  wall  rifes  only 
to  the  height  of  the  water  in  the  upper  reach,  and  ee^ 
two  pillars,  raifed  high  enough  to  iupport  the  pivots 
of  a  wheel  or  pulley  placed  in  the  pofitioti  there 
marked. 

The  fecond  divifion  h  confifls  of  a  wooden  coffer, 
of  the  fame  depth  nearly  as  the  water  in  the  upper 
reach,  and  of  a  lize  exafily  fitted  to  contain  one  of  the 
boats.  This  communicates  diredly  with  the  upper 
reach,  and  being  upon  the  fame  plane  with  it,  and  fo 
conneded  with  it  as  to  be  water-tight,  it  is  evident, 
from  infpeftion,  that  nothing  can  be  more  eafy  than  to 
float  a  boat  into  this  coffer  from  the  upper  reach  ;  the 
part  of  the  wheel  that  proje£ls  over  it  being  at  a  fuffi- 
cient  height  above  it,  fo  as  to  occafion  no  fort  of  inter¬ 
ruption. 

Third  divifion.  At  i  is  reprefented  another  cof¬ 
fer,  precifely  of  the  fame  dimenfions  with  the  firll.  But 
here  two  fluices,  which  were  open  in  the  former,  and 
-only  reprefented  by  dotted  lines,f  are  fuppofed  to  be 
fhat,  fo  as  to  cut  off  all  communication  between  the 
water  in  the  canal  and  that  in  the  coffer.  As  it  was 
impoffible  to  reprefent  this  part  of  the  apparatus  on  fo 
fmall  a  fcale,  for  the  fake  of  illuflration  it  is  reprefent¬ 
ed  more  at  large  in  fig.  5.  where  A,  as  before,  repre- 
fents  the  upper  reach  of  the  canal,  and  h  one  of  the 
coffers.  The  fluice  k  goes  into  two  cheeks  of  wood, 
joined  to  the  mafonry  of  the  dam  of  the  canal,  fo  as  to 
fit  perfe£lly  clofe  ;  and  the  fluice  f  fits  equally  clofe 
into  cheeks  made  in  the  fide  of  the  coffer  for  that  pur¬ 
pofe  ;  between  thefe  two  fluices  is  a  fmall  fpace  0. 
The  coffer,  and  this  divifion  0,  are  to  be  fuppofed  full 
of  water,  and  it  will  be  eafy  to  fee  that  thefe  fluices 
may  be  let  down  or  drawn  up  at  pleafure  with  much 
facility. 
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Fig.  6.  reprefents  a  perpendicular  fe6lion  of  thefe 
parts  in  the  fame  dire6lion  as  in  fig.  5.  and  in  which 
the  fame  letters  reprefent  the  fame  parts. 

“  Things  being  thus  arranged,  you  are  to  fuppofe 
the  coffer  h  to  be  fufpended,  by  means  of  a  chain  paffed 
over  the  pulley,  and  balanced  by  a  weight  that  is  fuffi- 
cient  to  counterpoife  it,  fufpended  at  the  oppofite  end 
of  the  chain.  Suppofe,  then,  that  the  counterpoife  be 
made  fomewhat  lighter  than  the  coffer  with  its  con¬ 
tents,  and  that  the  line  mn  (fig.  6.)  reprefents  a  divi¬ 
fion  between  the  folid  fides  of  the  dam  of  feparation, 
which  terminates  the  upper  reach  and  the  wooden  cof¬ 
fer,  which  had  been  clofed  only  by  the  preffure  of  its 
own  weight  (being  pufhed  a  very  little  from  A  towards 
B,  beyond  its  precife  perpendicular  fwing),  and  that  the 
joining  all  round  is  covered  with  lifts  of  cloth  put  upon 
it  for  that  purpofe  ;  it  is  evident  that,  fo  long  as  the 
coffer  is  fufpended  to  this  height,  the  joining  mull  be 
water-tight ;  but  nd  fooner  is  it  lowered  down  a  little 
than  this  joining  opens,  the  water  in  the  fniall  divifion 
0  is  allowed  to  run  out,  and  an  entire  feparation  is  made 
between  the  fixed  dam  and  this  moveable  coffer,  which 
may  be  lowered  down  at  pleafure  without  lofing  any 
part  of  the  water  it  contained. 

“  Suppofe  the  coffer  now  perfe6lly  detached,  turn 
to  fig.  3.  which  reprefents  a  perpendicular  fedion  of 
this  apparatus,  in  the  diredion  of  the  dotted  line  pp 
(fig.  2.)  In  fig.  3.  /j  reprefents  an  end  view  of  the 
coffer,  indicated'by  the  fame  letter  as  in  fig.  2.  fufpend¬ 
ed  by  its  chain,  and  now  perfeaiy  detached  from  all 
other  objefts,  and  balanced  by  a  counterpoife  /,  which 
is  another  coffer  exadly  of  the  fame  fize,  as  low  down 
as  the  level  of  the  lower  reach.  From  infpeaion  only, 
it  is  evident,  that  in  proportion  as  the  one  of  theie 
weights  rifes,  the  other  muft  defeend.  For  the  pre- 
fent,  then,  fuppofe  that  the  coffer  h  is  by  fome  means 
rendered  more  weighty  than  /,  it  is  plain  it  will  de¬ 
feend  while  the  other  rifes  ;  and  they  will  thus  conti¬ 
nue  till  h  comes  down  to  the  level  of  the  lower  reach,, 
and  /  rifes  to  the  level  of  the  higher  one. 

“  Fig.  4.  reprefents  a  fedion  in  the  diredion  AB 
(fig.  2.),  in  which  the  coffer  i  (feen  in  both  fituations) 
is  fuppofed  to  have  been  gradually  raifed  from  the  level 
of  the  lower  reach  B,  to  that  of  the  higher  A,  where 
it  now  remains  ftationary  ;  while  the  coffer  h  (which  is- 
concealed  behind  the  mafonry)  has  defeended  in  the 
mtan  time  to  the  level  of  the  lower  reach,  where  it 
clofes  by  means  of  the  jundure  r  j,  fig.  6.  (which  junc¬ 
ture  is  covered  with  lifts  of  cloth,  as  before  explained, 
at  and  is  of  courfe  become  water-tight),  when,  by 
lifting  the  fluice  /,  and  the  correfponding  fluice  at  the 
end  of  the  canal,  a  perfed  communication  by  water  is 
eftablifhed  between  them.  ^  If,  then,  inftead  of  water 
only,  this  coffer  had  contained  a  boat,  floated  into  it 
from  the  upper  reach,  and  then  lowered  down,  it  is  ve¬ 
ry  plain  that  when  thefe  fluices  were  removed,  after  it. 
had  reached  the  level  of  the  lower  reach,  that  boat 
might  have  been  floated  out  of  the  coffer  with  as  much 
facility  as  it  was  let  into  it  above.  Flere  then  we  have 
a  boat  taken  from  the  higher  into  the  lower  canal  ; 
and,  by  reverfing  this  movement,  it  is  very  obvious 
that  it  might  be,  with  equal  eafe,  raifed  frorn  the  lower 
into  the  higher  one.  It  now  only  remains  that  I 
fliould  explain  by  what  means  the  equilibrium  between 
^  thefe 
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Canalj.  thefe  counterbalancing  weights  can  be  deftroyed  at  plea-  mlnidied  in  proportion  to  its  defcent ;  while  the  weight 

— V - '  fure,  and  the  motion  of  courfe  produced.  of  the  chain  on  the  oppofite  fide  would  be  augmented 

It  is  very  evident,  that  if  the  two  correfponding  in  the  fame  proportion,  fo  as  to  counterpoife  each  other 
coffers  be  precifely  of  the  fame  dimenfions,  their  weight  exa(Sl:ly,  in  every  fituation,  until  the  uppermofl  chain 
will  be  exadlly  the  fame  when  they  are  both  filled  to  was  railed  from  the  ground.  After  which  it  would 
the  fame  depth  of  w^ater.  It  is  equally  plain,  that  increafe  its  weight  no  more;  and,  of  courfe,  would  then 
fhould  a  boat  be  floated  into  either  or  both  of  them,  give  the  under  coffer  that  preponderance  which  is  ne- 
whatever  its  dimenfions  or  weight  may  be,  fo  that  it  cefiary  for  preferving  the  machine  fteady.  The  under 
can  be  contained  afloat  in  the  coffer,  the  weight  of  the  coffer,  when  it  reached  its  lowell  pofition,  would  touch 
coffer  and  its  contents  will  continue  precifely  the  fame  the  bottom  on  its  edges,  which  would  then  fnpport  it, 
as  when  it  was  filled  with  water  only  ;  hence,  then,  and  keep  every  thing  in  the  fame  pofition,  till  it  was 
fuppofing  one  boat  is  to  be  lowered,  or  one  to  be  raifed  made  lighter  for  the  purpofe  of  afeending. 
at  a  time,  or  fuppofing  one  to  be  raifed  and  another  What  conftitutes  one  particular  excellence  of  the 

lowered  at  the  fame  time — they  remain  perfedfly  in  apparatus  here  propofed  is,  that  it  is  not  only  unlimited 
equilibrium  in  either  place,  till  it  is  your  pleafure  to-  as  to  the  extent  of  the  rife  or  depreffion  of  which  it 
deflroy  that  equilibrium.  Suppofe,  then,  for  the  pre-  is  fufceptible  (for  it  would  not  require  the  expendi- 
fent,  that  both  coffers  are  loaded  with  a  boat  in  each,  ture  of  one  drop  more  water  to  lower  it  one  hundred 
the  double  fluices  both  above  and  below  clofed  ;  and  feet  than  one  foot);  but  it  would  alfo  be  eafy  fo  to 
fuppofe  alfo  that  a  flop-cock  «,  in  the  under  edge  of  augment  the  number  of  pulleys  at  any  one  place  as  to 
the  fide  of  the  lower  coffer  (fig.  4.  and  6.)>  is  opened,  admit  of  two,  three,  four,  or  any  greater  number  of 
^  fome  of  the  water  which  ferved  to  float  the  boat  in  the  boats  being  lowered  or  elevated  at  the  fame  time  ;  fo 
coffer  will  flow  out  of  it,  and  confequently  that  coffer  that  let  the  fucceffion  of  boats  on  fuch  a  canal  be  near¬ 
will  become  lighter  than  the  higher  one  ;  the  upper  ly  as  rapid  as  that  of  carriages  upon  a  highw'ay,  none 
coffer  will  of  courfe  defeend,  while  the  other  mounts  of  them  need  be  delayed  one  moment  to  wait  an  op- 
upwards.  When  a  gentle  motion  has  been  thus  com-  portunity  of  palling  :  a  thing  that  is  totally  impradli- 
municated,  it  may  be  prevented  from  accelerating;  mere-  cable  where  water-locks  are  employed  ;  for  the  inter- 
ly  by  turning  the  flop-cock  fo  as  to  prevent  the  lofs  courfe,  on  every  canal  conflrudled  with  water-locks,  is 
of  more  water,  and  thus  one  coffer  will  continue  to  necefl'arily  limited  to  a  certain  degree,  beyond  which  it 
afeend,  and  the  other  to  defeend,  till  they  have  affumed  is  impoffible  to  force  it^ 

their  llations  refpedlively  ;  when,  in  confequence  of  a  ‘‘  For  example  :  fuppofe  a  hundred  boats  are  follow’** 
flop  below,  and  another  above,  they  are  rendered  fla-  ing  each  other,  in  fuch  a  rapid  fucceffion  as  to  be  only 
tionary  at  the  level  of  the  refpedllve  canals  (a).  half  a  minute  behind  each  other:  By  the  apparatus 

“  Precifely  the  fame  effedl  will  be  produced  when  the  here  propofed,  they  would  all  be  elevated  precifely  as 
coffers  are  filled  entirely  with  water.  they  came  ;  in  the  other,  let  it  be  fuppofed  that  the 

“  It  is  iinneceffary  to  add  more  to  this  explanation,  lock  is  fo  well  conflru<5led  as  that  it  takes  no  more  than- 
except  to  obferve  that  the  fpace  for  the  coffer  to  de-  five  minutes  to  clofe  and  open  it;  that  is,  ten  minutes 
feend  into  muff  be  deeper  than  the  bottom  of  the  lower  in  the  whole  to  each  boat  (for  the  lock,  being  once 
canal,  in  order  to  allow  a  free  defeent  for  the  coffer  to  filled,  mufl  be  again  emptied  before  it  can  receive  ano- 
the  requifite  depth  ;  and  of  courfe  it  will  be  neceffary  tber  in  the  fame  diredlion)  :  at  this  rate,  fix  boats  only 
to  have  a  fmall  conduit  to  allow  the  water  to  get  out  of  could  be  paffed  in  an  hour,  and  of  courfe  it  would  take 
it.  Two  or  three  inches  free,  below  the  bottom  of  the  fixteen  hours  and  forty  minutes  to  pafs  the  whole  hun-^ 
canal,  is  all  that  would  be  neceffary.,  dred  ;  and  as  the  laft  boat  would  reach  the  lock  in  the 

“  Where  the  height  is  inconfiderable,  there  will  be  fpace  of  fifty  minutes  after  the  fir  ft*,  it  would  be  detain- 
no  occafion  for  providing  any  counterpoife  for  the  ed  fifteen  hours  and  fifty  minutes  before  its  turn  would 
chain,  as  that  will  give  only  a  fmall.  addition  to  the  come  to  be  raifed..  This  is  an  immenfe  detention;  but 
weight  of  the  iindermofl:  coffer,  fo  as  to  make  it  pre*  if  a  fucceffion  of  boats,  at  the  fame  rate,  were  to  follow 
ponderate,  in  circumflances  where  the  two  coffers  would  continually,  they  never  could  pafs  at  all.  In  fhort,  in 
otherwife  be  in  perfedl  equilibrium  :  but,  where  the.  a  canal  conilrudled  with  water-locks,  not  more  than  fix 
height  is  confiderable,  there  will  be  a  neceflity  for  pro-  boats,  on  an  average,  can  be  paffed  in  an  hour,  fo  that 
viding  fuch  a  counterpoife  ;  as,  without  it,  the  chain,,  beyond  that  extent  all  commerce  mull  be  flopped;  but, 
by  becoming  more  weighty  every  foot  it  defeended,^  of  the  plan  here  propofed,  fixty,  or  fix  hundred,  miglic" 
would  tend  to  deflroy  the  equilibrium  too  much,  and  be  palled  in  an  hour  if  neceffary,  fo  as  to  occafion  no 
accelerate  the  motion  to  an  inconvenient  degree.  To  fort  of  interruption  whatever.  Thefe  are  advantages 
guard  againfl  this  inconvenience,  let  a  chain  of  the  fame  of  a  very*  important  nature,  and  ought  not  to  be  over* 
■weight,  per  foot,  be  appended  at  the  bottom  of  each  looked  in  a  commercial  country. 

coffer,  of  fuch  a  length  as  to  reach  within  a  few  yards.  ‘‘  This  apparatus  might  be  employed  for  innume- 
of  the  ground  where  the  coffer  is  at  its  greatefl  height  rable  other  ufes  as  a  moving  power,  which  it  would  be  . 
(fee  fig.  3.)  ;  it  will  a<El  with  its  w'hole  weight  upon  foreign  to  our  prefent  purpofe  here  to  fpecify.  Nor 
the  highefl  coffer  while  in  this  pofition  ;  but,  as  that,  does  its  power  admit  of  any  limitation,  but  that. of  the  . 
gradually  defeended,  the  chain  would  reach  the  ground,,  fbength  of  the  chain,  and  of  the  cofcrs  which  are  to  . 
and,  being  there  fupported,  its  weight  would  be.  di*^  fupport  the  weights.  .  All  the  other  parts  admit  of. 

being  ^ 


(a)  ‘‘  It  does  not  feem  neceffary  to  adopt  any  other  contrivance  than  the.  above  for  regulating  the  motions  ^ , 
but  if  it  fhould  be  found  neceffary,  it  would  be  eafy  to  put  a  ratch- wheel  on  the  fame  axle.^^ 
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Canary-  being  made  fo  immoveably  firm  as  to  be  capable  of  fup- 
porting  almoft  any  afiignable  weight. 

«  I  will  not  enlarge  on  the  benchtstliat  may  be  deri¬ 
ved  from  this  very  timple  apparatus  :  its  cheapnefs,  when 
compared  with  any  other  mode  of  railing  and  lowering 
veffels  that  has  evef  yet  been  pra<5tired,  is  very  obvious; 
the  wahe  of  water  it  would  occafion  is  next  to  nothing; 
and  when  it  is  confidered  that  a  boat  might  be  raifed 
or  lowered  fifty  feet  nearly  with  the  fame  eafe  as  five, 
It  is  evident  that  the  interruptions  which  arife  from 
frequent  locks  W'ould  be  avoided,  and  an  immenfe  fa¬ 
ying  be  made  in  the  original  expence  of  the  canal,  and 
in  the  annual  repairs, 

“  It  is  alfo  evident  that  an  apparatus,  on  the  fame 
principle,  might  be  eafily  applied  for  railing  coals  or 
metals  from  a  great  depth  in  mines,  wherever  a  very 
fmall  flream  of  water  could  be  commanded,  and  where 
the  mine  was  level-free. 

CANARY-BIRD,  of  which  a  defcription  is  given  in 
the- Encyclopaedia,  was  not  known  in  Europe  till  to¬ 
wards  the  end  of  the  15th  century.  Even  in  1555) 
Bellon,  who  about  that  time  defcribed  all  the  birds 
then  known,  does  not  fo  much  as  mention  it.  When 
it  was  firfl  brought  from  the  Canary  Iflands,  it  was  fo 
dear  that  it  could  be  purchafed  only  by  people  of  for¬ 
tune,  who  were  often  impofed  upon.  It  w^as  called  the 
Jjtgar’ltrd^  becaufe  it  was  faid  to  be  fond  of  the  fugar- 
canc:  and  could  eat  fugar  in  great  abundance.  This  is 
rather  a  fnigular  circumilance,  fugar  being  to  many 
fowls  a  poifon.  Experiments  have  fhewn  that  a  pi¬ 
geon,  to  which  four  drams  of  fugar  was  given,  died  in 
four  hours ;  and  that  a  duck,  which  had  fwallowed  five 
drams,  did  not  live  feven  hours. 

In  the  middle  of  the  laft  centUry  canary-birds  began 
to  be  bred  in  Europe  ;  and  to  this  the  following  cir- 
cumflance,  related  by  Olina,  feems  to  have  given  occa¬ 
fion  :  A  veffel  which,  among  other  commodities,  was 
carrying  a  number  of  canary  birds  to  Leghorn,  was 
wrecked  on  the  coaft  of  Italy  ;  and  thefe  birds  being 
thus  fet  at  liberty’^,  flew  to  the  neareft  land,  which  was 
the  ifiand  of  Elba,  where  they  found  the  climate  fo  fa¬ 
vourable,  that  they  multiplied,  and  perhaps  would  have 
become  domeUicated,  had  they  not  been  caught  in 
fnares  ;  for  it  appears  that  the  breed  of  them  there  has 
been  long  deftroyed.  Olina  fays  that  the  breed  foon 
degenerated ;  but  it  is  probable  that  by  much  the 
greater  part  of  thefe  canary-birds  were  males,  which 
coupling  with  birds  of  the  ifiand,  produced  mules,  fuch 
as  are  defcribed  by  Gefner  and  other  naturalifts.’^ 

Various  treatifes  have  been  publifhed  in  different 
languages,  on  the  manner  of  breeding  thefe  birds,  and 
many  people  have  made  it  a  trade,  by  which  they  have 
acquired  confiderable  gain.  It  does  no  difcredit  to  the 
induftry  of  the  Tyrolians,  that  they  have  carried  it  to 
the  greatell  extent.  At  Ymft  there  is  a  company,  who, 
after  the  breeding  feafon  is  over,  fend  out  perfons  to 
different  parts  of  Germany  and  Switzerland  to  purchafe 
birds  from  thofe  who  breed  them.  Each  perfon  brings 
with  him  commonly  from  three  to  four  hundred,  which 
are  afterwards  carried  for  fale,  not  only  through  every 
part  of  Germany,  but  alfo  to  England,  RuflTia,  and  even 
Conftantinople.  About  fixteen  hundred  are  brought 
every  year  to  England  ;  where  the  dealers  in  them,  not- 
withftanding  the  confiderable  expence  they  are  at,  and 
after  carrying  tlwiin  about  on  their  backs,  perhaps  a 


hundred  miles,  fell  them  for  five  fiiillings  a  piece.  This  Cinary- 
trade,  hitherto  neglected,  is  now  carried  on  in  Schwartz- 
walde  ;  and  at  prefent  there  is  a  citizen  at  Gottingen  ^ 
who  takes  with  him  every  year  to  England  feveral  ca¬ 
nary-birds  and  bulfinches  (loxta pyrrhula),  with  the  pro¬ 
duce  of  which  he  purcliafcs  fuch  fmall  wares  as  he  has 
occafion  for.’^ — Profejfor  Bechmanrds  Hijiory  of  Inveh- 
tions  and  Difeoveries* 

CANART-Seed.  See  Phalaris,  EncycL — Profeffor 
Beckmann  doubts  whether  the  plant  which  bears  the 
canary-feed  be  phalaris  of  the  ancients,  becaufe  that 
name  feems  to  have  been  given  by  Pliny  to  more  than 
one  fpecies  of  grafs.  lie  thinks  it  very  probable,  how¬ 
ever,  that  the  plant,  which  the  modern  botanifis  call 
phalaris^  was  firfi:  brought  from  the  Canary  Iflands  to  ' 

Spain,  where  it  began  to  be  cultivated,  as  well  as  in  the 
fouth  of  France,  as  foon  as  canary-birds  came  into  ge¬ 
neral  efteem.  At  prefent  it  is  cultivated  in  various 
places,  and  forms  no  inconfidcrable  branch  of  trade, 
particularly  in  the  ifiand  of  Sicily,  where  it  is  called 
Scagliuola  or  Scaghiola.  Were  it  not  that  the  grains  are 
not  eafily  freed  from  the  hufks,  this  plant  might  be  cul¬ 
tivated  for  the  food  of  man,  for  its  feeds  yield  a  good 
kind  of  meal.  The  phalaris  has  by  feveral  wTiters  been 
confounded  with  argol  or  the  lichen  rocolla  of  Linnaeus  ; 
but  they  are  very  different  plants.  See  Lichen  Ro- 
colla  in  this  Supplement. 

CANDLE,  a  thing  fo  univerfally  known  as  to  need 
no  particular  defcription.  Its  ufe,  however,  is  fo  great, 
that  every  information  tending  to  its  improvement  muft, 
we  fhould  think,  be  acceptable  to  our  readers^.  Of  the 
common  method  of  making  candles,  whether  of  wax  or 
of  tallowq  a  fufficient  account  has  been  given  in  the  En¬ 
cyclopaedia  ;  but  candles  of  every  kind  are  far  from  be¬ 
ing  yet  brought  to  that  degree  of  perfedlion  of  which 
they  feem  fufcepttble.  Thus,  for  example,  the  light  of 
a  candle,  which  is  fo  exceedingly  brilliant  when  firft- 
fnuffed,  is  very  fpeedily  diminifhed  to  one  half,  and  is 
ufually  not  more  than  one-fifth  or  one-fixth,  before  the 
uneafinefs  of  the  eye  induces  us  to  fnuff  it.  Hence  it 
follows,  that  if  candles  could  be  made  fo  as  not  to  re¬ 
quire  fnuffing,  the  average  quantity  of  light  afforded  by 
the  fame  quantity  of  combuftible  matter  would  be  more 
than  doubled.  It  may  likewife  be  worthy  of  inquiry, 
fince  the  coft  and  duration  of  candles  are  eafily  afcer- 
tainable,  whether  more  or  lefs  light  is  obtained  at  the 
fame  expence  during  a  given  time,  by  burning  a  number 
of  fmall  candles  inftead  of  one  of  greater  thicknefs. 

To  determine  this  laft  point,  a  method  muft  be  found 
of  meafuring  the  comparative  intenfities  of  light,  for 
which  fee  Photometer  in  this  Supplement.  With 
refpe<Sf  to  the  defideratum  firll  mentioned,  we  have 
fome  very  ingenious  obfervations  and  well-contrived  ex¬ 
periments  by  Mr  Nicholfon,  in  the  fecond  number  of 
his  valuable  Journal,  which  we  fiiall  here  infcrt  nearly 
in  the  words  of  their  author. 

In  every  procefs  of  combuftion  the  free  accefs  of  air 
is  of  the  utmoft  confequence.  When  a  candle  has  a 
very  flender  wick,  the  flame  is  fmall  and  of  a  brilliant 
white  colour ;  if  the  wick  be  large,  the  combuftion  is 
lefs  perfe6I,  and  the  flan-c  brown  ;  and  a  wick  ftill  lar¬ 
ger,  not  only  exhibits  a  brown  flame,  but  the  lower  in¬ 
ternal  part  appears  dark,  and  is  occupied  by  a  portion 
of  volatilized  matter,  which  does  not  become  ignited  till 
it  has  afcended  towards  the  point.  When  the  wick  is 

cither 


CAN  [  159  ]  CAN 


Candle,  either  very  large  or  very  long,  part  of  this  matter 
efcapes  combuftion,  and  fhews  itfelf  in  the  form  of  coal 
or  fmoke.  The  fame  things  take  place  in  the  burning 
of  a  lamp  ;  but  vv^hen  the  wick  of  a  lamp  is  once  ad- 
jufled  as  to  its  length,  the  flame  continues  nearly  in  the 
fame  date  for  a  much  longer  time  than  the  flame  of  a 


candle. 

“  Upon  comparing  a  candle  with  a  lamp  (fays  Mr 
Nicholfoii),  two  very  remarkable  particulars  are  imme¬ 
diately  feen.  In  the  firfl  place,  the  tallow  itfelf,  which 
remains  in  the  uiifufed  ftate,  affords  a  cup  or  cavity  to 
hold  that  portion  of  melted  tallow  which  is  ready  to 
flow  into  the  lighted  part  of  the  wick.  In  the  fecond 
place,  the  combuflioii,  inflead  of  being  confined,  as  in 
the  lamp,  to  a  certain  determinate  portion  of  the  Sbrous 
matter,  is  carried,  by  a  flow  fucceffion,  through  the 
whole  length.  Hence  arifes  the  greater  necelfity  for 
frequent  fnuffing  the  candle ;  and  hence  alfo  the  llation 
of  the  freezing  point  of  the  fat  oil  becomes  of  great 
confeqiience.  For  it  has  been  fliewn,  that  the  bril¬ 
liancy  of  the  flame  depends  very  much  on  the  diameter 
of  the  wick  being  as  fmall  as  poffible ;  and  this  requi- 
flte  will  be  moft  attainable  in  candles  formed  of  a  mate¬ 
rial  that  requires  a  higher  degree  of  heat  to  fufe  it. 
The  wick  of  a  tallow  candle  mufl  be  made  thicker  in 
proportion  to  the  greater  fufibility  of  the  material, 
which  would  otherwife  melt  the  lides  of  the  cup,  and 
run  over  in  ttreams.  The  flame  will  therefore  be  yel¬ 
low,  fmoky,  and  obfeure,  excepting  for  a  fhort  time 
immediately  after  fnuffing.  Tallow  melts  at  the  ijid 
degree  of  Fahrenheit’s  thermometer  ;  fpermaceti  at  the 
133d  degree*,  the  fatty  matter  formed  of  flefh,  after 
long  immerfion  in  water,  melts  at  127  degrees;  the 
ptJa  oi  the  Chinefc  at  145  degrees;  bees-wax  at  142 
degrees;  and  bleached  wax  at  155  degrees.  Two  of 
tliefe  materials  are  well  known  in  the  fabrication  of  can. 
dies.  Wax  in  particular  does  not  afford  fo  brilliant  a 
flame  as  tallow  ;  but,  on  account  of  its  lefs  fufibility, 
the  wick  can  be  made  fmaller,  which  not  only  affords 
the  advantage  of  a  clear  perfedl  flame,  but  from  its  flexi- 
bility  it  is  difpofed  to  turn  on  one  fide,  and  come  in 
contact  with  the  external  air,  which  completely  burns 
the  extremity  of  the  wick  to  white  afhes,  and  thus  per- 
forms  the  office  of  fnuffing.  We  fee  therefore  that  the 
important  objedl  to  fociety  of  rendering  tallow  candles 
equal  to  thofe  of  w^ax,  does  not  at  all  depend  on  the 
Gombuflibllity  of  the  refpe<SIive  materials,  but  upon  a 
mechanical  advantage  in  the  cup,  which  is  afforded  by 
the  inferior  degree  of  fufibility  in  the  wax  ;  and  that, 
to  obtain  this  valuable  obje61,  one  of  the  following  ef¬ 
fects  mufl  be  produced;  Either  the  tallow  mufl  be 
burned  in  a  lamp,  to  avoid  the  gradual  progreffion  of 
the  flame  along  the  wick  ;  or  fome  means  mull  be  de- 
vifed  to  enable  the  candle  to  fniiff  itfelf,  as  the  wax 
candle  does  ;  or,  lallly,  the  tallow  itfelf  mufl  be  render¬ 
ed  lefs  fufible  by  fome  chemical  procefs.  I  have  no 
great  reafon  to  boa  ft  of  fuccefs  in  the  endeavour  to  ef- 
fedl  thefe ;  but  my  hope  is,  that  the  fads  and  obferva« 
lions  here  prefented  may  confiderably  abridge  the  la¬ 
bour  of  others  in  the  fame  purfuit.. 

“  The  makers  of  thermometers  and  other  fmall  arti¬ 
cles  with  the  blow.pipe  and  lamp,  give  the  preference  to 
tallow  inftead  of  oil,,  bteaufe  its  combuftion  is  more 
complete,  and  does  not  blacken  the  glafs.  In  this  ope¬ 
ration  the  heat  of  the  lamp  melts  the  tallow  which  is 


occafionally  brought  into  its  vicinity  by  the  workman. 
But  for  the  ufual  purpofes  of  illumination,  it  cannot  be  ' 
fuppofed  that  a  perfon  can  attend  to  fiipply  the  com- 
bullible  matter,  Confiderable  difficulties  arife  in  the 
projed  for  aftbiding  this  gradual  fupply  as  it  may  be 
wanted.  A  cylindrical  piece  of  tallow  was  inferted  in¬ 
to  a  metallic  tube,  the  upper  aperture  of  which  was 
partly  clofed  by  a  ring,  and  the  central  part  occupied 
by  a  metallic  piece  nearly  rcfeinbliug  that  part  of  the 
common  lamp  which  carries  the  wick.  In  this  appara¬ 
tus  the  piece  lafl  deferibed  was  intended  to  anfwer  the 
fame  purpofe,  and  w^as  provided  with  a  fhort  wu'ek. 
The  cylinder  of  tallow  was  fiipported  beneath  in  fuch  a 
manner  that  the  metallic  tube  and  other  part  of  this 
lamp  were  left  to  reft  with  their  whole  weight  upon 
the  tallow  at  the  ring  or  contradion  of  the  upper  aper¬ 
ture.  In  this  lituation  the  lamp  was  lighted.  It  burn¬ 
ed  for  fome  time  with  a  very  bright  clear  flame,  which, 
when  compared  with  that  of  a  candle,  pofleffed  the  ad¬ 
vantage  of  uniform  intenflty,  and  was  much  fuperior  to 
the  ordinary  flame  of  a  lamp  in  its  colour,  and  the  per- 
fed  ablence  of  fmell.  After  fome  minutes  it  began  to 
decay,  and  very  foon  afterwards  went  out.  Upon  exa¬ 
mination,  it  was  found  that  the  metallic  piece  which 
carried  the  wick  had  fiifed  a  fufficient  quantity  of  tal¬ 
low  for  the  fupply  during  the  combuftion  ;  that  part  of 
this  tallow  had  flow^ed  beneath  the  ring,  and  to  other 
remote  parts  of  the  apparatus,  beyond  the  influence  of 
the  flame  ;  in  conlequeiice  of  which,  the  tube  and  the 
cylinder  of  tallow  were  faftened  together,  and  the  ex- 
peded  progreffion  of  fupply  prevented.  It  feems  pro¬ 
bable  that,  in  every  lamp  for  burning  confiftent  oils,  the 
material  ought  to  be  fo  difpofed  that  it  may  defeend  to 
the  flame  upon  the  principle  of  the  fountain  refervoir. 

I  fhall  not  here  ftate  the  obftacles  which  prefent  them- 
fclves  in  the  profped  of  this  conftrudion,  but  fliall  dif- 
mifs  the  fubjed  by  remarking,  that  a  contrivance  of  this 
nature  would  be  of  the  greatell  public  utility. 

“  The  wick  of  a  candle  being  furrounded  by  the 
flame,  is  nearly  in  the  lituation  of  a  body  expofed  to 
deftrudive  dillillation  in  a  clofe  veficl.  After  loling  itsf 
volatile  produds,  the  carbonaceous  relidne  retains  its  fi¬ 
gure,  until,  by  the  defeent  of  ihe  flame,  the  external 
air  can  have  accefs  to  its  upper  extremity.  But,  in  this 
cafe,  the  requilite  combuftion,  which  might  fauff  it,  is 
not  effeded  :  for  the  portion  of  oil  emitted  by  the 
long  wick  is  not  only  too  large  to  be  perfedly  burned, 
but  alfo  carries  off  much  of  the  heat  of  the  flame  while 
it  aflumes  the  elaftic  ftate.  By  this  diminifhed  com- 
bullion  and  increafed  efflux  of  half-decompofed  oil,  a 
portion  of  coal  or  foot  is  depofited  on  the  upper  part  of 
the  wnck,  which  gradually  accumulates,  and  at  length 
afiiimes  the  appearance  of  a  fungus.  The  candle  does 
not  then  give  more  than  one-tenth  of  the  light  emitted 
in  its  heft  ftate.  Hence  it  is  that  a  candle  of  tallow 
cannot  fpontaneoufly  fnuff  itfelf.  It  was  not  probable 
that  the  addition  of  a  fubftance  containing  vital  air  or 
oxygen  would  fupply  that  principle^at  the  precife  pe¬ 
riod  of  time  required  ;  but  as  experiment  is  the  left  of 
every  probability  of  this  nature,  1  foaked  a  wick  of 
cotton  in  a  folution  of  nitre,  then  dried  it,  and  made  a 
candle.  AVhen  this  came  to  be  lighted,  nothing  re¬ 
markable  happened  for  a  fliort  time  ;  at  the, expiration < 
of  which  a  decrepitation  followed  at  the  lower  extremi¬ 
ty  of  the  flame,  which  completely  divided  the  wickv 
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Candle,  where  the  blackened  part  commences.  The  whole  of 
*  V  matter  in  combuflion  therefore  fell  olFj  and  the  can¬ 

dle  was  of  courfe  inftantly  extinguilhed.  Whether  this 
would  have  happened  in  all  proportions  of  the  fait  or 
conftrudions  of  the  candle,  I  did  not  try,  becaufe  the 
fmell  of  azot  was  fufBciently  ftrong  and  unpleafant  to 
forbid  the  ufe  of  nitre  in  the  purfuit.  From  various 
confiderations,  I  am  difpofed  to  think  that  the  fponta- 
•  neous  fnuffing  of  candles  made  of  tallow,  or  other  fufi- 
ble  materials,  will  fcarcely  be  effedled  but  by  the  difco- 
very  of  fome  material  for  the  wick  which  lhall  be  volu¬ 
minous  enough  to  abforb  the  tallow,  and  at  the  fame 
time  fufficiently  flexible  to  bend  on  one  fide. 

“  The  moft  promifing  fpeculation  refpefting  this  moll 
ufeful  article,  fcems  to  dired  itfelf  to  the  cup  which 
contains  the  melted  tallow.  The  imperfeaion  of  this 
.  part  has  already  been  noticed,  namely,  that  it  breaks 
down  by  fufion,  and  fuffers  its  fluid  contents  to  efcape. 
The  Chinefe  have  a  kind  of  candle  about  half  an  inch 
in  diameter,  which,  in  the  harbour  of  Canton,  is  called 
a  lobchock  ;  but  whether  the  name  be  Chinefe,  or  tlie 
corruption  of  fome  European  word,  I  am  ignorant. 
The  wick  is  of  cotton,  wrapped  round  a  fmall  Hick  or 
match  of  the  bamboo  cane.  The  body  of  the  candle  is 
white  tallow  ;  but  the  external  part,  to  the  thicknefs  of 
perhaps  one  thirtieth  of  an  inch,  confifts  of  a  waxy 
matter  coloured  red.  This  covering  gives  a  confider- 
able  degree  of  folidity  to  the  candle,  and  prevents  its 
.Tuttermg,  becaufe  lefs  fufible  than  the  tallow  itlclf.  I 
did  not  obferve  that  the  flick  in  the  middle  was  either 
advantageous  or  the  contrary  ;  and  as  I  now  write  from 
the  recolledion  of  this  objeft  at  fo  remote  a  period  as 
o  -  y'cars  ago,  I  can  only  conjedlure  that  it  might  be  of 
advantage  in  throwing  up  a  lefs  quantity  of  oil  into  the 
flame  than  would  have  been  conveyed  by  a  wick  of 
cotton  fufficiently  flout  to  have  occupied  its  place  un- 
fupported  in  the  axis  of  the  candle.  .... 

“  Many  years  ago  I  made  a  candle  in  imitation  of 
the  lobchock.  The  expedient  to  which  I  had  recourfe 
confifled  in  adapting  the  wick  in  the  ufual  pewter 
mould  :  wax  was  then  poured  in,  and  immediately  af¬ 
terwards  poured  out :  the  film  of  wax  which  adhered 
to  the  inner  furface  of  the  mould  foon  became  cool,  and 
the  candle  was  completed  by  filling  the  mould  with  tal¬ 
low.  When  it  was  drawn  out,  it  was  found  to  be 
cracked  longitudinally  on  its  furface,  which  I  attribu¬ 
ted  to  the  contraaion  of  the  wax,  by  cooling,  being 
Greater  than  that  of  the  tallow.  At  prefent  I  think  it 
equally  probable  that  the  cracking  might  have  been 
occafioned  by  too  fudden  cooling  of  the  wax  before  the 
tallow  was  poured  in  ;  but  other  avocations  prevented 
the  experiments  from  being  varied  and  repeated.  It  is 
probable  that  the  Chinefe  external  coating  may  not  be 
formed  of  pure  hard  bleached  wax. 

“  But  the  moft  decifive  remedy  for  the  imperfedlioti 
of  this  cheapeft,  and  in  other  refpedls  beft,  material  for 
candles,  would  undoubtedly  be  to  diminifh  its  fufibility. 
Various  fubftances  may  be  combined  wdth  tallow,  either 
in  the  dired  or  indired  method.  In  the  latter  way, 
by  the  decompolition  of  foap,  a  number  of  experiments 
were  made  by  Berthollet,  of  which  an  account  is  in- 
ferted  in  the  memoirs  of  the  Academy  at  Paris  for  the 
year  1780,  and  copied  into  the  26th  volume  of  the 
Journal  de  Phyftque,  None  of ^  thefe  point  diredly  to 
the  prefent  objed  ;  befides  which,  it  is  probable  that 
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the  foap  made  ufe  of  by  that  eminent  chemift  was  form¬ 
ed  not  of  tallow,  but  oil.  I  am  not  aware  of  any  re-  * 
gular  feries  of  experiments  concerning  the  mutual  ac¬ 
tion  of  fat  oils  and  other  chemical  agents,  more  efpe- 
cially  fuch  as  may  be  direded  to  this  important  objed 
of  diminilhing  its  folubility  ;  for  which  reafoa  I  diall 
mention  a  few  experiments  made  with  this  view. 

“  I,  Tallow  was  melted  in  a  fmall  fiver  veftel.  Solid 
tallow  finks  in  the  fluid,  and  diflblves  without  any  re¬ 
markable  appearance.  2.  Gum  fandarach  in  tears  was 
not  diflblved,  but  emitted  bubbles,  fwelled  up,  became 
brown,  emitted  fumes,  and  became  crifp  or  friable.  No 
folution  nor  improvement  of  the  tallow.  3.  Shell-lac 
fwelled  up  with  bubbles,  and  was  more  perfedly  fufed 
than  the  gum  fandarach  in  the  former  experiment. 
When  the  tallow  was  poured  off,  it  was  thought  to 
congeal  rather  more  fpeedily.  The  lac  did  not  appear 
to  be  altered.  4.  Benzoin  bubbled  without  much  fwel- 
ling,  was  fufed,  and  emitted  fumes  of  an  agreeable  fmell, 
though  not  refembling  the  flowers  of  benzoin.  A  flight 
or  partial  folution  feemed  to  take  place.  The  benzoin 
was  fofter  and  of  a  darker  colour  than  before,^  and  the 
tallow  lefs  confiflent.  5.  Common  refin  unites  very 
readily  with  melted  tallow,  and  forms  a  more  fufible 
compound  than  the  tallow  itfelf.  6.  Camphor  melts 
eafily  in  tallow,  without  altering  its  appearance.  When 
the  tallow  is  near  boiling,  camphoric  fumes  fly  ofl. 
The  compound  appeared  more  fufible  than  tallow. 
7.  The  acid  or  flowers  of  benzoin  diflblves  in  great 
quantities  without  any  ebullition  or  commotion.  Much 
fmoke  arifes  from  the  compound,  which  does  not  fmell 
like  the  acid  of  benzoin.  Tallow  alone  does  not  fume 
at  a  low  heat,  tliough  it  emits  a  fmell  fomething  like 
that  of  oil  olive.  When  the  proportion  of  the  acid  was 
confidcrable,  fmall  needled  cryftals  appeared  as  the  tem¬ 
perature  diniinifhed.  The  appearances  of  feparation  are 
different  according  to  the  quantity  of  acid.  The  com¬ 
pound  has  the  hardnefs  and  confiftence  of  firm  foap, 
and  is  partially  tranfpareiit.  8.  Vitnolated  tartar,  nitre, 
white  fugar,  cream  of  tartar,  cryftallized  borax,  and 
the  fait  fold  in  the  markets  under  the  name  of  fait  of 
lemons,  but  which  is  fuppofed  to  be  the  effential  fait 
of  forrel,  or  vegetable  alkali  fuperfaturated  with  acid  of 
fugar,  were  refpeaively  tried  without  any  obvious  mu¬ 
tual  adion  or  change  of  properties  in  the  tallow.  9. 
Calcined  magnefia  rendered  tallow  opaque  and  turbid, 
but  did  not  feem  to  diffolve.  Its  effed  refembled  that 
of  lime. 

“  It  is  propofed  to  try  the  oxygenated  acetous  acid, 
or  radical  vinegar  ;  the  acid  of  ants,  of  fugar,  of  borax, 
of  galls,  the  tanning  principle,  the  ferous  and  gelatinous 
animal  matter,  the  fecula  of  vegetables,  vegetable  glu¬ 
ten,  bird-lime,  and  other  principles,  either  by  dired  or 
indired  application.  The  objed,  in  a  commercial  point 
of  view,  is  intitled  to  an  extenfive  and  afliduous  iiivefti- 
gation.  Chemifts  in  general  fuppofe  the  hardnefs  or 
lefs  fufibility  of  wax  to  arife  from  oxygen  ;  and  to  this 
objed  it  may  perhaps  be  advantageous  to  dired  a  cer¬ 
tain  portion  of  the  inquiry.  The  rnetallic  falts  and  cal¬ 
ces  are  the  combinations  from  which  this  principle  is 
moft  commonly  obtained;  but  the  combinations  ot  thefe 
with  fat  oils  have  hitherto  afforded  little  promife  of  the 
improvement  here  fought  The  fubjed  is,  however,  fo 
little  known,  that  experiments  of  the  loofeft  and  moft 
conjedural  kind  are  by  no  means  to  be  defpifed. 
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Canon^oe-,  TKus  far  Mr  Nicholfon  ;  but  it  is  probable  that  ma-  every  ed^e 
ny  of  tlie  advantages  vrhich  he  propofes  by  tliefe  mix¬ 
tures  might  be  obtained  merely  by  purifying  the  tallow, 
and  keeping  it  in  that  flate  for  a  long  time  expofed  to 
the  air  before  it  be  formed  into  candles.  It  is  certain 
that  tallow  is  rendered  more  difficult  of  fufion  by  age  ; 
and  this  is  the  /ole  reafon  that  old  candles  are  lefs  apt 
to  run,  and  therefore  more  valuable  than  fuch  as  have 
been  lately  made.  * 

CANONGOES,  in  Bengal,  are  the  regifters  of  land 
and  hereditary  expounders  of  the  ufages  of  the  country. 


1  hey  have  their  officers  and  deputies  everywhere  ;  they 
are  not  liable  to  removal  ;  and  all  papers  attefled  by 
them  are  received  as  authentic  and  decilive  in  all  dif- 
putes  relative  to  lands  and  their  boundaries.  See  Sir 
Charles  Roufe  Boughton^s  Dijfertation  on  the  Landed  Pro- 
perty  of  Bengal, 

CAOUTCHOUC,  Elastic  Gum,  qv  Indian  Ruh- 
her,  is  a  fubftance  of  wffiich  a  pretty  l^ull  account  has 
been  given  in  the  Encyclopaedii.  It  has  there  been 
likewife  obferved  how  iifeful  it  might  be,  if  we  could 
form  it  into  catheters  and  other  flexible  inftruments,  by 
diflblving  it  in  a  menftruum  lefs  expenfive,  or  at  lead 
more  eafily  attained,  than  ether.  Since  that  article  was 
publiflied,  we  have  feen  an  account  of  fuch  a  menftruum 
in  the  j^nnales  de  Chimie,  by  M.  GroflTart  (Chirly)  ; 
and  of  the  expence  of  that  menftruum,  or  the  difficulty 
of  procuring  it,  no  Complaint  Will  be  made,  when  it  is 
known  to  be  nothing  more  than  very  hot  water. 

The  author  was  led  to  this  difeovery  by  fome  experi- 
nients  made  with  ether  on  caoutchouc  j  of  which  he 
gives  the  following  account : 

“  It  appeared,  even  in  my  firft  experiments,  that  I 
was  attempting  too  much,  and  giving  myfelf  ufelefs 
trouble,  in  fearching  for  a  manner  of  completely  diffol- 
ying  the  elaftic  gum,  fo  that  it  might  be  again  made  up 
in  new  forms.  I  then  thought  that  it  would  be  eafier 
to  find  out  a  method,  as  it  were,  of  foldering  it,  and  of 
not  afting  upon  it  more  than  might  be  neceffary  to 
caufe  its  foftened  parts  to  reunite.  Experience  has 
Ihewn  me,  that  a  llrong  preflure  made  upon  two  pieces 
of  caoutchouc  (when  brought  to  that  ftate  of  foftnefs) 
and  continued  until  they  are  entirely  dry,  caufed  them 
to  contraa  fo  ftrong  an  adhefion,  that  the  piece,  beintr 
pulled  out  till  it  broke,  often  broke,  not  at  the  united 
part,  but  by  the  fide  of  it. 

“By  means  of  ether  I  immediately  fucceeded  in  ma¬ 
king  thefe  tubes.  The  method  which  appears  to  me  to 
fucceed  the  beft  is,  to  cut  a  bottle  circularly  in  a  fpi- 
ral  flip  of  a  few  lines  in  breadth.  It  is  very  eaty  to  cut 
a  bottle  in  fuch  a  manner  as  to  form  a  Angle  long  flip 
and  thus  imneceirary  joinings  are  avoided.  ^ 

•  r*  whole  flip  is  to  be  plunged  into  ether  until  it 
IS  lumciently  foftened,  which  comes  to  pafs  fooner  or 
later  according  to  the  quality  of  the  vitriolic  ether  that 
is  employed.  Half  an  hour  frequently  fuffices  ;  but  I 
have  already  obferved,  that  there  is  a  great  diverfity  in 
the  manner  in  which  different  forts  of  vitriolic  ether  aft 
and  of  which  the  caufe  is  not  yet,  fo  far  as  1  know,  de- 
termined, 

“  The  flip  being  taken  out,  one  of  the  extremities  is 
to  be  taken  hold  of  and  rolled,  firft  upon  itfelf  at  the 
bottom  of  the  tube,  preffing  it ;  then  the  rolling  is  to 
be  continued,  mounting  fpirally  along  the  mould,  and 
taking  care  to  lay  over  and  comprefs  with  the  hand 
boppi,.  Von,  I.  Part  I. 
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„  j  one  againft  the  other,  fo  that  there  may 
not  be  any  vacant  fpace,  and  that  all  the  edges  may  join 
exaftly.  The  whole  then  is  to  be  bound  hard  with  a 
tape  of  an  inch  in  width,  taking  care  to  turn  it  the 
fame  way  with  the  flip  of  elaftic  gum.  The  tape  is  to 
be  tied  up  with  packthread,  fo  that,  by  every  turn  of 
the  packthread  joining  another,  an  equal  prelfure  is 
given  to  every  part ;  it  is  then  left  to  dry,  and  the  tube 

^be  bandage  is  to  be  taken  off  with  great  care, 
that  none  of  the  outward  furfaces,  which  may  have  been 
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lodged  within  the  hollows  of  the  tape  (of  which  the 
caoutchouc  takes  the  exad  impreffion),  may  be  pulled 
away.  I  advife  the  application  of  a  tape  before  pack- 
thread,  becaufe,  efpecially  in  the  thinner  tubes,  we  fliould 
run  the  riffi  of  cutting  the  caoutchouc  if  the  packthread 
were  applied  Immediately  upon  it, 

“  It  is  eafy  to  take  off  the  tube  of  elaftic  gum  which 
has  been  formed  upon  a  folid  mould  of  one  piece :  if 
the  mould  be  made  rather  conic,  it  may  be  made' to 
Hide  off  by  the  fmaller  end  ;  at  the  worft,  it  is  eafily 
accompliflied  by  plunging  it  into  hot  water ;  for  it  is 
loftened  by  the  heat,  and  is  diftended ;  without  this 
precaution  it  would  be  fometimes  difficult  to  draw  it  off 
when  dry,  becaufe,  having  been  applied  upon  the  mould 
whilft  It  had  Its  volume  augmented  by  the  interpofition 
of  the  ether,  the  parts  of  the  caoutchouc  are  drawn 
nearer  each  other  by  the  evaporation  of  the  interpofed 
bodies.  * 

“The  great  affinity  between  thefe  two  bodies  is  feen 
by  the  length  of  time  that  the  odour  of  the  ether  re- 
mams,  notwitliftanding  the  great  volatility  of  the  latter 
and  that  the  apparent  drynefs  of  the  tube  feeins  to  (hew 
that  there  is  none  remaining  ;  neverthelefs,  after  a  cer¬ 
tain  time,  the  odour  difappears  entirely.  One  of  thofe 
tubes,  which  was  made  with  ether  after  the  method 
here  defenbed,  does  not  retain  the  leaft  trace  of  the  fol- 
vent  It  is  needlefs  to  fay  that  it  is  eafy  to  make  tubes 
as  thin  or  as  thick  as  may  be  judged  proper. 

“  Although  the  procefs  that  1  am  now  deferibing  is 
but  very  little  expenfive,  yet  I  have  tried  to  employ 
other  folvents  in  lieu  of  ether,  becaufe  it  is  not  to  be  ■ 
had  in  every  place,  and  requires  particular  care  in  its 
prefervation.  I  have  employed,  with  fome  fnccefs,  the 
cHential  oils  of  lavender  and  of  turpentine;  both  of  them 
Ipeedily  dilate  the  caoutchouc,  and  are  of  no  great 
price.  1  he  difagreeable  fmell  of  the  oil  of  turpentine 
becomes,  perhaps,  in  procefs  of  time,  lefs  difagreeable 
than  that  of  lavender.  This  laft  is  dearer :  but  the  dif 
ference  is  not  fo  great  as  it  appears  at  lirft;  for  we  may 
make  fome  advantage  of  the  oil  of  lavender  that  is  em¬ 
ployed  by  the  following  operation  :  Upon  plunging  in- 
to  alcohol  the  elaftic  tube  prepared  with  the  oil  of  la. 
vender,  the  alcohol  charges  itfelf  with  the  oil,  and  forms 
a  very  good  lavender  water;  the  fame  as  would  be  made 
by  an  immediate  mixture  of  oil  of  lavender  with  fpirit 
of  wine.  Immerfion  in  this  liquor  alfo  ferves  to  haften 
the  drying  of  the  caoutchouc  inftruments  thus  made 
by  means  of  efiential  oils.  I  have  made  tubes  with.the 
oils  of  turpentine  and  of  lavender;  both  are  much  flow- 
er  in  evaporating  than  ether.  The  oil  of  turpentine 
particularly  appeared  to  me  always  to  have  a  kind  of 
ftickinefs,  and  I  know  not  as  yet  that  we  have  any 
means  whereby  to  get  fpeedily  rid  of  its  fmell.  ^ 

Neverthelefs  there  is  a  folvent  which  has  not  that 
^  I’ncon. 


Caout¬ 

chouc. 


r  A  O  . 

1  n  V.O  T^frkr*n  tf'vneiicc  of  ctKct*  Is  very  littlej  fince  it  is  ncedFul  only  to 

it  is  cheaper,  and  may  cafily  be  procu-  expencc  01  is  c  Krnncrht 


inconvenience;  il  - ^  *•  ^  • 

red-by  every  one  :  this  folvent  is  wafer.  I  ^ 

will  appear  llrange  to  mention  vvater  as  a  folvent ««  «>  ' 
tic- (rum.  that  liquid  having  been  always  fuppofed  to 
have  no  aaion  upon  it.  I  my felf  refilled  the  '^ea;  but 
refleaing  that  ether,  by  being  faturated  ^th  water,  s 
the  better  enabled  to  ad  on  caoutchouc,  and  that  this 
gum  when  plunged  into  boiling  water  becomes  more 
franfparent  at  the  edges,  I  prefumed  that  this  effed  was 
not  due  fimply  to  the  dilatation  of  its  volume  by  the 
heat.  I  thought  that,  at  that  temperature,  fome  ac¬ 
tion  might  take  place,  and  that  a  long-continued  ebul¬ 
lition  might  proLce  more  fenfible  effeas.  I  was  not 
difappointed  in  my  expedations,  and  one  of  thofe  tubes 
was  Fcpared  without  any  other  folvent  than  water  and 
heat^  I  proceeded  in  the  fame  manner  as  with  ether  . 
the  elaftic  gum  dilates  but  very  little  m  boiling  water  , 
it  becomes  whitilh,  but  recovers  its  colour  again  by  dry¬ 
ing  itT  the  air  and  light.  It  is  fij^ffic.ently  prepared 
fof  ufe  when  it  has  been  a  quarter  of  an  hour  in  boiling 
water:  by  this  time  its  edges  are  fometimes  tranfpa- 
rent.  It  is  to  be  turned  fpirally  round  the  mould,  in 
the  manner  we  defcribed  before,  and  replunged  fre- 
quently  into  the  boiling  water  during 
emploved  in  forming  the  tube,  to  the  end  that  the  edges 
may  be  difpofed  to  unite  together.  When  the  whole 
is  bound  with  packthread,  it  is  to  be  kept  fome  hours 
in  boiling  water  ;  after  which  it  is  to  be  dried,  fidl  keep- 

^Tf  we  vS‘to°  be  more  certain  that  the  conneaion 
is  perfed,  the  fpiral  may  be  doubled  ;  but  we  mull  al¬ 
ways  avoid  placing  the  exterior  furfaces  of  the  A'PS  one 
upln  the  other,  as  thofe  furfaces  are  the  parts  w  hich 
m^ofi  refifi  the  adion  of  folvents.  This  precaution  is 
lefs  neceffary  when  ether  is  employed,  on  account  ot  its 
great  adion  upon  the  caoutchouc. 

^  »  It  might  be  feared  that  the  adion  of  water  upon 
caoutchouc  would  deprive  us  of  the  advantages  which 
might  otherwife  be  expeded  ;  biU  thefe  fears  will  be 
removed,  if  we  confider  that  the  affinities  differ  accord¬ 
ing  to  the  temperatures  ;  that  it  is  only  at  a  very  high 
temperature  that  water  exercifes  any  fenfible  adiou  up¬ 
on  caoutchouc.  I  can  affirm,  that  at  t  ^  of  Reanmur-s 
thermometer  (302^  of  Fahrenheit)  this  affinity  is  not 
fuch  as  that  the  water  can  give  a  liquid  form  to  caout- 
chouc  ;  and  it  does  not  appear  that  we  have  any  thing 
to  fear  in  pradice  from  a  combination  between  thefe 
tL  bodies:  which,  though  it  really  is  a  true  folution 
does  not  take  place  in  any  fenfible  degree  but  aW  h'gk 
temperature.  It  is  therefore  at  prefent  eafy  to  make  ot 
caoutchouc  whatever  inilruments  it  may  be  advantage, 
ous  to  have  of  a  flexible,  fupple,  and  elaftic  fubftance, 
which  is  impermeable  to  water  at  the  temperature  of 
our  atmofphere,  and  refifts  the  adion  of  acids  as  well 
as  that  of  moll  other  folvents.  As  to  the  durability  of 
thefe  inftruments,  fewfubftances  promife  more  than  this, 
becaufe  it  may  be  foldered  afrelh  in  a  damaged  part. 
Anv  woven  fubftance  may  be  covered  with  it ;  it  is  on¬ 
ly  required  that  the  fubftance  Ihould  be  of  a  nature  not 
to  be  aded  upon  during  the  preparation,  either  by  ether 
or  by  boiling  water  ;  for  thefe  two  agents  ave  thoie 
which  appear  to  me  to  merit  the  preference.  Aitilts 
will  frequently  find  an  advantage  in  employing  etlier, 
as  it  requires  lefs  time  ;  fo  that  a  perfon  may  make,  in 

a  Angle  day,  any  tube  he  may  have  occafion  lor.  A  he 


dlfpofe  the  caoutchouc  to  adhere ;  and  being  brou^t 
into  that  (late,  ,the  caoutchouc  may  be  kept  in  a  veflel 
perfedly  well  clofed.  It  would  alfo  dimiiiifh  the  ex- 
pence  of  the  ether  if,  inftead  of  waftiing  it  with  a  large 
quantity  of  water,  there  (hould  be  added  to  it  only  as 

much  water  as  it  can  take  up.”  , 

CAP  and  Bottoh,'  are  two  fmall  iflands,  or  rather 

rocks,  lying  in  longitude  105;  #  Sf  >?- 

titude,  the  former  5^  58'  30",  the  latter  5^49'  fouth. 
They  were  vifited  by  fome  of  the  perfons  attending 
Lord  Macartney  on  his  embaffy  to  China;  and  are  thus 
deferibed  by  Sir  George  Staunton.  , 

“  At  a  little  diftance  they  might  be  miftaken  tor  the 
remains  of  old  caftles,  mouldering  into  heaps  of  rums, 
with  tall  trees  already  growing  upon  the  tops;  but  at 
a  nearer  view,  they  betrayed  evident  marks  of  a  volca- 
nic  origin.  Explofions  from  fubterraneous  fires,  pro¬ 
duce,  for  the  moft  part,  hills  of  a  regular  (hape,  and  ter¬ 
minating  in  truncated  cones ;  but  when  from  a  fub- 
aqueous  volcano  eruptions  are  thriiwn  up  above  the 
furface  of  the  fea,  the  materials,  falling  back  into  the 
water,  are  more  irregularly  difperfed,  and  generally 
leave  the  fides  of  the  new  creation  naked  and  mifhapen, 
as  in  the  inftance  of  Amsterdam,  and  of  thofe  fmdler 
fpots  called,  from  fome  refemblance  in  (hape,  the  Cap. 

and  Button.  .  , 

“  In  the  Cap  were  found  two  caverns,  running  no- 

rlzontally  into  the  fide  of  the  rock  ;  and  in  thefe  were  a. 
number  of  thofe  birds  nefts  fo  much  prized  by  the  Chi- 
nefe  epicures.  They  feemed  to  be  compofed  of  fine  fi¬ 
laments  cemented  together  by  a  tranfparent  vifcous  mat- 
ter,  not  unlike  wliat  is  left  by  the  foam  of  the  fea  up¬ 
on  ftones  alternately  covered  by  the  tide,  or  thofe  gela¬ 
tinous  animal  fubftances  found  floating  on  every  coaft. 
The  nefts  adhere  to  each  other,  and  to  the  lides  ot  the 
cavern,  moftly  in  rows,  without  any  break  or  interrup- 
tion  The  birds  that  build  thefe  nefts  are  fmall  grey 
fwaliows,  with  bellies  of  a  dirty  white.  They  were 
flying  about  in  confiderable  numbers;  but  they  were  fo 
fmall,  and  their  flight  fo  quick,  that  they  efcaped  the 
(hot  fired  at  them.  The  fame  nefts  are  faid  alfo  to  be 
found  in  deep  caverns,  at  the  foot  of  the  higheft  moun- 
tains  in  the  middle  of  Java,  and  at  a  diftance  from  the 
fea,  from  which  the  birds,  it  is  thought,  derive  no  ma¬ 
terials,  either  for  their  food  or  the  conftrudion  of 
nefts ;  as  it  does  not  appear  probable  they  fhould  fly, 
in  fearch  of  either,  over  the  intermediate  mountains, 
which  are  very  high,  or  againll  the  boifterous  winds 
prevailing  thereabouts.  They  feed  on  infeas,  which 
they  find  hovering  over  ftagnated  pools  between  the 
mountains,  and  for  catching  which  their  wide  opening, 
beaks  are  particularly  adapted.  They  prepare  their 
nefts  from  the  beft  remnants  of  their  food.  Fheir 
greateft  enemy  is  the  kite,  who  often  intercepts  them  m- 
iheir  paffage  to  and  from  the  caverns,  which  are  gene¬ 
rally  furrounded  with  rocks  of  grey  limeftone  or  white 
marble.  The  nefts  are  placed  in  horizontal  rows  at 
different  depths,  from  50  to  500  feet.  The  colour  an^ 
value  of  the  nefts  depend  on  the  quantity  and  quality 
of  the  infeas  caught,  and  perhaps  alfo  on  the  fituauon 
where  they  are  built.  Their  value  is  chiefly  determined 
by  the  uniform  finenefs  and  delicacy  of  their  texture  ; 
thofe  that  are  white  and  tranfparent  being  moft  efteem- 
ed,  and  fetching  often  in  China  their  weight  m 


CAP  [  163  ]  CAR 


Cap,  Thefe  nefts  are  a  confiderable  objeft  of  traffic  among 
the  Javanefe,  and  many  are  employed  in  it  from  their 
infancy.  The  birds  having  fpent  near  two  months  in 
preparing  their  nefts,  lay  each  two  eggs,  which  are 
hatched  in  about  fifteen  days.  When  the  young  birds 
become  fledged,  it  is  thought  time  to  feize  upon  their 
nefts,  which  is  done  regularly  thrice  a-year,  and  is  ef¬ 
fected  by  means  of  ladders  of  bamboo  and  reeds,  by 
which  the  people  defcend  into  the  cavern ;  but  when  it 
is  very  deep,  rope  ladders  are  preferred.  This  operation 
is  attended  with  much  danger ;  and  feveral  break  their 
necks  in  the  attempt.  The  inhabitants  of  the  moun¬ 
tains  generally  employed  in  it  begin  always  by  facri- 
ficing  a  buffalo  ;  which  cullom  is  conftantly  obferved 
by  the  Javanefe  on  the  eve  of  every  extraordinary  en- 
terprife.  They  alfo  pronounce  feme  prayers,  anoint 
themfelves  with  fweet-feented  oil,  and  fmoke  the  en¬ 
trance  of  the  cavern  with  gum-benjamin.  Near  fome 
of  thofe  caverns  a  tutelar  goddefs  is  worfhipped,  whofe 
prieft  burns  incenfe,  and  lays  his  proteCfing  hands  on 
every  perfon  preparing  to  defcend  into  the  cavern.  A 
flambeau  is  carefully  prepared  at  the  fame  time,  with  a 
gum  which  exudes  from  a  tree  growing  in  the  vicinity, 
and  is  not  eafily  extinguiflied  by  fixed  air  or  fubterra- 
neous  vapours.  The  fwallow  which  builds  thofe  pefts 
is  deferibed  as  not  having  its  tail  feathers  marked  with 
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white  fpots,  which  is  a  character  attributed  to  it  by  Cape^ 
Linnseus  ;  and  it  is  poffible  that  there  arc  two  fpecies  li 
or  varieties  of  the  fwallow,  whofe  nefts  are  alike  va-  . 
luable.”  See  Birds-N^s,  Encycl. 

CAPE  OF  Good  Hope.  See  Good  Hope^  both  in 
EncycL  and  this  Supplement. 

CAPITAL  OF  A  Bastion,  is  an  imaginary  line 
dividing  any  work  into  two  equal  and  fimilar  parts  ;  or 
a  line  drawn  from  the  angle  of  the  polygon  to  the  point 
of  the  baftion,  or  from  the  point  of  the  baftion  to  the 
middle  of  the  gorge. 

CAPRA,  or  the  She-goat,  a  name  given  to  the 
ftar  Capella,  on  the  left  (houlder  of  Auriga,  and  fome- 
times  to  the  conftellation  Capricorn.  Some  again  re- 
prefent  Capra  as  a  conftellation  in  the  northern  bemif- 
phere,  confifting  of  three  ftars,  comprifed  between  the 
45th  and  55th  degree  of  latitude. — The  poets  fable  her 
to  be  Amalthea’s  goat,  which  fuckled  Jupiter  in  his 
infancy. 

CAPUT  Dragon  IS,  or  Dragon's  Head^  a  name 
given  by  fome  to  a  fixed  ftar  of  the  lirft  magnitude,  in 
the  head  of  the  conftellation  Draco. 

CARBON.  See  Chemistry  in  this  Supplement^ 

Part  I.  Chap.  II.  SeCl.  iii. 

CARP.  See  Cyprinus,  both  in  the  EncycL  and 
in  this  Supplement. 
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definition.  art  of  framing  timber  for  the  purpofes  of  archi- 

teClure,  machinery,  and,  in  general,  for  all  confi¬ 
derable  ftruftures. 

It  is  not  intended  in  this  article  to  give  a  full  account 
of  carpentry  as  a  mechanical  art,  or  to  deferibe  the  va¬ 
rious  ways  of  executing  its  different  works,  fuited  to 
the  variety  of  materials  employed,  the  proceffes  which 
muft  be  followed  for  fafhioning  and  framing  them  for 
4  our  purpofes,  and  the  tools  which  muft  be  ufed,  and  the 

manner  in  which  they  muft  be  handled  :  This  would 
be  an  occupation  for  volumes  ;  and  though  of  great  im¬ 
portance,  muft  be  entirely  omitted  here.  Our  only  aim 
at  prefent  will  be  to  deduce,  from  the  principles  and 
laws  of  mechanics,  and  the  knowledge  which  experience 
and  judicious  inferences  from  it  have  given  us  concern¬ 
ing  the  ftrength  of  timber,  in  relation  to  the  ftrain  laid 
on  it,  fuch  maxims  of  conftrudlion  as  will  unite  econo¬ 
my  wfith  ftrength  and  efficacy. 

This  objedf  is  to  be  attained  by  a  knowledge,  ift,  of 
the  ftrength  of  our  materials,  and  of  the  abfolute  ftrain 
that  is  to  be  laid  on  them  ;  2dly,  of  the  modifications 
of  this  ftrain,  by  the  place  and  diredfion  in  which  it  is 
exerted,  and  the  changes  that  cap  be  made  by  a  proper 
difpofition  of  the  parts  of  our  ftrudfure;  and,  3dly,  ha¬ 
ving  difpofed  every  piece  in  fuch  a  manner  as  to  derive 
the  utmoft  advantage  from  its  relative  ftrength,  we  muft 
know  how  to  form  the  joints  and  other  connedlions  in 
fuch  a  manner  as  to  fecure  the  advantages  derived  from 
%  this  difpofition. 

An  impor-  This  is,  evidently,  a  branch  of  mechanical  fcience, 
which  makes  carpentry  a  liberal  conftitutes  part  of 
calfciencT'^^^  learning  of  the  Engineer^  and  diftinguifhes  him 
from  the  workman.  Its  importance  in  all  times  and 
ftates  of  civil  fociety  is  manifeft  and  great.  In  the  pre¬ 


fent  condition  of  thefe  kingdoms,  raifed,  by  the  adlive 
ingenuity  and  energy  of  our  countrymen,  to  a  pitch  of 
profperity  and  influence  unequalled  in  the  hiftory  of 
the  world,  a  condition  which  confifts  chiefly  in  the  fu- 
periority  of  our  manufadlures.,  attained  by  prodigious 
multiplication  of  engines  of  every  defeription,  and  for 
every  fpecies  of  labour,  the  Science  (fo  to  term  it)  of 
carpentry  is  of  immenfe  confequeiice.  AVe  regret 
therefore  exceedingly,  that  none  of  our  celebrated  ar- 
tifts  have  done  honour  to  theanfelves  and  their  country, 
by  digefting  into  a  body  of  confecutive  dodlrines  the 
refults  of  their  great  experience,  fo  as  to  form  a  fyftem 
from  which  their  pupils  might  derive  the  firft  principles 
of  their  education.  The  many  volumes  called  Com¬ 
plete  Instructors,  Manuals,  Jewels,  &;c.  take  a 
much  humbler  flight,  and  content  themfelves  with  in- 
ftrudling  the  mere  workman,  or  fometimes  give  the  ma- 
fter-builder  a  few  approved  forms  of  roofs  and  other 
framings,  with  the  rules  for  drawing  them  on  paper;  and 
from  thence  forming  the  working  draughts  which  muft 
guide  the  faw  and  the  chiffel  of  the  workman.  Hardly 
any  ol  them  offer  any  thing  that  can  be  called  a  prin¬ 
ciple,  applicable  to  many  particular  cafes,  with  the  rules 
for  this  adaptation.  We  are  indebted  for  the  greateft  PrindpalJy 
part  of  our  knowledge  of  this  fubjeft  to  the  labours  ofindebterl  to 
literary  men,  chiefly  foreigners,  who  have  publiflied  in 
the  memoirs  of  the  learned  academies  differtations 
different  parts  of  what  may  be  termed  the  fcience  ^fubjeA,  * 
carpentry.  It  is  Angular  that  the  members  of  the  Royal 
Society  of  London,  and  even  of  that  eftabliftied  and  fup- 
ported  by  the  patriotifm  of  thefe  days  for  the  encou¬ 
ragement  of  the  arts,  have  contributed  fo  little  to  the 
public  inftrudion  in  this  refpecl.  We  obferve  of  late 
fome  beginnings  of  this  kind,  fuch  as  the  laft  part  of 
X  2  NichoKon’s 
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Nicholfon’s  Carpenters,  and  Joiners  Assistant, 
publifhed  by  J.  Taylor,  Holborn,  1797*  And  it  is 
with  pleafure  that  we  can  fay,  that  we  were  told  by  the 
editor,  that  this  work  was  prompted  in  a  great  meafure 
by  what  has  been  delivered  in  the  Encyclopadia  Britan- 
nica  in  the  articles  Roof  and  Strength  of  Materials, 
It  abounds  more  in  important  and  new  obfervations  than 
any  book  of  the  kind  that  we  are  acquainted  with,.  We 
again  call  on  fuch  as  have  given  a  fcientific  attention  to 
this  fubjecSl,  and  pray  that  they  would  render  a  merito¬ 
rious  fervice  to  their  country  by  imparting  the  refult  of 
their  refearches.  The  very  limited  nature  of  this  work 
does  not  allow  us  to  treat  the  fubje£l  in  detail ;  and  we 
mull  confine  our  obfervations  to  thh'  fundamental  and 

4  leading  propofitions. 

Theory,  theor^(fo  to  term  it)  of  carpentry  is  founded 

on  two  diftlnd  portions  of  mechanical  fcience,  name- 
^  ly,  a  knowledge  of’ the  drains  to  which  framings  of 

timber  are  expofed,  and  a  knowledge  of  their  relative 
drength.  ^  ^  ^ 

We  (hall  therefore  attempt  to  bring  into  one  point  of 
view  the’ propofitions  of  mechanical  fcience  that  are 
more  immediately  applicable  to  the  art  of  carpentry, 
and  are  to  be  found  in  various  articles  of  our  work, 
particularly  Roof  and  Strength  of  Materials,  From 
thefe  propofitions  we  hope  to  deduce  fuch  principles  as 
(hall  enable  an  attentive  reader  to  comprehend  dlilindly 
what  is  to  be  aimed  at  in  framing  timber,  and  how  to 
attain  this  objed  with  certainty  :  and  we  fhall  illuf- 
trate  and  confirm  our  principles  by  examples  of  pieces 
of  carpentry  which  are  acknowledged  to  be  excellent 

5  in  their  kind. 

Compofi-  The  mod  important  propofition  of  general  mechanics 
foiuti”n  the  carpenter  Is  that  which  exhibits  the  compofitlon 

forces^"  and  refolution  of  forces  ;  and  we  beg  our  pradlcal  rea¬ 
ders  to  endeavour  to  form  very  didind  conceptions  of 
it,  and  to  make  It  very  familiar  to  their  mind.  When 
accommodated  to  their  chief  purpofes,  it  may  be  thus 
expreffed  : 

I.  If  a  body,  or  any  part  of  a  body,  be  at  once  pref- 
flalcVIII.  diredio^is  AB,  AC  (fig.  i  ),  and  if 

the  Intenfity  or  force  of  thofe  preffures  be  in  the  pro¬ 
portion  of  thefe  two  lines,  the  body  is  affeded  in  the 
fame  manner  as  if  it  were  preffed  by  a  fingle  force  ad- 
ing  in  the  diredlon  AD,  which  is  the  diagonal  of  the 
parallelogram  ABDC  formed  by  the  two  lines,  and 
whofe  intenfity  has  the  fame  proportion  to  the  intenfity 
of  each  of  the  other  two  that  AD  has  to  AB  or  AC. 

Such  of  our  readers  as  have  Jludied  the  laws  of  mo¬ 
tion,  know  that  this  is  fully  demonftrated.  We  refer 
them  to  the  article  Mechanics,  n^  5,  &c.  where  it  is 
treated  at  fome  length.  Such  as  wifh  for  a  very  accu¬ 
rate  view  of  this  propofition,  will  do  well  to  read  the 
demonftration  given  by  D.  Bernoulli,  in  the  firft  Vo¬ 
lume  of  the  Comment,  Petropol,  and  the  Improvement  of 
this  demonftration  by  D’Alembert  In  his  Opufclesy  and 
in  the  Comment,  'Taurinenf  The  praditioner  in  car¬ 
pentry  will  get  more  ufeful  confidence  In  the  dodrine, 
if  he  will  fhut  his  book,  and  verify  the  theoretical  de- 
6  monftrations  by  adual  experiments.  They  are  remark- 
llluftrated-  ably  eafy  and  convincing.  Therefore  it  is  our  requeft 
by  experi-  artift,  who  is  not  fo  habitually  acquainted  with 

the  fubjed,  do  not  proceed  further  till  he  has  made  it 
quite  familiar  to  his  thoughts.  Nothing  is  fo  condu¬ 
cive  to  this  as  the  adual  experiment  \  and  fince  this  on- 


ment. 
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ly  requires  the  trifling  cxpcnce  of  two  fmall  pulleys  and 
a  few  yards  of  whipcord,  we  hope  that  none  of  our 
pradical  readers  will  omit  it ;  They  will  thank  us  for 
this  injundion. 

2.  Let  the  threads  A  dy  AF  hy  and  AE  c  (fig.  2.), 
have  the  weights  dy  by  and  Cy  appended  to  them,  and 
let  two  of  the  threads  be  laid  over  the  pulleys  F  and  E. 

By  this  apparatus  the  knot  A  will  be  drawn  in  the  dl- 
redions  AB,  AC,  and  AK.  If  the  fum  of  the  weights 
b  and  c  be  greater  than  the  fingle  weight  d,  the  aflem- 
blage  will  of  itfelf  fettle  in  a  certain  determined  form  ; 
if  you  pull  the  knot  A  out  of  its  place,  it  will  always 
return  to  it  again,  and  will  reft  in  no  other  polition. 

For  example,  if  the  three  weights  are  equal,  the  threads 
wiW  always  make  equal  angles,  of  120  degrees  each, 
round  the  knot.  If  one  of  the  weights  be  three  pounds, 
another  four,  and  the  third  five,  the  angle  cppofite  to  the 
thread  ftretched  by  five  pounds  will  always  be  fquare,&c* 

When  the  knot  A  is  thus  in  equilibrio,  we  muft  infer, 
that  th^  adion  of  the  weight  dy  In  the  diredion  A  dy 
is  in  dired  oppofitlon  to  the  combined  adion  of  by  in 
the  diredion  AB,  and  of  Cy  in  the  diredion  AC. 
Therefore,  if  we  produce  JA  to  any  point  D,  and 
take  AD  to  reprefent  the  magnitude  of  the  force,  or 
preffure  exerted  by  the  weight  dy  the  preffures  exerted 
on  A  by  the  weights  b  and  Cy  in  the  diredions  AB, 

AC,  are  in  fad  equivalent  to  a  preffure  ading  in  the 
diredion  AD,  whofe  intenfity  we  have  reprefented  by 

AD.  If  we  now  meafure  off  by  a  fcale  on  AF  and 
AE  the  lines  AB  and  AC,  having  the  fame  propor¬ 
tions  to  AD  that  the  weights  b  and  c  have  to  the  weight 
dy  and  If  we  draw  DB  and  DC,  we  ftiall  find  DC  to 
be  equal  and  parallel  to  AB,  and  DB  equal  and  paral¬ 
lel  to  AC  ;  fo  that  AD  is  the  diagonal  of  a  parallelo¬ 
gram  ABDC.  We  fhall  find  this  always  to  be  the 
cafe,  whatever  are  the  weights  made  ufe  of ;  only  we 
muft  take  care  that  the  weight  which  we  caufe  to  ad 
without  the  intervention  of  a  pulley  be  lefs  than  the 
fum  of  the  other  two  :  If  any  one  of  the  weights  ex¬ 
ceeds  the  fum  of  the  other  two,  it  will  prevail,  and  drag"  ^ 
them  along  with  it. 

Now^,  fince  We  know  that  the  weight  d  would  juft 
balance  an  equal  weighty,  pulling  diredly  upwards  by 
the  intervention  of  the  pulley  G;  and  fince  we  fee  that 
it  juft  balances  the  weights  b  and  Cy  ading  in  the  direc¬ 
tions  AB,  AC,  we  muft  infer,  that  the  knot  A  is  af¬ 
feded  in  the  fame  manner  by  thofe  two  weights,  or  by 
the  fingle  weight  g  ;  and  therefore  that  two  prejfuresy 
a^ing  in  the  direBionsy  and  with  the  intenfitiesy  AB,  AC, 
are  equivalent  to  a  fingle  preffure  having  the  direBion  and 
proportion  of  AD.  In  like  manner,  the  preffures  AB, 

AK,  are  equivalent  to  AH,  which  is  equal  and  op- 
pofite  to  AC.  Alfo  AK  and  AC  are  equivalent  to 
AI,  which  is  equal  and  oppofite  to  AB.  7 

We  (hall  confider  this  combination  of  preffures  a  little  Gonfidercd 

.  ,  ,  more  parti- 

more  particularly. 

Suppofe  an  upright  beam  BA  (fig.  3.)  pufhed  in 
the  diredion  of  its  length  by  a  load  B,  and  abutting  on 
the  ends  of  two  beams  AC,  AD,  which  are  firmly  re¬ 
filled  at  their  extreme  points  C  and  D,  which  reft  on  ^ 
two  blocks,  but  are  nowife  joined  to  them  :  thefe  two 
beams  can  refift  no  way  but  in  the  diredions  CA,  DA; 
and  therefore  the  preflures  which  they  fuftaiii  from  the 
beam  BA  are  in  the  diredions  AC,  AD.  We  wifh 
to  know  how  much  each  fuftains  ?  Produce  BA  to  E, 

taking 
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taking  AE  from  a  fcalc  of  equal  parts,  to  reprefent  the 
;  Dumber  of  tons  or  pounds  by  which  BA  is  preffed. 
'  Draw  EF  and  EG  parallel  to  AD  and  AC;  then  AF, 
meafured  on  the  fame  fcale,  will  give  us  the  number  of 
pounds  by  which  AC  is  ftrained  or  cruihed,  and  AG 
will  give  the  ftrain  on„AD. 

It  deferves  particular  remark  here,  that  the  length 
df  AC  or  AD  has  no  influence  on  the  ftrain,  arifing 
from  the  thruft  of  BA,  while  the  diredions  remain  the 
fame.  The  elfeds,  however,  of  this  ftrain  are  modifi¬ 
ed  by  the  length  of  the  piece  on  which  it  is  exerted. 
Th  is  ftrain  comprefles  the  beam,  and  will  therefore  com- 
prefs  a  beam  of  double  length  twice  as  much.  This 
may  change  the  form  of  the  aflTemblage.  If  AC,  for  ex¬ 
ample,  be  very  much  fhorter  than  AD,  it  will  be  much 
Icfs  comprefled  :  The  line  CA  will  turn  about  the  cen¬ 
tre  C,  while  DA  will  hardly  change  its  pofition  ;  and 
the  angle  CAD  will  grow  more  open,  the  point  A  fink¬ 
ing'  dowm.  The  artift  will  find  it  of  great  confequcnce 
to  pay  a  very  minute  attention  to  this  circumftance,  and 
to  be  able  to  fee  clearly  the  change  of  fliape  which  ne- 
cefiarily  refults  from  thefe  mutual  ftrains.  He  will  fee 
in  this  the  caufe  of  failure  in  many  very  great  works. — 
By  thus  changing  fliape,  ftrains  are  often  produced  in 
places  where  there  were  none  before,  and  frequently  of 
the  very  worft  kind,  tending  to  break  the  beams 
acrofs. 

The  dotted  lines  of  this  figure  fliew  another  pofition 
of  the  beam  AD^  This  makes  a  prodigious  change, 
not  only  in  the  ftrain  on  AD',  but  alfo  in  that  on  AC. 
Both  of  them  are  much  increafed ;  AG  is  almoft 
doubled,  and  AF  is  four  times  greater  than  before. 
This  addition  was  made  to  the  figure,  to  fliew  what 
enormous  ftrains  may  be  produced  by  a  very  moderate 
force  AE,  when  it  is  exerted  on  a  very  obtufe  angle. 

The  4th  and  5th  figures  will  aflift  the  moft  uninftrudl- 
ed  reader  in  conceiving  how"  the  very  fame  ftrains  AF, 
AG,  are  laid  on  thefe  beams,  by  a  weight  Amply  hang¬ 
ing  from  a  billet  refting  on  A,  prelfing  hard  on  AD, 
and  alfo  leaning  a  little  on  AC  ;  or  by  an  upright  piece 
AE,  joggled  on  the  two  beams  AC,  AD,  and  per¬ 
forming  the  office  of  an  ordinary  king-poll.  The  read¬ 
er  will  thus  learn  to  call  off  his  attention  from  the  means 
by  wdiich  the  ftrains  are  produced,  and  learn  to  confider 
them  abftradedly,  merely  as  ftrains,  in  whatever  fituation 
he  finds  them,  and  from  whatever  caufe  they  arife. 

We  prefume  that  every  reader  will  perceive,  that 
the  proportions  of  thefe  ftrains  will  be  precifely  the 
fame  if  every  thing  be  inverted,  and  each  beam  be 
drawn  or  pulled  in  the  oppofite  diredlion.  In  the  fame 
way  that  we  have  fubftituted  a  rope  and  weight  in  fig. 

4.  or  a  king.poft  in  fig.  5.  for  the  loaded  beam  BA  of 
fig.  3.  we  might  have  fubftituted  the  framing  of  fig.  6. 
which  is  a  very  ufual  pradice.  In  this  framing,  the 
batten  DA  is  ftretched  by  a  force  AG,  and  the  piece 
AC  is  comprefled  by  a  force  AF.  It  is  evident  that 
we  may  employ  a  rope,  or  an  iron  rod  hooked  on  at  D, 
in  place  of  the  batten  DA,  and  the  ftrains  will  be  the 
fame  as  before. 

^  This  feemingly  Ample  matter  is  ftill  full  of  inftruc- 
tion  ;  and  we  hope  that  the  well-informed  reader  will 
pardon  us,  though  we  dwell  a  little  longer  on  it  for  the 
fake  of  the  young  artift. 

By  changing  the  form  of  this  framing,  as  in  fig.  7. 
we  produce  the  fame  ftrains  as  in  the  difpofition  repre- 


fented  by  the  dotted  lines  in  fig.  3.  The  ftrains  on 
both  the  battens  AD,  AC,  are  now  greatly  increafed. 

The  fame  confequences  refult  from  an  improper 
change  of  the  pofition  of  AC.  If  it  is  placed  as  in  fig. 

8.  the  ftrains  on  both  are  vaftly  increafed.  In  fliort, 
the  rule  is  general  ;  that  the  more  open  we  make  the 
angle  agaiuft  wffiich  the  pufli  is  exerted,  the  greater  are 
the  ftrains  which  are  brought  on  the  ftruta  or  ties  which 
form  the  fides  of  the  angle. 

The  reader  may  not  readily  conceive  the  piece  AC 
of  fig.  8.  as  fuftaining  a  comp^effion  ;  for  the  weight 
B  appears  to  hang  from  AC  as  much  as  from  AD. 

But  his  doubts  will  be  removed  by  confidcring  whether 
he  could  employ  a  rope  in  place  of  AC.  He  cannot ; 

But  AD  may  be  exchanged  for  a  rope.  AC  is  there¬ 
fore  a  ftrut  and  not  a  tie. 

In  fig.  9.  AD  is  again  a  ftrut,  butting  on  the  block 
D,  and  AC  is  a  tie  ;  and  the  batten  AC  may  be  re¬ 
placed  by  a  rope.  While  AD  is  comprefled  by  the 
force  AG,  AC  is  ftretched  by  the  force  AF. 

If  we  give  AC  the  pofition  reprefented  by  the  dotted 
lines,  the  compreflion  of  AD  is  now  AG',  and  the  forc<g. 
ftretching  AG  is  now  AF' ;  both  much  greater  than 
they  were  before.  This  difpofition  is  analogous  to  fig. 

8.  and  to  the  dotted  lines  in  fig.  3.  Nor  will  the  young 
artift  have  any  doubts  of  AC'  being  on  the  ftretch,  if 
he  confider  whether  AD  can  be  replaced  by  a  rope. 

It  cannot,  but  AC'  may  ;  and  it  is  therefore  not  com- 
preffed,  but  ftretched. 

In  fig.  10.  all  the  three  pieces,  AC,  AD,  and  AB, 
are  ties  on  the  ftretch.  This  is  the  complete  iiiverfion 

%•  3*»  dotted  pofition  of  AC  induces  the 

fame  changes  in  the  forces  AF',  AG',  as  in  fig.  3. 

Thus  have  we  gone  over  all  the  varieties  which  can 
happen  in  the  bearings  of  three  pieces  on  one  point.  All 
calculations  about  the  ftrength  of  carpentry  are  redu¬ 
ced  to  this. cafe  :  for  when  more  ties  or  braces  meet  in 
a  point  (a  thing  that  rarely  happens),  we  reduce  them 
to  three,  by  fubftituting  for  any  two  the  force  which 
refults  from  their  combination,  and  then  combining  this 
with  another  ;  and  fo  on. 

The  young  artift  muft  be  particularly  careful  not  to 
miftake  the  kind  of  ftrain  that  is  exerted  on  any  piece 
of  the  framing,  and  fuppofe  a  piece  to  be  a  brace  which 
is  really  a  tie.  It  is  very  eafy  to  avoid  all  miftakes  in 
this  matter  by  the  following  rule,  which  has  no  excep- 
tion.  ^  g 

Take  notice  of  the  diredion  in  which  the  piece  a6ls  Rule  for 
from  which  the  ftrain  proceeds.  Draw  a  line  in  that 
diredlion  fro7n  the  point  on  which  the  ftrain  is  exerted  ; 
and  let  its  length  (meafured  011  fome  fcale  of  equal pr^ffionTnd 
parts)  exprefs  the  magnitude  of  this  aaion  in  pounds,  extenfion. 
hundreds,  or  tons.  From  its  remote  extremity  draw 
lines  parallel  to  the  pieces  on  which  the  ftrain  is  exert-  ^ 

ed.  The  line  parallel  to  one  piece  will  neceffarily  cut 
the  other,  or  its  direftion  produced  ;  If  it  cut  the  piece 
itfelf,  that  piece  is  comprefled  by  the  ftrain,  and  it  is 
performing  the  office  of  a  ftrut  or  brace  :  if  it  cut  its 
diredion  produced,  the  piece  is  ftretched,  and  it  is  a 
tie.  In  fliort,  the  ftrains  on  the  pieces  AC,  AD,  are 
to  be  eftimated  in  the  diredioii  of  the  points  F  and  G 
'from  the  ftrained  point  A.  Thus,  in  fig.  3.  the  up¬ 
right  piece  BA,  loaded  with  the  weight  B,  preffes  the 
point  A  in  the  diredion  AE  :  fo  does  the  rope  AB 
in  the  other  figures^  or  the  batten  AB  in  fig.  5* 
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In  general,  if  the  flralnlng  piece  is  within  the  angle 
formed  by  the  pieces  which  are  ftrained,  the  ftrains 
which  they  fiiftain  are  of  the  oppofite  kind  to  that 
which  it  exerts.  If  it  be  pufhing,  they  are  drawing  ; 
but  if  it  be  within  the  angle  formed  by  their  directions 
produced,  the  ilrains  which  they  fullain  are  of  the  fame 
kind.  All  the  three  are  either  drawing  or  preffing.  If 
the  ftraining  piece  lie  within  the  angle  formed  by  one 
piece  and  the  produced  diredlion  of  the  other,  its  own 
ilrain,  whether  compreflion  or  extenfion,  is  of  the  fame 
,kind  with  that  of  the  moft  remote  of  the  other  two, 
>and  oppofite  to  that  of  the  neareft.  Thus,  in  fig.  9. 
where  AB  is  drawing,  the  remote  piece  AC  is  alfo 
.drawing,  while  AD  is  pufhing  or  refilling  compreffion. 

In  all  that  has  been  faid  on  this  fubjeCI,  vve  have  not 
fpoken  of  any  joints.  In  the  calculations  with  which 
we  are  occupied  at  prefent,  the  refiilance  of  joints  has 
no  fhare  ;  and  we  muft  not  fuppofe  that  they  exert  any 
force  which  tends  to  prevent  the  angles  from  changing. 
The  joints  are  fuppofed  perfedly  flexible,  or  to  be  like 
compafs  joints  ;  the  pin  of  which  only  keeps  the  pieces 
together  when  one  or  more  of  the  pieces  draws  or  pulls. 
The  carpenter  muft  always  fuppofe  them  all  compafs 
joints  when  he  calculates  the  thrufts  and  draughts  of  the 
different  pieces  of  his  frames.  The  ftrains  on  joints, 
and  their  power  to  produce  or  balance  them,  are  of  a 
9  different  kind,  and  require  a  very  different  examination. 
Oeneral  ex-  Seeing  that  the  angles  which  the  pieces  make  with 
preffion  of  other  are  of  fuch  importance  to  the  magnitude 

^he  and  the  proportion  of  the  excited  ftrains,  it  is  proper  to 
{train.  find  out  fome  way  of  readily  and  compendioufly  con¬ 
ceiving  and  expreffing  this  analogy. 

in  general,  the  ftrain  on  any  piece  is  proportional  to 
the  ftraining  force.  This  is  evident. 

Secondly,  the  ftrain  on  any  piece  AC  is  proportional 
to  the  fine  of  the  angle,  which  the  ftraining  force  makes 
v/ith  the  other  piece  diredly,  and  to  the  fine  of  the 
angle  which  the  pieces  make  with  each  other  inverfely. 

For  it  is  plain,  that  the  three  preffures  AE,  AF, 
and  AG,  which  are  exerted  at  the  point  A,  are  in  the 
proportion  of  the  lines  AE,  AF,  and  FE  (becaufe  FE 
is  equal  to  AG).  But  becaufe  the  Tides  of  a  triangle 
are  proportional  to  the  fines  of  the  oppofite  angles,  the 
ftrains  are  proportional  to  the  fines  of  the  angles  AFE, 
AEF,  and  FAE.  But  the  fine  of  AFE  is  the  fame 
with  the  fine  of  the  angle  CAD,  which  the  two  pieces 
AC  and  AD  make  with  each  other  ;  and  the  fine  of 
AEF  is  the  fame  with  the  fine  of  EAD,  which  the 
.  ftraining  piece  BA  makes  with  the  piece  AC.  There¬ 
fore  we  have  this  analogy.  Sin.  CAD  ;  Sin.  EAD  =: 

AE  :  AF,  and  AF  :=  AE 

Sin.  CAD 

fines  of  angles  are  moft  conveniently  conceived  as  deci¬ 
mal  fractions  of  the  radius,  which  is  confidered  as  uni¬ 
ty.  Thus,  Sin,  is  the  fame  thing  with  0,5,  or  4- ; 
and  fo  of  others.  Therefore,  to  have  the  ftrain  on  AC, 
arifing  from  any  load  AE  a6ling  in  the  dire£lion  AE, 
multiply  AE  by  the  fine  of  EAD,  and  divide  the  pro- 
du£t  by  the  fine  of  CAD. 

This  rule  fhews  how  great  the  ftrains  muft  be  when 
the  angle  CAD  becomes  very  open,  approaching  to 
i'8o  degrees.  But  when  the  angle  CAD  becomes  very 
fmall,  its  fine  (which  is  our  divifor)  is  alfo  very  fmall  ; 
^iid  w^e  fhould  expedi  a  very  great  quotient  in  this  cafe 
alfo.  But  we  muft  obferve,  that  in  this  cafe  the  fine  of 


EAD  is  alfo  very  fmall;  and  this  is  our  multiplier.  In 
fuch  a  cafe,  the  quotient  cannot  exceed  unity. 

But  it  is  imneceffary  to  confider  the  calculation  by 
the  tables  of  fines  more  particularly.  The  angles  are 
feldom  known  any  otlierwife  but  by  drawing  the  figure 
of  the  frame  of  carpentry.  In  this  cafe,  we  can  al¬ 
ways  obtain  the  mcafures  of  the  ftrains  from  the  fame 
fcale,  with  equal  accuracy,  by  drawing  the  parallelo¬ 
gram  AFCG.  lo 

Hitherto  we  have  confidered  the  ftrains  excited  at  Strains  pro. 
A  only  as  they  affedi  the  pieces  on  which  they  are 
erted.  But  the  pieces,  in  order  to  fuftain,  or  be  fubjedf  I 

to,  any  ftrain,  muft  be  fupported  at  their  ends  C  and 
D  ;  and  we  may  confider  them  as  mere  intermediums, 
by  which  thefe  ftrains  are  made  to  adl  on  thofe  points 
of  fupport ;  Therefore  AF  and  AG  are  alfo  mea-  | 

fures  of  the  forces  which  prefs  or  pull  at  C  and  D. 

Thus  we  learn  the  fupports  which  muft  be  found  for 
thefe  points.  Thefe  may  be  infinitely  various.  We 
fhall  attend  only  to  fuch  as  fomehow  depend  on 'the 
framing  itfelf.  jj 

Such  a  ftrudlure  as  fig.  ii.  very  frequently  occurs,  AdHon  of 
where  a  beam  BA  is  ftrongly  preffed  to  the  end  of 
other  beam  AD,  which  is  prevented  from  yielding,  * 
both  becaufe  it  lies  on  another  beam  HD,  and  becaufe 
its  end  D  is  hindered  from  Aiding  backwards.  It  is  in¬ 
different  from  what  this  preffuve  arifes  :  we  have  re- 
prefented  it  as  owing  to  a  weight  hung  on  at  B,  while 
B  is  withheld  from  yielding  by  a  rod  or  rope  hooked 
to  the  wall.  The  beam  AD  may  be  fuppofed  at  full  . 

liberty  to  exert  all  its  preffure  on  D,  as  if  it  were  fup¬ 
ported  on  rollers  lodged  in  the  beam  HD  ;  but  the  ' 

loaded  beam  BA  preffes  both  on  the  beam  AD  and  on 
HD.  We  wifh  only  to  know  what  ftrain  is  borne  by 
AD  ? 

All  bodies  a£l  on  each  other  in  the  diredlion  perpen¬ 
dicular  to  their  touching  furfaces  ;  therefore  the  fup¬ 
port  given  by  HD  is  in  a  diredlion  perpendicular  to  it. 

We  may  therefore  fupply  its  place  at  A  by  a  beam 
AC,  perpendicular  to  HD,  and  firmly  fupported  at  C. 

In  this  cafe,  therefore,  wc  may  take  AE,  as  before,  to 
reprefent  the  preffure  exerted  by  the  loaded  beam,  and 
draw  EG  perpendicular  to  AD,  and  EF  parallel  to  it, 
meeting  the  perpendicular  AC  in  F.  Then  AG  is  the 
ftrain  comprefling  AD,  and  AF  is  the ;  preffure  on  the 
beam  HD. 

.  li  I 

It  may  be  thought,  that  fince  we  affume  as  a  prin-  form 
ciple  that  the  mutual  preffures  of  folid  bodies  are  exert- of  the  abut 
ed  perpendicular  to  their  touching  furfaces,  this  ba-hng  joint 
lance  of  preffures,  in  framings  of  timbers,  depends  on 
the  direftions  of  their  butting  joints  :  but  it  does  notj^^^g^  | 
as  will  readily  appear  by  confidering  the  prefent  cafe. 

Let  the  joint  or  abutment  of  the  two  pieces  BA,  AD  \ 

be  mitred,  in  the  ufual  manner,  in  the  direflion  f  A I 
Therefore,  rf  A  ^  be  drawn  perdendicular  to  A/,  it 
will  be  the  diredlion  of  the  actual  preffure  exerted  by 
the  loaded  beam  BA  on  the  beam  AD.  But  the  re- 
a(5lion  of  AD,  in  the  oppofite  diredlion  A  t,  will  not 
balance  the  preffure  of  BA  ;  becaufe  it  is  not  in  the 
direftion  precifely  oppofite.  BA  will  therefore  Aide 
along  the  joint,  and  prefs  on  the  beam  HD.  AE  re¬ 
prefent  s  the  load  on  the  mitre  joint  A.  Draw  E  e  per¬ 
pendicular  to  A<f,  and  E  f  parallel  to  it.  The  preffure 
AE  will  be  balanced  by  the  readlions  e  A  and  /'At  or, 
the  preffure  AE  produces  the  preffures  A  e  and  A /; 
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ef  which  A /  muft  be  refifted  by  the  beam  HD,  and 
A  ^  by  the  beam  AD.  The  preffurc  A  f  not  being 
perpendicular  to  HD,  cannot  be  fully  refifted  by  it ; 
becaufe  (by  our  afiiimed  principle)  it  reacts  only  in 
a  direction  perpendicular  to  its  furface.  Therefore  draw 
/ pyf  '^  parallel  to  HD,  and  perpendicular  to  it.  The 
prellure  A  f  will  be  refifted  by  HD  with  the  force  p  A ; 
but  there  is  required  another  force  t  A,  to  prevent  the 
beam  BA  from  flipping  outwards.  This  muft  be  furnifh- 
cd  by  the  reaction  of  the  beam  DA. — In  like  manner, 
the  other  force  A  e  cannot  be  fully  refifted  by  the  beam 
AD,  or  rather  by  the.  prop  D,  ading  by  the  interven¬ 
tion  of  the  beam  ;  for  the  action  of  that  prop  is  exert¬ 
ed  through  the  beam  in  the  diredion  DA.  The 
beam  AD,  therefore,  is  prefTed  to  the  beam  HD  by 
the  force  A  as  well  as  by  A/.  To  find  what  this 
preflure  on  -HD  is,  draw  eg  perpendicular  to  HD,  and 
e  0  parallel  to  it,  cutting  EG  in  r.  The  forces  g  A 
and  0  A  will  refift,  and  balance  A  e. 

Thus  we  fee,  that  the  two  forces  A  e  and  A  y,  which 
are  equivalent  to  AE,  are  equivalent  alfo  to  A  A  i, 
A  0,  and  A^c*  becaufe  A  f  and  e  E  are  equal  and  pa¬ 

rallel,  and  E  r  and  f  t  are  alfo  parallel,  as  alfo  e  r  and 
J p^  it  is  evident,  that  i f  is  equal  to  r  E,  or  to  0  F,  and 
/A  is  equal  to  rf,  or  to  G^.  Therefore  the  four  forces 
A^,  Koy  A.py  A/,  are  equal  to  AG  and  AF.  There- 
fore  AG  is  the  compreffion  of  the  beam  AD,  or  the 
force  prefiing  it  on  D,  and  AF  is  the  force  prefling  if 
on  the  beam  HD.  The  proportion  of  thefe  preflures,, 
therefore,  is  not  affecfted  by  the  form  of  the  joint. 

This  remark  is  important;  for  many  carpenters  think, 
the  form  and  direction  of  the  butting*  joint  of  great 
importance  ;  and  even  the  theorift,  by  not  profecuting. 
the  general  principle  through  all  its  confequences,  may 
be  led  into  an  error.  The  form  of  the  joint  is  of  no 
importance,  in  as  far  as  it  affects  the  ftrains  in  the  direc¬ 
tion  of  the  beams  ;  but  it  is  often  of  great  confequence, 
in  refpe^l  to  its  own  firmnefs,  and  the  effe£l  it  may 
have  in  bruifing  the  piece  on  which  it  a£ls,  or  being 
crippled  by  it. 

Origin  of  The.  fame  compreffion  of  AB,  and  the  fame  thruft  on 

the  ftrain  the  point  D  by  the  intervention  of  AD,  will  obtain,  in 
whatever  way  the  original  prefFure  on  the  end  A  is  pro¬ 
duced.  Thus  fuppofing  that  a  cord  is  made  faft  at 
A,  and  pulled  in  the  diredlion  AE,  and  with  the  fame 
force,  the  beam  AD  will  be  equally  comprefled,  and 
the  prop  D  muft  read!  with  the  fame  force. 

But  it  often  happens  that  the  obliquity  of  the  pref- 
fure  on  AD,  inftead  of  compreffing  it,  ftretches  it  ; 
and  we  defire  to  know  what  tenfioii  it  fuftains  ?  Of  this, 
•we  have  a  familiar  example  in  a  common  roof.  Let 
the  two  rafters  AC,  AD  (fig.  12.),  prefs  on  the  tie- 
beam  DC.  V/e  may  fuppofe  the  whole  weight  to  prefs 
vertically  on  the  ridge  A,  as  if  a  weight  B  were  hung, 
on  there.  We  may  reprefent  this  weight  by  the  por¬ 
tion  A  3  of  the  vertical  or  plumb  line,  interceptcvl  be-- 
tween  the  ridge  and  the  beam.  Then  drawing  h f  and 
hg  parallel  to  AD  and  AC,  A^  and  Af  will  reprefent 
the  preflures  on  AC  and  AD.  Produce  xAG  till  CH  ' 
be  equal  to  Af,  The  point  C  is  forced  out  in  this  di- 
re<ftion,  and  with  a  force  reprefented  by  this  line.  As  . 
this  force  is  not  perpendicularly  acrofs  the  beam,  it  evi¬ 
dently  ftretches  it;  and  this  extending  force  muft  be 
withliood  by  an  equal  force  pulling  it  in  the  oppofite 
diredfion,  Tiiis  muli  arife  from  a  fimilar  oblique  thrull 


of  the  oppofite  rafter  on  the  other  end  D.  We  con¬ 
cern  ourfelves  only  with  this  extenfioii  at  prefent ;  but 
we  fee  that  the  cohelion  of  the  beam  does  nothing  but  , 
fupply  the  balance  to  the  extending  forces.  It  muft 
ftill  be  fupported  externally,  that  it  may  rcfijl^  and,  by 
refilling  obliquely,  be  ftretched.  The  points  C  and  D 
are  fupported  on  the  walls,  which  they  prefs  in  the  di- 
redlions  CK  and  DO,  parallel  to  Ah,  If  we  draw  HK 
parallel  to  DC,  and  HI  parallel  to  CK  (that  is,  to  A3),, 
meeting  DC  produced  in  I,  it  follows  from  the  com- 
pofitioii  of  forces,  that  the  point  C  would  be  fupported 
by  the  two  forces  KC  and  IC.  In  like  manner,  ma¬ 
king  DN  =  A  and  completing  the  parallelogram 
DMNO,  the  point  D  would  be  fupported  by  the  forces 
OD  and  MD.  If  we  draw  g  0  and  f  k  parallel  to  DC, 
it  is  plain  that  they  are  equal  to  NO  and  CK,  while 
Ao  and  Ak  are  equal  to  DO  and  CK,  and  A3  is 
equal  to  the  fum  of  DO  and  CK  (becaufe  it  is  equal  to 
Ao  +  A3).  The  weight  of  the  roof  is  equal  to  its 
vertical  preflure  on  the  w^alls. 

Thus  we  fee,  that  w  ole  a  preflure  on  A,  in  the  di- 
redlion  A3,  produces  the  ftrains  Af  and  Ag^  on  the 
pieces  AC  and  AD,  it  alfo  excites  a  ftrain  GI  or  DM 
in  the  piece  DC.  And  this  completes  the  mechanifm 
of  a  frame  ;  for  all  derive  their  efficacy  from  the  tri¬ 
angles  of  which  they  are  compofed,  as  will  appear,  more 
clearly  as  we  proceed.  14 

But  there  is  more  to  be  learned  from  this. 
confideration  of  the  ftrains  on  the  two  pieces  AD 
AC,  by  the  adlion  of  a  force  at  A,  only  fliewed  them 
as  the  means  of  propagating  the  fame  ftrains  in  their 
own  dire<ftion  to  the  points  of  fupport.  But,  by  add- 
ing  the  ftrains  exerted  in  DC,  we  fee  that  the  frame 
becomes  an  intermedium,  by  which  exertions  may  be 
made  on  other  bodies,  in  certain  diredlions  and  propor¬ 
tions  ;  fo  that  this  frame  may  become  part  of  a  more 
complicated  one,  and,  as  it  were,  an  element  of  its  con- 
ftitution.  It  is  worth  while  to  afeertain  the  proportion 
of  the  prefTures  CK  and  DO,  which  are  thus  exerted. ^ 
on  the  walls.  The  fimilarity  of  triangles  gives  the  fol-* 
lowing  analogies  ;  . 

DO  :DM  =  A'3  ;  3D 
CT,  or  DM  :  CK  =  C3  :  A3 
Therefore  DO  :  CK  ==  C3  :  3D. 

Or,  the  preffures  on  the  points  Q  and  D,  in  the  di region  of 
the  jlraining  force  A  3,  are  reciprocally  proportional  to  the- 
portions  q/DC  intercepted  hy  A  h, 

Alfo,  lihce  A  3  is  rz  DO  4-  CK,  we  have 
A3  :  CK  =  C3  -f.  3D  (or  CD)  3D,  and 
A  3  :  DO  =  CD  :  3  C. 

In  general,  any  two  of  the  three  parallel  forces  A  3,  , 

DO,  CKj  are  to  each  other  in  the  reciprocal  propor¬ 
tion  of  the  parts  of  CD,  intercepted  between  their  di- 
re(ftions  and  the  direction  of  the  third. 

And  this  explains  a  ftill  more  important  office  of  the  ‘ 
frame  ADC.  If  one  of  the  points,  fuch  as  D,  be  fup-. 
ported,  an  external  power  ading  at  A,  in  the  diredion 
A3,  and  with  an  intenfity  which  may  be  meafured  by 
A  3,  may  be  fet  in  equilibrio,  with  another  ading  at  C, 
in  the  diredion  CL,  oppofite  to  CK  or  A3,  and  with 
an  intenfity  reprefented  by  CK  :  for  fince  the  preffiire 
CH  is  partly  withftood  by  the  force  IC,  or  the  firmnefs 
of  the  beam  DC  fupported  at  D,- the  force  KG  will 
complete  the  balance.  When  we  do  not  attend  to  the ' 
fuppqrt  at  D,  we  conceive  the  force  A3  to  be  balancedi; 

by 


1 68 


CARPENTRY. 


by  KC,  or  KC  to  be  balanced  by  A  b*  And,  in  like  the  prop,*  and  in  doiiig^this  it  puts  the  bar  AD  on  the 

manner,  we  may  negle£l  the  fupport  or  force  adling  at  ftretch,  and  alfo  the  bar  DB.  Their  places  might  there- 

A,  and  confider  the. force  DO  as  balanced  by  CK.  fore  be  fupplied  by  cords  or  metal  wires.  Hence  it  is 
It  becomes  Thus  our  frame  becomes  a  lever,  and  we  are  able  to  evident  that  DC  is  comprefied,  as  is  alfo  AC  :  and,  for 

a  lever*  trace  the  interior  mechanical  procedure  which  gives  it  the  fame  reafon,  CB  is  alfo  in  a  date  of  comprefiion  ; 

its  efficacy  :  it  is  by  the  intervention  of  the  forces  of  for  either  A  or  B  may  be  confidered  as  the  point  that 

cohefion,  which  connect  the  points  to  which  the  exter-  is  impelled  or  withheld.  Therefore  DA  and  DB  are 

nal  forces  are  applied  with  the  fupported  point  or  ful-  ftretched,  and  are  refilling  with  attradlive  forces,  DC 

crum,  and  with  'each  other.  and  CB  are  comprefTed,  and  are  refilling  with  repulfivc 

Thefe  drains  or  preffures  A  by  DO,  and  CK,  not  be-  forces.  DB  is  alfo  adling  with  repulfive  forces,  being 
ing  in  the  diredlions  of  the  beams,  may  be  called  tranf-  comprefied  in  like  manner :  and  thus  the  fupport  of 
^erje,  fee  that  by  their  means  a  frame  of  carpen-  the  prop,  combined  with  the  lirmnefs  of  DC,  puts  the 

try  may  be  confidered  as  a  folid  body ;  but  the  example  frame  ADBC  into  the  condition  of  the  two  frames  in 
which  brought  this  to  our  view  is  too  limited  for  ex-  fig.  8.  and  fig.  9.  Therefore  the  external  force  at  A 

plaining  the  efficacy  which  may  be  given  to  fuch  con-  is  really  in  equilibrk)  with  an  attracling  force  adling  in 

llrudlions.  We  fhall  therefore  give  a  general  propofi-  the  diredlion  AD,  and  a  repulfive  force  adling  in  the 
tlon,  which  will  more  didindlly  explain  the  procedure  diredlion  AK.  And  fince  all  the  conne6ling  forces  arc 
of  nature,  and  enable  us  to  trace  the  drains  as  they  are  mutual  and  equal,  the  point  D  is  pulled  or  drawn  in  the 
propagated  through  all  the  parts  of  the-mod  complica-  diredlion  DA.  The  condition  of  the  point  B  is  fimi- 
ted  framing,  finally  producing  the  exertion  of  its  mod  lar  to  that  of  A,  and  D  is  alfo  drawn  in  the  diredllon 
didant  points.  ^  DB.  Thus  the  point  D,  being  urged  by  the  forces  in 

General  We  prefume  that  the  reader  is  now  pretty  well  habi-  the  diredlioiis  DA  and  DB,  preffes  the  beam  DC  on 

propofi-  tuated  to  the  conception  of  the  drains  as  they  are  pro-  the  prop,  and  the  prop  refids  in  the  oppofite  dlredlion. 

pagated  along  the  lines  joining  the  points  of  a  frame,  Therefore  the  line  DC  is  the  diagonal  of  the  parallelo- 

and  we  diall  therefore  employ  a  very  fimple  figure.  gram,  whofe  fides  have  the  proportion  of  the  forces 
Let  the  drong  lines  ACBD  (fig.  13.)  reprefent  a  which  connedl  D  with  A  and  B.  This  is  the  prin- 
frame  of  carpentry.  Suppofe  that  it  is  pulled  at  the  ciple  on  which  the  red  of  our  invedigation  proceeds, 
point  A  by  a  force  ailing  in  the  diredlion  AE,  but  We  may  take  DC  as  the  reprefentation  and  meafure  of 
that  it  reds  on  a  fixed  point  C,  and  that  the  other  ex-  their  joint  effe^l.  Therefore  draw  CH,  CG,  parallel 
treme  point  B  is  held  back  by  a  power  which  refids  in  to  DA,  DB.  Draw  HL,  GO,  parallel  to  CA,  CB, 
the  diredlion  BF  :  It  is  required  to  determine  the  pro-  cutting  AE,  BF  in  L  and  O,  and  cutting  DA,  DB 
portion  of  the  drains  excited  in  its  different  parts,  the  in  I  and  M.  Complete  the  parallelograms  ILKAf 
proportion  of  the  external  preffures  at  A  and  B,  and  MONB.  Then  DG  and  AI  are  the  equal  and  oppo- 
the  preffure  which  is  produced  on  the  obdacle  or  ful-  fite  forces  which  connedl  A  and  D  ;  for  GD  =  CH, 
crum  C  ?  =  AI.  In  like  manner  DH  and  BM  are  the  forces 

It  is  evident  that  each  of  the  external  forces  at  A  which  connecd  D  and  B. 
and  B  tend  one  way,  or  to  one  fide  of  the  frame,  and  The  external  force  at  A  is  in  immediate  equilibrlo 
that  each  would  caufe  it  to  turn  round  C  if  the  other,  with  the  combined  forces,  connedling  A  with  D  and 
did  not  prevent  it ;  and  that  if,  notwithdanding  their  ac-  with  C.  AI  is  one  of  them;  Therefore  AK  is  the 
tion,  it  is  turned  neither  way,  the  forces  in  adual  exer-  other  ;  and  AL  is  the  compound  force  with  which 
tion  are  in  equilibrlo  by  the  intervention  of  the  frame,  the  external  force  at  A  is  in  immediate  equilibrium. 
It  is  no  lefs  evident  that  thefe  forces  concur  in  prefiing  This  external  force  Is  therefore  equal  and  oppofite  to 
the  frame  on  the  prop  C.  Therefore,  if  the  piece  CD  AL.  In  like  manner,  the  external  force  at  B  is  equal 
were  away,  and  if  the  joints  C  and  D  be  perfe6lly  fiexi-  and  oppofite  to  BO  ;  and  AL  is  to  BO  as  the  exter- 
ble,  the  pieces  CA,CB  would  be  turned  round  the  prop  nal  force  at  A  to  the  external  force  at  B.  The  prop 
C,  and  the  pieces  AD,  DB  would  alfo  turn  with  them,  C  refids  with  forces  equal  to  thofe  which  are  propagated 
and  the  whole  frame  change  its  form.  This  fiiews,  to  it  from  the  points  D,  A,  and  C.  Therefore  it  re- 
by  the  way,  and  we  defire  it  to  be  carefully  kept  in  fills  with  forces  CH,  CG,  equal  and  oppofite  to  DG, 
mind,  that  the  firmnefs  or  diffnefs  of  framing  depends  DH  ;  and  it  refids  the  compreflions  KA,  NB,  with 
entirely  on  the  triangles  bounded  by  beams  which  are  equal  and  oppofite  forces  C  i,  C  «.  Draw  hU  no  .pa- 
contalned  in  it.  An  open  quadrilateral  may  always  rallel  to  AD,  BD,  and  draw  C  / Q^,  C  0  P  :  It  is  plain 
change  its  lhape,  the  fidcs  revolving  round  the  angles,  that  h  CH  /  is  a  parallelogram  equal  to  KAIL,  and  that 
A  quadrilateral  may  have  an  infinity  of  torms,  without  C  /  Is  equal  to  AL.  In  like  manner  C  0  is  equal  to 
any  change  of  its  fides,  by  merely  puffing  two  oppo.  BO.  Now  the  forces  C CH,  exerted  by  the  prop, 
fite  angles  towards  each  other,  or  drawing  them  afun-  compofe  the  force  C/ ;  and  Quy  CG  compofe  the  force 
der.  But  when  the  three  fides  of  a  triangle  are  deter-  C  0.  Thefe  two  forces  C  /,  C  0  are  equal  and  parallel 
mined,  its  ffape  is  alfo  invariably  determined  ;  and  if  to  AL  and  BO  ;  and  therefore  they  are  equal  and  op- 
two  angles  be  held  faff,  the  third  cannot  be  moved.  It  pofite  to  the  external  forces  a6ling  at  A  and  B.  But 
is  thus  that,  by  inferting.  the  bar  CD,  the  figure  be-  they  are  (primitively)  equal  and  oppofite  to  the  pref- 
corncs  unchangeable  ;  and  any  attempt  to  change  it  by  fures  (or  at  leaft  the  compounds  of  the  preffures)  exert- 
applying  a  force  to  an  angle  A,  immediately  excites  ed  on  the  prop,  by  the  forces  propagated  to  C  from 
forces  of  attradlion  or  repulfion  between  the  particles  A,  D,  and  B.  Therefore  the  preffures  exerted  on  the 
of  the  jffiiff  which  form  its  fides.  Thus  it  happens,  in  prop  are  the  fame  as  If  the  external  forces  were  applied 
the  prefent  inftance,  that  a  change  of  ffape  is  prevented  there  in  the  fame  diredlions  as  they  are  applied  to  A 
•  by  the  bar  CD.  The  power  at  A  preffes  its  end  againft  and  B.  Now  if  wc  make  CV,  CZ  equal  to  C/  and  C09 
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'Rhc!  complete  the  parallelogram  CVYZ ;  it  is  plain  that 
the  force  YC  is  in  equilibrio  with  /C  and  oC.  There¬ 
fore  the  prefTures  at  A,  C,  and  B,  are  fiich  as  would 
balance  if  applied  to  one  point. 

Laftly,  in  order  to  determine  their  proportions,  draw 
CS  and  CR  perpendicular  to  DA  and  DB.  Alfo  draw 
A  (/y  B /  perpendicular  to  CQjmd  CP  ;  and  draw  C g, 
Qi  perpendicular  to  AE,  BF. 

The  triangles  CPU  and  BP/  are  fimilar,  having  a 
common  angle  P,  and  a  right  angle  at  R  and  J\ 

In  like  manner  the  trian  gles  CQS  and  AQ^  are  fi- 
milar.  Alfo  the  triangles  CHR,  CGS  arc  fimilar,  by 
reafon  of  the  equal  angles  at  H  and  G,  and  the  right 
angles  at  R  and  S.  Hence  we  obtain  the  following 
^analogies  : 

C  0  :  CP  =  O  «  :  PB,  =  CG  :  PR 

CP  :  CR  ==  PB  :/B 

CR:  CS  =  CH;CG 

CS  :  CQj=  A^/;AQ 

CQj  C  /  =  AQ^:  K/,  =  AQjCH. 

Therefore,  by  equality, 

Co  :  C  /  =  AdifB 

orBO:ALr=  C^:Ci. 

That  is,  the  external  forces  are  reciprocally  propor¬ 
tional  to  the  perpendiculars  drawn  from  the  prop  on 
the  lines  of  their  diredfion  (a). 

lixteiifive  TL  his  propofitioii  (fufiiciently  general  for  our  pur- 
emfequen-  pofe)  is  fertile  in  confequences,  and  furniflies  many  iife- 
fill  inftruaions  to  the  artift.  The  ftraiiis  LA,  OB, 
CY,  that  are  excited,  occur,  in  many,  we  may  fay  in  all, 
framings  of  carpentry,  whether  for  edifices  or  engines, 
and  are  the  fources  of  their  efficacy.  It  is  alfo  evident, 
that  the  dodriiie  of  the  tranfverfe  llrength  of  timber  is 
contained  in  this  propofition;  for  every  piece  of  timber 
may  be  confidered  as  an  aflemblage  of  parts,  conneded 
by  forces  which  aft  in  the  direftion  of  the  lines  which 
join  the  ftrained  points  on  the  matter  which  lies  be¬ 
tween  thofe  points,  and  alfo  aft  on  the  reil  of  the  mat- 
ter,  exciting  thofe  lateral  forces  which  produce  the  in¬ 
flexibility  of  the  whole.  Sec  Strength  of  Materials y 
Encycl. 

1  hus  it  appears  that  this  propofition  contains  the 
principles  which  direft  the  artifi;  to  frame  the  moft 
powerful  levers  ;  to  fecifre  uprights  by  fhores  or  bra¬ 
ces,  or  by  ties  and  ropes  ;  to  fecure  fcaffoldings  for  the 
^ereftion  of  fpires,  and  many  other  moft  delicate  pro- 
SupPL.  VoL.  I.  Part  I. 
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blems  of  his  art.  He  alfo  learns,  from  this  propofition, 
liovv  to  afeertain  the  ftrains  that  are  produced,  without 
his  intention,  by  pieces  which  he  intended  for  other  of¬ 
fices,  and  which,  by  their  tranfverfe  aftion,  put  his  work 
in  hazard.  In  fhort,  this  propofition  is  the  key  to  the 
feience  of  his  art. 

We  would  now  counfel  the  artift,  after  he  has  made 
the  tracing  of  the  ftrains  and  thrufts  through  the  va¬ 
rious  parts  of  a  frame  familiar  to  his  mind,  and  even 
amufed  himfelf  with  iome  complicated  fancy  framings, 
to  read  over  with  care  the  articles  Strength  of  Mafv^ 
rials  and  Roof  in  the  Encyclopaedia  Eriiannica,  He 
will  now  conceive  its  doftrines  much  more  clearly  than 
when  he  was  confidering  them  as  abftraft  theories.  The 
mutual  a6lion  of  the  woody  fibres  will  now  be  eafily 
comprehended,  and  his  confidence  in  the  refults  will  be 
greatly  iiicreafed. 

There  is  a  propofition  (n"  19.  in  the  article  Roof)  DecifiL  of 
which  has  been  called  in  qiieftion  by  fev^eral  very  intelli- a  difputcd 
gent  perfons;  and  they  fay  that  Belidor  has  demonftra- very 
ted,  in  his  Science  des  Ingenieurs,  that  abeam  firm- 
ly  fixed  at  both  ends  is  not  twice  as  ftroiig  as  when 
fimply  lying  on  the  props,  and  that  its  ftrength  is  in- 
crealed  only  in  the  proportion  of  2  to  3  ;  and  they  fup- 
port  this  determination  by  a  lill  of  experiments  reci* 
ted  by  Belidor,  wliich  agree  predfely  witli  it.  Belidor 
alfo  fays  that  Pitot  had  the  fame  refult  in  his  experi¬ 
ments.  Thefe  are  refpeftable  authorities  :  but  Beli- 
dor’s  reafoning  is  any  thing  but  demonftration  ;  and 
his  experiments  are  deferibed  in  fucli  an  imperfea  man- 
ner,  that  we  cannot  build  much  on  them.  It  is  not 
faid  in  what  manner  the  battens  were  fecured  at  the  ^ 
ends,  any  fartlier  than  that  it  was  by  chevakts.  If  by 
this  word  is  meant  a  trefsle,  we  cannot  conceive  how 
they  were  employed  ;  but  we  fee  it  fometimes  ufed  for 
a  wedge  or  key.  If  the  battens  were  wedged  in  the 
holes,  their  refiftance  to  frafture  may  be  made  what  we 
pleafe  :  they  may  be  loofe,  and  therefore  refill  little 
more  than  when  fimply  laid  on  the  props.  They  may 
be  (and  probably  were)  wedged  very  fall,  and  bruiled 
or  crippled. 

Our  propofition  mentioned  diftinaiy  the  fecurity 
given  to  the  ends  of  the  beams.  They  were  mortifed 
Into  remote  polls.  Oar  precife  meaning  was,  that  they 
were  fimply  kept  from  riling  by  thefe  mortifes,  but  at 
full  liberty  to  bend  up  between  E  and  I,  and  between 
Y  G 


(a)  The  learned  reader  will  perceive,  that  this  analogy  Is  brecifelv  the  fame  w,V1.  th-.t  f  u-  l 

„ by ,1,.  of.  lo..,.  I.  f.a,  Lw  °ifr;.,^'. 

framed  kver  m  equihbrio.  It  is  ading  In  the  fame  manner  as  a  folld,  which  occLies  the  tlole  fitnr .  ‘ 

ftd  m  the  flame,  or  as  a  body  of  any  fize  and  lhape  whatever  that  will  admit  the  three  ooints  ft  n 
A,  C,  and  B.  It  is  always  111  equilibrio  in  the  cafe  firll  Hated  ;  becaufe  the  prelfure  Arolrrd  lt  V 
applied  to  A  is  always  fuch  as  balances  it.  The  reader  mav  alfo  nerceive  in  tRio  r  •  ^  ^  ^ 

cing  of  thofe  internal  mechanical  forces  which  are  indifpenfably  requif.te’for  the  Llbrs^f f  a  l" 
c  lanicians  have  been  extremely  puzzled  to  find  a  legitimate  derLnftration  of  the  equiSirLm  of  T'’  V""‘ 

the  days  of  Archimedes.  xMr  Vinee  has  the  honour  of  firll  demonllrating,  moll  SnioX  2  •T’'  m  ^ 

med  by  Archimedes,  but  without  fuflicient  ground,  for  id  demonftration^  but  Mr^Vinee^  de^^^ 
ly  a  putting  the  mmd  into  that  perplexed  Hate  which  makes  it  acknowledge  X  nrofofi^o^  ^^‘^ 
clear  perception  of  its  truth.  The  difficulty  has  proceeded  from  the  abllrad^not^n  P,  but  without  a 

a  mathematical  line-inflexible,  without  reflLing^ how  it  is  Inflexible—for  the  verrr 
quality  furmfhes  the  mechanical  connedion  between  the  remote  preflures  and  the  fnl  ^ 

•  ““s'-  Sr  s: 
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The  befl: 
manner  of 
framing 
purlins. 


CARP 

G  and  K.  Our  afkrtion  was  not  made  from  theory  alone 
(although  we  think  the  reafoning  incontrovertible),  but 
was  agreeable  to  numerous  experiments  made  m  thofe 
precife  circumdances.  Had  we  mortifed  the  beams 
firmly  into  two  very  ftout  pofts,  which  could  not  be 
drawn  nearer  to  each  other  by  bending,  the  beam  would 
have  borne  a  much  greater  weight,  as  we  have  verified 
by  experiment.  We  hope  that  the  following  mode  of 
conceiving  this  cafe  will  remove  all  doubts. 

Let  LM  be  a  long  beam  (fig.  14.)  divided  into  fix 
equal  parts.  In  the  points  D,  B,  A,  C,  E.  Let  it  be 
firmly  fupported  at  L,  B,  C,  M.  I-et  It  be  cut  throug^^i 
at  A,  and  have  compafs-joints  at  B  and  C.  Let  I'B, 
GC  be  two  equal  uprights,  .  efting  on  B  and  C,  but 
without  any  conneaion.  Let  AH  be  a  fimilar  and 
equal  piece,  to  be  occaiionally  applied  at  the  feam  A. 
Now  let  a  thread  or  wire  AGE  be  extended  over  the 
piece  GC,  and  made  fad  at  A,  G,  and  E.  Let  the 
fame  thing  be  done  on  the  other  fide  of  A.  If  a  weight 
be  now  laid  on  at  A,  the  wires  AFD,  AGE  will  be 
drained,  and  may  be  broken.  In  the  inflant  of  fraddure 
we  may  fuppofe  their  drains  to  be  reprefented  by  A^* 
and  A  g.  Complete  the  parallelogram,  and  A  a  is  the 
magnitude  of  the  weight.  It  Is  plain  that  nothing  is 
coifcerned  here  but  the  cohefion  of  the  wires  ;  for  the 
beam  Is  fawed  through  at  A,  and  its  parts  are  perfedly 
moveable  round  B  and  C. 

Indead  of  this  procefs  apply  the  piece  AH  below  A, 
and  keep  It  there  by  draining  the  fame  wire  BHC  over 
it.  Now  lay  on  a  weight.  It  mud  prefs  down  the 
ends  of  BA  and  CA,  and  caiife  the  piece  AH  to  drain 
the  wire  BHC.  In  the  indant  of  fraaure  of  the  fame 
wire,  its  refidance  H3  and  H  ^  miid  be  equal  to  A/ 
and  Ag,  and  the  weight  h  H  which  breaks  them  mud 

be  equal  to  A  ^2.  ^ 

Ladly,  employ  all  thf  three  pieces  FB,  AH,  LrL, 
with  the  fame  wire  attached  as  before.  There  can  be 
no  doubt  but  that  the  weight  which  breaks  all  the  four 
wires  mud  be  =  A  +  /?,  or  twice  Am 

The  reader  cannot  but  fee  that  the  wires  perform  the 
very  fame  office  with  the  fibres  of  an  entire  beam  LM 
held  fad  in  the  four  holes  D,  B,  C,  and  E,  of  fome  up- 

right  pods.  ^  ^  i  i  i  • 

In  the  experiments  for  verifying  this,  by  breaking 
fleuder  bars  of  line  deal,  we  get  complete  demondration,^ 
by  meafuring  the  curvatures  produced  in  the  parts  or 
the  beam  thus  held  down,  and  comparing  them  with  the 
curvature  of  a  beam  fimply  laid  on  the  props  L  and  C . 
and  there  are  many  curious  inferences  to  be  made  from 
thefe  obfervations,  but  we  have  not  room  for  them  in 

this  place.  ,  r  i  • 

We  may  obferve,  by  the  way,  that  we  learn  from  this 

cafe,  that  purlins  are  able  to  carry  twice  the  load  when 
notched  Into  the  rafters  that  they  carry  when  mortifed 
into  them,  which  Is  the  mod  ufual  manner  of  framing 
them.  So  would  the  binding  joids  of  floors  ;  but  this 
would  double  the  thicknefs  of  the  flooring.  But  this 
method  Ihould  be  followed  in  every  ppffible  cafe,  fuch 
as'bread  fummers,  lintels  over  feveral  pillars,  6cc.  Thefe 
fhould  never  be  cut  off  and  mortifed  into  the  Tides  of 
every  upright ;  niimberlefs  cafes  will  occur  which  fhew 
the  importance  of  the  maxim. 

We  mud  here  remark,  that  the  proportion  of  the 
fpaces  BC  and  CM,  or  BC  and  LB,  has  a  very  fenfible 
cffe£f  on  the  drength  of  the  beam  BC ;  but  we  have 


entry. 

not  yet  fatisfied  our  minds  as  ^o  the  rationale  of  this  eL 
It  Is  undoubtedly  conneded  with  the  ferpentlne 

...  1  .  I  f _  f.._ri. _ 
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form  of  the  curve  of  the  beam  before  fradlure.  This 
Ihould  be  attended  to  In  the  condruaion  of  the  fprings 
of  carriages.  Thefe  are  frequently  fupported  at  a  middle 
point  (and  it  is  an  excellent  praaice),  and  there  Is  a 
certain  proportion  which  will  give  the  eafied  moUon  to 
the  body  of  the  carriage.  We  alfo  think  that  It  is  con- 
nefted  with  that  deviation  from  the  bed  theory  obfer- 
vable  In  Buffon’s  experiments  on  various  lengths  of  the 
fame  fcantling.  The  force  of  the  beams  dimiiiiffied 
much  more  than  in  the  inverfe  proportion  of  their 

lengths.  20 

We  have  feen  that  it  depends  entirely  on  the  petition  Ties  are  in 
of  the  pieces  in  refped  of  their  points  of  ultimate  fup^  general W 
port,  and  of  the  dlreaioii  of  the  external  force  which 
produces  the  drains,  whether  any  particular  piece  is  in 
a  date  of  extenfion  or  of  compreffion.  The  knowledge 
of  this  circumdance  may  greatly  influence  us  in  the 
choice  of  the  condruaion.  In  many  cafes  we  may  fub- 
ditute  flender  iron  rods  for  maffive  beams,  when  the 
piece  is  to  adl  the  part  of  a  tie.  But  we  mud  not  in¬ 
vert  this  difpofitlon  ;  for  when  a  piece  of  timber  a<ds  as 
a  diTit,  and  is  in  a  date  of  compreffion.  It  is  next  to 
certain  that  It  is  not  equally  compreflible  in  its  oppofite 
lides  through  the  whole  length  of  the  piece,  and  that 
the  compreffing  force  on  the  abutting  joint  is  not  adf- 
irig  in  the  mod  equable  manner  all  over  the  joint.  A 
very  trifling  inequality  in  either  of  thefe  clrcumdances 
(efpecially  in  the  (irfl  )  will  comprefs  the  beam  more  on 
one  fide  than  on  the  other.  This  cannot  be  without 
the  beam’s  bending,  and  becoming  concave  on  that  fide 
on  which  It  Is  mod  compreffed.  When  this  happens,, 
the  frame  is  in  danger  of  being  cruflied,  and  foon  going, 
to  ruin.  It  Is  therefore  indlfpenfably  neceffary  to  make 
ufe  of  beams  in  all  cafes  where  druts  are  required  of 
confiderable  length,  rather  than  of  metal  rods  of  flender 
dimenfions,  unlefs  in  fituatlons  where  we  can  effeAualiy 
prevent  their  bending,  as  In  truffmg  a  girder  Internally, 
where  a  call  Iron  driit  may  be  firmly  cafed  in  it,  fo  as- 
not  to  bend  In  the  fmalled  degree.  In  cafes  where  the 
preffures  are  enormous,  as  in  the  very  oblique  druts  ot 
a  centre  or  arch  frame,  we  mull  be  particularly  cautious- 
to  do  nothing  which  can  facilitate  the  compreffion  ot 
either  fide.  No  mortifes  fhould  be  cut  near  to  one  fide 
110  lateral  preffure,  even  the  flighted,  Ihould  be  allowed 
to  touch  it.  V/e  have  feen  a  pillar  of  fir  12  inches  long 
and  one  inch  in  feftlon,  when  loaded  with  three  tons,, 
fnap  in  an  Indant  when  preffed  on  one  fide  by  16  pounds, 
while  another  bore  ^'jns  without  hurt,  becaufe  it  was 
inclofed  (loofely)  in  a  doiit  pipe  of  Iron. 

In  fuch  cafes  of  enormous  compreffion,  it  Is  of  great 
importance  that  the  compreffing  force  bear  equally  on 
the  whole  abutting  furfaces.  Iffie  German  carpenters 
are  accudomed  to  put  a  plate  of  lead  over  the  joint. 

This  prevents.  In  fome  meafure,  the  penetration  of  the 
end  fibres.  Mr  Perronet,  the  celebrated  French  ar- 
chited,  formed  his  abutments  Into  arches  of  circles,  the 
centre  of  which  was  the  remote  end  of  the  drut.  By  • 
this  contrivance  the  unavoidable  change  of  form  of  the 
triangle  made  no  partial  bearing  of  either  angle  ot  the 
abutment.  This  always  has  a  tendency  to  fplmter  od 
the  heel  of  the  beam  where  it  preffes  drongeft.  It  is  a 
very  judicious  pradice. 

*  When  circumdances  allow  it,  we  fhould  rather  em- 

ploy 


ploy  ties  tlian  ftruts  for  fecuring  a  beam  againft  lateral 
ftrains.  When  an  upright  pillar,  fuch  as  a  flag.ftafF,  a 
mail,  or  the  uprights  of  a  very  tall  fcaffoldiiig,  are  to  be 
fliored  up,  the  dependence  is  more  certain  on  thofe 
braces  that  are  flretched  by  the  ftrain  than  on  thofe 
which  are  comprefTed.  The  fcaffolding  of  the  iron 
bridge  near  Sunderland  had  foine  ties  very  judicioufly 
difpofed,  and  others  with  lefs  judgment. 

We  (hoidd  proceed  to  confider  the  tranfverfe  drains 
as  they  afFe6l  the  various  parts  of  a  frame  of  carpentry; 
but  we  have  very  little  to  add  to  what  has  been  faid  al’ 
ready  in  the  article  Strength  of  Materials  (Encycl.), 
and  in  the  article  Roof.  What  we  fhall  add  in  this  ar- 
tide  will  find  a  place  in  our  occafional  remarks  on  dif- 
lerent  works.  It  inav.  however,  be  of  ufe  to  recai  to 
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8.  Eaflly,  the  tranfverfe  drain  on  any  fedioii,  occa- 
fioned  by  a  force  applied  obliquely,  is  dimin idled  in  the 
proportion  of  the  line  of  the  angle  which  the  diredion 
of  the  force  makes  with  the  beam.  Thus,  if  it  be  in¬ 
clined  to  it  in  an  angle  of  thirty  degrees,  the  drain  is 
one  hdf  of  the  drain  occafioned  by  the  fame  force  ad- 
ing  perpendicularly. 

Oil  the  other  hand,  the  f^elative  strength  of  a 
beam,  or  its  power  in  any  particular  fedion  to  refid 
any  tranfverfe  drain,  is  proportional  to  the  abfolute  co- 
hefion  of  the  fedion  diredly,  to  the  didance  of  its 
centre  of  effort  from  the  axis  of  fradure  direcdly,  and 
to  the  didance  from  the  drained  point  inverfely. 

Thus  in  a  redangular  fedion  of  the  beam,  of  which  b 
IS  the  breadth,  the  depth  (that  is,,  the  dimenfion  in 
the  diredion  of  the  draining  force),  meafured  in  inches, 
and/the  number  of  pounds  which  one  fquare  inch  will 
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_-may,  . . 

the  reader  s  memory  the  following  propolitions. 

ftrengthof  f  proportional  to  CB,  and  fXbXd\  multiplied  by  fome  number  i  denemLcr  nn 

beams.  therefore  be  reprefented  by  the  produd  WxCB  ;  the  nature  of  the  timber,  mud  be  eqral  to  CB 

that  IS,  by  the  produd  of  the  number  of  tons,  pounds.  Or,  in  the  mfp  nf  n  p.  .. 

occ.  which  meafure  the  draining  force,  and  the  number 
of  feet,  inches,  3cc»  contained  in  CB.  As  the  loads  on 
a  beam  are  eafily  conceived,  we  lhall  fubditute  this  for 
any  other  draining  force. 

2.  If  the  drain  or  load  is  uniformly  didributed  along 


^  . . Viiiuiiuuttu 

any  part  of  the  beam  lying  beyond  C  (that  is,  further 
from  A),  the  drain  at  C  is  the  fame  as  if  the  load  were 
all  colleded  at  the  middle  point  of  that  part  ;  for  that 
point-is  the  centre  of  gravity  of  the  load. 

3*  Tke  drain  on  any  fedion  O  of  a  beam  AB 
(fig.  i^)  relling  freely  on  two  props  A  and  B,  is 


Or,  in  the  cafe  of  the  fedlion  C  of  fig.  i6.  that  .s 
ftrained  by  the  force  w  applied  at  D,  we  muft  have 

m  Xfb  =  <w  Thus  if  the  beam  is  of 

found  oak,  »^is  very  nearly  =  ^  (fee  Strekgtb  of  Ma 

terials,  ijO  ri6.  Encycl.) 

ACXCB 
=  wX- 


Therefore  we  have 


fbd' 


AB 


■wX 


AD  XDB 


—  (fee  Roof,  n°  ip.  and  Strength  of 

Materials,  n®  p2,  &c.  Encycl.)  Therefore, 

4"  The  ftrain  on  the  middle  point,  by  a  force  applied 
there,  is  one  fourth  of  the  ftrain  which  the  fame  force 
would  produce,  if  applied  to  one  end  of  a  beam  of  the 
fame  length,  having  the  other  end  fixed. 

5.  The  ftrain  on  any  fedlion  C  of  a  beam,  refting  on 
two  props  A  and  B,  occafioned  by  a  force  applied  per¬ 
pendicularly  to  another  point  D,  is  proportional  to  the 
redangle  of  the  exterior  fegments,  or  is  equal  to 

AB 

The  ftrain  at  C  occafioned  by  the  prelTure  on  D,  is 
the  fame  with  the  ftrain  at  D  occafioned  by  the  fame 
preffure  on  C.  ^ 

D,  occafioned  by  a  load 
uniformly  diffufed  over  any  part  EF,  is  the  fame  as  if 
the  two  parts  ED,  DF  of  the  load  were  colkaed  at 
their  middle  points  e  and /.  Therefore 

The  ftrain  on  any  part  D,  occafioned  by  a  load  uni- 
formly  diftribuped  over  the  whole  beam,  is  one-half  of 
the  ftrain  that  is  produced  when  the  fame  load  is  laid  on 
at  1)  ;  and 

Tne  ftrain  on  the  middle  point  C,  occafioned  by  a 
load  uniformly  diftributed  over  the  whole  beam,  is  the 
lame  which  half  that  load  would  produce  if  laid  on 

St  O. 

fupported  at  both  ends  on  two  props  B 
and  L  (fig  14.)  v/ill  carry  twice  as  much  when  the 
ends  beyond  the  props  are  kept  from  rifing,  as  it  will 
carry  when  it  refts  loofely  on  the  props. 


^  Hence  we  can  tell  the  precife  force  tv  which  any  fec- 
tion  C  can  juff  refift  when  that  force  is  applied  in  any 
way  whatever.  For  the  above-mentioned  formula  gives 

reprefented  by  fig.  15.  But 

the  cafe  reprefemed  in  fig.  i6.  having  the  ftraining 
force  applied  at  D,  gives  the  ftrain  at  C  f  =  w  1  -  f 
ybd'xAB  '  -^l-J 

pACxCB’ 

Example.  Let  an  oak  beam,  four  inches  fquare,  reft 
freely  on  the  props  A  and  B,  feven  feet  apart,  or  84 
inches.  What  weight  will  it  juft  fupport  at  Its  middle 
point  C,  on  the  fuppofition  that  a  fquare  inch  rod  will 
jiilt  carry  i6,ooo  pounds,  pulling  it  afunder  ? 

The  formula  becomes  tv  ' —  X  4  X  16  X  84, 

_  860160C0  ^  9X42X42 

’  =  5418  pounds.  This  is  very 

near  what  was  employed  in  Buffon’s  experiment,  which 
was  5312. 

Had  the  ftraining  force  aaed  on  a  point  D,  halfway 
between  C  and  B,  the  force  fuflicient  to  break  the  beam 

at  C  would  be  X4X16X84  „  , 

„  ^  9  lbs. 

Had  the  beam  been  found  red  fir,  we  muft  have  ta- 

7  "T  1  f"'-  although 

hi  be  lefs  cohefive  than  oak  in  the  proportion  of  5  to  8 

nearly,  it  is  lefs  coropreffible,  and  its  axis  of  fradlure  is 
therefore  nearer  to  the  concave  fide. 

of^fflram  ftrainsof 

ot  ditterent  kinds  which  arife  from  the  form  of  the 

^  of  carpentry,  and  the  direaidn  of 

he  external  forces  which  ad  on  it,  whether  confidered 
as  impelling  or  as  fupporting  its  different  parts,  we  muft 
Y  2  now 
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now  proceed  to  confider  the  means  by  which  this  form 
is  to  be  fecured,  and  the  connections  by  which  thofe 
ftrains  are  excited  and  communicated. 

The  joinings  praClifed  in  carpentry  are  almoft  infi¬ 
nitely  various,  and  each  has  advantages  which  make  it 
preferable  in  fame  clrcumftances.  Many  varieties  are 
employed  merely  to  pleafe  the  eye.  We  do  not  con¬ 
cern  ourfelves  with  thefe  :  Nor  fhall  we  confider  thofe 
which  are  only  employed  in  connecting  frnall  works, 
and  can  never  appear  on  a  great  fcale  ;  yet  even  in  foine 
of  thefe,  the  Ikill  of  the  carpenter  may  be  difeovered  by 
his  choice  ;  for  in  all  cafes  it  is  wife  to  make  every,  even 
the  fmallell,  part  of  his  woik  as  firoiig  as  the  materials 
will  admit.  He  will  be  particularly  attentive  to  the 
changes  which  will  neceffarily  happen  by  the  fnrinking 
of  timber  as  it  dries,  and  will  confider  what  dimeniu)ns  of 
tils  franTiings  will  be  affeCted  by  tins,  and  what  will  not ; 
and  will  then  difpofe  the  pieces  which  are  lefs  effential 
to  the  ilrength  of  the  whole,  in  fuch  a  manner  that 
their  tendency  to  flirink  lliall  be  in  the  fame  direClion 
with  the  (hrinking  of  the  whole  framing.  If  he  do 
otherwife,  the  feams  will  widen,  and  parts  will  be  fplit 
afunder.  He  will  difpofe  his  boardings  in  fuch  a  man¬ 
ner  as  to  contribute  to  the  ftiffnefs  of  the  whole,  avoid- 
jing  at  the  fa^ue  time  the  giving  them  pofitions  which 
will  produce  lateral  ftrains  on  trufs  beams  which  bear 
great  prelTures ;  recolleCfing,that  although  a  fingle  board 
has  little  force,  yet  many  united  have  a  great  deal,  and 
may  frequently  perform  the  office  of  very  powerful 
ftruts. 

Our  limits  confine  us  to  the  joinings  which  are  moft 
eftential  for  conneCling  the  parts  of  a  fingle  piece  of  a 
frame  when  it  cannot  be  formed  of  one  beam,  either  for 
want  of  the  necelfary  thicknefs  or  length  ;  and  the 
joints  for  conneCling  the  different  fides  of  a  truffed 
frame. 

g  Much  ingenuity  and  contrivance  has  been  beftowed 
on  the  manner  ot  building  up  a  great  beam  of  many 
thickneffes,  and  many  fingular  methods  are  praCtifed  as 
preat  noftrums  by  different  artifts :  but  when  we  con¬ 
fider  the  manner  in  which  the  cohefion  of  the  fibres 
performs  its  office,  we  will  clearly  fee  that  the  fimpleft 
are  equally  effeCIual  with  the  moft  refiifed,  and  that  they 
are  lefs  apt  to  lead  us  into  falfe  notions  of  the  ftrength 
of  the  aflemblage. 

Thus,  were  it  requffed  to  build  up  a  beam  for  a 
great  lever  or  a  girder,  fo  that  it  may  aCf  nearly  as  a 
beam  of  the  fame  fize  of  one  log — it  may  either  be 
done  by  plain  joggling,  as  in  fig.  17.  A,  or  by  fcarfing,. 
as  in  fig.  17.  B  or  C.  If  it  h  to  ad  as  a  lever,  lia- 
.  ving  the  gudgeon  on  the  lower  fide  at  C,  we  believe 
*  that  moff  arti?ls  will  prefer  the  form  B  and  C  at  leaft 
this  has  been  the  cafe  with  nine-tenths  of  thofe  to  whom 
we  have  propofed  the  queftlon.  The  beft  informed  on¬ 
ly  hefitated  ;  but  the  ordinary  artifts  were  all  confident 
in  its  fuperiority  ;  and  we  found  their  views  of  the 
matter  very  coincident.  They  confider  the  upper 
piece  as  grafpihg  the  lower  in  its  hooks  ;  and  feveral 
imagined  that,  by  driving  the  one  very  tight  on  the 
other,  the  beam  would  be  ftronger  than  an  entire  log  : 
but  if  we  attend  carefully  to  the  internal  procedure  in 
the  loaded  lever,.- we  lliall  find  the  upper  one  clearly  the 
{Irongeft.  If  they  are  formed  of  equal  logs,  the  upper 
one  is  thicker  than  the  other  by  the  depth  of  the  jog- 
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gling  or  fcarfing,  which  we  fiippofe  to  be  the  fame  in 
both  ;  confcquently,  if  the  cohefion  of  the  fibres  in  the' 
intervals  is  able  to  bring  the  uppermoft  filaments  into 
full  aClion,  the  form  A  -is  ftronger  than  B,  in  the  pro¬ 
portion  of  the  greater  dillance  of  the  upper  filaments 
from  the  axis  of  the  fraCIure  :  this  may  be  greater  than 
the  difference  of  the  thicknefs,  if  the  wood  is  very  com- 
preffible.  If  the  gudgeon  be  in  the  middle,  the  effeCl, 
both  of  the  joggles  and  the  fcarfings,  is  coiifiderably 
diminifiied  ;  and  if  it  is  on  the  upper  fide,  the  fcarf¬ 
ings  aCf  ill  a  very  different  way.  ’  In  this  fituation,  if 
the  loads  on  the  arms  are  alfo  applied  to  the  upper  fide, 
the  joggled  beam  is  ftill  m'ore  fuperior  to  the  fcarfed 
one.  This  will  be  beft  underftood  by  refolving  it  in  ima¬ 
gination  into  a  trufied  frame.  But  when  a  gudgeon  is 
thus  put  on  that  fide  of  the  lever  which  grows  convex 
by  the  ftrain,  it  is  ufual  to  coiineCI  it  with  the  reft  by 
a  powerful  ftrap,  which  embraces  the  beam,  and  caufes 
the  oppofite  point  to  become  the  refifting  point.  This 
greatly  changes  the  internal  adfions  of  the  filaments, 
and,  in  fome  meafure,  brings  it  into  the  fame  ftale  as 
the  fil'd,  with  the  gudgeon  below.  Were  it  poffible  to 
have  the  gudgeon  on  the  upper  fide,  and  to  bring  the 
whole  into  adlion  without  a  ftrap,  it  would  be  the 
ftrongeft  of  all  ;  becaufe,  in  general,  the  refiftance  to 
comprefiion  is  greater  than  to  extenfion.  In  every 
fituation  the  joggled  beam  has  the  advantage  ;  and  it  is 
the  eafieft  executed. 

We  may  frequently  g<iin  a  confiderable  acceffion  of 
ftrength  by  this  building  up  of  a  beam  ;  efpecially  if 
the  part  w'liich  is  ftretched  by  the  ftrain  be  of  oak,  and 
the  other  part  be  fir.  Fir  being  fo  much  fuperior  to 
oak  as  a  pillar  (if  Muffehenbroek^s  experiments  may  be 
confided  in),  and  oak  fo  much  preferable  as  a  tie,  this 
conftrudlion  feems  to  unite  both  advantages.  But  wc 
fhall  fee  much  betten*  methods  of  making  powerful  le¬ 
vers^  girders,  5fc.  by  truffing. 

Obferve  that  the  efficacy  of  both  methods  depends 
entirely  on  the  difficulty  of  caufing  the  piece  between 
the  crofs  joints  to  fiide  along  the  timber  to  which  it 
adheres.  Therefore,  if  this  be  moderate,  it  is  wrong 
to  make  the  notches  deep  ;  for  as  foon  as-  they  are  fo 
deep  that  their  ends  have  a  force  fufficient  to  pufh  the 
ftice  along  the  line  of  jundion,  nothing  is  gained  by 
making  them  deeper ;  and  this  requires  a  greater  ex¬ 
penditure  of  timber. 

Scarfings  are  frequently  made  oblique,  as  in  fig.  18. 
but  we  imagine  that  this  is  a  bad  pradice.  It  begins 
to  yield  at  the  point,  where  the  wood  is  crippled  and 
fplintered  off,  or  at  leaft  bruifed  out  a  little  :  as  the 
preffure  increafes,  this  part,  by  fqueezing  broader,  caufes 
the  folid  parts  rife  to  a  little  upwards,  and  gives  them 
fome  tendency,  not  only  to  pufh  their  antagpnifts  along 
the  bafe,  but  even  to  tear  them  up  a  little*.  For  fimi- 
lar  reafons,  we  difapprove  of  the  favourite  pradice  of 
many  artifts,  to  make  the  angles  of  their  fcarfings  acute^., 
as  in  fig.  19.  This  often  caufes  the  two  pieces  to  tear 
each  other  up.  The  abutments  fhould  always  be  per¬ 
pendicular  to  the  diredions  of  the  preffures.  Left  it 
fhould  be  forgotten  in  its  proper  place,  we  may  extend 
this  injundion  alfo  to  the  abutments  of  different  pieces 
of  a  frame,  and  recommend  it  to  the  artift  even  to  at¬ 
tend  to  the  fhrinking  of  the  timbers  by  drying.  When 
two  timbers  abut  obliquely,  the  joint  fhould  be  mofl 


C  A  R  P  E 

full  at  the  obtufe  angle  of  llie  end  ;  becaufe,  by  drying, 
that  angle  grows  more  obtufe,  and  the  beam  would  then 
be  in  danger  of  fplinteriiig  off  at  the  acute  angle. 

We  miift  It  is  evident  that  the  niceft  work  is  indifpcnfably 
pot  weds^s  necefiary  in  building  up  a  beam.  The  parts  mull  abut 
too  luid.  other  completely,  and  the  fmalleft  play  or  void 

takes  away  the  whole  efficacy.  It  is  iifual  to  give  the 
butting  joints  a  fmall  taper  to  one  fide  of  the  beam,  fo 
that  they  may  require  moderate  blows  of  a  maul  to 
force  them  in,  and  the  joints  may  be  perfedlly  clofe  when 
the  external  furfaces  arc  even  on  each  fide  of  the  beam. 
But  we  muft  not  exceed  in  the  lead  degree  ;  for  a  very 
taper  v/edge  has  great  force  ;  and  it  we  have  driven  the 
pieces  together  by  very  heavy  blows,  we  leave  the  whole 
in  a  date  of  violent  drain,  and  the  abutments  are  per¬ 
haps  ready  to  fplinter  off  by  a  fmall  addition  of  pref- 
fure.  This  is  like  too  fevere  a  proof  for  artillery ; 
which,  though  not  fufficient  to  burll  the  pieces,  has 
weakened  them  to  fuch  a  degree,  that  the  drain  of  or¬ 
dinary  fervice  is  fufficient  to  complete  the  fradiire. 
The  workman  is  tempted  to  exceed  in  this,  becaufe  it 
fmooths  off  and  conceals  all  uneven  feams  ;  but  he  muff 
be  watched.  It  is  not  unufual  to  leave  fome  abutments 
open  enough  to  admit  a  thin  wedge  reaching  through 
the  beam.  Nor  is  this  a  bad  pradlice,  if  the  wedge  is 
of  materials  which  is  not  compreffed  by  the  driving  or 
the  drain  of  fervice.  Iron  would  be  preferable  for  this 
purpofe,  and  for  the  joggles,  were  it  not  that  by  Its  too 
great  hardnefs  it  cripples  the  fibres  of  timber  to  fome 
didance.  In  confequence  of  this,  it  often  happens  that, 
in  beams  which  are  fubje£led  to  defultory  and  fudden 
drains  (as  in  the  levers  of  reciprocating  engines),  the 
joggles  or  wedges  widen  the  holes,  and  work  themlelves 
loofe  ;  Therefore  fleilful  engineers  never  admit  them,  and 
indeed  as  few  bolts  as  poffihle,  for  the  fame  reafon  :  but 
wdien  redding  a  deady  or  dead  pull,  they  are  not  fo  Im¬ 
proper,  and  are  frequently  ufed. 

Beams  are  built  up  not  only  to  increafe  their  dimen- 
fions  in  the  direction  of  the  drain  (which  we  have  hi¬ 
therto  called  their  depth),  but  alfo  to  increafe  their 
breadth  or  the  dimenfions  perpendicular  to  the  drain. 
We  fometimes  double  the  breadth  of  a  girder  which 
is  thought  too  weak  for  its  load,  and  where  we  mull 
not  increafe  the  thicknefs  of  the  flooring.  The  mad  of 
a  great  llilp  of  war  mud  be  made  bigger  athwart Oiip,  as 
BuiLHng of  well  as  fore  and  aft.  This  is  one  of  the  niced  pro* 
niafts,  blcms  of  the  art  ;  and  profeffionai  men  are  by  no  means 
agreed  in  theiV  opinions  about  it.  We  do  not  prefume 
to  decide  ;  and  diall  content  ourfclves  with  exhibiting 
the  different  methods. 

The  mod  obvious  and  natural  method  is  that  fhewn 
in  fig.  20.  It  is  plain  that  (independent  of  the  con. 
nedtion  of  crofs  bolts,  which  are  ufed  in  them  all  when 
the  beams  are  fquare)  the  piece  C  cannot  bend  in  the 
28  direction  of  the  plane  of  the  figure  without  bending  the 
Method  piece  D  along  with  it.  This  method  is  much  ufed  in 
nfedinthe  the  Frencii  navy;  but  it  is  undoubtedly  imperfc<ft:. 
nTvv  ^  Hardly  any  two  great  trees  are  of  equal  quality,  and 
fvvcll  and  ffirink  alike.  If  C  fhrinks  more  than  D,  the 
feather  of  C  becomes  loofe  in  the  groove  wrought  in  D 
to  receive  it  ;  and  when  the  beam  bends,  the  parts  can 
Hide  on  each  other  like  the  plates  of  a  coach  fpring  ; 
and  if  the  bending  is  in  the  direction  e  /*,  there  is  no¬ 
thing  to  hinder  this  Hiding  but  the  bolts,  which  foon 
work  themfelves  loofe  in  the  boltdioka. 
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Fig.  21.  exhibits  another  method.  The  two  halves  29 
of  the  beam  are  tabled  into  each  other  In  the  fame 
ner  as  in  fig.  17.  It  is  plain  that  this  will  not  be  af- 
fedted  by  the  unequal  (welling  or  fhrinking,  becaufe 
this  is  infenfible  in  the  diredtion  of  the  fibres  ;  but  wffien 
bent  in  the  diredion  a  the  bCiim  is  weaker  than  fig. 

2C.  bent  in  the  diredion  e  f.  Each  half  of  fig.  20.  has, 
in  every  part  of  its  length,  a  thicknefs  greater  than  half 
the  thicknefs  of  the  beam.  It  is  the  contrary  in  the 
alternate  portions  of  the  halves  of  fig.  21.  \Yhen  one 
of  them  is  bent  in  the  diredlon  AB,  it  is  plain  that  it 
drags  the  other  with  it  by  means  of  the  crofs  hutments 
of  its  tables,  and  there  can  be  no  longitudinal  Hiding. 

But  unlefs  the  work  is  accurately  executed,  and  each 
hollow  completely  filled  up  by  the  table  of  the  other 
piece,  there  wull  be  a  lateral  Hide  along  the  crofs  joints 
fufficient  to  comperifate  for  the  curvature  ;  and  this  will 
hinder  the  one  from  compreffing  or  llretching  the  other 
in  conformity  to  this  curvature.  ^  30 

'^rhe  imperfedion  of  this  method  is  fo  obvious,  that  hs 
it  lias  feldom  been  pradifed  :  but  it  has  been  combined 
with  the  other,  as  is  reprefented  in  fig.  22.  where  the 
beams  are  divided  along  the  middle,  and  the  tables  in 
each  half  are  alternate,  and  alternate  alfo  with  the 
tables  of  the  other  half.  Thus  i,  3,  4,  are  prominent, . 
and  5,  2,  6,  arc  depreffed.  This  conllrudlon  evidently 
puts  a  Hop  to  both  fides,  and  obliges  every  part  of 
both  pieces  to  move  together,  a  b  and  e  d  fhow  fec- 
tions  of  the  built-up  beam  correfpondliig  to  AB  and. 

CD. 

No  more  is  intended  In  this  pradice  by  any  intelli¬ 
gent  artift,  than  the  cauling  the  two  pieces  to  ad  to¬ 
gether  in  all  their  parts,  although  tlie  Hi  ains  may  be  un¬ 
equally  diilributed  on  them.  Thus,  in  a  built-up  gir¬ 
der,  the  binding  joints  are  frequently  mortifed  into  very 
different  parts  of  the  two  fides.  But  many  feem  to 
aim  at  making  the  beam  ftr-onger  than  if  it  were  of  one 
piece  ;  and  this  inconliderate  projed  has  given  rife  to 
many  whimfical  modes  of  tabling  and  fcarfing,  which 
we  need  not  regard.  ^  31 

The  pradice  in  the  Bi  itilh  dock-yards  is  fomewhat  Britilh 
different  from  any  of  thefe  methods.  The  pieces  * 

tabled  as  in  fig  2  2.  but  the  tables  are  not  thin  parallc- 
lopipeds,  but  thin  prifms.  The  tw'o  outward  joints  or 
vifible  feams  are  llraiglit  lines,  and  the  table  n®  i.  rifes 
gradually  to  its  greatell  thicknefs  in  the  axis.  In  like 
manner,  tlie  hollow  5. for  receiving  the  oppofite  table, 
finks  gradually  from  the  edge  to  its  greatell  depth  in 
the  axis.  Fig.  23.  reprefents  a  fed  ion  of  a  round  piece 
of  timber  built  up  in  this  way,  where  the  full  line 
EFGH  is  the  fedion  correfponding  to  AB  of  fig.  22. 
and  the  dotted  line  EGFH  is  the  fedion  correfpond- 
ing  to  CD. 

This  conftriidion,  by  making  the  external  feam 
ftraight,  leaves  no  lodgment  for  w^ater,  and  looks  much 
fairer  to  the  eye  :  but  it  appears  to  us  that  It  docs 
not  give  fuch  firm  hold  when  the  mall  is  bent  in  the 
diredion  EH.  The  exterior  parts  are  mad  llretched 
and  moll  compreffed  by  this  bending  ;  but  there  is 
hardly  any  abutment  in  the  exterior  parts  of  thefe 
tables.  In  the  very  axis,  where  the  abutment  is  the 
lirmeft,  there  is  little  or  no  difference  of  extenfion  and 
compreffion. 

But  this  conftrudion  has  an  advantage,  which  we 
imagine  much  more  than  compenfates  for  thefe  imper*- 

feidious^. 
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i'e<?tions,  at  leafi  in  the  particular  cafe  of  a  round  maft; 
it  will  draw  together  by  hooping  incomparably  better 
than  any  of  the  others.  Tf  the  cavity  be  made  fome- 
what  too  Oiallovv  for  tlie  prominence  of  the  tables,  and 
if  this  be  done  uniformly  along  the  whole  length,  it 
will  make  a  fomewhat  open  fcam  ;  and  this  opening 
can  be  regulated  with  the  iitmoib  exadlnefs  from  end 
to  end  by  the  plane.  The  heart  of  tliofe  vaft  trunks 
is  very  fenfibly  fofter  than  the  exterior  circles  :  There¬ 
fore,  when  the  whole  is  hooped,  and  the  hoops  hard 
driven,  and  at  conliderable  intervals  between  each  fpell 
'—we  are  confident  that  all  may  be  compreffed  till  the 
ieam  difappears  ;  and  then  the  whole  makes  one  piece, 
nmch  ftronger  than  if  it  were  an  original  log  of  that 
fize;  becaufe  the  middle  has  become,  by  comprefiion,  as 
folid  as  the  crufi,  which  was  naturally  firmer,  and  refilled 
farther  comprefiion.  We  verified  this  beyond  a  doubt, 
by  hooping  a  built  flick  of  a  timber  which  has  this  in¬ 
equality  of  firmnefs  in  a  remarkable  degree,  and  it  was 
nearly  twice  as  ftrong  another  of  the  fame  fize. 

Our  maflmakers  are  not  without  their  fancies  and 
whims  ;  and  the  manner  in  which  our  mails  and  yards 
are  generally  built  up,  is  not  near  fo  fimple  as  fig.  22.: 
but  it  confifts  of  the  fame  efiential  parts,  a6ling  in  the 
f  ^  very  fame  manner,  and  derives  all  its  efficacy  from  tne 
*  principles  which  are  here  employed. 

Attended  This  conflrudion  is  particularly  fuited  to  the  fitua- 
iTar^i  tion  2nd  office  of  a  fhip^s  mail.  It  has  no  bolts  ;  or, 
UgQ.,  '  Icafl,  none  of  any  magnitude,  or  that  make  very  im¬ 
portant  parts  of  its  conflrudiDii.  The  mofl  violent 
lirairis  perhaps  that  it  is  expofed  to,  is  that  of  twilling, 
when  the  lower  yards  are  clofe  braced  up  by  the  force 
of  many  men  ading  by  a  long  lever.  This  form  refills 
a  twifl  with  peculiar  energy  :  it  is  therefore  an  excel¬ 
lent  method  for  building  up  a  great  fiiaft  for  a  mill. 
'Die  way  in  which  they  are  iifually  built  up  is  by  redu¬ 
cing  a  central  log  to  a  polygonal  prifm,  and  then  filling 
it  up  to  the  intended  fize  by  planting  pieces  of  timber 
along  its  fides,  cither  fpiking  them  down,  or  cocking 
them  into  it  by  a  feather,  or  joggling  them  by  flips  of 
hard  wood  funk  into  the  central  log  and  into  the  flips. 
//.  B.  Joggles  of  elm  are  fometimes  ufed  in  the  middle 
of  the  large  tables  of  malls  ;  and  when  funk  into  the 
firm  wood  near  the  furface,  they  mull  contribute  much 
to  the  flreiigth.  But  it  is  very  neceflary  to  employ 
wood  not  much  harder  than  the  pine;  otherwife  it 
will  foon  enlarge  its  bed,  and  become  loofe ;  for  the 
timber  of  thefe  large  trunks  is  very  foft. 

The  mofl  general  reafon  for  piecing  a  beam  is  to  in- 
creafe  its  length.  This  is  frequently  neccflaiy,  in  order 
to  procure  tie-beams  for  vei*y  wide  roofs.  Two  pieces 
mull  be  fcarfed  together — Numberlefs  are  the  modes 
of  doing  this ;  and  almoll  every  mailer  carpenter  has 
his  favourite  noftriim.  Some  of  them  are  very  iiigeni- 
ous  ;  But  here,  as  in  other  cafes,  the  moll  fimple  are 
•  Various  ^'^^^^lonly  the  flrongefl.  We  do  not  imagine  that  any, 
metho.ls  of  mofl  ingenious,  is  equally  flrong  with  a  tie  confifl- 
fcarling.  ing  of  two  pieces  of  the  fame  fcantling  laid  over  each 
other  for  a  certain  length,  and  firmly  bolted  together. 
We  acknowledge  that  this  v/ill  appear  an  artlefs  and 
clumfy  tie-beam  ;  but  we  only  fay  that  it  will  be 
ftronger  than  any  that  is  more  artificially  made  up  of 
tlie  fame  thicknefs  of  timber.  This,  we  imagine,  will 
appear  fufficiently  certain. 

1  he  fimplefl  and  mofl  obvious  fcarfing  (after  the 


one  now  mentioned)  is  that  reprefented  in  fig.  24.  n®  r 
and  2.  If  confidered  merely  as  two  pieces  of  wood 
joined,  it  is  plain  that,  as  a  tie,  it  has  but  half  the 
llrength  of  an  entire  piece,  fuppofing  that  the  bolts 
(which  are  the  only  connexions)  are  fall  in  their  holes. 

N<5  2.  requires  a  bolt  in  the  middle  of  the  fcarf  to  give 
it  that  flrength  ;  and,  in  every  other  part,  is  weaker  on 
one  fide  or  the  other. 

But  the  bolts  are  very  apt  to  bend  by  the  violent 
ftrain,  and  require  to  be  llrengthened  by  uniting  their 
ends  by  iron  plates  ;  in  which  cafe  it  is  no  longer  a 
wooden  tie.  The  form  of  n°  i.  is  better  adapted  to 
the  office  of  a  pillar  than  n'’  2.  ;  efpecially  if  its  ends 
be  formed  in  the  manner  (hewn  in  the  elevation  n°  3. 

By  the  fally  given  to  the  ends,  the  fcarf  refills  an  effort 
to  bend  it  in  that  direXion.  Befidcs,  the  form  of  n® 

2.  is  unfuitable  for  a  poll  ;  becaufe  the  pieces,  by  Hi¬ 
ding  on  each  other  by  the  preffure,  are  apt  to  fplinter 
off  the  tongue  which  confines  their  extremity. 

exhibit  the  mofl  approved  form  of 
a  fcarf,  whether  for  a  tie  or  for  a  poft.  The  key  re- 
prefented  in  the  middle  is  not  effentially  neceffary ;  the 
two  pieces  might  fimply  meet  fquare  there.  This  form, 
without  a  key,  needs  no  bolts  (although  they  flrength- 
en  it  greatly)  ;  but,  if  worked  very  true  and  clofe,  and 
with  fquare  abutments,  will  hold  together,  and  will  re¬ 
fill  bending  in  any  direXion.  But  the  key  is  an  inge¬ 
nious  and  a  very  great  improvement,  and  will  force  tlic 
parts  together  with  perfeX  tightnefs.  The  fame  pre¬ 
caution  muft  be  obferved  that  we  mentioned  on  ano¬ 
ther  occafion,  not  to  produce  a  conftant  internal  ftrain 
on  the  parts  by  overdriving  the  key.  The  form  of  fig, 

25.  is  by  far  the  heft;  becaufe  the  triangle  of  26.  is 
much  eafier  fplintered  off  by  the  ftrain,  or  by  the  key;, 
than  the  fquare  wood  of  25.  It  is  far  preferable  for 
a  poll,  for  the  reafon  given  when  fpeaking  of  fig.  24. 

I.  and  2.  Both  may  be  formed  with  a  fally  at 
the  ends  equal  to  the  breadth  of  the  key.  In'  this 
fliape,  fig.  25.  is  vaftly  well  fuited  for  joining  the  parts  of 
the  long  corner  pofts  of  fpires  and  other  wooden  towers. 

Fig.  25.  11®  2.  differs  from  1.  only  by  having  three 
keys.  The  principle  and  the  longitudinal  flrength  are 
the  fame.  The  long  fcarf  of  2.  tightened  by  the 
three  keys,  enables  it  to  refill  a  bending  much  better. 

None  of  thefe  fcarfed  tie-beams  can  have  more  than 
one-third  of  the  llrength  of  an  entire  piece,  unlefs  with 
the  affiflance  of  iron  plates  ;  for  if  the  key  be  made 
thinner  than  one-third,  it  has  lefs  than  one-third  of  the 
fibres  to  pull  by. 

We  are  confident,  therefore,  that  when  the  heads  of 
the  bolts  are  conneXed  by  plates,  the  fimple  form  of 
fig.  24.  11^  1.  is  ftronger  than  thofe  more  ingenious 
fcarfings.  It  may  be  llrengthened  againll  lateral  bend¬ 
ing  by  a  little  tongue,  or  by  a  fally  ;  but  it  cannot 
have  both. 

The  flrongefl  of  all  methods  of  piecing  a  tie-beam 
would  be  to  fet  the  parts  end  to  end,  and  grafp  them 
between  other  pieces  on  each  fide,  as  in  fig.  27.  This  34 
is  what  the  fhip-carpenter  calls  Jifiing  a  beam  ;  and  is 
frequent  pradlice  for  occafional  repairs.  Mr  Perronet^^*^"^* 
ufed  it  for  the  tie-beams  or  ilretchers,  by  which  he  con¬ 
neXed  the  oppofite  feet  of  a  centre,  which  was  yield¬ 
ing  to  its  load,  and  had  pufiied  afide  one  of  the  piers 
above  four  inches.  Six  of  thefe  not  only  withflood  a 
ftrain  of  1 800  tons,  but,  by  wedging  behind  them,  be 

brought 
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brought  the  feet  of  the  trufs  2x  inches  nearer.  The 
ilretcliers  were  14  inches  by  ii  of  found  oak,  and  could 
)iave  withilood  three  times  that  llrain.  Mr  Perronet, 
fearing  that  the  great  length  of  the  bolts  employed  to 
conne(^  the  beams  of  thefe  llretchers  would  expofe 
them  to  the  rifle  of  bending,  fcarfed  the  two  fide  pieces 
into  the  middle  piece.  The  fcarling  was  of  the  trian¬ 
gular  kind  (Trait  de  "Jupiter)^  and  only  an  inch  deep, 
each  face  being  two  feet  long,  and  the  bolt  pafled 
through  clofe  to  the  angle. 

In  piecing  the  pump  rods,  and  other  wooden  flretch- 
ers  of  great  engines,  no  dependence  is  had  on  fcarfing; 
and  the  engineer  connects  every  thing  by  iron  ftraps. 
We  doubt  the  propriety  of  this,  at  lead  in  cafes  where 
the  bulk  of  the  wooden  connection  is  not  inconvenient. 
Thefe  obfervatlons  muft  fuffice  for  the  methods  employ¬ 
ed  for  connecting  the  parts  of  a  beam  \  and  we  now 
proceed  to  confider  what  are  more  iifually  called  the 

35  joints  of  a  piece  of  carpentry. 

Square  Where  the  beams  Hand  fquare  with  each  other,  and 

joints.  drains  are  alfo  fquare  with  the  beams,  and  in  the 

plane  of  the  frame,  the  common  mortife  and  tenon  is 
the  mod;  perfedl  junCtion.  A  pin  is  generally  put 
through  both,  in  order  to  keep  the  pieces  united,  in 
oppofition  to  any  force  which  tends  to  part  them. 
Every  carpenter  knows  how  to  bore  the  hole  for  this 
pin,  fo  that  it  ihall  draw  the  tenon  tight  into  the  mor¬ 
tife,  and  caufe  the  fhoulder  to  butt  clofe,  and  make 
neat  work  ;  and  he  knows  the  rifle  of  tearing  out  the 
bit  of  the  tenon  beyond  the  pin,  if  he  draw  it  too 
much.  We  may  jull  obferve,  that  fquare  holes  and 
pins  are  much  preferable  to  round  ones  for  this  pur- 
pofe,  bringing  more  of  the  wood  into  aCfion,  with  lefs 
tendency  to  fplit  it.  The  fliip  carpenters  have  an  in¬ 
genious  method  of  making  long  wooden  bolts,  which 
do  not  pafs  completely  through,  take  a  very  fad.  hold, 
though  not  nicely  fitted  to  their  holes,  whieh  they  mull 

36  not  be,  led  they  fliould  be  crippled  in  driving.  They 

Foxtail  ^^11  it  foxtail  ^ucdftvg.  They  dick  into  the  point  of 

the  bolt  a  very  thin  wedge  of  hard  wood,  fo  as  to  pro- 
jeCt  a  proper  didance  ;  when  this  reaches  the  bottom 
of  the  hole  by  driving  the  bolt,  it  fplits  the  end  of  it, 
and  fqueezes  it  hard  to  the  lide.  ^Fhis  may  be  prac- 
^ifed  with  advantage  in  carpentry.  If  the  ends  of  the 
I  mortife  are  widened  inwards,  and  a  thin  wedge  be  put 
into  the  end  of  the  tenon,  it  v/ill  have  the  fame  effeCt, 
and  make  the  joint  equal  to  a  dovetail.  But  this  rifles 
the  fplitting  the  piece  beyond  the  rnoulder  of  the  te¬ 
non,  which  would  be  unfightly.  This  may  be  avoided 
as  follows:  Let  the  tenon  T,  fig.  28.  have  two  mery 
thin  wedges  a  and  c  duck  in  near  its  angles,  projeCIing 
equally  ;  at  a  very  fmall  didance  within  thefe,  put  in 
two  fhorter  ones  dy  and  more  within  thefe  if  necef- 
fary.  In  driving  this  tenon,  the  wedges  a  and  c  will 
take  fird,  and  fplit  off  a  thin  (lice,  which  will  eafily 
bend  without  breaking.  The  wedges  //,  will  adl 
next,  and  have  a  fimilar  effeifk,  and  the  others  in  luc- 
eeffion.  The  thickntfs  of  all  the  wedges  taken  toge¬ 
ther  mud  be  equal  to  the  enlai'gement  of  the  mortife 
toward  the  bottom. 

When  the  drain  is  tranfverfe  to  the  plane  of  the  two 
keams,  the  principles  laid  down  in  n'^  85,  86.  of  the  ar¬ 
ticle  Strength  of  Materials y  will  dire<k  the  artid  in 
placing  his  mortife.  Thus  the  mortife  in  a  girder  for 
receiving  the  tenon  of  a  binding  joid  of  ^  floor  fhould 


be  as  near  the  upper  fide  as  poffible,  becaiife  the  girder 
becomes  concave  on  that  fide  by  the  drain.  But  as 
this  expofes  the  tenon  of  the  binding  joid  to  the  rifle 
of  being  torn  off,  we  are.  obliged  to  mortife  farther 
down.  The  form  (fig.  29.)  generally  given  to  thiwS 
joint  is  extremely  judicious.  The  floping  part  a  h  gives 
a  very  firm  fupport  to  the  additional  bearing  e  dy  with¬ 
out  much  weakening  of  the  girder.  This  form  fliould 
be  copied  in  every  cafe  where  the  drain  has  a  fimilar 
direction. 

The  joint  that  mod  of  all  demands  the  careful  atten- Oblique 
tion  of  the  artid,  is  that  which  conne<5ls  the  ends  of  and 

beams,  one  of  which  puflies  the  other  very  obliquely, 
putting  it  into  a  date  of  exteiifion.  '1  he  mod  familiar 
indance  of  this  is  the  foot  of  a  rafter  prefling  on  the 
tie-beam,  and  thereby  draKvtng  it  away  from  the  other 
wall.  AVhen  the  direftion  is  very  oblique  (in  which 
cafe  the  extending  drain  is  the  greated),  it  is  difilcult 
to  give  the  foot  of  the  rafter  fuch  a  hold  of  the  tie- 
beam  as  to  bring  many  of  its  fibres  into  the  proper  ac¬ 
tion.  There  would  be  little  difficulty  if  we  could  al¬ 
low  the  end  of  the  tie-beam  to  project  to  a  fmall  dif- 
tance  beyond  the  foot  of  the  rafter :  but,  indeed,  the 
diraenfions  which  are  given  to  tie-beams,  for  other  rea* 
foils,  are  always  fufficient  to  give  enough  of  abutment 
when  judicioufly  employed.  Unfortunately  this  joint 
is  much  expofed  to  failure  by  the  effe£ls  of  the  wea¬ 
ther.  It  fs  much  expofed,  and  frequently  peri flies  by 
rot,  or  becomes  fo  foft  and  friable  that  a  very  fmall 
force  is  fufficient,  either  for  pulling  the  filaments  out  of 
the  tie-beam,  or  for  cruflung  them  together.  WT  aYe 
therefore  obliged  to  fecure  it  with  particular  attention, 
and  to  avail  ourfeKes  of  every  circumdaiice  of  con- 
drudlion. 

One  is  naturally  difpofed  to  give  the  rafter  a  deep 
bold  by  a  long  tenon  ;  but  it  has  been  frequently  ob- 
ferved  in  old  roofs  that  fuch  tenons  break  off.  Fre¬ 
quently  they  are  obierved  to  tear  up  the  wood  that  is 
above  them,  and  pufh  their  way  through  the  end  of  the 
tie-beam.  This,  in  all  probability,  arifes  from  the  fird 
fagging  of  the  roof,  by  the  compreffion  of  the  rafters 
and  of  the  head  of  the  king-pofl.  The  head  of  the  raf¬ 
ter  defeends,  the  angle  with  the  tie-beam  is  diminiflied 
by  the  rafter  revolving  round  its  ftep  in  the  tie-beam. 

By  this  motion  the  heel  or  inner  angle  of  the  rafter  be¬ 
comes  a  fulcrum  to  a  very  long  and  powerful  lever  much 
loaded.  The  tenon  is  the  other  arm,  very  fnort,  and 
being  ttill  frefh,  it  is  therefore  very  powerful.  It  there¬ 
fore  forces  up  the  wood  that  is  above  it,  tearing  it  out 
from  between  the  cheeks  of  the  mortife,  and  then  puiht  s 
it  along.  Carpenters  have  therefore  given  up  long  te¬ 
nons,  and  give  to  the  toe  of  the  tenon  a  fiiape  which 
abuts  firmly,  in  the  diredion  of  the  thruIV,  on  the  folid 
bottom  of  the  mortife,  which  is  well  fupported  on  the 
under  fide  by  the  wall-plate.  This  form  has  the  farther 
advantage  of  having  no  tendency  to  tear  up  the  end  of 
the  mortife.  This  form  is' reprefented  in  fig.  30.  The 
tenon  has  a  fmall  portion  a  h  cut  perpendic'iilar  to  the 
fuiface  of  the  tie-beam,  and  the  be  is  perpendicular 
to  the  rafter. 

But  if  the  tenon  is  not  fiificiently  itrong  (and  it  is 
not  lo  ftrong  as  the  rafter,  w'hich  is  thought  not  to  be 
ftronger  than  is  necelTary),  it^ill  be  crufiied,  and  then 
the  rafter  will  fiiade  out  along  the  furface  of  the  beam. 

It  is  therefore  nece/Tary  to  call  in  the  afiiflance  of  the 
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wliolo  rafter.  It  h  in  tins  didiibution  of  the  ilrain  F/g,  33,  3.  is  alio  much  pra^lifcd  by  the  ni  d  car- 

among  the  various  abutting  parts  that  the  varieties  of  peuter«. 

joints  and  their  merits  chiefly  confdL  It  would  be  Fig.  35.  is  propofed  by  Mr  Nicholfon  (page  65.)  as 
cndlefs  to  deferibe  every  no'l  um,  and  we  fhall  only  men-  preferable  to  fig.  33.  n'’3.  becaufe  the  abutment  of  the 
tlon  a  few  that  are  moil  generally  approved  of.  inner  part  is  better  fupported.  This  is  certainly  the 

The  aim  in  fig.  31.  is  to  make  the  abutments  ex^dl-  cafe  ;  but  it  fuppofes  the  whole  rafter  to  go  to  the  hot¬ 
ly  perpendicular  to"  the  thrufts.  It  does  this  very  pre-  tom  of  the  focket,  and  the  beam  to  be  thicker  than  the 
cilelv  ;  and  the  fnare  which  the  tenon  and  the  fhoulder  rafter.  Some  may  think  that  this  will  weaken  the  beam 
have"  of  the  whole  may  be  what  we  pleafe,  by  the  por-  too  much,  when  it  is  no  broader  than  the  rafter  is  thick; 
tion  of  the  beam  that  we  notch  down.  If  the  wall-plate  in  which  cafe  they  think  that  it  requires  a  deeper  focket 
lie  duly  before  the  heel  of  the  rafter,  tlitne  is  no  rifle  of  than  Nicholfon  lias  given  it.  Perhaps  the  advantages 

draining  the  tie  acrofs  or  breaking  it,  becaufe  the  thruft  of  Nicholfon’s  conftrudion  may  be  had  by  a  joint  like 

is  made  dire6l  to  that  point  where  the  beam  is  fupport-  fig.  35.  n  '  2.  ^ 

ed.  The  adlion  is  the  fame  as  againll  the  joggle  on  the  Whatever  is  the  form  of  thefe  butting  joints,  great  Circum- 
head  or  foot  of  a  king-poll.  We  have  no  doubt  but  care  Ihould  be  taken  that  all  parts  bear  alike,  and  the  ftances  t;> 
that  this  is  a  very  cfFedlual  joint.  It  is  not,  however,  artill  will  attend  to  the  magnitude  of  the  different 
much  pradifed.  It  is  faid  that  the  doping  feam  at  the  faces.  In  the  general  compreiTion,  the  greater  furfaces 
fhoulder  lodges  water;  but  the  great  reafon  feems  to  be  will  be  lefs  comprelfed,  and  the  fmaller  will  therefore 
a  fecret  notion  that  it  weakens  the  tie-beam.  If  we  change  moll.  When  all  has  fettled,  every  part  Ihould 
coiilider  the  diredion  in  which  it  ads  as  a  tie,  we  muft  be  equally  clofe.  Becaufe  great  logs  are  moved  with 
acknowledge  that  this  form  takes  the  bell  method  for  dliTiculty,  it  is  very  troubleforae  to  try  the  joint  fre- 
bringing  the  whole  of  it  into  adlon.  quently  to  fee  how  the  parts  fit  ;  therefore  we  mull  ex- 

F:*’'.  32.  exhibits  a  form  that  is  more  general,  but  ped  lefs  accuracy  in  the  interior  parts.  This  Ihould 
certamly  worfe.  What  part  of  the  thndl  that  is  not  make  us  prefer  thofe  joints  vvhofe  efficacy  depends  chief- 
borne  by  the  tenon  ads  obliquely  cm  the  joint  of  the  ly  on  the  vifible  joint. 

fhoulder,  anJ  gives  the  whole  a  tendency  to  rife  up  and  It  appears  from  all  that  we  have  faid  on  this  fubjed, 

flidc  outward.  that  a  very  fmall  part  of  the  coliefion  of  the  tie-beam  is 

The  Ihouldcr  joint  is  fometimes  farmed  like  the  dot-  fufliclent  for  withftanding  the  horizontal  thruft  of  a 
ted  line  ahedefg  of  fig.  32-  This  is  much  more  roof,  even  though  very  low  pitched.  If  therefore  no 
agreeable  to  the  Uiic  principle,  and  would  be  a  very  other  ufe  is  made  of  the  tie-beam,  one  much  flenderer 
perfed  method,  were  it  not  tliat  the  intervals  h  d  and  may  be  iifed,  and  blocks  may  be  firmly  fixed  to  the 
df  are  fo  fndrt  that  the  little  wooden  triangles  h  c  dy  ends,  on  which  the  rafters  might  abut,  as  they  do  on 
Jef,  will  be  eafily  pufiied  off  their  bafes  h  d,  df.  the  joggles  on  the  bead  and  foot  of  a  king-poft.  Al- 

Fig-  33-  f^^ems  to  have  the  moft  general  approbation,  though  a  tie-beam  has  commonly  floors  or  ceilings  to 
It  is  the  joint  recommended  by  Price  (page  7.),  and  carry,  and  fometimes  the  workfhops  and  ftore-i  ooms  of 
copied  iuto  all  books  of  carpentry  as  the  true  joint  for  a  a  theatre,  and  therefore  requires  a  great  fcantling,  yet 
rafter  foot.  The  vifible  fhoulder-joint  is  flufh  with  the  there  frequently  occur  in  machines  and  engines  very  ob- 
upper  fnrface  of  the  tie-beam.  The  angle  of  the  tenon  lique  ftretchers,  which  have  no  other  office,  and  are  ge- 
at  the  tie  nearly  bifeds  the  obtufe  angle  formed  by  the  iierally  made  of  dimenfioiis  quite  inadequate  to  their  ii- 
’  rafter  and  the  beam,  and  is  therefore  fomewhat  oblique  tuation,  often  containing  ten  times  the  neceflary  quan- 
to  the  thruft.  'Phe  inner  flioulder  ach  nearly  perpen-  tlty  of  timber.  It  is  therefore  of  importance  to  afeer- 
dicular  to  h  d.  The  lower  angle  of  the  tenon  is  cut  off  tain  the  moft  perfed  manner  of  executing  fuch  a  joint, 
horizontally  as  at  e  d.  Fig.  34.  is  a  fedion  of  the  beam  We  have  dlreded  the  attention  to  the  p  inciplos  that 
and  rafter  foot,  fhewing  the  different  ihoulders.  are  really  concerned  in  the  effed.  In  all  hazardous 

We  do  not  perceive  the  peculiar  merit  of  this  joint,  cafes,  the  carpenter  calls  in  the  afiiflaiice  of  iron  ftraps; 

The  effed  of  the  three  oblique  abutments  ah,ac,  e  dy  and  they  are  frequently  neceffary,  even  in  roofs,  not- 
is  undoubtedly  to  make  the  whole  bear  on  the  outer  withftanding  this  fuperabundant  ftrength  of  thetie-beam. 
end  of  themortife,  and  there  is  no  other  part  of  the  tie-  But  this  is  generally  owing  to  bad^  conftrudlon  of  the 
beam  that  makes  immediate  refiftance.  Its  only  advan-  wooden  joint,  or  to  the  failure  of  it  by  time.  Straps 
tage  over  a  tenon  extending  in  the  diredion  of  the  will  he  confidered  in  their  place. 

thruft  is,  that  it  will  not  tear  up  the  wood  above  it.  There  needs  but  little  to  be  faid  of  the  joints  at  a  t 
Had  the  inner  flioulder  had  the  form  ^  j /,  having  its  joggle  worked  out  of  folirl  timber  ;  they  are  not  near 
face  ic  perpendicular,  it  would  certainly  have  aded  io  difficult  as  the  laft.  ^  When  the  fize  of  a  log  will  al- 
more  powerfully  in  ftretehing  many  filaments  of  the  tie-  low  the  joggle  to  receive  the  whole  breadth  of  the  a- 
beam,  and  would  have  h'dd  much  lefs  tendency  to  force  butting  brace,  it  ought^  certainly  to  be  made  with  a 
out  the  end  of  the  inortife.  The  little  bit  ci  would  fquare  fhoulder;  or,  which  is  ftill  better,  an  arch  of  a 
have  prevented  the  Aiding  upwards  along  e  c.  At  any  cirde,  having  the  other  end  of  the  brace  for  its  centre, 
rate,  the  joint  ^  ^  being  llnfli  with  the  beam,  prevents  Indeed  this  in  general  will  not  fenfibly  differ  from  a 
any  fenfible  abutment  on  the  flioulder  /zc.  ftraight  line  perpendicular  to  the  brace.  By  this  circu- 

Fig.  33.  11'’  2.  is  a  firapler,  and  in  our  opinion  a  pre-  lar  form,  the  fettling  of  the  roof  makes  no  change  in 
ferablc,  joint.  We  obferve  it  pradifed  by  the  moft  the  abutment  ;  but  when  there  is  not  fufficient  ftiiff  for 
eminent  carpenters  for  all  oblique  thrufts  ;  but  it  furely  this,  we  muft  avoid  bevel  joints  at  the  ftioulders,  becaufe 
employs  lefs  of  the  coliefion  of  the  tie-beam  than  might  thefe  always  tend  to  make  the  brace  flidc  oft.  The 
be  ufed  without  weakening  it,  at  leaff  when  it  is  fup-  brace  in  fig.  36.  muft  not  be  joined  as  at  but  as  at 
ported  on  the  other  fide  by  the  wall-plate.  ly  or  feme  equivalent  manner.  Obferve  the  joints  at 
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joints. 
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the  head  of  the  main  polls  of  Drury  Line  theatre,  fig 

D. 

When  the  very  oblique  adlion  of  one  fide  of  a  frame 
of  carpentry  does  not  extend  but  comprefs  the  piece  on 
which  it  abuts  (as  in  fig.  i  c.),  there  is  no  difficulty  in 
the  joint.  Indeed  a  joining  is  unnecefiary,  and  it  is 
enough  that  the  pieces  abut  on  each  other  ;  and  we 
have  only  to  take  care  that  the  mutual  prelTure  be  equal¬ 
ly  borne  by  all  the  parts,  and  that  it  do  not  produce  la¬ 
teral  prefiures,  which  may  caufe  one  of  the  pieces  to 
fiide  on  the  butting  joint.  A  very  flight  mortife  and 
tenon  is  fufficient  at  the  joggle  of  a  king-poll  with  a 
ratter  or  flraiiiing  beam.  It  is  bell,  in  general,  to  make 
the  butting  plain,  bifedling  the  angle  formed  by  the 
fides,  or  elfe  perpendicular  to  one  of  the  pieces.  In 
fig.  36.  n*^  2.  where  the  draining  beam  a  I?  cannot  flip 
laway  from  the  preffure,  the  joint  a  is  preferable  to  i?,  or 
indeed  to  any  uneven  joint,  which  never  fails  to  produce 
very  unequal  preflures  on  the  difl'erent  parts,  by  which 
fome  are  crippled,  others  are  fplintered  off.  See. 

When  it  is  neceffary  to  employ  iron  llraps  for  flrength- 
for  placing  ening  a  joint,  a  confiderable  attention  is  neceffary,  that 
we  may  place  them  properly.  The  firff  thing  to  be  deter¬ 
mined  is  the  direftion  of  the  drain.  This  is  learned  by 
the  obfervations  in  the  beginning  of  this  article.  We 
mud  then  refolve  this  drain  into  a  drain  parallel  to  each 
piece,  and  another  perpendicular  to  it.  Then  the  drap 
which  is  to  be  made  fad  to  any  of  the  pieces  mud  be  fo 
fixed,  that  it  fhall  refid  in  the  diredlion  parallel  to  the 
piece.  Frequently  this  cannot  be  done  ;  but  we  mud 
come  as  near  to  it  as  we  can.  In  fuch  cafes  we  muff 
fuppofe  that  the  affemblage  yields  a  little  to  the  pref- 
fures  which  ad  on  it.  We  mud  examine  what  change 
of  fliape  a  fmall  yielding  will  produce.  We  mud  now 
fee  how  this  will  affed  the  iron  drap  which  we  have  al¬ 
ready  fuppofed  attached  to  the  joint  in  fome  manner 
that  we  thought  fuitable.  This  fettling  will  perhaps 
draw  the  pieces  away  from  it,  leaving  it  loofe  and  un- 
ferviceable  (this  frequently  happens  to  the  plates  which 
are  put  to  fecure  the  obtufe  angles  of  butting  timbers, 
when^  their  bolts  are  at  fome  didance  from  the  angles, 
efpecially  when  thefe  plates  are  laid  on  the  infide  of  the 
angles) ;  or  it  may  caufe  it  to  comprefs  the  pieces  hard¬ 
er  than  before;  in  which  cafe  it  is  anfvvering  our  inten¬ 
tion.  But  it  may  be  producing  crofs  drains,  which 
may  break  them  ;  or  it  may  be  crippling  them.  We 
can  hardly  give  any  general  rules  ;  but  the  reader  will 
do  well  to  read  what  is  written  in  n*^  36.  and  41.  of  the 
article  Roof,  EncycL  In  n®  36.  he  will  fee  the  nature 
of  the  drap  or  dirrup,  by  which  the  king-pod  carries 
the  tie-beam.  The  drap  that  we  obferve  mod  gene¬ 
rally  ill  placed  is  that  which  conneds  the  foot  of  the 
rafter  with  the  beam.  It  only  binds  down  the  rafter, 
but  does  not  ad  agairid  its  horizontal  thrud.  It  ihould 
be  placed  farther  back  on  the  beam,  with  a  bolt  through 
it,  which  will  allow  it  to  turn  round.  It  fliould  em¬ 
brace  the  rafter  almod  horizontally  near  the  foot,  and 
ffiould  be  notched  fquare  with  the  back  of  the  rafter. 
Such  a  condrudion  is  reprefented  in  fig.  37,  By  mo¬ 
ving  round  the  eye-bolt,  it  follows  the  rafter,  and  can¬ 
not  pinch  and  cripple  it,  which  it  always  does  in  its  or¬ 
dinary  form.  We  are  of  opinion  that  draps  which  have 
eye -bolts  in  the  very  angles,  and  allow  all  motion  round 
them,  are  of  all  the  mod  perfed,  A  branched  drap, 
fuch  as  may  at  once  bind  the  king-pod  and  the  two 
SuppL.  VoL.  I.  Part  I, 
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braces  which  butt  on  its  foot,  will  be  more  ferviceable 
if  it  have  a  joint.  When  a  roof  warps,  thofe  branched 
drapsTrequently  break  the  tenons,  by  affording  a  ful- 
crum  in  one  of  their  bolts.  An  attentive  and  judicious 
artid  will  confider  how  the  beams  will  ad  on  fuch  oc- 
cafions,  and  will  avoid  giving  rife  to  tliefe  great  drains 
by  levers. — A  fl<ilfiil  carpenter  never  employs  many 
draps,  confideriiig  them  as  auxiliaries  foreign  to  his  art, 
and  fubjed  to  imperfedioiis  in  wmrkmanlhip  which  he 
cannot  difeern  nor  amend.  We  mud  refer  the  reader 
to  Nicholfon’s  Carpenter  and  Joiner’s  Assistant 
for  a  more  particular  account  of  the  various  forms  of 
dirrups,  ferewed  rods,  and  other  iron  work  for  carrying 
tie-beams,  &c. 

As  for  thofe  that  are  neceffary  for  the  turning  joints 
of  great  engines  condruded  of  timber,  they  make  no 
part  of  the  art  of  carpentry. 
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After  having  attempted  to  give  a  fyffematic  view 
of  the  principles  of  framing  carpentry,  we  fliall  con¬ 
clude,  by  giving  fome  examples  which  will  illudrate  and 
confirm  the  foregoing  principles. 

Fig.  38.  is  the  roof  of  the  chapel  of  the  Royal  Hof- 
pital  at  Greenwich,  condruded  by  Mr  S.  Wyatt. 

inches 

A  A  r  1  .  Scantling 

AA,  Is  the  tie-beam,  57  feet  long,  fpanning 
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Roof  of 

Greenwich 

chapeU 


14  by  12 

9X7 

10X7 

6X7 

10X7 

9*7 

2X2 


51  feet  clear 
CC,  Qneen-pods 

D,  Braces 

E,  Trufs  beam 

F,  Straining  piece 

G,  Principal  rafters 

H,  A  cambered  beam  for  the  platform 
B,  An  iron  dring,  fupporting  the  tie-beam 

The  triiffes  are  7  feet  apart,  and  the  whole  is  covered 
with  lead,  the  boarding  being  fupported  by  horizoiitai 
ledgers  hy  hy  of  6  by  4  inches. 

This  is  a  beautiful  roof,  and  contains  lefs  timber  than 
mod  of  its  dimenfions.  The  parts  are  all  difpofed  with 
great  judgment.  Perhaps  the  iron  rod  is  uimeceffary  ; 
but  It  adds  great  diffnefs  to  the  whole. 

The  iron  draps  at  the  rafter  feet  would  have  had 
more  effed  If  not  fo  oblique.  Thofe  at  the  head  of 
the  pods  are  very  effedive. 

We  may  obferve,  however,  that  the  joints  between 
the  draining  beam  and  its  braces  are  not  of  the  belt 
kind,  and  tend  to  bruife  both  the  draining  beam  and 
the  trufs  beam  above  it. 

Fig.  39.  the  roof  of  St  Paul’s,  Covetit  Garden,  con- 
drudled  by  Mr  Wapfhot  in  1796 


A  A,  Tie-beam  fpanning  50  feet  2  inches 

B,  Queen-pod  -  -  .  .  . 

C,  Trufs  beam  -  -  -  .  . 

D,  King-pod  (14  at  the  joggle) 

E,  Brace 

FF,  Principal  brace  (at  bottom) 

HH,  Principal  rafter  (at  bottom) 
ggy  Studs  fupporting  the  rafter 

This  roof  far  excels  the  original  one  put  up  by  Inigo 
Jones.  One  of  its  truffes  contains  198  feet  of  timber. 
One  of  the  old  roof  had  273,  but  had  many  inadive 
timbers,  and  others  ill  difpofed.  (W.  B.  The  figure 
which  we  g^vc  of  it  in  the  article  Roof,  copied  from 
Z  Price, 
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St  Paufls, 

Covent 

Garden. 


j-8  ^ 

Price,  is  very  erroneous).  The  internal  trufs  FCF  is 
admirably  contrived  for  fupporting  the  exterior  rafters 
without  any  preffure  on  the  far  projeaing  ends  of  the 
tie  beam  The  former  roof  had  bent  them  greatly,  to 

“  Iv^KThrS'-c^b..  (r„  i.ch„)  of  .h.  .ie. 
beam  is  rather  hurtful ;  becaufe,  by  fettling,  the  beam 
lenffthens  ;  and  this  mtift  be  accompanied  by  a  conjtder. 
flWf  finking  of  the  roof.  This  will  appear  by  calcula- 

^'°Fig.  40.  the  roof  of  Birmingham  theatre,  conftruft- 
hant  the-  ed  by  Mr  Geo.  Saunders.  The  fpan  is  80  feet  clear, 
and  the  trulfes  are  10  feet  apart. 

9X5 

9X9 
8X54 
7X5 
15X15 

12X9 

9X9 
7X9 
9X9 
4X24 

9  and  6X9 
6X9 

7X5 

5iX9 
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A,  Is  an  oak  corbel 

B,  Inner  plate 

C,  Wall  plate 

D,  Pole  plate 

E,  Beam 

F,  Straining  beam  ,  , 

G,  Oak  king-poll  (in  the  matt) 

**'  II,  Oak  queen-poft  (in  the  flia*t) 

J,  Principal  rafters 

K,  Common  ditto 
E,  Principal  braces 

M,  Common  ditto 

N,  Puilins 

Straining  fdl 

This  roof  is  a  fine  fpecimen  of  Britilh  carpentry.^d 
is  one  of  the  boldefl  and  lightefi  roofs  in  Europe.  The 
ftrainino-  fill  Q  gives  a  firm  abutment  to  the  priiicipa 
braces  '’and  the^  fpace  between  the  poas  is  19^  feet 
tide,  affording  room,  workMpr  fc' “n. 

rkf  thi^  was  to  prevent  the  total  failure  of  fo 

STr^Hg,"..,  oF.he  .i..be.»  <b.«U  (.il « .be 

this  roof  is  fi?.  41*  the  roof  of  Drury  Lane 

fherri:"”\heatre,  80  feet  3 

feet  apart,  Gondruded  by  Mr  Edward  Grey  Saunders. 

-  ioby’7 

A,  Beams 

B,  Rafters  -  '  ’ 

C,  King-polls 

D,  Struts 

E,  Purlins  -  *  * 

G,  Pole  plates 
I,  Cammon  rafters 

K,  Tie-beam  to  the  main  trufs 

L,  Polls  to  ditto  -  ^  - 

M,  Principal  braces  to  ditto 

Jl,  Struts  -  “  “ 

P,  Straining  beams 

The  main  beams  are  trufled  in  the  middle  fpace  with 
oak  truffes  5  inches  fquare.  This  was  neceffary  for  i^U 
width  of  32  feet,  occupied  by  the  carpenters,  painters, 
&c.  The  great  fpace  between  the  truffes  affords  good 
ftore-rooms,  dreffing-rooms,  &c.  _ 

It  is  probable  that  this  roof  has  not  its  equal  in  the 
world  for  lightnefs,  ftiffnefs,  and  ft’-ength. 
trufs  is  fo  judicioufly  framed,  that  each  of  them  will  fafe- 
ly  bear  a  load  of  near  300  tons ;  fo  it  is  not  likely  that 
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they  will  ever  be  quarter  loaded.  The  diviHon  of  the 
whole  into  three  parts  makes  the  exterior  roohngs  very 
Imht.  The  llrains  are  admirably  kept  from  the  walh, 
and  the  walls  are  even  firmly  bound  together  by  the 
roof.  They  alfo  take  off  the  dead  weight  from  the 

main  trufs  one-third.  i  r  r  r>  t 

The  intelligent  reader  will  perceive  that  all  thefe  roofs  cmatk, 

are  on  one  principle,  depending  on  a  trufs  of  three 
pieces  and  'a  llraight  tie-beam.  This  is  indeed  the 
a-reat  principle  of  a  trufs,  and  is  a  flep  beyond  the  roof 
with  two  rafters  and  a  king  pofi.  It  admits  of  much 
c-reater  variety  of  forms,  and  of  greater  extent.  We 
may  fee  that  even  the  middle  part  may  be  carried  to 
any  fpace,  and  yet  be  flat  at  top  ;  for  the  trufs  beam 
may  be  fupported  in  the  middle  by  an  inverted  king- 
poll  (of  timber,  not  iron),  carried  by  iron  or  wooden 
ties  from  its  extremities  :  And  the  fame  ties  may  carry 
the  horizontal  tie-beam  K  ;  for  till  K  be  torn  alunder, 
or  M,  M,  and  P  be  crippled,  nothing  can  tail. 

The  roof  of  St  Martin’s  church  in  the  Fields  is  con- 
flruaed  on  good  principles,  and  every  piece  properly 
dlfpofed.  But  although  its  fpan  does  not  exceed  40 
feet  from  column  to  column,  it  contains  more  ti™ber  in 
a  trufs  than  there  is  in  one  of  Drury-Lane  theatre.  Ihe 
roof  of  the  chapel  at  Greenwich,  that  of  St  Mo¬ 

vent  Garden,  that  of  Birmingham,  and  that  of  Dniry 
Lane  theatres,  form  a  feries  gradually  more  perfea. 

Such  fpecimens  afford  excellent  leflbns  to  the  artifts. 

We  therefore  account  them  a  ufeful  prefent  to  the  pub- 

lie. 

There  is  a  very  in<renious  proje£l  offered  to  the  pub- Prajed  by 
lie  “  Me  nUoiL  (Ce^eieV  4®!--,  P- 68.)  He;* 
propofes  iron  rods  for  king-pofls,  queen-pofts,  and  all 
other  fituations  where  beams  perform  the  office  of 
This  is  in  profecution  of  the  notions  which  we  publilh- 
ed  in  the  article  Roof  of  the  Encycl.  (fee  n‘’36,  37.) 

He  receives  the  feet  of  the  braces  and  ftruts  in  a  focket 
very  well  conneaed  with  the  foot  of  his  iron  king-poit ; 
and  he  fecures  the  feet  of  his  queen-pofts  from  being 
pufhed  inwards,  by  interpofing  a  ftraining  fill.  ns 
does  not  even  mortife  the  foot  of  his  principal  rafter  in. 
to  the  end  of  the  tie-beam,  but  fets  it  in  a  focket  like  a 
fhoe,  at  the  end  of  an  iron  bar,  which  is  bolted  into  the 
tie-beam  a  good  way  back.  All  the  parts  are  formed 
and  difpofed  with  the  prccifion  of  a  perfon  thoroiigh.y 
acquainted  with  the  fubjea;  and  we  have  not  the  fmalU 
eft  doubt  of  the  fuccefs  of  the  projea,  and  the  complete 
fecurity  and  durability  of  his  roofs,  and  we  exped  to 
{ee  many  of  them  executed.  We  abound  in  iron,  bu 
we  muft  fend  abroad  for  building  timber.  This  is  there, 
fore  a  valuable  projed  ;  at  the  fame  time,  however,  let 
us  not  over-rate  its  value.  Iron  is  but  about  1 2  times 
ftronger  than  red  fir,  and  is  more  than  12  ‘lea- 

vier  Tnor  is  it  cheaper,  weight  for  weight,  or  ftrength 

^°'^oJrmuftration3  and  examples  have  been  chiefly  taken 
from  roofs,  becaufe  they  are  the  moft  familiar  inftances 
of  the.  difficult  problems  of  the  art.  We  could  ha  e 
wifhed  for  more  room  even  on  this  fubje^-  The  co 
ftrudion  of  dome  roofs  has  been  (we  think ) 
and  the  difficulty  is  nTuch  lefs  than  ^  ® 

mean  in  refped  of  ftrength  ;  for  we  grant 
liqiiity  of  the  joints,  and  a  general  intricacy,  mcreales 
the  trLble  of  workmanlhip  exceedingly. 
portunity  may  perhaps  occur  for  confidenng 
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C  A  R  P  E 

49  Wooden  bridges  form  another  clafs  equally  difficult 
^^'floden  important  ;  but  our  limits  are  already  overpafiVd, 

badges.  admit  them.  The  principle  on  which  they 

fiiould  all  be  conftrudled,  without  exception,  is  that  of 
a  trufs,  avoiding  all  lateral  bearings  on  any  of  the  tim¬ 
bers.  In  the  application  of  this  principle,  we  miift  far¬ 
ther  remark,  that  the  angles  of  our  trufs  ffiould  be  as 
acute  as  poffible  ;  therefore  we  ffiould  make  it  of  as  few 
and  as  long  pieces  as  we  can,  taking  care  to  prevent  the 
bending  of  the  trufs  beams  by  bridles,  which  embrace 
them,  but  without  preffing  them  to  either  fide.  When 
the  trufs  confifts  of  many  pieces,  the  angles  are  very  ob- 
tufe  ;  and  the  tlirufls  increafe  nearly  in  the  duplicate 
proportion  of  the  number  of  angles.  The  proper  ma¬ 
xims  will  readily  occur  to  the  artift  who  confiders  with 
attention  the  fpecimens  of  centres  or  coombs,  which  we 
ffiall  give  in  the  article  Centre. 

Framing  of  With  refped  to  the  frames  of  carpentry  which  occur 
greatieversin  engines  and  great  machines,  the  varieties  are  fuch 
that  it  would  require  a  volume  to  treat  of  them  proper, 
ly.  The  principles  are  already  laid  down  ;  and  if  the 
reader  be  really  interelled  in  the  ilndy,  he  will  engage  in 
it  with  ferioufnefs,  and  cannot  fail  of  being  inftruCled. 
We  recommend  to  his  confideration,  as  a  fpecimen  of 
what  may  be  done  in  this  way,  the  working  beam  of 
Hornblower^s  {leam-engine  Steam- Engine^  11^84. 

EncycL)  When  the  beam  mull  a£l  by  chains  hung  from 
the  upper  end  of  arch  heads,  the  framing  there  given 
feems  very  fcicntifically  conUriuSled ;  at  the  fame  time, 
we  think  that  a  ftrap  of  wrought  iron,  reaching  the 
whole  length  of  the  upper  bar  (fee  the  figure;,  would 
be  vaftly  preferable  to  thofe  partial  plates  which  the  en¬ 
gineer  has  put  there,  for  the  bolts  will  foon  work  loofe. 

But  when  arches  are  not  necefiary,  the  form  employ¬ 
ed  by  Mr  Watt  is  vaftly  preferable,  both  for  fimplicity 
and  for  ftrength.  It  confifts  of  a  fimple  beam  AB 
(fig.  42.),  having  the  gudgeon  C  on  the  upper  fide. 
The  two  pifton-rods  are  attached  to  wrought  ironjoints 


N  T  R  Y. 

A  and  B.  Two  ftrong  ftruts  DC,  EC  reft  on  the  up¬ 
per  fide  of  the  gudgeon,  and  carry  an  iron  firing 
ADEB,  confifting  of  three  pieces,  conneded  with  the 
ftruts  by  proper  joints  of  wrought  iron.  A  more  mi¬ 
nute  defeription  is  not  needed  for  a  clear  conception  of 
the  principle.  No  part  of  this  is  expofed  to  a  crofs 
ftrain  ;  even  the  beam  AB  might  be  fawed  through  at 
the  middle.  The  iron  firing  is  the  only  part  which  is 
firetched  ;  for  AC,  DC,  EC,  BC,  are  all  in  a  ftate  of 
compreffion.  We  have  made  the  angles  equal,  that  all 
may  be  as  great  as  poffible,  and  the  prelTure  on  the 
llruts  and  firings  a  minimum.  Mr  Watt  makes  them 
much  lower,  as  A  B,  or  A  ^  ^  B.  But  this  is  for 
economy,  becaufe  the  ftrength  is  almoft  infuperable.  It 
might  be  made  with  wooden  firings;  but  the  workman- 
fiiip  of  the  joints  would  more  than  coinpenfate  the  cheap- 
nefs  of  the  materials. 

We  offer  this  article  to  the  public  with  deference,  Coiiciurion* 
and  we  hope  for  an  indulgent  reception  of  our  effay  on 
a  fubjeft  which  is  in  a  manner  new,  and  would  require 
much  ftudy.  We  have  beftowed  our  chief  attention 
on  the  ftrength  of  the  conftruclion,  bccaufe  it  is  here 
that  perfons  of  the  profeffion  have  the  moll  fcanty  in¬ 
formation.  We  beg  them  not  to  confider  our  obferva- 
tions  as  too  refined,  and  that  they  will  ftudy  them  with 
care.  One  principle  runs  through  the  whole  ;  and 
when  that  is  clearly  conceived  and  familiar  to  the  mind, 
we  venture  to  fay  that  the  practitioner  will  find  it  of 
eafy  application,  and  that  he  will  improve  every  per¬ 
formance  by  a  continual  reference  to  it. 

If  this  attempt  to  inftruCl  our  moft  valuable  and  much 
efteemed  artills  ffiall  appear  to  meet  with  their  approba¬ 
tion,  it  may  encourage  us  to  engage  in  the  ferious  talk 
of  compofing  a  fyllem  on  the  fubjeCl.  But  this  is  a 
great  work,  and  will  require  much  time  and  liberal  con¬ 
tribution  of  knowledge  from  the  eminent  carpenters  who 
do  honour  to  this  country  by  their  works. 
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Caftabel  CASCABEL,  the  knob  or  button  of  metal  behind 
{{  the  breech  of  a  cannon,  as  a  kind  of  handle  by  which 
Cafliiii.  elevate  and  diredl  the  piece  ;  to  which  fome  add  the 
fillet  and  ogees  as  far  as  the  bafe-ring. 

CASEMATE,  or  Cazemate,  in  fortification,  a 
kind  of  vault  or  arch  of  ftone-work,  in  that  part  of  the 
flank  of  a  baftion  next  the  curtain ;  ferving  as  a  battery 
to  defend  the  face  of  the  oppofite  bartioii,  and  the  moat 
or  ditch. 

It  is  now  feldom  ufed,  becaufe  the  batteries  of  the 
enemy  are  apt  to  bury  the  artillery  of  the  cafenjate  in 
the  ruins  of  the  vault;  befide,  the  great  fmoke  made  by 
tlie  difeharge  of  the  cannon  renders  it  intolerable  to  the 
,  men.  So  that,  inftead  of  the  ancient  covered  cafemates, 
later  engineers  have  contrived  open  ones,  only  guarded 
by  a  parapet,  See. 

Casemate  is  alfo  ufed  for  a  well  with  feveral  fubter 
raneous  branches,  dug  in  the  pafiage  of  the  baftion,  till 
the  miner  is  heard  at  work,  and  air  given  to  the  mine. 

CASSINI  (James),  a  celebrated  French  allronomer, 
was  born  at  Paris  February  18.  1677,  being  the  young 
er  fon  of  Johannes  Dominicus  Calfini,  of  whom  fome 
account  has  been  given  in  the  Encyclopadta. 


CAS 

After  his  firft  ftudies  in  his  father’s  houfe,  in  which  CafTin:. 
it  is  not  to  be  fuppofed  that  mathematics  and  aftronomy  — -v*— “ 

would  be  negledled,  he  was  fent  to  ftudy  philofophy  at 
the  Mazarine  college,  where  the  celebrated  Varignon  was 
then  profefibr  of  mathematics.  From  the  affiftance  of  this 
eminent  young  man  Caffini  profited  fo  well,  that  at  15 
years  of  age  hefiipported  a  mathematical  thefiswith  great 
honour.  At  the  age  of  17  he  was  admitted  a  mem¬ 
ber  of  the  Academy  of  Sciences  ;  and  the  fame  year  he 
accompanied  his  father  in  a  journey  to  Italy,  where 
he  affifted  him  in  the  verification  of  the  meridian  at  Bo¬ 
logna  and  other  meafurements.  On  his  return  he  per¬ 
formed  fimilar  operations  in  a  journey  into  Holland, 
where  he  difeovered  fome  errors  in  the  meafure  of  the 
earth  by  Snell,  the  refiilt  of  which  was  communicated  to 
the  Academy  in  1702.  He  made  alfo  a  vifit  to  England 
in  1696,  where  he  was  made  a  member  of  the  Royal 
Society.  In  1712  he  fucceeded  his  father  as  aftronemtr 
royal  at  the  obtervatory  of  Paris.  In  1717  he  gave  to 
the  Academy  his  refearches  on  the  diftance  of  the  fixed 
ftars;  in  which  he  ftiewcd  that  the  whole  annual  orbit, 
of  near  2Q0  millions  of  miles  diameter,  is  hut  as  a  point 
in  comparifon  of  that  diftance.  The  fame  year  he  com- 
Z  2  raunicated^ 
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Caflini.  municated  alfo  his  difcoverles  concerning  the  inclination 
of  the  orbits  of  the  fatelHtes  in  general,  and  efpecially 
of  thofe  of  Saturn’s  fatellites  and  ring.  In  1725  he 
undertook  to  determine  the  caufe  of  the  moon’s  libra- 
tlon,  by  which  fhe  fhews  fometimes  a  little  tovrards  one 
fide,  and  fometimes  a  little  on  the  other,  of  that  half 
which  is  commonly  behind  or  hid  from  our  view. 

In  1732  an  important  queftion  in  aftronomy  cxercifed 
the  ingenuity  of  our  author.  His  father  had  determi¬ 
ned,  by  his  obfervations,  that  the  planet  Venus  revolved 
about  her  axis  in  the  fpace  of  23  hours  ;  and  M.  Bian- 
chini  had  publifhed  a  work  in  1729,  in  wdiich  he  fettled 
the  period  of  the  fame  revolution  at  24  days  8  hours. 
Prom  an  examination  of  Bianchlni’s  obfervations  which 
were  upon  the  fpots  in  Venus,  he  difeovered  that  he 
had  intermitted  his  obfervations  for  the  fpace  of  three 
hours,  from  which  caufe  he  had  probably  millaken  new 
fpots  for  the  old  ones,  and  fo  had  been  led  into  the  mi- 
flake.  The  probability  is,  that  both  had  fallen  into 
fome  miftake,  or  that  they  had  proceeded  on  very  diffe¬ 
rent  principles  ;  for  otherwife  fuch  different  rcfults  are 
wholly  unaccountable.  Dr  Herfchel  feems  fatisfied  that 
the  period  of  the  revolution  is  lefs  than  Bianchini  has 
made  ;  but  he  does  not  fay  what  it  is,  or  that  it  is  not 
much  greater  than  it  was  fuppofed  by  Caflini.  Our 
author,  after  he  had  convidled  Bianchini,  as  he  thought,, 
of  error,  determined  the  nature  and  quantity  of  the 
acceleration  of  the  motion  of  Jupiter  at  half  a  fecond 
per  year,  and  of  that  of  the  retardation  of  Saturn  at 
two  minutes  per  year  ;  that  thefe  quantities  would  go 
cn  increafmg  for  2000  years,  and  then  would  decreafe 
again.  In  1740  he  publifhed  his  Aflronomical  Tables, 
and  his  Elements  of  Aftronomy  ;  very  extenfive  and  ac¬ 
curate  works. 

Although  aftronomy  was  the  principal  objedl  of  our 
author’s  conftderation,  he  did  not  confine  himfelf  abfo- 
lutely  to  that  branch,  but  made  occafional  excurfions 
into  other  fields.  We  owe  alfo  to  him,  for  example, 
Experiments  on  Eledlricity,  or  the  Eight  produced  by 
Bodies  by  Fridlion;  Experiments  on  the  Recoil  of  Fire¬ 
arms  ;  Refearches  on  the  Rife  of  the  Mercury  in  the 
Barometer  at  different  Heights  above  the  Level  of  the 
Sea  ;  Refiedlions  on  the  perfedling  of  Burning-glaffes; 
and  other  Memoirs. 

The  French  Academy  had  properly  judged,  that  one 
of  its  moft  important  objedls  w^as  the  meafurement  of 
the  earth.  In  1  669  Picard  meafured  a  little  more  than 
a  degree  of  latitude  to  the  north  of  Paris  ;  but  as  that 
extent  appeared  too  fmall  from  which  to  conclude  the 
whole  circumference  with  fufficient  accuracy,  it  was  re- 
folved  to  continue  that  meafurement  on  the  meridian  of 
Paris  to  the  north  and  the  fouth,  through  the  whole 
extent  of  the  country.  Accordingly,  in  1683,  the  late 
M.  de  la  Hire  continued  that  on  the  north  fide  of  Pa¬ 
ris,  and  the  older  Caflini  that  on  the  fouth  fide.  The 
latter  was  aflifted  in  1700  in  the  continuation  of  this 
operation  by  his  fon  our  author.  The  fame  work  was 
farther  continued  by  the  fame  academicians;  and,  finally, 
the  part  left  unfinifhed  by  De  la  Hire  in  the  north  was 
finifhed  in  1718  by  our  author,  with  the  late  Maraldi, 
and  De  la  Hire  the  younger. 

Thefe  operations  produced  a  confiderable  degree  of 
precifion.  It  appeared  alfo,  from  this  meafured  extent 
of  fix  degrees,  that  the  degrees  were  of  different  lengths 
lin  different  parts  of  the  meridian;  and  in  fHch  fort  that 


our  author  concluded,  in  the  volume  publifhed  for  1718,  CaHini. 
that  they  decreafed  more  and  more  towards  the  pole, 
and  that  therefore  the  figure  of  the  earth ’was  that  of 
an  oblong  fpheroid,  or  having  its  axis  longer  than  the 
equatorial  diameter.  He  alfo  meafured  the  perpendicu¬ 
lar  to  the  fame  meridian,  and  compared  the  meafured  dif- 
tance  with  the  differences  of  longitude  as  before  deter¬ 
mined  by  the  eclipfes  of  Jupiter’s  fatellites  :  whence  he 
concluded  that  the  length  of  the  degrees  of  longitude 
was  fmaller  than  it  would  be  on  a  fphere,  and  that 
therefore  again  the  figure  of  the  earth  was  an  oblong 
fpheroid,  contrary  to  the  determination  of  Newton  by 
the  theory  of  gravity.  Though  Newton  was  of  all  men 
the  moft  averfe  from  controverfy,  the  other  mathema¬ 
ticians  in  Britain  did  not  tamely  fubmit  to  conclufions 
in  diredl  oppofition  to  the  fundamental  do^lrine  of  a 
philofopher  of  whofe  talents  the  nation  was  juftly  proud. 

The  confequence  was,  that  the  French  government  fent 
two  different  fets  of  meafurers,theonetomeafure  a  degree 
at  the  equator,  the  other  at  the  polar  circle  ;  and  the 
comparifon  of  the  whole  determined  the  figure  to  be  an 
oblate  fpheroid,  contrary  to  Cafllni’s  determination. 

After  a  long  and  laborious  life,  James  Caflini  died 
in  April  1756,  in  confequerice  of  a  fall,  and  was  fuc-  , 
ceeded  in  the  Academy  and  Obfervatory  by  the  fubjedf 
of  the  following  article.  He  publifhed,  A  Treatife  on 
the  Magnitude  and  Figure  of  the  Earth  ;  as  alfo,  The 
Elements  or  Theory  of  the  Planets,  with  Tables  ;  be- 
fide  an  infinite  number  of  papers  in  the  Memoirs  of  the 
Academy,  from  the  year  1699  to  1755. 

Cassini  r/^7'/6wrj?(CefarFran9ois),acelebrated French 
aftronomer,  diredor  of  the  obfervatory,  penfioner  aftro- 
nomer,  and  member  of  moft  of  the  learned  focieties  of 
Europe,  was  born  at  Paris  June  17.  1714,  being  the  fe¬ 
cond  fon  of  James  Caflini,  the  fubjeift  of  the  preceding 
memoir,  whofe  occupations  and  talents  he  inherited  and 
fupported  with  great  honour.  He  received  his  firft  leffons 
in  aftronomy  and  mathematics  from  MM.  Maraldi  and 
Camus ;  and  made  fuch  a  rapid  progrefs,  that  when  he 
was  not  more  than  ten  years  of  age  he  calculated  the 
phafes  of  a  total  eclipfe  of  the  fun.  At  the  age  of 
eighteen  he  accompanied  his  father  in  his  two  journeys 
undertaken  for  drawing  the  perpendicular  to  the  ob¬ 
fervatory  meridian  from  Stralbourg  to  Breft.  From 
that  time  a  general  chart  of  France  was  devifed  ;  for 
which  purpofe  it  was  neceffary  to  traverfe  the  country 
by  feveral  lines  parallel  and  perpendicular  to  the  meri¬ 
dian  of  Paris,  and  our  author  was  charged  with  the  con- 
dud  of  this  bufinefs;  in  which  he  was  fo  fcrupulous  as 
to  meafure  again  w^hat  had  been  meafured  by  his  father. 

This  great  work  was  publiftied  in  1 7 40,  with  a  chart 
(hewing  the  new  meridian  of  Paris,  by  tw’o  different  fe- 
ries  of  triangles,  paffmg  along  the  fea  coafts  to  Bayonne, 
traverfing  the  frontiers  of  Spain  to  the  Mediterranean 
and  Antibes,  and  thence  along  the  eaftern  limits  of 
France  to  Dunkirk,  with  parallel  and  perpendicular 
lines  deferibed  at  the  diftance  of  6000  toifes  from  one 
another,  from  fide  to  fide  of  the  country. 

A  tour  which,  in  1741,  our  author  made  in  Flanders, 
in  the  train  of  the  king,  gave  rife,  at  his  majefty’s  in- 
ftance,  to  the  chart  of  France  ;  relative  to  which  Caf- 
fini  publiftied  different  works,  as  well  as  a  great  number 
of  the  ftieets  of  the  chart  itfelf.  In  1761  he  under¬ 
took  an  expedition  into  Germany,  for  the  purpofe 
of  continuing  to  Vienna  the  perpendicular  of  the  Pa- 
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CafTmi  r!s  meridian  ;  to  unite  the  triangle  of  the  chart  of 
II  France  with  the  points  taken  in  Germany  5  to  pre- 
Catalogues  nreans  of  extending  into  that  country  the 

Uf Books,  plan  as  in  France;  and  thus  to  eftablifh  fuc- 

ceffively  for  all  Europe  a  moll  ufeful  uniformity.— 

I  Our  author  was  at  Vienna  the  6th  of  June  1761J  the 

day  of  the  tranfit  of  the  planet  Venus  over  the  fun,  of 
which  he  obferved  as  much  as  the  Hate  of  the  weather 
would  permit  him  to  do,  and  publilhed  the  account  of 
it  in  his  Foya^^e  en  Memagne, 

Finally,  M.  Caffini,  always  meditating  the  perfeaion 
of  his  grand  dcfign,  profited  of  the  peace  of  1783  to  pro- 
pofe  the  joining  of  certain  points  taken  upon  the  Eng- 
lifli  coaft  with  thofe  which  had  been  determined  on  the 
coaft  of  France,  and  thus  to  coniiedl  the  general  chart 
of  the  latter  with  that  of  the  Britifh  ifles,  like  as  he 
had  before  united  it  with  thofe  of  Flanders  and  Germa¬ 
ny.  The  propofal  was  favourably  received  by  the  Eng- 
i  iifh  government,  and  prcfently  carried  into  effedl  under 

the  direaion  of  the  Royal  Society,  the  execution  being 
committed  to  the  late  General  Roy.  See  the  life  of 
that  general  in  this  Supplement, 

Between  the  years  1735  and  1770,  M.  CafTini  pub- 
lifhed,  in  the  volumes  of  Memoirs  of  the  French  Aca¬ 
demy,  a  prodigious  number  of  pieces,  confifting  chief- 
iy  of  ailronomical  obfervations  and  queftioiis  ;  among 
which  are  obfervable,  refearches  concerning  the  parallax 
of  the  fun,  the  moon,  Mars,'  and  Veniis  ;  on  aftronomi- 
cal  refradfions,  and  the  elfedl  caufed  in  their  quantity 
and  laws  by  the  weather;  numerous  obfervations  on  the 
obliquity  of  the  ecliptic,  and  on  the  law  of  its  variations. 
In  Ihort,  he  cultivated  aftronomy  for  fifty  years,  the 
moft  important  for  that  fcience  that  ever  elapfed  for 
the  magnitude  and  variety  of  objedfs,  in  which  he- com¬ 
monly  fuflained  a  principal  (hare. 

M.  CafTmi  was  of  a  very  ftrong  and  vigorous  confti- 
tution,  which  carried  him  through  the  many  laborious 
operations  in  geography  and  aftronomy  which  he  con- 
dudled.  An  habitual  retention  of  urine,  how'e\’er,  ren¬ 
dered  the  laft  twelve  years  of  his  life  very  painful  and 
diffrefimg,  till  it  was  at  length  terminated  by  the  fmall- 
pox  the  4th  of  September  1784,  in  the  71ft  year  of  his 
age.  He  was  fucceeded  in  the  academy,  and  as  di- 
redlor  of  The  obfervatory,  by  his  only  fon  John -Do¬ 
minic  CafTmi,  the  fourth  in  order  of  diredl  defeent  who 
has  filled  that  honourable  ftation. 

CASTRAMETATION,  the  art  or  ad  of  encamp¬ 
ing  an  army. 

CATACAUSTICS,  or  Catacaustic  Curves,  in 
the  higher  geometry,  are  the  ipecies  of  cauftic  curves 
formed  by  refiedion. 

*  CATACOUSTICS,or  CataphonicsjIs  the  fcience 

of  refleded  founds  ;  or  that  part  of  aeouftics  which  treats 
of  the  properties  of  echoes. 

CATALOGUES  of  Books,  is  a  fubjed  of  which 
a  very  curious  hiftory  has  been  given  to  the  world  by 
ProfefTor  Beckmann.  In  the  Encyclopaedia  mention  has 
been  made  of  fome  of  the  moft  valuable  catalogues,  their 
defeds  pointed  out,  and  rules  given  for  making  them 
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more  perfed ;  but  nothing  has  there  been  faid  of  their  Catalogues 
origin,  of  of  the  ufes  which  might  be  made  of  the  oldeft  of 
catalogues. 

According  to  the  ProfefTor,  George  Wilier,  whom 
fome  improperly  call  Viller,  and  others  Walter,  a  book- 
feller  at  Augfburg,  who  kept  a  very  large  fhop,  and 
frequented  the  Franckfort  fairs,  firft  fell  upon  the  plan 
of  cauTing  to  be  printed,  before  every  fair,  a  catalogue 
of  all  the  new  books,  in  which  the  fize  and  printers 
names  were  marked.  Le  Mire,  better  known  under 
the  name  of  Milieus,  fays  that  catalogues  were  firft 
printed  in  the  year  1554;  but  Labbe  (a),  Reimann  (b), 
and  Heumann  (c),  who  took  their  information  from  Le 
Mire,  make  the  year  erroneoufly  to  be  1564.  Willer's 
catalogues  were  printed  till  the  year  1592  by  Nicol. 

BafTseus,  printer  at  Franckfort.  Other  bookfellers, 
however,  muft  have  Toon  publifhed  catalogues  of  the  like 
kind,  though  that  of  Wilier  continued  a  long  time  to 
be  the  principal. 

In  all  theie  catalogues,  which  are  in  quarto  and  not 
paged,  the  following  order  is  obferved.  The  Latin 
books  occupy  the  firft  place,  beginning  with  the  Pro- 
tettant  theological  works,  perhaps  becaufe  Wilier  was  a 
Lutheran  ;  then  come  the  Catholic  ;  and  after  thefe, 
books  of  jurifprudence,  medicine,  philofophy,  poetry, 
and  mufic.  Hie  fecond  place  is  aftigned  to  German 
books,  which  are  arranged  in  the  fame  manner. 

The  bookfellers  of  Leipfic  foon  perceived  the  advan¬ 
tage  of  catalogues,  and  began  not  only  to  reprint  thofe 
of  Franckfort,  but  alfo  to  enlarge  them  wdth  many 
books  which  had  not  been  brought  to  the  fairs  in  that 
city.  Our  author  had  for  fome  time  in  his  cuftody, 

Catalogus  univerfalis  pro  nundints  Francofurtenfibus  ‘yer- 
nalilus,  de  anno  1600;  or,  A  catalogue  of  all  the  books 
on  fale  in  Book-ftreet,  Franckfort,  and  alfo  of  the  books 
publiflied  at  Leipfic,  which  have  not  been  brought  to 
Franckfort,  with  the  permifiion  of  his  highnefsthe  elec¬ 
tor  of  Saxony,  to  thofe  new  works  which  have  appeared 
at  Leipfic.  Printed  at  Leipfic  by  Abraham  Lamberg, 
and  to  be  had  at  his  ftiop.  On  the  September  catalogue 
of  the  fame  year,  it  is  faid  that  it  is  printed  from  the  , 
Franckfort  copy  with  additions.  He  found  an  Imperial 
privilege  for  the  firft  time  on  the  Franckfort  September 
catalogue  of  1616;  Cum  gratia  et  prwilegio  Jpecialt  f„ 
caef,  maj,  Projlat  apud  J.  Krugerurn  Augujianum, 

Reimmann  fays,  that  after  Willer’s  death  the  cata¬ 
logue  was  publiftied  by  the  Leipfic  bookfeller  Henning 
Grofle,  and  by  his  fon  and  grandfon.  The  council  of 
Franckfort  caufed  feveral  regulations  to  be  iflued  re- 
fpedling  catalogues  ;  an  account  of  which  may  be  feen 
in  D.  Orth’s  Treat  if e  on  the  Imperial  Fairs  at  Franck* 
fort.  After  the  bufinefs  of  bookfelling  was  drawn  from 
Franckfort  to  Leipfic,  occafioned  principally  by  the  re- 
ftridlions  to  which  it  was  fubjeded  at  the  former  by 
the  cenfors,  no  more  catalogues  were  printed  there  ; 
and  the  Ihops  in  Book-ftreet  were  gradually  converted 
into  taverns  (d). 

In  the  1 6th  century  there  were  few  libraries  ;  and 
thefe,  wluch  did  not  contain  many  books,  were  in  mo¬ 
il  afteries^ 


,(a)  Labbe,  Bibliotheca  Bibliothecarum.  Lipfiae,  1682,  i2mo,  p. 

(b)  Einleitung  in  Hijloriam  Literariam^  i.  p.  203. 

(c)  Confpedius  Reip.  Litter,  c.  vi.  J  2.  p.  316. 

(d)  Joh.  Adolph.  Stock,  Frankfurter  Chronik,  p.  77* 
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Csitalotues  naRenes,  and  coiififted  principally  of  theological,  philo- 
^f^phical,  and  liillorical  works,  with  a  few,  however,  on 
jiirifprijdence  and  medicine  ;  while  thofe  which  treated 
6f  agriculture,  manufactures,  and  trade,  were  thought 
unworthy  of  the  not’ce  of  the  learned,  or  of  being  pre- 
ferved  in  large  colleClions.  The  number  of  tliefe  works 
was,  neverthelefs,  far  from  being  inconfiderable  ;  and  at 
anv  rate,  many  of  them  would  have  been  of  great  ufe, 
T48  tliey  would  have  ferved  to  illuftrate  the  inftruClive 
hiftory  of  the  arts.  Catalogues  which  might  have  given 
occafion  to  inquiries  after  books,  that  may  be  Rill  fome- 
'where  preferved,  have  fuffered  the  fate  of  tomb-ftones, 
which,  being  walled  and  crumbled  to  pieces  by  the  de- 
Rroying  hand  of  time,  become  no  longer  legible.  A 
complete  feries  of  them  perhaps  is  nowhere  to  be  found, 
•at  leaR  I  do  not  remember  (fays  the  Profeflbr)  to  have 
ever  feen  one  in  any  library.” 

'rhis  lofs,  however,  he  thinks,  might  be  in  fome  mea- 
fure  fupplied  by  the  catalogues  of  Clefs  and  Draudius  ; 
-who,  by  the  defire  of  fome  bookfellers,  colledled  toge¬ 
ther  all  the  catalogues  which  had  been  publifhed  at  the 
different  fairs  in  different  years.  The  work  of  Clefs  has 
the  following  title  :  Untus  ejufque  viroruni  littera- 

iorum  moriuvientts  turn  JlorentiJfmiy  turn  fertil\j]iml^  ab  an- 
no  1500  ad  1602  nund'inarum  autumnaHum  tncluftve^  elen 
%hus  conjurnmattjfimus — defumtns  partim  ex  fingularum  nun- 
dhiarum  catalogis,  partim  ex  bihliothecis*  AuClore  Joanne 
Cleffio,  Wineccenfi,  Hannoio,  philofopho  ac  medico. — 
By  the  editor’s  preface,  it  appears  that  the  firR  edition 
was  publifhed  in  1392.  The  order  is  almoR  the  fame 
as  that  obferved  by  Wilier  in  his  catalogues. 

The  work  of  Draudius,  which  was  printed  in  feveral 
uarto  volumes  for  the  firft  time  in  i6ii,  and  after- 
'  wards  in  1625,  is  far  larger,  more  complete,  and  more 
methodical.  Our  author,  however,  confelfes,  that  he 
never  faw  a  perfeCl  copy  of  either  edition.  This  cata¬ 
logue  conlills  of  three  parts  ;  of  which  the  firR  has  the 
title  of  Bibliotheca  clajjlea^  Jtnye  Catalogus  ojjicinalis,  in 
quo  finguli  fingularum  facultatum  ac  profefftonum  Uhri^  qui 
in  qnavis  fere  lingua  extant — recenfentur  ;  ufque  ad  an^ 
tium  162^  inclufve,  AiiClore  M.  Georgio  Draiidio. — 
It  contains  Latin  works  on  theology,  junTprudence, 
medicine,  hiRory,  geography,  and  politics.  The  copy 
in  the  library  of  the  univerfity  of  Gottingen  ends  at 
page  1304,  which  has,  however,  a  catch-word,  that 
feems  to  indicate  a  deficiency. — The  fecond  part  is  in- 
titled,  Bibliotheca  clajfica  five  Catalogus  officinalisy  in  quo 
philofophici  artiumque  adeo  humaniorum,  poeitci  etiam  et 
mufei  libri  ufque  ad  annum  1624  continentur.  This  part, 
containing  Latin  books  alfo,  begins  at  page  1298,  and 
ends  with  page  1654,  which  is  followed  by  an  index  of 
all  the  authors  mentioned. — A  fmaller  volume,  of  302 
pages,  without  an  index,  has  for  title,  Bibliotheca  exotica y 
five  Catalogus  officinalis  librorum  peregrinis  Unguis  ufuali- 
bus  feript  or  urn.  And  a  third  part,  forming  759  pages, 
befides  an  index  of  the  authors,  is  called.  Bibliotheca  It- 
hrorum  Germanicorum  clqffica  ;  that  is,  A  catalogue  of 
all  the  books  printed  in  the  German  language  till  the 
year  1625- 

.We  have  reafon  to  believe  that  there  are  other  edi¬ 
tions  of  this  catalogue  than  thofe  mentioned  by  Profef- 
for  Beckmann  ;  and  it  might  become  fome  prince  or 
great  man,  for  it  is  not  a  work  for  a  bookfeller,  to  com¬ 
pare  all  the  editions  together,  and  publifii  a  new  one 
inore  corre6l  than  any  that  is  at  prefent  extant.  This 


indeed  would  be  an  expenfive  and  not  an  eafy  tafic  ;  for  Catalnpi^,  I 
our  author  obferves,  that  all  the  oldeR  catalogues  had^'^  r 

the  fame  faults  as  thofe  of  later  date,  and  that  thefe  r 

faults  have  been  copied  by  Draudius.  Many  books  are 
mentioned  which  were  never  printed,  and  many  titles, 
names,  and  dates,  are  given  incorreflly  ;  but  Draudius 
neverthelefs  is  well  worth  the  attention  of  any  one  who 
may  be  inclined  to  employ  his  time  and  ingenuity  on 
the  hiRory  of  literature  ;  and  his  work  certainly'  was  of 
ufe  to  Haller  when  he  compofed  his  Bibliotheca. 

Catalogues  of  the  Stars y  have  ufually  been  difpofed, 
either  as  colledled  into  certain  figures  cdWtd  conflellationsy 
or  according  to  their  right  afcenfioiis,  that  is,  the  order 
of  their  paffing  over  the  meridian. 

Of  the  principal  catalogues,  according  to  the  firR  of 
thefe  forms,  an  account  has  been  given  in  the  Encyclo-  \ 

picdia.  The  firR  catalogue,  we  believe,  that  was  printed  J 

in  the  new  or  fecond  form,  according  to  the  order  of 
the  right  afeenfions,  is  that  of  De  la  Caille,  given  in  his 
Ephemerides  for  the  ten  years  between  1795  and  1765, 
and  printed  in  1755.  It  contains  the  right  afeenfions 
and  declinations  of  307  liars,  adapted  to  the  beginning 
of  the  year  1753.  In  1757  De  la  Caille  publilhed  his  | 

jlfronomU  Fundamenta,  containing  a  catalogue  of  the  ! 

right  afeenfions  and  declinations  of  398  liars,  likewife  j 

adapted  to  the  beginning  of  1730.  And  in  1763,  the  i 

year  after  his  death,  was  publifiied  the  Ccelum  Aujlrale 
Stelliferum  of  the  fame  author  ;  containing  a  catalogue 
of  the  places  of  1942  Rars,  all  fituated  to  the  fouthward  i 

of  the  tropic  of  Capricorn,  and  obferved  by  him  w^hile 
he  was  at  the  Cape  of  Good  Hope  in  1751  and  17^2;  ,1 

their  places  being  alfo  adapted  to  the  beginning  of  ^ 

1750.  In  the  fame  year  was  publifhed  his  Epheme-  ( 

rides  for  the  ten  years  between  1765  and  1775  ;  in  the 
introdudlion  to  which  are  given  the  places  of  5 15  zo-  j 

diacal  Rars,  all  deduced  from  the  obfervations  of  the 
fame  author ;  the  places  adapted  to  the  beginning  of 
the  year  j  765. 

In  the  Nautical  Almanac  for  1773,  is  given  a  cata¬ 
logue  of  387  Rars,  in  right  afeenfion,  declination,  lon¬ 
gitude,  and  latitude,  derived  from  the  obfervations  of 
the  late  celebrated  Dr  Bradley,  and  adjufted  to  the  be-  I 

ginning  of  the  year  1760.  This  fmall  catalogue,  and  | 

the  refults  of  about  1  200  obfervations  of  the  moon,  are  I 

all  that  the  public  have  yet  feen  of  the  multiplied  la-  1 

hours  of  this  moR  accurate  and  indefatigable  obferver, 
although  he  has  now  (1798)  been  dead  upwards  of  38  I 

years.  | 

In  1775  was  publifhed  a  thin  volume,  intitled  Opera  I 

Ineditay  containing  feveral  papers  of  the  late  Tobias 
Mayer,  and  among  them  a  catalogue  of  the  right  afeen¬ 
fions  and  declinations  of  998  Rars,  which  may  be  oc¬ 
culted  by  the  moon  and  planets  ;  the  places  being  adapt¬ 
ed  to  the  beginning  of  the  year  1756. 

At  the  end  of  the  firft  volume  of  Aftronomical 
Obfervations  made  at  the  Royal  Obfervatory  at  Green¬ 
wich,”  publifhed  in  1776,  Dr  Mafl<elyne,  the  prefent 
aftronomer  royal,  has  given  a  catalogue  of  the  places  of 
34  principal  liars,  in  right  afeenfion  and  north  polar 
diftance,  adapted  to  the  beginning  of  the  year  1770. 

Thefe  being  the  refult  of  feveral  years  repeated  ob¬ 
fervations,  made  with  the  utmoft  care  and  the  befl  in- 
ftruments,  it  may  be  prefumed  are  exceedingly  accurate. 

In  1782,  M.  Bode  of  Berlin  publifhed  a  very  ex- 
tenfive  catalogue  of  50^8  of  the  fi^ed  ftars,  collecled  , 
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from  the  obfervations  of  Flamfteed 
■Mayer,  De  la  Callle,  Mefiier,  Monm'er,  D’ ArqueiV,  and 
other  aftronomers  ;  all  adapted  to  the  beginning  of  the 
year  1780;  and  accompanied  with  a  ccleftial  atlas  or 
fet  of  maps  of  the  conftellations,  engraved  In  a  moft  de¬ 
licate  and  beautiful  manner. 

lYiay  be  added  Dr  HerfchePs  catalogue  of 
double  ftars,  printed  In  the  Phil.  Tranf.  for  1782  and 
1783  ;  Meflier’s  nebulae  and  clullers  of  liars,  publilhed 
in  the  Connoiffance  des  Temps  for  1784;  and  HerfchePs 
catalogue  of  the  fame  kind,  given  in  the  Phil.  Tranf. 
for  1786. 

In  1789  Mr  Francis  Wollallon  publifhed  ‘‘  A  Spe¬ 
cimen  of  a  General  Aftronomical  Catalogue,  in  Zones 
of  North-polar  Dlllance,  and  adapted  to  January  i. 
1790.’^  Theie  liars  are  colledled  from  all  the  cata¬ 
logues  before- mentioned,  from  that  of  Hevelius  down¬ 
wards.  This  work  contains  live  dillindl  catalogues  ? 
viz.  Dr  Mallcelyne’s  new  catalogue  of  36  principal  liars; 
a  general  catalogue  of  all  the  liars,  in  zones  of  north- 
polar  dlllance  ;  an  index  to  the  general  catalogue  ;  a 
catalogue  of  all  the  liars,  in  the  order  in  which  they 
pafs  the  meridian  ;  and  a  catalogue  of  zodiacal  liars,  in 
longitude  and  latitude. 

Finally,  in  1792,  Dr  Zach  publilhed  at  Gotha,  Ta¬ 
bula  Pvloiuum  Solis  ;  to  which  is  annexed  a  new  catalogue 
of  the  principal  fixed  liars,  from  his  own  obfervations 
made  in  the  years  1787,  17B8,  1789,  1190.  ^  This  ca- 
talogue  contains  the  right  afcenfions  and  declinations  of 
381  principal  liars,  adapted  to  the  beginning  of  the 
year  i8oo. — Hutton's  Mathematical  DiTwnary. 

Befides  thefe  two  methods  of  forming  catalogues  of 
the  liars,  Dr  Herfchel  has  conceived  a  new  one,  in 
which  the  comparative  brightnefs  of  the  liars  is  accu¬ 
rately  exprefled.  It  is  long  fince  aftronomers  were  firll 
led  to  arrange  the  liars  in  clalfesof  different  magnitudes 
by  their  various  degrees  of  brilliancy  or  lullre.  Brights 
nefs  and  fize  have  at  all  times  been  confidered  as  fyno- 
nymoiis  terms  ;  fo  that  the  brightell  liars  have  been  re. 
ferred  to  the  clafs  comprehending  thofe  of  the  firll  mag¬ 
nitude;  and  as  the  fubfequent  orders  of  liars  have  been 
fnppofed  to  decrcafe  in  lullre,  their  magnitude  has  been 
determined  in  the  fame  decreafing  progreflion  ;  but  the 
want  of  forne  fixed  and  fatisfadlory  tlandard  of  lullre  has 
been  the  fource  of  confiderable  confufion  and  uncertain- 
ty  in  fettling  the  relative  magnitudes  of  the  liars.  A 
liar  marked  i.  2m.  Is  fuppofed  to  be  between  the  firil 
and  fecond  magnitude;  but  2.  im.  intimates  that  the 
liar  is  nearly  of  the  fecond  magnitude,  and  that  it  par¬ 
takes  fomewhat  of  the  lullTe  of  a  liar  of  the  firll  order. 
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Bradley,  Hevelius,  eleven  ftars  (fays  Dr  Herfchel)  which  I  have  pointed 

out  may  be  reduced  to  the  fame  contradiftion:”  ^  ol  the  uary. 
The  author  has  pointed  out  the  inffanccs  of  the  in- 
fufficiency  of  this  method,  and  of  the  uncertain  conclu- 
fions  that  are  deduced  from  it,  in  determining  the  com-^ 
parative  brightnefs  of  liars  found  not  only  in  Mr  Flam- 
lleed’s  catalogue,  but  allb  in  the  catalogues  of  other 
aftronomers.  It  is  fufficiently  apparent  that  the  prefeiit 
method  of  expreffing  the  brightnefs  of  the  liars  is  very 
defedive.  Dr  Herfchel  therefore  propofes  a  different 
mode,  that  is  more  precife  and  fatisfadlory. 

I  place  each  liar  (he  fays),  inllead  of  giving  its 


magnitude,  into  a  fiiort  feries,  conllrudled  upon  the  or- 


der^of  brightnefs  of  the  neareft  proper  liars.  For  in- 
llance,  to  exprefs  the  lullre  of  D,  T  fay  CDE.  By  this 
Ihort  notation,  inllead  of  referring  the  liar  D  to  an 
imaginary  uncertain  llandard,  I  refer  it  to  a  precife  and 
dete1*mined  exilling  one.  C  is  a  liar  that  has  a  greater 
lullre  than  D,  and  E  is  another  of  lefs  brightnefs  than 
D.  Both  C  and  E  are  neighbouring  liars,  chofen  in 
fuch  a  manner  that  I  may  fee  them  at  the  fame  time 
with  D,  and  therefore  may  be  able  to  compare  them 
properly.  The  lullre  of  C  is  in  the  fame  manner  afeer- 
tained  by  BCD  ;  that  of  B  by  ABC  ;  and  alfo  the 
brightnefs  of  E  by  DEF  ;  and  that  of  F  by  EFG. 

“  That  this  is  the  mofc  natural,  as  well  as  the  moll 
effe6lual  way  to  exprefs  the  brightnefs  of  a  liar,  and  by 
that  means  to  detedl  any  change  that  may  happen  in  its 
lullre,  will  appear,  when  we  confider  what  is  requifite 
to  afeertain  fuch  a  change.  We  can  certainly  not  wllli 
for  a  more  decifive  evidence,  than  to  be  affured,  by  ac¬ 
tual  iufpedlion,  that  a  certain  liar  is  now  no  longer  more 
or  lefs  bright  than  fuch  other  liars  to  which  It  has  been 
formerly  compared  ;  provided  we  are  at  the  fame  time 
affured  that  thofe  other  liars  remain  dill  in  their  former 
unaltered  lullre.  But  if  the  liar  D  will  no  longer 
Hand  in  its  former  order  CDE,  It  mull  have  undergone 
a  change  ;  and  if  that  order  is  now  to  be  expreffed  by 
CED,  the  liar  has  loll  fome  part  of  its  lullre  ;  if,  on 
the  contrary,  it  ought  now  to  be  denoted  by  DCE,  irs 
brightnefs  mull  have  had  fome  addition.  Then,  if  we 
lliould  doubt  the  liability  of  C.and  E,  we  haverecourfe 
to  the  orders  BCD  and  DEF,  which  exprefs  their 
lullre  ;  or  even  to  ABC  and  EFG,  which  continue  the 
feries  both  ways.  Now  having,  before  us  the  feries 
BCDEF,  or  if  neceifary  even  the  more  extended  one 
ABCDEFG>  it  will  be  impoffible  to  millake  a  change 
of  brightnefs  in  D,  when  every  member  of  the  feries  is 
found  in  its  proper  order  except  T>.l* 

In  the  author’s  journal  or  catalogue,  in  which  the 


Such  fubdivlfions  may  be  of  fome  ufe  in  afcertainiiig  .  order  of  the  lullre  of  the  liars  is  fixed,  each  liar  bears 


ftars  of  the  firll,  fecond,  and  third  claffes  ;  but  the  exv 
prelTions  5m,  5.6  m,  6.9  m,  6m,  muft  be  very  vague  and 
indefinite.  Dr  Herfchel  obferves  that  he  has  found 
them  fo  in  faiTt;  and  he  therefore  confiders  this  method 
of  pointing  out  the  different  lullre  of  ftars  as  a  reference 
to  an  imaginary  llandard.  If  any  dependence  could  be 
placed  on  this  method  of  magnitudes,  “  it  would  follow; 
that  no  lefs  than  eleven  ftars  in  the  conftellation  of  the 
Lion,  namely,  o-  tt  ^  A  b  c  J  54,  48,  72,  had  all  under¬ 
gone  a  change  In'  their  lullre  fince  Flamfteed’s  time  ; 
For  if  the  idea  of  magnitudes  had  been  a  clear  one,  our 
author,  who  marked  1.2m.  and  y  2m.  ought  to  be 
underftood  to  mean  that  ^  Is  larger  than  y  ;  hut  we  now 
find  that  actually  is  larger  than  (^.  Every  one  of  the 


Its  own  proper  name  or  number,  g,  the  brightnefs 
of  the  ftar  S  Leonis  may  be  expreffed  hy  ^  f  Leonis, 
or  better  by  94-7—68 — 17  Leonis  ;  thefe  being  the 
numbers  which  the  three  above  ftars  bear  in  the  Britifti 
catalogue  of  fixed  ftars.” 

This  method  of  arrangement  occurred  to  Dr  Her¬ 
fchel  fo  early  as  the  y^ear  1782  ;  but  he  was  diverted 
from  the  regular  purfuit  of  it  by  a  variety  of  other  af- 
tronomical  engagements.  After  many  trials,  he  pro- 
pofed,  in  the  'Lranfadlions  of  the  Royal  Society  ot 
London  f6r  1796,  the  plan  which  appeared  to  him  the 
moll  eligible, .  It  is  as  follows  :-r- 1 nilead  of  denoting 
particular  ftars  by  letters,  he  makes  ufe  of  numbers  ;  and 
in  his  choice  of  the  ftars  which  are  to  exprefs  the  lullre 
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Cata!o)?ve8  of  any  particular  one,  he  cHreds  his  firfl  view  to  perfe^l 
equality.*  When  two  ftars  fecm  to  be  fimilar  both  in 
brightiiefs  and  magnitude,  he  puts  down  their  numbers 
together,  feparated  merely  by  a  point,  as  30.24  Leonls; 
but  if  two  liars,  which  at  firll  feemed  alike  in  their 
luflre,  appeared  on  a  longer  infpedion  to  be  different, 
and  the  preference  fhoiild  be  always  decidedly  in  favour 
of  the  fame  liar,  he  feparates  thefe  liars  by  a  comma, 
thus,  41,94  Lconis.  This  order  muli  not  be  varied  ; 
nor  can  three  fuch  liars,  as  20,  40,  39,  Libras,  admit 
of  a  different  arrangement.  If  the  fiate  of  the  heavens 
Ihould  be  fuch  as  to  require  a  different  order  in  thefe 
numbers,  we  may  certainly  infer  that  a  change  has  ta¬ 
ken  place  in  the  lullre  of  one  or  more  of  them.  When 
two  ftars  differ  very  little  in  brightnefs,  but  fo  that  the 
preference  of  the  one  to  the  other  is  indifputable,  the 
numbers  that  exprefs  them  are  feparated  by  a  fliort  line, 
as  17 — 70  Leonis,  or  68 — 17 — 70  Leonis.  When  two 
liars  differ  fo  much  in  brightnefs,  that  one  or  two 
other  ftars  might  be  interpofed  between  them,  and  Itill 
leave  fufficient  room  for  diflin6iion,  they  are  diflinguifh- 
cd  by  a  line  and  comma,  thus,  — ,  or  by  two  lines,  as 
^2~  — 41  Leonis.  A  greater  difference  than  this  is 

denoted  by  a  broken  line,  thus - 29  Bootis.  On 

tJie  whole,  the  author  obferves,  the  marks  and  difiinc- 
tions  which  he  has  adopted  cannot  poffibly  be  mifiaken  ; 

a  point  denoting  equality  of  lufire  ;  a  comma  indica¬ 
ting  the  leall  perceptible  difference ;  a  fhort  line  to 
mark  a  decided  but  fmall  fuperiority  ;  a  line  and  com¬ 
ma,  or  double  line,  to  exprefs  a  confiderable  and  firiking 
excefs  of  brightnefs ;  and  a  broken  line  to  mark  any 
other  fuperiority  which  is  to  be  looked  upon  as  of  no 
ufe  in  effimations  that  are  intended  for  the  purpofe  of 
diredling  changes.** 

The  difficulties  that  attend  this  arrangement  are  not 
difguifed  ;  but  the  importance  and  utility  of  it  more 
than  compenfate  for  the  labour  which  it  muff  neceffarily 
require.  By  a  method  of  this  kind,  many  difeoveries 
of  changeable  and  periodical  ffars  might  probably  have 
been  made,  which  have  efcaped  the  moff  diligent  and 
accurate  oblervers.  We  might  then,  as  the  author  fug- 
gefts,  be  enabled  to  refolve  a  problem  in  which  we  are 
all  immediately  concerned. 

“Who,  for  inffance,  would  not  wifh  to  know  what 
degree  of  permanency  we  ought  to  aferibe  to  the  luftre 
of  our  fun  ?  Not  only  the  ftabllity  of  our  climates,  but 
the  very  exiftence  of  the  whole  animal  and  vegetable 
creation  itfelf,  is  involved  in  the  queflion.  Where  can 
»  WQ  hope  to  receive  information  upon  this  fubjedl  but 

from  aftronomical  obfervations  ?  if  it  be  allow^ed  to  ad¬ 
mit  the  fimilarity  of  ftars  with  our  fun  as  a  point  efta- 
blifhed,  how  neceff;^ry  will  it  be  to  take  notice  of  the 
fate  of  our  neigh))ouringyi/«j*,  in  order  to  guels  at  that 
of  ouY  own  ?  That  Jlarf  which  among  the  multitude  we 
have  dignified  by  the  name  of  fun,  to-morrow  may  (low¬ 
ly  begin  to  undergo  a  gradual  decay  of  brightnefs,  like 
fi  Leonis,  «  Ceti,  Draconis,  ^  Urfas  majoris,  and  many 
other  diniinifhing  ftars  that  will  be  mentioned  in  my  ca¬ 
talogues.  It  may  fiiddenly  increafe,  like  the  wonderful 
ftar  ill  the  back  of  Caffiopea’s  chair,  and  the  no  lefs  re¬ 
markable  one  in  the  foot  of  Serpentarius  ;  or  gradually 
come  on  like  ft  Geminorum,  ft  Ceti,  C  Sagittarii,  and 
many  other  increafing  ftars,  for  which  I  alfo  refer  to 
my  catalogues  ;  and,  laftly,  it  may  turn  into  a  periodical 
one  of  25  days  duration,  as  Algol  is  one  of  three  days, 
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^  Cephei  of  five,  ft  Lyras  of  fix,  «  Antinoi  of  feven  Catalogutj 
days,  and  as  many  others  as  are  of  various  periods,**  of  the  Stan, 

Having  thus  explained  the  general  principle  on  which 
this  catalogue  is  formed,  as  we  find  it  in  the  author’s 
firft  memoir  on  the  fiibjedt,  we  muff  refer  the  reader  to 
the  Dodlor’s  own  account  for  its  particular  arrange¬ 
ment;  obferving  only  that  the  catalogue  fubjoined  com¬ 
prehends  nine  conftellations,  which  are  arranged  In  al¬ 
phabetical  order,  with  the  comparative  brightnefs  of  the 
ftars  accurately  dated.  In  a  fubfequent  paper,  publifii- 
ed  in  the  fame  volume,  he  has  completely  verified  the 
utility  of  his  method  by  experience,  and  (hewn  that  there 
is  no  permanent  change  of  luftre  in  the  ftars.  In  the 
notes  to  his  firft  catalogue  he  mentioned  a  Herculis  as 
a  periodical  ftar.  By  a  feries  of  obfervations  on  this 
ftar,  compared  with  x  Ophiuchi,  which  was  moil  con¬ 
veniently  fitiiated  for  his  purpofe,  he  has  been  able  not 
only  to  confirm  this  opinion,  but  to  afeertain  its  period, 
hi is  obfervations  are  arranged  in  a  table,  by  means  of 
which  he  determines  that  this  ftar  had  gone  through 
four  fucceffive  changes  in  an  interval  of  241  days  ;  and 
therefore  the  duration  of  its  period  muft  be  about  60 
days  and  a  quarter.  This  fa(&  concurs  with  other  cir- 
cumftances  in  evincing  the  rotatory  motion  of  the  ftars 
on  their  axes.  “  Dark  fpots,  or  large  portions  of  the 
furface,  lefs  luminous  than  the  reft,  turned  alternately 
in  certain  diredlions,  either  towards  or  from  us,  will  ac¬ 
count  for  all  the  phenomena  of  periodical  changes  in  the 
luftre  of  the  ftars,  fo  fatisfadforily,  that  we  certainly 
need  not  look  out  for  any  other  caufe.**  If  it  be  al- 
ledged  that  the  periods  in  the  change  of  luftre  of  fome 
ftars,  fuch  as  Algol,  ft  Lyras,  <r  Cephei,  and  »  Antinoi, 
are  fhort,  being  only  3,  5,  6,  and  7  days  refpedlively  ; 
while  thofe  of  0  Ceti,  and  of  the  changeable  ftar  in  Hy¬ 
dra,  and  that  in  the  neck  of  the'  Swan,  are  long,  a- 
mounting  to  331,  394,  and  497  days;  and  that  we 
cannot  aferibe  phenomena  fo  different  in  their  duration 
to  the  fame  caufe — it  may  be  anfwered  to  this  objedfion, 
that  the  force  of  it  is  founded  on  our  limited  acquaint¬ 
ance  with  the  ftate  of  the  heavens.  To  the  7  ftars,  the 
periodical  changes  of  which  were  before  known,  vve 
may  now  add  «  Herculis,  which  perforins  a  revolution 
of  its  changes  in  60  days. 

“  The  ftep  from  the  rotation  of  «  Herculis  to  that  of 
0  Ceti  is  far  lefs  confiderable  than  that  from  the  period 
of  Algol  to  the  rotation  of  «  Herculis  ;  and  thus  a  link 
in  the  chain  is  now  fupplied,  which  removes  the  objec¬ 
tion  that  arofe  from  the  vacancy.**  The  rotation  of 
the  fiftli  fatellite  of  Saturn  is  proved  by  the  change  ob- 
fervable  in  its  light  ;  and  “  this  variation  of  light,  ow¬ 
ing  to  the  alternate  expofition  of  a  more  or  lefs  bright 
liemifpliere  of  this  periodical  fatellite,  plainly  indicates 
that  the  fimilar  phenomenon  of  a  changeable  ftar  arifes 
from  the  various  luftre  of  the  different  parts  of  its  fur- 
face,  fucceffively  turned  to  us  by  its  rotatory  motion.** 

Befidcs,  we  perceive  a  greater  fimilarity  between  the 
fun  and  the  ftars,  by  means  of  the  fpots  that  muft  be 
admitted  to  exift  on  their  furfaces,  as  well  as  on  that  of 
the  fun. 

Dr  Herfchel  farther  obferves,  that  the  ftars,  befides 
a  rotatory  motion  on  their  axes,  may  have  other  move¬ 
ments  ;  “  fuch  as  nutations  or  changes  in  the  inclina¬ 
tion  of  their  axes  ;  which,  added  to  bodies  much  flat¬ 
tened  by  quick  rotatory  motions,  or  furrounded  by  rings 
like  Saturn,  will  eafily  account  for  many  new  phenome¬ 
na 
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Cafenaria,  na  that  may  then  offer  themfelvcs  to  our  extended  views. 
Catharine.  'J'q  this  paper  is  likewife  fubjoined  a  catalogue  of  nine 
conftellations  ;  and  the  author  promifes  to  give  the 
whole  of  them  in  fuccellive  fhort  catalogues  on  the  fame 
phn.  * 

CATENARIA,  or  Catenary  Curve.  See  En- 
cycL  and  ^rch  in  this  Supplement, 

CATHARINE  II.  Emprefs  of  all  the  Ruflias,  a6l- 
ed  fo  confpicuous  a  part  on  the  theatre  of  the  world  ; 
poflefled  fuch  uncommon  powers  of  mind,  highly  culti¬ 
vated  by  fcience  and  literature  ;  and  was  fuch  a  patron- 
efs  of  fcience  and  literature  in  others — that  it  cannot 
be  deemed  foreign  from  a  work  of  this  nature  to  give 
fome  account  of  the  principal  events  of  her  more  pri¬ 
vate  life. 

Sophia  Augusta  Frederica,  who,  upon  her  mar¬ 
riage  to  the  grandfon  of  Peter  the  great,  affumed  the 
name  Catharina  Alexievna,  was  born  at  Stettin  on 
the  2d  of  May  1729.  Her  father  was  Chriftian  Au- 
guftus,  prince  of  Anhalt  Zerbft  Dornburg,  at  that  time 
major-general  in  the  Pruflian  fervice,  commander  in  chief 
of  the  regiments  of  infantry,  and  governor  of  the  town 
and  fortrefs  of  Stettin.  Her  mother,  who  was  born 
princefs  of  Holftein  Eutin,  was  a  woman  of  great  parts 
and  beauty,  of  nearly  the  fame  age  with  the  prince-royal 
of  Prufiia,  afterwards  Frederic  the  Great,  with  whom 
(he  kept  up  a  regular  correfpondence,  and  who  after¬ 
wards  contributed  to  the  aggrandifement  of  her  daugh¬ 
ter.  This  accomplifhed  princefs  took  upon  herfelf  the 
care  of  educating  the  young  Sophia,  whom  (he  brought 
up  in  the  fimpleft  maimer,  and  would  not  fuffer  to  ex¬ 
hibit  the  leaft  fymptoms  of  that  pride  to  which  (he 
had  fome  propenfity  from  her  earlieft  childhood.  The 
confequence  of  this  falutary  reftraint  was,  that  good  hu- 
mour,  intelligence,  and  fpirit,  were  even  then  the  ftri- 
king  features  of  her  youthful  chara6ler.  Being  natu¬ 
rally  addided  to  reading,  to  refledion,  to  learning,  and 
to  employment,  (he  was  taught  the  French  and  other 
fafhionable  languages  ;  and  was  inftnided  to  read  fuch 
books  chiefly  as  might  make  her  acquainted  with  hifto- 
ry  and  with  the  principles  of  fcience ;  whilft  the  dodrines 
of  the  Lutheran  religion  were  carefully  explained  to  her 
by  a  divine,  who  little  thought  how  foon  his  illuftrious 
pupil  would  embrace  another  faith. 

The  Emprefs  Elizabeth,  who  then  fwayed  the  fceo- 
tre  of  Ruflia,  had  in  early  life  been  promifed  in  marriage 
to  the  young  prince  of  Holftein  Eutin,  brother  to  the 
princefs  of  Anhalt  Zerbft  ;  but  at  the  inftant  when  the 
marriage  was  about  to  be  celebrated,  the  prince  fell  Tick 
and  died.  Elizabeth,  who  loved  him  to  excefs,  became 
inconfolable,  and  in  the  bitternefs  of  her  grief  made  a 
vow  of  celibacy.  This  vow,  though  fenfual,  and  even 
lafeivious,  (he  kept  fo  far  as  never  publicly  to  acknow- 
ledge  any  man  as  a  hufband  ;  and  upon  her  afeending 
the  throne  of  her  anceftors,  (lie  called  her  nephew  the 
Luke  of  Holftein  Gottorp  to  her  court,  where  he  was 
folemnly  proclaimed,  when  fourteen  years  of  age.  Grand 
Luke,  with  the  title  of  Imperial  Highnefs,  and  decla¬ 
red  fucceflor  to  the  Emprefs  Elizabeth.  Fo  fecure  the 
fucceffion  in  the  family  of  Peter  the  Great,  the  Emprefs 
was  very  deftrous  to  have  her  nephew  manied  ;  and  the 
princefs  of  Anhalt  Zerbft,  not  ignorant  of  the  tender 
remembrance  which  (he  ftill  preferved  for  her  brother, 
conceived  the  idea  of  placing,  by  means  of  it,  her  daugh¬ 
ter  on  the  throne  of  Riiflia.  She  communicated  her 
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plan  to  the  king  of  Prufiia,  who  not  only  applauded  it, 
but  lent  her  his  alliftance  to  carry  it  into  execution. 

Full  of  ambitious  hopes,  therefore,  the  princefs  re¬ 
paired  with  her  daughter  to  St  Peterfburg,  where  (he 
was  received  with  friend fhip  by  Elizabeth,  and  where 
the  young  Sophia  foon  made  a  confiderable  imprefilon 
on  the  mind  of  the  Grand  Luke.  As  Peter  was  well 
made,  of  a  good  figure,  and,  though  uneducated,  not 
deftitute  of  natural  talents,  the  attachment  became  reci¬ 
procal  ;  and  the  princefs  of  Zerbft,  throwing  herfelf  at 
the  feet  of  the  emprefs,  allured  her,  that  the  two  lovers 
were  attached  to  each  other  by  a  pafiion  unconquerable  ; 
and,  calling  to  her  mind  the  love  which  (he  had  herfelf 
borne  to  the  prince  of  Holftein,  conjured  her  to  pro¬ 
mote  the  happinefs  of  that  prince’s  niece.  The  ftrata- 
gem  fucceeded.  The  choice  of  Elizabeth  was  next  day 
announced  to  the  council  and  to  the  foreign  minifters  ; 
and  preparations  were  made  for  celebrating  the  mar¬ 
riage  with  a  magnificence  worthy  of  the  heir  of  the 
throne  of  the  Rufiias.  In  the  mean  time  the  Grand 
Luke  was  feized  with  the  fmall-pox,  from  which,  tho’ 
he  recovered,  it  was  with  fuch  a  change  of  features,  as 
rendered  him,  from  being  comely,  almoft  hideous,  and 
converted  the  love  of  the  young  princefs  of  Anhalt,  if 
indeed  (he  ever  felt  for  him  that  pafiion,  into  horror  and 
difguft.  She  was  not,  hov/ever,  of  a  difpofition  to  let 
a  disfigured  countenance  frighten  her  from  a  throne. 
She  embraced  the  Greek  religion,  changed  her  name 
from  Sophia  Augufta  Frederica  to  Catharina  Alexi- 
EVNA,  and  with  the  entire  approbation  of  Elizabeth 
was  married  to  her  nephew  the  Grand  Luke. 

For  forne  time  this  ill-matclied  pair  lived  together, 
though  without  love,  yet  on  terms  apparently  decent ; 
but  a  mutual  diflike  gradually  took  place  between  them, 
which  the  courtiers  quickly  difcovered,  and  were  at 
pains  to  foment  into  hatred.  Peter  was  now  ugly,  and 
his  mind  was  uninformed.  Catharine,  if  not  a  beauty, 
was  at  leaft  a  lovely  woman,  and  highly  accomplifhed. 
She  could  find  no  entertainment  in  his  converfation,  an  i 
he  felt  himfelf  degraded  by  her  fuperiority.  A  faftioii 
was  formed  at  court,  headed  by  the  great  chancellor 
Beftucheff,  to  exclude  the  Grand  Duke  from  the  throne, 
and  to  place  Catharine  at  the  head  of  affairs  ;  and  to 
accomplifh  this  end,  every  art  was  employed  to  (ill  the 
feeble  mind  of  the  emprefs  with  jealoufies  of  her  nephew, 
and  with  a  contempt  of  his  chardder.  He  was  repre- 
fented  at  one  time  as  extremely  ambitious,  and  capable 
of  the  mod  daring  enterprifes,  to  get  immediate  poflef- 
fion  of  the  throne  ;  and  at  another,  as  a  wretch  given 
up  to  drunkennefs  and  to  every  unprincely  vice. 

The  confequence  of  the  firft  of  tliefc  accufations  was, 
that  he  was  kept  at  a  diftance  from  his  aunt,  and  a 
ftrangcr  to  public  affairs  ;  and  being  wholly  unemploy¬ 
ed,  that  time  which  his  education  had  not  fitted  him  to 
fill  up  with  reading,  refledion,  and  rational  converfa- 
tion,  hung  fo  heavy  on  his  mind,  that  it  was  no  difii- 
cult  matter  for  thofe  diffipated  young  men,  who  were 
placed  about  hi^m  for  that  very  purpofe,  to  initiate  him 
in  the  habits  of  drunkennefs,  and  the  othei  mean  prac¬ 
tices  to  which  It  was  pretended  he  had  long  been  de¬ 
voted.  In  fuen  a  fchool,  it  was  no  wonder  that  he  be¬ 
came  a  proficient  in  grovelling  diffipation  ;  or  that,  be¬ 
ing  unpolifhcd,  and  even  of  rude  manners,  he  chofe  for 
his  companions  fome  of  the  lowed  of  the  pcoaie. 

Catharine,  in  the  mean  time,  langai(hed‘ for  that  hap- 
^  ^  pinefs 


[  ] 


CAT  [1 

Catharine,  pinefs  which  (he  could  not  find  In  the  foclety  of  her 

- - ^ - -  hulband.  She  was  fond  of  pleafnre  ;  but  it  was  that 

comparatively  refined  pleafure  which  (he  had  enjoyed  at 
the  court  of  Berlin.  Slie  loved  balls,  mafic,  and  ele- 
crant  converfatlon,  and  could  take  no  (hare  in  the  drunk¬ 
en  revels  of  Peter.  Among  the  young  men  with  whom 
he  was  furrounded,  his  chamberlain  Soltikoff  was  parti¬ 
cularly  remarked  for  the  elegance  of  his  tafte  and  the 
graces  of  his  perfon ;  and  though  yet  fcarcely  more  than 
a  boy  in  years,  he  was  faid  to  have  obtained  the  favours 
of  feveral  ladies  of  the  court.  Succefs  had  made  him 
confident  and  ambitious  ;  and  his  ambition  prompted 
him  to  afoire  at  making  a  conqueft  even  of  the  Grand 
Dachefs.'  By  ftudyirg  her  tafte,  and  contrivm|  to 
amufp  her,  he  was  at  iall  fuccefsful ;  and  obtained  from 
her  Imoetial  Highncfs  every  favour  which  he  could 
■wifi:  ;  but  he  enjoyed  not  his  fortune  with  moderation, 
and  his  enemies  contrived  to  get  him  placed  in  an  ho- 
nourab'e  office  at  a  diftance  from  the  court.  He  was 
com  nifiioned  to  repair  to  Stockholm,  with  the  title  ot 
Envoy  ^extraordinary,  to  notify  to  the  king  of  Sweden 
the  birth  ot  Paul  Pelrovitch,  of  whom  the  Grand  Duch- 
»  oa.  1.  efs  had  juft  been  delivered  *.  The  prefumptuous  Solti 
*754.  koff,. proud  of  the  employment,  fet  off  with  hade  to 
Sweden,  and  left  it  with  equal  fpeed.  But  fcarcely  had 
he  quitted  Stockholm,  on  the  wings  of  love  and  anabi- 
tion,'when  he  was  flopped  on  the  road  by  a  courier, 
who  put  into  his  hands  an  order  for  him  to  go  imme¬ 
diately  to  Hamburg,  and  there  to  refide  in  the  quality 
of  minifter  plenipotentiary  from  the  court  of  Ruflia. 

Catharine  for  fome  time  preferved  her  attachment  to 
the  exiled  chamberlain  ;  but  all  at  once  the  prefence  of 
a  ftranger,  whom  fortune  had  brought  to  the  court  o 
RufTia,  made  her  forget  the  lover  whom  (he  no  longer 
faw.  This  perfon  was  Staniflaus  Poniatowfley,  the  late 
kino-  of  Poland,  who  hra  made  his  appearance  at  St  Pe- 
ter^urg  in  the  train  of  the  Britifh  ambaflador,  and  very 
quickly  gained  the  affe^flons  of  the  Grand  Duchefs.  In 
carrying  on  this  intrigue,  the  lovers  were  not  fo  cau¬ 
tious  as  to  deceive  the  eyes  of  the  envious  courtiers,  who 
reported  to  the  emprels  not  only  all  that  they  faw,  but 
whatever  they  fufpeaed.  Elizabeth  was  incenfed,  and 
commanded  Popiatowflcy  to  quit  without  delay  the  domi- 
nions  of  RufTia.  The  accomplilhed  Pole  obeyed  ;  but 
foon  returned  clothed  with  a  charafter  which  made  him 
in  fome  degree  independent  of  the  emprefs 

The  Count  de  Bruhl,  then  prime  minider  to  the 
king  of  Poland,  faw  of  what  importance  it  was  to  his 
maker  to  have  a  powerful  interell  at  the  court  of  Ruf- 
fia.  He  was  likewife  no  ftranger  to  the  paffion  which 
the  Grand  Duchefs  entertained  for  Poniatowfley  ;  and 
having  got  that  nobleman  decorated  with  the  order  of 
the  White  Eagle,  he  feat  him  back  to  St  Peterfburgh  in 
the  quality  of  minifter  plenipotentiary  from  the  repub¬ 
lic  and  king  of  Poland.  Nor  was  this  all  that  Bruhl 
did  for  the  two  lovers.  Being  informed  by  the  chan¬ 
cellor  Beftucheff,  that  the  Grand  Duke  and  Grand 
Duchefs  were  languifhing  in  a  penury  unworthy  of  their 
rank,  he  remitted  to  Poniatowflty  6coo  ducats,  to  be 
employed,  in  fuch  a  manner  as  he  might  judge  beft,  for 
fecuring  the  favour  of  the  prince  and  his  confort.  The 
ambafTador  profited  by  thefe  counfels  and  benefa6tions. 
He  was  already  fure  of  the  Grand  Duchefs^s  heart,  and 
he  very  quickly  gained  the  favour  of  her  hufband.  He 
talked  Engllfli  and  German  with  him ;  drank,  fmoked, 
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abufed  the  French,  and  extolled  the  king  of  Pruflia 
with  unlimited  praife. 

The  Grand  Duchefs  was  fo  blinded  by  her  paffion, 
that  fhe  was  never  without  Poniatowflty  in  her  company. 

She  devoted  to  him  the  whole  of  her  time  ;  and  (he 
made  this  intimacy  fo  little  a  fccret,  that  public  report 
was  loud  to  her  prejudice.  In  the  mean  time  fhe  was 
delivered  of  the  Princefs  Anncf,  who  lived  only  fifteen!  February 
months.  The  Grand  Duke  was  the  only  perfon  about  ^15^^ 
court  who  feemed  to  know  nothing  of  vvhat  was  pafting. 

His  whole  time  was  occupied  in  copying,  with  feryile 
affeaatlon,  the  air,  the  manners,  the  tone  of  the  king 
of  Pruilia  ;  and  in  drelTing  a  little  army  at  Oranianbaiim 
in  the  Pruftian  uniform.  .  His  eyes,  however,  were  at 
lad  opened.  Some  of  the  courtiers,  from  hatred  to  the’ 
chancellor,  who  countenanced  the  intrigue  between  the 
Grand  Duchefs  and  the  PolKh  ambaffador,  roufed  his 
jealoufy  in  order  to  deftroy  their  enemy.  They  fuc- 
ceeded.  He  forbade  his  wife  to  be  feen  with  Ponia- 
towficy,  and  prevailed  with  the  emprefs  to  deprive  the 
chancellor  of  his  office,  and  to  banKh  him  to  an  eftate 
which  he  had  i20  verfts  beyond  Mofeow. 

Catharine  had  now  to  fupport  at  once  the  averfion  of 
her  hufband,  the  indignation  of  the  emprefs,  the  in- 
fulting  difdain  of  a  court,  which  a  few  days  before  was 
lavifh  of  its  afliduitles  and  fmiles;  and  what  afflided  her 
moft  of  all,  the  dread  of  lofirg  for  ever  her  favourite  Po- 
niatowfky.  Her  courage,  however,  did  not  forfake  her. 
Poniatowflcy  was  indeed  recalled,  and  left  Ruflia,  after 
fuffering  fome  deferved  indignities  from  the  Grand 
Duke,  who  about  this  time  formed  a  conneftion  with 
one  of  the  daughters  of  the  Senator  VorontzofF,  brother 
to  the  new  chancellor.  This  lady,  Elizabeth  Roma¬ 
novna  VorontzofF,  was  elder  fifter  to  the  Princefs  Dafh- 
koff,  who  afted  fo  confpicuous  a  part  in  the  revolution 
which  fet  the  crown  on  the  head  of  Catharine.  She 
was  beautiful,  but  vain  ;  and  poffeffed  not  either  the  wit 
or  the  underftanding  of  her  fifter. 

In  the  mean  time  the  health  of  the  emprefs  vihbly 
declining,  Catharine  was  very  defirous  of  being  recon¬ 
ciled  to  her:  but  the  irritated  fovereign  would  liften  to 
no  accommodation,  except  on  terms  too  humiliating  for 
the  haughty  fpirit  of  the  Grand  Duchefs.  Catharine, 
therefore,  abfented  herfelf  from  court,  and  aflted  permif- 
fion  to  retire  into  Germany.  This,  as  fhe  had  forefeen, 
was  refufed.  Elizabeth  was  too  fond  of  the  young  Paul 
Petrovitch  to  permit  the  departure  of  his  mother,  and 
thereby  expofe  him  to  the  danger  of  being  at  fome  fu¬ 
ture  period  declared  illegitimate.  She  took  ihe  Grand 
Ii)uchefs  again  into  favour  ;  and  it  is  thought,  that  had 
fhe  lived  a  little  longer  than  fhe  did,  fhe  would  have  ex¬ 
cluded  Peter  from  the  throne,  and  declared  Paul  her 
immediate  fucceftbr. 

Whilit  the  emprefs  was  meditating  the  aggrandile- 
ment  of  the  young  prince  and  his  mother,  the  Grand 
Duke  had  conceived  a  plan  for  degrading  them  both. 

He  had  refolved,  at  the  moment  his  aunt  (hould  clofe 
her  eyes,  to  afl’emble  his  troops,  to  get  himfelf  proclaim¬ 
ed  emperor,  to  repudiate  the  Grand  Duchefs,  to  declare 
the  young  Paul  Petrovitch  illegitimate,  and  publicly 
to  marry  his  miftrefs  Elizabeth  Romanovna  Voront¬ 
zofF.  We  have  fhevvn  elfewhere  (fee  Russia,  n"  72. 
EncycL )  how  this  plan,  when  almoft  ready  to  be  carried 
into  execution,  was  betrayed  to  Catharine,  who,  ever 
fince  her  caballing  with  the  Chancellor  Beftucheff,  had 

refolved, 
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C&tbat'inc.  refolvcd,  by  fome  means  or  other,  to  fiiatch  the  fceptre 
from  the  feeble  hand  of  her  hufband.  At  prefent,  we 
believe  fhe  was  not  acquainted  with  it ;  and  though  flie 
had,  (lie  could  not  now  have  turned  it  to  her  advan- 
taf^e,  as  her  party,  ever  fince  the  difgrace  of  BeftuchefF, 
was  v'ithout  a  leader  of  any  abilities. 

Amid  thefe  dill: rations,  caufed  by  the  profpeft  of  the 
death  of  the  emprefs,  and  the  known  hatred  of  the 
Grand  Duke  and  Duchefs  to  each  other,  Count  Panin, 
preceptor  to  the  young  prince,  devoted  himfelf  entirely 
to  Catharine.  He  wifhed  to  fee  her  pofTeiTed  of  all  the 
power  of  the  empire  ;  but  he  was  afraid  to  proceed  to 
the  extremity  to  which  fhe  propofed  to  go,  and  to  de¬ 
prive  Peter  of  the  name  of  Emperor.  He  contrived 
therefore  to  procure  an  apparent  reconciliation  between 
the  Grand  Duke  and  his  confort,  as  well  as  between  him 
and  hi;i  aunt  Elizabeth ;  and  he  had  almoft  perfuaded 
the  filly  prince  not  to  aflume  the  fovereign  power  on 
the  death  of  the  emprefs,  till  he  fhould  be  lolemnly  in- 
vefted  with  It  by  a  decree  of  the  fenate.  Could  he  ob¬ 
tain  this  point,  he  knew  that  the  power  of  Peter  would 
be  limited,  and  the  authority  fecured  to  his  wife  and  his 
fon.  He  was,  however,  difappoiiited.  Catharine  her- 
felf  difapproved  of  this  plan,  and  concurred  with  the 
real  friends  of  her  hufband  in  advifing  him  “  to  conform 
to  eftablifhed  cuftom  in  affiiming  the  reins  of  empire.” 

He  had  hardly  received  this  advice  when  word  was 
brought  him  that  the  Emprefs  Elizabeth  was  dead  (a)  ; 
and  the  courtiers  preffed  in  crowds  about  him.  He 
aeeofted  them  with  dignity,  received  the  oaths  of  the 
officers  of  his  guard,  and  feemed  at  once  to  have  laid 
alide  his  weaknefs.  In  an  hour  he  got  on  horfeback, 
Iraverfed  the  ftreets  of  St  Peterfburgh,  and  diftributed 
money  among  the  multitude  and  the  foldiers.  He  had 
been  fo  treated  by  his  aunt,  that  he  could  not  poffibly 
be  grieved  at  her  death  ;  but  in  paying  the  laft  duties 
to  her  remains,  he  betrayed  no  indecent  elation.  The 
fir  ft  adlions  of  his  reign  were  prudent  and  patriotic,  and 
fueh  as  would  have  done  honour  to  a  greater  prince. 
He  appeared  to  be  reconciled  to  his  wife,  In  whofe 
company  he  fpent  much  of  his  time  ;  he  recalled  from 
prifon  and  banifhrnenc  i  7,oco  perfons,  fome  of  them  of 
rank  and  of  great  talents,  who  had  been  the  vidlims  of 
Elizabeth’s  jealous  timidity  ;  he  permitted  the  nobility 
to  bear  arms  or  not  at  their  own  difcretlon,  freeing  them 
at  the  fame  time  from  the  extreme  fervitude  under 
which  they  had  been  held  by  his  immediate  predeceT 
fors  ;  and  he  abolifhed  the  fecret  committee,  an  infamous 
inqulfitorlal  tribunal,  which  ever  fince  the  reign  of  the 
father  of  Peter  the  Great  had  been  tlie  chief  engine  of 
Ruffian  defpotifm. 

He  negleded,  however,  one  thing  ;  which,  among 
the  people  over  whom  lie  was  appointed  to  reign,  would 
have  contributed  more  to  the  fecurity  of  his  throne  than 
all  the  v/ife  and  beneficent  edidls  which  he  had  publifh- 
ed.  He  made  no  preparations  to  be  cr'wned  at  Mof- 
cow.  Inftead  of  complying  with  this  ancient  ceremony, 
and  humouring  the  prejudices  of  his  fuperftitloiis  fub- 
jedls,  he  thought  of  nothing  but  of  war  with  Denmark, 
and  of  a  perfonal  interview  with  the  king  of  Pruffia  in 
Germany.  His  admiration  of  that  great  monarch  hur- 
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ried  him  indeed  into  the  moft  extravagant  follies.  Not  Cathanre. 
contented  with  giving  him  peace,  and  entering  into  an 
offenfive  and  defenfive  alliance  with  him,  he  had  the 
meannefs  to  folicit  a  comraiffion  in  his  army,  and  to  ac¬ 
cept  of  the  rank  of  major-general.  Of  this  title  he  feem¬ 
ed  more  vain  than  of  that  of  Emperor  of  all  the  Riif- 
fias.  He  conftantly  wore  the  Pniffian  uniform  ;  intro- 
duced  among  his  troops  the  Pruffian  dlfcipline,  which, 
though  better  than  their  owm,  was  difagreeable,  becaufe 
it  was  new,  and  much  more  becaufe  it  was  German  5 
and  he  ralfed  his  uncle,  a  man  of  no  military  talents,  and 
a  foreigner,  to  the  dignity  of  generaliffimo  of  the  Ruf¬ 
fian  armies  ;  giving  him  at  the  fame  time  the  particular 
command  of  the  horfe-guards,  a  body  of  men  which  had 
never  before  been  under  any  command  but  that  of  the 
fupreme  head  of  the  empire.  Nor  did  his  infatuated 
predilection  for  Germany,  a  country  abhorred  by  the 
Ruffians,  ftop  even  here  :  Pie  dlfbanded  the  noble  guards 
which  had  placed  Elizabeth  on  the  throne,  difmifled 
the  horfe-guards  from  the  fervice  whieh  they  performed 
at  court,  and  fubftituted  his  Holftein  guards  in  their 
place. 

Whilft  he  was  thus  alienating  from  himfelf  the  affec¬ 
tions  of  the  army,  he  contrived  to  difguft  another  or¬ 
der  of  men,  whofe  attachment  he  flioiild  have  laboured 
above  all  things  to  retain.  He  was  at  pains  to  fhew  his 
preference  of  the  Lutheran  faith  and  worfhlp  to  the 
doCIrines  and  ceremonies  of  the  Greek  church  ;  he  at¬ 
tempted  to  make  fome  alterations  in  the  drefs  of  the 
monks  ;  he  annexed  great  part  of  the  poffeffions  of  the 
church  to  the  domains  of  the  crown  ;  and  he  banifhed 
the  archbifhop  of  Novogorod,  who  oppofed  thefe  Inno¬ 
vations  ;  and  found  himfelf  obliged  fuddenly  to  recal 
him. 

He  had  now  returned  to  his  former  courfes.  He 
(hut  himfelf  up  for  whole  days  with  his  miftrefs  and 
drunken  companions  ;  he  compelled  the  nobility  and 
ladies  of  the  court  to  fit  in  company  with  buffoons  and 
comedians  ;  he  infulted  every  foreign  miniiter  but  the 
minifters  of  Great  Britain  and  Pruffia  ;  and  he  made  no 
fecret  of  his  intention  to  repudiate  the  emprtfs,  declare 
Paul  Petrovitch  illegitimate,  and  marry  the  Countefs 
Vorontzoff.  Convinced,  however,  as  it  would  feem, 
that  he  could  not  be  a  father,  he  refolved  to  adopt 
Prince  Ivan,  the  defeendant  of  the  elder  brother  of  Pe¬ 
ter  the  Great,  whom  Elizabeth  had  dethroned  and  confi¬ 
ned  in  prifon;  to  declare  him  his  fiieceffor;  and  to  unite 
him  In  marriage  with  the  young  prlncefs  of  Holftein 
Beck,  who  was  then  at  St  Peterfburgh,  and  w'hom  he 
cherlftied  as  his  daughter. 

This  inconfiftent  and  weak  condu£l  of  the  emperor 
turned  the  attention  of  all  orders  of  men  to  the  em¬ 
prefs,  who  made  it  her  foie  employment  to  gain  thofe 
hearts  which  he  was  lofing.  Inftru6Ied  from  her  in¬ 
fancy  in  the  arts  of  diffimulation,  It  was  not  difficult  for 
her  to  affeft,  in  the  fight  of  the  multitude,  fentiments 
the  moft  foreign  to  her  mind.  The  pupil  of  the  French 
philofophers  put  on  the  air  of  a  bigot  to  the  moft  fu- 
perftltious  ceremonies  of  the  Greek  religion,  and  treat¬ 
ed  the  minifters  of  that  religion  with  the  profoundeft 
reverence.  And  whilft  her  hufband  was  getting  drunk 
A  a  2  amidft 


(a)  Chriflmas-day  1761  according  to  the  Ruffian  calendar,  or  the  5th  of  January  1762  according  to  ours. 
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anu*da  a  rabble  of  buffoons,  and  difgnfting  every  perfon 
of  decency  who  approached  him,  flie  kept  her  court 
with  a  mixture  of  dignity  and  affability,  which  attradf- 
ed  to  her  all  who,  by  capacity,  courage,  or  reputation, 
were  capable  of  ferving  her. 

Correiff,  however,  as  her  public  condudl  appeared, 
her  private  life  was  not  lefs  licentious  than  formerly. 
Vv^hile  yet  Grand  Duchefe,  fhe  had  formed  a  very  ten- 
der  connedlion  with  Gregory  Orloff,  a  man  of  mean 
birth,  and  of  no  education,  but  pofftflcd  at  once  of 
perfonal  beauty  and  the  moft  daring  courage.  He  had 
an  inferior  commiflion  in  the  artillery,  while  his  two 
brothers  were  common  foldiers  in  the  regiments  of 
guards.  The  intrigue  which  fhe  carried  on  wuth  him 
was  known  only  to  one  of  her  women  named  Catharine 
Jvanovna;  nor  did  Oiloff  himfelf  for  fome  time  fufpea 
the  rank  of  the  lady  w’ho  fo  lavifhly  conferred  upon  him 
her  favours  in  fecret.  At  lafl,  finding  him  intrepid  and 
difcreet,  flie  difeovered  herfelf,  unveiled  to  him  all  her 
ambitious  defigns,  and  eafily  prevailed  with  him  and  his 
brothers  to  enter  with  zeal  into  her  confpiracy  againft 
the  emperor.  Orlcff  likewife  gained  over  Bibikoff  his 
friend,  a  Lieutenant  Paflick,  with  other  officers  ;  and  by 
their  means  eafily  feduced  fome  regiments  of  the  guards. 
I'he  Princefs  Daffikoff  was  ftrongly  attached  to  Catha¬ 
rine,  we  believe,  from  worthy  motives,  and  had  frequent 
meetings  with  Orloff  on  the  bufinefs  of  the  confpiracy, 
without  fufpefting  that  he  was  fo  much  as  known  to 
the  emprefs.  Count  Panin,  too,  and  the  Hetman  of 
the  Kofacks,  were  determined  to  tumble  Peter  from  the 
throne ;  but  they  were  not  inclined  to  go  all  the  lengths 
propofed  by  Catharine  and  her  two  ffivoiirites.  Ho¬ 
ping  to  enjoy  the  actual  power  of  the  empire  them- 
felves,  they  were  for  declaring  Paul  Petrovitch  empe¬ 
ror  in  the  room  of  his  father,  and  conferring  upon  his 
mother  the  name  and  authority  only  of  regent ;  while 
the  princefs  and  Orloff,  knowing  the  fentiments  and 
wilhes  of  the  emprefs,  v/ere  refolved  to  veil  her  with 
tovereign  power,  or  to  periffi  themfelves  in  the  hazar¬ 
dous  attempt. 

In  the  mean  lime  the  anniverfary  of  the  patron  faints 
of  Ruffia  was  at  hand,  when  Peter  had  determined,  at 
the  conclufion  of  the  feftival,  to  divorce  the  emprefs, 
fhut  her  up  in  prifon,  declare  her  fon  illegitimate,  and 
publicly  marry  h’s  miflref?.  As  they  who  plan  a  con- 
foiracy  are  always  more  vigilant  than  thofe  againft  whom 
It  is  diredfed,  the  friends  of  Catharine  were  carefully 
informed  of  all  that  pafl'ed  about  the  emperor,  whilft  he 
was  kept  in  total  ignorance  of  their  proceedings.  It 
v/as  therefore  neceftary  for  them  to  unite  in  the  fame 
plan,  and  to  carry  it  quickly  into  execution  ;  for  delay 
or  divifions  would  involve  them  all  in  one  common  ruin. 
The  emprefs  contrived  to  bring  over  the  Hetman  en¬ 
tirely  to  her  views  ;  and  the  Princefs  Dafhkoff,  by  the 
facrifice,  it  has  been  faid,  of  her  charms,  found  little  dif¬ 
ficulty  in  reconciling  Count  Panin  to  the  fame  meafures. 
They  now  agreed  to  feize  the  Tzar  on  his  arrival  at  Pe- 
terhoff,  an  Imperial  palace  on  the  fhore  of  the  Gulf 
of  Cronftedt,  where  he  propofed  to  celebrate  the  ap¬ 
proaching  feftival ;  and  they  were  waiting  impatiently 
for  the  moment  of  adlion,  when  all  at  once  their  plot 
was  difeovered. 

Paffick,  who  has  been  mentioned  among  the  confpi- 
rators,  had  gained  the  foldiers  of  the  company  of  guards 
in  which  he  was  a  lieiuenant ;  but*  one  of  them,  who 


thought  that  his  captain  w^as  in  the  fecrct,  affied  that  Catharine, 
officer  one  evening.  When  they  w'ere  to  take  up  arms "-y— ^ 
againft  the  emperor  ?  The  captain,  furprifed,  had  re- 
courfe  to  diflimulation,  and  eafily  drew  from  the  foldier 
all  that  he  knew  of  the  confpiracy.  It  was  nine  o’clock 
at  night.  Paffick  was  put  under  arreft  ;  but  found 
means  to  flip  into  the  hands  of  a  man  who  had  been 
placed  as  a  fpy  over  him  by  the  Princefs  Daflikcff,  a 
ferap  of  paper  containing  thefe  words,  “  Proceed  to  ex¬ 
ecution  this  inftant,  or  we  are  undone.”  The  man  was 
defired  to  carry  it  to  the  Hetman,  by  whom  he  would 
be  handlomely  rewarded  ;  but  he  hurried  with  it  to  the 
princefs,  who  inflantly  communicated  the  intelligence  to 
the  other  confpirators.  She  hericlf  put  on  man^s  appa¬ 
rel,  and  haftened  to  the  place  where  (he  was  accuftomed 
to  meet  Orloff  and  his  fi lends  ;  where  (he  found  them, 
as  impatient  as  herfelf  to  carry  their  plot  into  imme¬ 
diate  execution. 

During  this  awful  crlfis  the  emprefs  was  at  Peter- 
hoff,  at  the  diftance  of  25  verfts  from  St  Peterlburgh  ; 
and  one  of  the  brothers  of  Gregory  Orloff,  named  A- 
lexius,  undertook  to  find  her  out,  whilft  he  himfelf, 
with  his  other  brother  and  Bibikoff  his  friend,  repaired 
to  the  barracks  for  the  purpofe  of  inftruding  the  fol¬ 
diers  of  their  party  how  to  a6l  on  the  firft  fignal.  A- 
lexius  Orloff  carried  with  him  a  (hort  note  from  the- 
Princefs  Dafhkoff,  but  negle6led  to  deliver  it ;  and  the 
emprefs,  being  fuddenly  roufed  from  a  found  fleep,  was 
much  alarmed,  when  (he  faw  at  the  fide  of  her  bed  a 
foldier  of  whom  fhe  knew  nothing.  Her  alarm  was  in- 
creafed  when  the  ftranger  faid,  “  Your  majefty  has  not 
a  moment  to  lofe  ;  get  ready  to  follow  me  and  in- 
ftantly  difappeared.  She  rofe,  however,  and  calling  her 
woman  Ivanovna,  they  difguifed  themfelves  in  fuch  a 
manner  that  they  could  not  be  known  by  the  fentinels 
about  the  palace  ;  and  the  foldier  returning,  they  hur¬ 
ried  with  him  to  a  coach  which  was  waiting  at  the  gar¬ 
den  gate.  Orloff  took  the  reins,  but  drove  with  fuck- 
fury  that  the  horfes  foon  fell  down  ;  and  they  were 
obliged  to  travel  part  of  the  way  on  foot.  They  had 
not,  however,  gone  far,  when  they  met  a  light  country 
cart ;  and  (he  who  v^as  afpiring  to  the  throne  of  the 
greateft  empire  in  the  world,  was  glad  to  enter  the  ca¬ 
pital  of  that  empire  in  this  humble  vehicle. 

It  was  feven  in  the  morning  when  (he  arrived  in  St 
Peteifburgh:  and  to  the  foldiers,  who  gathered  about 
her  in  great  numbers,  (he  faid,  that  “  her  danger  had- 
driven  her  to  the  neceffity  of  coming  to  afle  their  affift- 
ance  ;  that  the  Tzar  had  intended,  that  very  night,  to* 
put  her  and  her  fon  to  death;  and  that  (he  had  fo  great 
confidence  in  their  dlfpofitions,  as  to  put  herfelf  en¬ 
tirely  into  their  hands.”  They  immediately  (liouted, 

“  Long  live  the  emprefs!”  And  the  chaplain' of  one  of- 
the  regiments  fetching  a  crucifix,  received  their  oaths 
of  fidelity. 

q''he  troops,  however,  were  not  unanimous  in  this  re¬ 
volt.  Though  Gregory  Orloff  was  treafurer  of  the  ar¬ 
tillery,  and  well  enough  beloved  by  the  foldiers,  that 
corps  refufed  to  follow  him  until  he  fliould  produce  the 
orders  of  Villebois  their  general :  and  that  officer,  with¬ 
held  either  by  fidelity  to  the  emperor  or  by  fear,  pre¬ 
fumed  to  fpeak  to  Catharine  of  the  obftacles  which  yet 
remained  for  her  tofurmount;  adding,  that  (he  ought  to 
have  forefeen  them.  She  haughtily  replied,  that  “  (he 
had  not  fent  for  him  to  afle  what  (he  ought  to  have 

forefeen, 
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Cathr^rlne.  forefeen,  but  to  know  how  he  intended  to  To 

obey  your  Majefty,”  returned  Villebois  ;  and  putting 
himfelf  at  the  head  of  his  regiment,  he  immediately  join¬ 
ed  the  confpirators.  So  ripe  indeed  were  the  minds  of 
all  me»  for  this  revolt,  that  in  the  fpace  of  two  hours 
the  emprefs  found  herfelf  fiirrounded  by  2000  warriors, 
together  with  great  part  of  the  inhabitants  of  Peterf- 
bur^h  :  and  with  that  numerous  train  of  attendants  (he 
repaired  to  the  church  of  Kafan,  where  the  archblfhop 
of  Novogorod,  fetting  the  Imperial  crown  on  her  head, 
proclaimed  her  fovereign  of  all  the  Ruflias,  declaring, 
at  the  fame  time,  Paul  Petrovitch  her  fucceffor. 

Matters  had  now  proceeded  by  much  too  far  to  ad¬ 
mit  of  any  compromife  between  Catharine  and  her  huf- 
band  :  but  had  the  infatuated  Tzar  put  his  affairs  whol¬ 
ly  into  the  hands  of  Marlhal  Munich,  that  intrepid  ve¬ 
teran  would  have  tumbled  the  emprefs  from  her  throne 
almoft  as  quickly  as  (he  had  got  pofTeflion  of  it.  He 
s(Eled,  however,  a  very  different  part.  Upon  receiving 
intelligence  of  what  had  been  done  at  St  Peterfburgh, 
he  afleed  indeed  the  Marlhal’s  advice,  but  fuffered  him¬ 
felf  to  be  guided  by  his  miftrefs  and  timid  companions. 
Through  their  terrors  and  his  own  irrefolution  oppor¬ 
tunities  were  loft  which  could  never  be  recovered  ;  for 
thorgh  his  Holftein  guards,  with  tears  in  their  eyes, 
fwore  that  they  were  all  ready  to  facrifice  their  lives  in 
his  fervice,  and  though  the  old  Marftial  offered  to  lead 
them  againft  the  rebels,  faying  to  the  emperor,  I  will 
go  before  you,  and  their  {words  (hall  not  reach  you  till 
they  have  pierced  my  body,”  he  was  perfusded  to  treat 
with  the  empreft,  to  acknowledge  his  mifcondu<fl,  and 
to  offer  to  (hare  with  her  the  fovereign  power.  At 
laft  he  was  w^eak  enough  to  abandon  his  troops,  and  to 
furrender  at  diferetion  to  his  confort  ;  whofe  creatures 
hurried  him  from  Oranienbaum  to  Peterhoff,  dripped 
him  of  all  his  clothes,  and,  after  leaving  him  for  feme 
time  in  bis  fturt,  a  butt  to  the  outrages  of  an  iidolcnt 
foldieiy,  threw  over  him  an  old  morning-gown,  and  (but 
him  up  alone,  with  a  guard  at  the  door  of  his  wretched 
•'July  10.  apartment.  On  the  29th  of  June,  O.  S.*  17(^2,  Count 
Panin  w-as  fent  to  him  by  the  emprefs;  and  after  a  long 
conference,  prevailed  w’ith  him  to  wiite  and  (ign  a  fo- 
lemn  relignation  of  his  crown,  and  a  declaration  of  his 
utter  incapacity  to  govern  fo  great  an  empire. 

The  revolution  was  now  complete,  and  Peter  feemed 
to  enjoy  fome  compofure  of  mind  ;  but  in  the  evening 
he  w'as  carried  a  prifoiier  to  Ropfeha,  a  fmall  Imperial 
palace,  at  the  diflance  of  20  verfts  from  Peterhoff,  where 
he  was  murdered  on  the  17th  of  July,  juft  one  w'ctk  af. 
ter  his  depofiiion.  Of  the  manner  of  his  death  difl'erent 
accounts  have  been  given.  By  fome  he  is  (aid  to  have 
been  poifoned  ;  by  others,  to  have  been  (Irangkd  by  one 
of  the  Orloffs  ;  and  a  few  have  thought  that  he  perifhed 
by  the  fame  means  as  Edward  II.  of  England.  Whe¬ 
ther  the  emprefs  was  acceflbry  to  his  death  is  not  known; 
though  it  is  certain,  that  fo  far  from  making  any  in¬ 
quiry  after  his  murderers,  (he  aftcdled  to  believe  that  he 
had  died  naturally  of  the  piles  ! 

The  firft  care  of  Catharine  was  to  reward  thofe  who 
had  been  the  principal  adlors  in  the  revolt.  Panin  was 
made  prime  miiiiftcr  ;  the  Orloffs  received  the  title  oP 
Count  ;  and  the  favourite  Gregoiy  was  appointed  lieu¬ 
tenant  general  of  the  Ruffian  armies,  and  knight  of  the 
order  of  St  Alexander  Nefsky,  the  fecond  order  of  the 
anpire.  Several  ofEcers  of  the  guards  were  promoted,. 


of  whom  24.  received  conftderable  eftates  ;  and  among  Catharine, 
the  foldiers,  whom  (he  treated  with  the  greateft  affahi- 
lity,  brandy  and  beer  were  liberally  diftributed.  The 
Chancellor  Beftucheff,  who  had  been  the  moft  inveterate 
enemy  of  Peter,  was  recalled  from  his  exile,  reftored  to 
his  rank  of  field- mar(hal,  and  had  an  annual  penfton  fet* 
tied  upon  him  of  20  000  rubles.  To  the  friends  of  the 
emperor  (he  behaved  wuth  great  moderation.  Prince 
George,  wEom  he  had  conftituted  Duke  of  Courland, 
was  indeed  obliged  to  renounce  his  title  ;  but  the  ad- 
miniftration  of  Holftein  was  committed  to  him,  and  he 
ever  after  ferved  the  emprefs  with  zeal  and  fidelity. 

The  news  of  the  revolution  was  foon  fpread  over 
Europe  ;  and  none  of  the  fovereigns,  though  they  knew 
by  what  fteps  Catharine  had  mounted  the  throne,  hefi- 
tated  for  a  moment  to  acknowledge  her  title.  She  was 
not,  however,  at  perfedi  cafe  in  her  own  mind  ;  nor  was 
her  right  recognifed  by  all  her  fubjedls.  Though  (he 
publiihed  manifeftoes,  fetting  forth  the  intentions  of  the 
late  emperor  towards  her  and  her  fon,  which  made  re- 
fiftance  neceffary  ;  though  in  thefe  papers  (he  attribu¬ 
ted  her  elevation  to  the  wilhes  of  her  people  and  the 
providence  of  God  ;  and  though  (he  called  upon  all  w  lio 
were  fincerely  attached  to  the  orthodox  faith  of  the 
Greek  church,  to  confider  the  fudden  death  of  Peter  as 
the  judgment  of  heaven  in  favour  of  the  revolution — yet 
in  the  diftant  provinces  no  exultations  were  heard  ;  both 
foldiers  and  peafants  obferved  a  gloomy  filence.  Even 
at  Mofeow,  fo  great  was  the  difaffedlion  to  Catharine’s 
government,  that  it  was  fome  time  before  (he  could  ven¬ 
ture  to  go  to  that  city  to  be  crowned  ;  and  (he  found 
in  it  at  laft  fo  cold  a  reception,  that  (he  very  quickly 
returned  to  St  Peterlhiirgh. 

Nor  was  this  the  only  caufe  of  her  uneafinefs.  The 
connedion  between  Orloff  and  her  became  vifible,  and 
gave  juft  offence  to  her  other  friends.  I’he  princefs  of 
l)a(hko(f  firft  perceived  it  ;  and  when  (he  prefumed  to 
expoftulate  with  the  emprefs  on  the  meannefs  and  im¬ 
prudence  of  her  pallion,  (he  was  banKhed  from  the 
court  to  Mofeow.  Count  Panin  and  the  Hetman  faw 
with  indignation  that  they  had  dethroned  the  grandfon 
of  Peter  the  Great,  to  aggrandife  a  rude  and  low-born 
iipftart.  Cabals  and  confpiracies  were  entered  into  by 
high  and  low,  both  againft  Catharine  and  againft  her 
(avourite  ;  and  it  required  all  her  abilities  and  firmnefs  > 
to  preferve  at  once  her  throne  and  her  lover.  On  one 
occafion  (he  hoped  to  obtain  from  the  Princefs  Dafii- 
koff  fufHcient  proof  that  Panin  and  the  Hetman  or  the 
liofacks  were  concerned  in  a  plot  which  hadju^l  been 
diicovered ;  and  with  this  view  (he  v/rote  to  her  a  letter 
of  four  pages,  filled  wnth  the  moft  tender  epithets  aiid 
the  moft  magnificent  prornifes,c(  njuring  her  in  the  name 
of  their  long-ftanding  friendfliip,  to  reveal  what  ilie 
knew  of  the  recent  confpiracies.  With  becomir'g; 
namity,  the  princefs  replied,  “  Madam,  1  have  heard 
nothing  ;  but  if  I  had  heard  any  thing,  I  (houlii  t;:ke 
good  care  how  I  fpoke  of  it.  What  is  it  you  require 
of  me  ?  That  I  (liould  expire  upon  a  fcaffold  ?  1  -arn 

ready  to  mount  it.” 

Catharine,  ciefpairlng  of  conquering  fuch  a  fonit,  at¬ 
tempted  to  attach  to  her  thole  whom  (he  da^ed  n  t 
puni(h.  Some  of  the  inferior  conlpirators  were  b  iinft:- 
ed  to  Siberia,  while  Panin  and  the  Pletman,  whom  (he 
moft  di'eaded,  received  additional  marks  of  her  favour. 

In  the  mean  time,  to  gain  the  afledlions  of  the  people. 
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Catolne,  at  large,  (he  paid  the  utmoft  attention  to  the  adminiftra* 

- - - tion  of  juftlce  ;  formed  magnificent  eftablifhments  for 

the  edneatien  of  the  youth  of  both  fexes  ;  founded  hof- 
pitals  for  orphans,  for  the  fick,  and  for  lying-in  women; 
invited  foreigners  of  a^l  nations,  poffeffed  of  any  merit, 
to  fettle  in  different  parts  of  her  vaft  territories;  increa- 
fed  the  naval  force  of  the  empire  ;  and  gave  fuch  en- 
couragement  to  the  cultivation  of  every  elegant  and  ufe- 
ful  ait,  that  in  the  fhort  fpacc  of  a  year  and  a  half  from 
her  acceffion  to  the  throne,  the  national  improvement  of 
Ruffia  was  vifible. 

In  the  good  fortune  and  glory  of  Catharme,  no  one 
rejoiced  more  fincerely  than  Count  Poniatowflcy.  He 
approached  towards  the  confines  of  Ruflia,  and  wrote 
to  her  in  the  tendereft  flyle  of  congratulation,  requefl- 
ing  permiffion  to  pay  his  refpeds  to  her  in  the  capital 
of  her  empire.  It  is  not  improbable  that  he  flattered 
himfelf  with  the  hopes  that  fhe  would  give  him  her 
hand  in  marriage,  and  thus  raife  him  to  the  throne  of 
the  Tzars  ;  but  fhe  had  promifed  to  the  Emprefs  Eli¬ 
zabeth,  tint  fhe  woul^  never  again  fee  the  count ;  and 
to  that  promlfe  fhe  at  piefent  adhered.  She  wrote  to 
him,  however,  in  the  moft  affedionate  terms  ;  and  tho’ 
Ihe  gavt'  him  no  encouragement  to  repair  to  St  Peterf- 
burgh,  fl  e  affured  him  that  fhe  had  other  profpeds  in 
view  for  hh  aggrandifemeiit,  and  that  he  might  depend 
upon  her  perpetual  fiiendfhip  :  and  flie  focn  appeared 
to  be  -H  good  as  her  word.  On  the  death  of  Auguftus 
HI.  raifed  her  former  favourite  to  the  throne  of 

Poland;  in  oppofition  to  the  wifhes  of  the  courts  of 
Vienna  and  Verfailles,  as  well  as  of  a  great  majority  of 
the  Polfh  nobles.  She  defeated  the  intrigues  of  the 
two  foreign  courts  by  more  flcllfully  conduced  intrigues 
of  her  own  ;  and  by  pouring  her  armies  into  the  re¬ 
public,  fhe  fo  completely  overawed  the  nuncios,  that 
Poniatowfl<y  was  chofen  by  the  unanimous  fuffrages  of 
the  diet  which  met  for  the  eledlion  of  a  foverelgn  ;  and, 
on  the  7th  of  September  1764,  was  proclaimed  King 
of  Poland  and  Grand  Duke  of  Lithuania,  by  the  name 
of  Staniflaus  Auguflus. 

Whilft  file  was  thus  difpofing  of  foreign  kingdoms, 
file  was  kept  under  perpetual  dread  of  being  tumbled 
from  the  throne  of  her  own  vaft  empire.  Her  want 
of  title  to  that  throne  was  now  feen  by  all  ranks  of  her 
fubjeds  :  the  good  qualities  of  Peter  the  third  were 
remembered,  and  his  failings  and  faults  forgotten.  His 
fate  was  univerfally  lamented  ;  and,  except  the  confpi- 
rators,  who  may  be  faid  to  have  embrued  their  hands 
in  his  blood,  there  was  hardly  a  Ruffian  who  did  not 
regret  that  the  fovereignty  had  paffed  from  the  ancient 
family  of  the  Tzars  to  a  foreigner,  allied  only  by  mar- 
riage  to  the  blood  royal.  Even  the  confpirators  them- 
felves  had  loft  much  of  their  regard  for  Catharine. 
The  priiicefs  of  Dafhkoff  was  a  fecond  time  banifhed 
to  Mofeow  ;  and,  to  magnify  her  own  importance,  fhe 
fpoke  freely  of  the  means  by  which  the  emprefs,  whom 
file  accufed  of  ingratitude,  had  been  raifed  to  the  throne. 
The  inhabitants  of  Mofeow,  who  never  favoured  the 
ufurpation,  were  thus  made  ripe  for  a  revolt.  At  St 
Peterfburgh,  Count  Panin  felt  himfelf  uneafy  under  the 
predominant  influence  of  the  favourite,  and  tried  in  vain 
to  divert  Catharine’s  affe<5lions  to  a  new  objedl.  She 
received  a  few  fecret  vifits  from  a  handfome  young  man, 
and  then  appointed  him  to  a  lucrative  and  honourable 
employment  in  forae  diftant  province  of  the  empire ; 


when  OrlofF  recovered  his  former  afeendeney,  which  Catharine* 
through  his  own  careleffnefs  he  had  nearly  loft.  In 
this  date  of  the  public  mind,  confpiracies  v/ere  very 
frequent ;  and  as  the  general  objeA  of  them  was  to 
place  on  the  throne  Prince  Ivan,  who  v/as  again  lan- 
giiifhing  in  the  dungeon  from  which  Peter  had  taken 
him,  the  emprefs  had  given  to  his  guard  an  order,  fign- 
ed  by  her  own  hand,  to  put  that  unfortunate  prince  to 
death,  fhould  any  attempt  be  made  to  liberate  him  from 
his  prifon.  An  attempt  was  made  by  a  very  inferior 
officer,  as  fome  have  fuppofed,  by  the  inftru(!ftions  of 
Catharine,  and  her  bloody  order  was  inftantly  obeyed. 

The  affafiins  were  rewarded,  and  promoted  in  the  ar¬ 
my;  but  the  officer  who  attempted  to  refeue  the  prince 
was  condemned  to  death,  and  fuffered  unexpecSledly  the 
fentence  of  the  law.  1  he  brothers  and  lifters  of  Ivan, 
who  had  been  kept  in  a  prifon  different  from  his,  were 
fent  to  Denmark  ;  and,  to  provide  them  with  necef- 
faries  fuitable  to  their  rank,  the  emprefs  made  them  a 
prefent  of  200,000  rubles,  and  paid  annually,  to  the 
maintenance  of  their  dignity,  a  penfion  of  thirty  thou- 
fand. 

The  throne  of  Catharine  was  now  firmly  eftablifhed, 
by  the  death  or  renunciation  of  every  perfon  who  was 
defeended  of  the  imperial  family;  and  fhe  had  leifurc 
to  turn  her  thoughts  to  the  aggrandifement  of  the  em¬ 
pire.  It  was  foon  feen  that  this  was  the  objedl  which 
fhe  had  in  view  when  fhe  laifed  Count  Poniatowfky  to 
the  throne  of  Poland,  and  that  fhe  was  not  actuated  on 
that  occafion  by  any  remains  of  her  former  attachment. 

We  have  elfewhere  fhewn  (fee  Poland,  EncycL  n°  98 
—  *15)  under  what  pretences  fhe  invaded  the  kingdom 
of  him  who  had  formerly  been  one  of  her  moft  favour¬ 
ed  lovers,  and  by  what  means  fhe  annexed  great  part 
of  it  to  the  territories  of  Ruffia.  But  it  is  not  through 
her  wars  that  in  this  article  we  mean  to  trace  her  cha¬ 
racter ;  It  is  not  as  a  fovereign  and  heroine  that  her 
life  is  entitled  to  a  place  in  a  general  repofitory  of  arts, 
fciences,  and  mifcellaneous  literature,  but  as  a  patronefs 
of  art  and  of  fcience,  and  as  the  legiflatrlx  of  a  vaft  em¬ 
pire,  who  employed  all  her  talents  and  all  her  power 
for  the  civilization  of  a  great  part  of  the  human  race. 

Under  the  article  Russia  {EncycL)^  we  have  men¬ 
tioned  the  famous  code  of  laws  for  a  great  empire^  and 
the  propofed  convention  of  deputies  from  all  the  clajfes^ 
which  Catharine  and  the  Princefs  Dafhkoff  fo  artfully 
employed  as  means  to  bring  about  the  revolution  which 
feated  the  former  on  the  throne.  The  ftates  aClually 
met  in  the  ancient  capital  of  the  empire,  and  the  fove- 
reign’s  inftruCfions  for  framing  a  new  code  of  laws  was 
read  amidft  reiterated  burfts  of  applaiife.  All  prefent 
extolled  the  fagacity,  the  wifdom,  the  humanity  of  the 
emprefs  ;  but  fear  and  flattery  had  a  greater  fhare  in 
thefe  exclamations  than  any  juft  knowledge  of  the  fub- 
jeCf.  The  deputies  of  the  Samoides  alone  had  the 
courage  to  fpeak  freely.  One  of  them  ftood  up,  and, 
in  the  name  of  himfelf  and  his  brethren,  faid,  “  We  are 
a  Ample  and  honeft  people.  We  quietly  tend  our  rein¬ 
deer.  We  are  In  no  want  of  a  new  code ;  but  make 
laws  for  the  Ruffians,  our  neighbours,  that  may  put  a 
ftop  to  their  depredations.”  The  following  fittings 
did  not  pafs  fo  quietly.  A  debate  about  the  liberation 
of  the  boors  was  carried  on  with  fuch  warmth,  that  fa¬ 
tal  confequences  were  to  be  apprehended  ;  and  the  de¬ 
puties  were  dlfmiffed  to  their  refpeCtive  provinces  in 
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Catharine,  the  manner  which  we  have  elfewhere  related.  Previ- 
'  *  ous,  however,  to  the  difTolution  of  this  affembly,  the 
members  were  required  to  fignalize  the  meeting  by 
fome  confpicuous  ad  of  gratitude  ;  and,  by  a  general 
acclamation,  the  titles  of  Great,  Wise,  Prudent, 
and  Mother  of  the  Country,  were  decreed  to  the 
emprefs.  With  affumed  modefty  fhe  accepted  only  of  the 
laft,  “  as  the  moft  bentgn  and  glorious  recompence  for 
her  labours  and  folicitudes  in  behalf  of  a  people  whom 
fhe  loved.^’ 

For  that  people  fhe  did  indeed  labour,  and  labour 
moft  ufefully.  She  introduced  into  the  admlnlflration 
of  juUlce  the  gre  itefl  reformation  of  which  the  half  ci¬ 
vilized  date  of  RufTia  v/ould  perhaps  admit.  She  fpa- 
red  neither  trouble  nor  expence  to  diffufe  over  the  em¬ 
pire  the  light  of  fclence,  and  the  benefits  of  ufeful  and 
elegant  arts ;  and  fhe  proteded,  as  far  as  fhe  could,  the 
poor  from  the  opprefTions  of  the  rich.  About  the 
middle  of  1  767,  fhe  conceived  the  idea  of  fending  feve- 
ral  learned  men  to  travel  through  the  interior  of  her 
vafl  dominions,  to  determine  the  geographical  pofition 
of  the  principal  places,  to  mark  their  temperature,  and 
to  examine  into  the  nature  of  their  foil,  their  vegetable 
and  mineral  produdfions,  and  the  manners  of  the  peo¬ 
ple  by  whom  they  were  inhabited.  To  this  employ¬ 
ment  fhe  appointed  Pallas,  Gmelin,  Euler,  and  many 
others  of  the  higheft  eminence  in  the  republic  of  letters  ; 
from  whofe  journals  of  thcfe  interefting  travels  large 
additions  have  been  made  to  the  general  ftock  of  ufe¬ 
ful  knowledge.  This  furvey  of  the  empire,  and  the 
maps  made  from  it,  had  Catharine  done  nothing  elfe, 
would  alone  have  been  fufficlent  to  render  her  name  im¬ 
mortal.  Well  convinced  in  her  own  mind,  that  it  is 
not  fo  much  by  the  power  of  arms,  as  by  precedence 
in  fcience,  that  nations  obtain  a  confpicuous  place  in 
the  annals  of  the  world,  with  a  laudable  zeal  flie  en¬ 
couraged  artifts  and  fcholars  of  all  denominations.^  She 
granted  new  privileges  to  the  two  academies  of  fciences 
and  the  arts  ;  encouraged  fuch  of  the  youth  as  had  be¬ 
haved  well  in  thefe  national  inftitiites,  to  travel  for  far¬ 
ther  improvement  over  Europe,  by  bellowing  upon  them, 
for  three  years,  large  penfions  to  defray  their  expcnce  ; 
and,  to  remove  as  much  as  poflible  the  Riiflian  pre¬ 
judice  againft  all  kinds  of  learning,  fhe  granted  patents  of 
nobility  to  thofe  who,  during  their  education,  had  con¬ 
duced  themfelves  with  propriety,  and  become  profi¬ 
cients  in  any  branch  of  ufeful  or  elegant  knowledge. 
Still  farther  to  encourage  the  fine  arts  in  her  domi¬ 
nions,  fhe  Effigned  an  annual  furn  of  5000  rubles  for 
the  tranflatiori  of  foreign  literary  works  into  the  Ruffian 
language. 

In  the  year  1768,  the  fmall-pox  raged  at  St  Peterf- 
bmgh,  and  proved  fatal  to  vafl  numbers  of  all  ranks 
and  of  every  age.  The  emprefs  was  defiroiis  to  intro¬ 
duce  the  praCice  of  inoculation  among  her  fubjeCc ; 
and  refolved  to  fet  the  example  by  having  herfelf  and 
her  fon  inoculated,  With  this  view,  fhe  applied  for  a 
phyfician  from  England :  and  Dr  Thomas  Dimfdale  of 
Hertford  being  recommended  to  her,  he  repaired  with 
his  fon  to  the  capital  of  Ruffia,  where  he  inoculated 
firfl  the  emprefs,  then  the  grand  duke,  and  afterwards 
many  of  the  nobility.  The  experiment  proving  fuc- 
cefsful,  he  was  created  a  baron  of  the  empire,  appoint¬ 
ed  aCual  counfellor  of  flate,  and  phyfician  to  her  impe- 
rialmajefty,  with  a  penfion  of  L.  300  fterling  a-year,  to 
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be  paid  him  in  England,  befides  L.  10,000  which  he  im-  Catharine.^ 
mediately  received.  So  popular  was  the  emn  tls  at 
this  period,  that,  by  a  decree  of  the  fenate,  the  arni- 
verfary  of  her  recovery  from  the  fmall  pox  was  enjoin¬ 
ed  to  be  celebrated  as  a  religious  fefllval ;  and  ir  has 
ever  fince  been  obferved  as  fuch. 

She  was  now  engaged  in  war  with  the  Turks  of 
which  a  fufficlent  account  for  a  work  of  this  nature  has 
been  given  under  the  title  Turkey  (Encycl)\  but 
there  was  one  tranfaCion  of  her  and  her  friends,^  of 
which  no  mention  was  made  in  that  article,  though  it  is 
of  Importance  to  him  who  would  form  a  juft  eftimate 
of  her  perfonal  chara£ler 

We  have  noticed  the  fenfuality  of  the  emprefs  Eliza¬ 
beth.  She  bore  three  children  to  the  grand  veneur 
Alexey  Gregorievitch  RazumofFilcy,  to  vj’hom,  indeed, 

Ihe  is  fald  to  have  been  clandeftinely  married.  Of  thefe 
children  the  youngeft  was  a  girl,  brought  up  under  the 
name  of  Princefs  Tarrakanoff.  Prince  Radzivij,  who 
has  been  mentioned  in  the  article  Poland  ( Encycl. ) ^ 
irritated  at  Catharine’s  cruelties  to  his  countrymen, 
conceived  the  projed  of  placing  the  young  princefs  on 
the  throne  of  her  anceftors  ;  and,  having^  gained  over 
the  peifons  to  whom  her  education  was  intrufted,  lie 
carried  her  off  to  Rome  as  a  place  of  fafety.  Catha¬ 
rine,  in  return,  feized  his  large  eftates  ;  and  he  and  the 
princefs  were  reduced  to  extreme  poverty.  Radzivil 
repaired  to  Poland  in  order  to  learn  what  could  be  done 
to  forward  his  great  enterprife  ;  and  fcarcely  had  he  ar¬ 
rived  there  when  an  offer  was  made  to  reftore  to  him  his 
poffeffions,  upon  condition  of  his  carrying  his  ward  to 
St  Peterfburgh.  This  he  refiifed  :  but  had  the  bafe- 
nefs  to  promife,  that  he  would  give  himfelf  no  farther 
concern  about  the  daughter  of  &izabeth  ;  and  he  was 
put  in  poffeffion  of  all  his  eftates. 

By  the  inftrudlions  of  the  emprefs,  Alexius  Orloff, 
who  nominally  commanded  the  Ruffian  fleet  at  the  Dar¬ 
danelles,  repaired  to  Rome,  got  accefs  to  young  Tar¬ 
rakanoff,  and  found  means  to  perfiiade  her  that  all  Riif- 
fia  was  ready  to  revolt  from  Catharine,  and  place  her  * 

on  the  throne  of  her  mother.  To  convince  her  of  his 
fincerity,  he  pretended  to  feel  for  her  the  tendereft  and 
moft  refpe£lful  paflion  ;  and  the  unfufpicious  lady  was 
induced  to  accept  of  him  as  a  hufband.  The  ruffian 
who  had  affaffinated  the  grandfon  of  Peter  the  Great, 
did  not  hefitate  to  feduce  and  betray  his  grand  daughter. 

Under  pretence  of  having  the  marriage  ceremony  per¬ 
formed  according  to  the  rites  of  the  Greek  church,  he 
fuborned  fome  fubaltern  villains  to  perfonate  priefts  and 
lawyers  ;  thus  combining  profanation  with  impofture 
againft  the  unprotected  and  too  confident  Tarrakanoff. 

Having  been  treated  for  fome  days,  both  at  Rome 
and  at  Leghorn,  with  all  the  refpeCt  due  to  a  fovereign, 
the  unfufpeCting  princefs  expreffed  a  wifh  to  go  on 
board  a  Ruffian  fhip  of  war.  This  was  juft  what  Or¬ 
loff  wanted.  Attended  by  a  numerous  and  obfeqiiious 
train,  fhe  was  rowed  from  the  fhore  in  a  boat  with  mag¬ 
nificent  enfigns,  hoifted  upon  the  deck  of  the  fhip  in 
a  fplendid  chair,  and  immediately  handcuffed.  In  vain 
did  fhe  throw  herfelf  at  the  feet  of  her  pretended  huf¬ 
band,  and  conjure  him  by  every  thing  tender  which 
had  paffed  between  them.  Slie  was  carried  down  into 
the  hold  ;  the  next  day  the  veffel  failed  for  St  Peterf¬ 
burgh  ;  where,  upon  her  arrival,  the  princefs  was  fhut 
up  in  the  fortrefs  j  and  what  became  of  her  fince  was 

never 
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Catharine,  never  known.  Such  were  the  mentis  which  Catharine 

V— icrupled  not  to  employ  in  order  to  get  rid  of  all  pre¬ 
tenders  to  her  throne. 

Soon  after’  this  fervice  rendered  to  her  by  Alexius 
OrlolF,  (he  difniiffed  his  bnither  Gregory  from  her  fa¬ 
vour,  and  conne<5led  hcrCelf  with  VaiTiltchikoff,  a  fub- 
lieuten^nt  of  the  guard?.  The  former  favourite  had 
indeed  i^ecome  infolent,  and,  as  Catharine  thought, 
ungrateful.  He  afpired  to  nothing  lefs  than  the  throne. 
From  love  to  himfelf,  and  to  a  fon  which  fhe  had  born 
to  him,  fhe  offered  to  enter  into  a  fecret  marriage  ;  but 
with  this  propofal  the  proud  prince  (a)  was  not  fatis- 
ficd,  and  hoped  that  his  refufal  would  impel  her  to  re¬ 
ceive  him  publicly  as  her  hufband  and  partner  in  power. 
He  was  miftaken.  She  di veiled  him  of  all  his  employ¬ 
ments ;  but  gave  him  a  penfion  of  150,000  rubles,  a 
bandfome  fervice  of  plate,  and  an  edate  with  6000  pea- 
fants  upon  it ;  and,  thus  enriched,  he  fet  out  upon  a 
journey  through  various  parts  of  Europe.  He  return¬ 
ed,  however,  much  fooner  than  was  expended  ;  the  new 
favourite  was  handfomely  rewarded,  and  fent  to  a  dif- 
tance  ;  Orloff  was  reflored  to  all  his  offices,  and  his 
baleful  influence  was  again  felt. 

He  attempted  to  perfuade  the  emprefs  to  difmifs 
Panin  from  the  court ;  but  the  grand  duke  interpofed 
in  behalf  of  his  old  preceptor  ;  and,  for  once,  Catharine 
liftened  to  the  entreaties  of  her  fon.  When  a  dreadful 
rebellion,  under  a  Kofak  of  the  name  of  PugetfhofF, 
who  pretended  to  be  Peter  III.  efcaped  from  his  af- 
faffins,  was  (baking  the  throne  to  its  foundation — the 
influence  of  Orloff  was  fuch  as  to  prevent  the  emprefs, 
for  fome  time,  from  employing  her  ableft  general  againft 
the  rebels,  becaufe  that  general  was  Panin,  brother  to 
the  minifler.  Danger,  however,  at  laft  prevailed  over 
the  favourite  :  Panin  was  fent  againfl  PugetfhofF ;  the 
rebellion  was  crufhed  ;  and  Catharine  found  leifure  to 
give  fomething  like  a  legal  conftitution  to  the  empire.  In 
that  work,  the  laws  and  regulations  eftablifhed  for  the  go¬ 
vernment  of  the  various  provinces,  and  for  the  equitable 
admin  iftration  of  juftice  through  the  whole  of  her  vafl  do¬ 
minions,  evinces  the  greatefl  wifdom  and  fagacity  in  their 
author,  as  well  as  a  proper  regard  to  the  pradicable  li¬ 
berties  and  rights  of  men.  In  the  capital,  fhe  eflablifh- 
ed  the  mod  perfeA  police,  by  which  the  internal  tran- 
qiiillity  of  a  great  city  was,  perhaps,  ever  maintained  ; 
and  whilfl  her  private  condud  was  far  from  corre£l,  fhe 
was  ading  in  the  capacity  of  fovercign,  fo  as  to  de- 
ferve,  indeed,  the  appellation  of  Mother  of  her  people. 

To  follow  her  through  all  her  wars  and  intrigues 
wnth  foreign  courts,  would  fwell  this  article  to  the  fize 
of  a  volume.  Such  a  narrative,  too,  belongs  rather  to 
the  hiflory  of  Ruffia  than  to  the  memoirs  of  Catharine; 
in  which  it  is  the  bufinefs  of  the  biographer  to  deve¬ 
lop  the  private  charader  of  the  woman,  rather  than  to 
detail  the  exploits  of  the  fovereign.  Her  partition  of 
Poland,  and  afterwards  the  annihilation  of  It  as  an  in¬ 
dependent  republic  ;  her  encroachments  on  the  territo¬ 
ries  of  the  grand  fignior  ;  her  formation  of  the  armed 
neutrality ;  the  influence  which  fhe  maintained  over  the 
courts  of  Sweden  and  Denmark  ;  and  the  art  with 
which  fhe  threw  the  weight  of  Ruffia  fometimes  into 
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the  fcale  of  Audria,  and  fometimes  into  that  of  Pruffia,  Catharine, 
jud  as  the  intereds  of  her  own  dominions  required  the  — ‘V’*^ 

one  or  the  other  to  preponderate — fhew  how  admirably 
fhe  was  qualified  to  guide  the  helm  of  a  great  empire 
in  all  its  tranfadlons  with  foreign  dates.  We  fpeak 
not  of  the  equity  of  her  proceedings  ;  for  It  mud  be 
confefTed,  that  equity  formed  no  barrier  againfl  her  am¬ 
bition  ;  and  that  fhe  never  failed  to  fubjugate  thofe 
whom  fhe  pretended  to  take  under  her  prote<S:ion.  Her 
ruling  paffion  was  to  enlarge  her  own  territories,  al¬ 
ready  fo  very  extenfive  ;  and,  for  the  attainment  of  that 
objefl,  fhe  contrived  the  mod  judicious  plans,  which 
fhe  executed  with  vigour.  In  this  part  of  her  condiufl, 
however,  fhe  has  been  equalled  by  other  monarchs ;  but 
in  the  zeal  and  the  wifdom  with  which  fhe  endeavoured 
to  introduce  among  her  half-favage  fubjeds  the  blef- 
fings  of  knowledge  and  indudry,  flie  (lands  unrivalled, 
except,  perhaps,  by  her  predecefibr  Peter  the  Great. 

Of  this  we  need  bring  no  other  proof,  in  addition  to 
what  has  been  already  dated,  than  that  fhe  founded  in 
St  Peter fburgh  alone  thirty-one  femlnarles,  where  6800 
children  of  both  fexes  were  educated  at  the  annual  ex¬ 
pence  to  the  government  of  754>335  rubles.  She  fu- 
perlntended  herfelf  the  education  of  her  grandchildren, 
and  wrote  for  them  books  of  indru6lion.  If  It  be  true, 
that  “  every  man  acquainted  with  the  common  principles 
of  human  a6lIon,  will  look  with  veneration  on  tlie  wri¬ 
ter  who  is  at  one  time  combating  Locke,  and  at  another 
making  a  catechifm  for  children  in  their  fourth  year 
with  what  veneration  fhould  we  look  upon  the  emprefs 
of  Ruffia,  could,  we  forget  the  means  by  which  fhe  ob¬ 
tained  that  elevation  from  which  fhe  frequently  defeend- 
ed  for  a  fimilar  employment :  This  fhe  did,  not  for  her 
own  defendants  alone,  but  alfo  for  the  children  of 
others  ;  of  whom  fhe  had  always  a  great  number  in  her 
apartments,  who  fhared  in  the  indrudion  given  to  her 
grandchildren,  and  whofe  carefFes  fhe  returned  with  ex¬ 
treme  complalfance. 

Her  greated  weaknefs  was  furely  that  grofs  paffion 
which  her  panegyrids  have  dignified  with  the  name  of 
love  ;  but  to  fuch  an  appellation  it  had  no  claim,  if 
love  be  any  thing  more  than  a  fexual  appetite.  Befides 
Gregory  Orloff,  fhe  had  not  fewer  than  ten  favourites 
after  the  death  of  her  hiifband  ;  and  of  thefe  fhe  feems 
to  have  felt  a  refined  affedion  for  none  but  Lanfl<oi,  a 
young  Pole  of  a  very  ancient  family,  and  of  elegant 
manners,  and  the  famous  Potemkin,  to  whom  fhe  is 
faid  fecretly  to  have  given  her  hand,  and  who  prefer- 
ved  her  friendfhip,  If  not  her  affcdlon,  to  the  end  of 
his  life.  To  Lanffioi,  whofe  education  had  been  much 
negleded,  fhe  condefeended  to  become  preceptrix  ;  and, 
as  he  made  great  progrefs  in  the  acquifitlon  of  ufeful 
knowledge,  fhe  admired  in  him  her  own  creation.  Po¬ 
temkin,  though  not  amiable,  deferved  her  favour  for 
the  fidelity  and  abilities  with  which  he  ferved  her,  both 
in  the  council  and  in  the  field  ;  and  in  him,  when  fhe 
had  ceafed  to  look  on  him  with  the  eyes  of  love,  flic 
refpedled  the  intriguing  politician  and  intrepid  com¬ 
mander,  who  had  formed  plans  for  driving  the  Turks 
out  of  Europe,  and  fetting  her  on  the  throne  of  By-- 
zantium.  Her  other  favourites  had  nothing  to  recom¬ 
mend 


(a)  She  had  fome  time  before  obtained  for  him  a  patent,  creating  him  a  prince  of  the  Roman  empire^ 
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Catharine,  mend  them  but  mafculine  beauty  and  corporeal  ftrength.  behind  her  the 
One  of  them,  however,  thought  it  necefi'ary  to  have  a 
library  in  the  grand  hoiife,  of  which  the  emprefs,  upon 
receiving  him  into  favour,  had  made  him  a  prefent ;  and 
defired  the  principal  bookfeller  to  fill  his  (helves.  The' 
man  aflced  him  what  books  he  would  pleafe  to  have* 

You  undeiftand  that  better  than  I  (replied  the  fa¬ 
vourite)  ;  that  is  your  bufinefs.  You  know  the  pro¬ 
per  affortments  ;  I  have  deftined  a  large  room  to  receive 
them.  Let  there  be  large  books  at  the  bottom,  and 
fmaller  and  fmaller  up  to  the  top  ;  that  is  the  way  they 
(land  in  the  emprefs’s  library  P’  In  the  convcrfation 
of  fuch  men  the  cultivated  mind  of  Catharine  could  en¬ 
joy  no  interchange  of  fentiments. 

We  know  not  whether  that  more  than  Afiatic  mag¬ 
nificence,  which  fhe  difplayed  on  every  public  occafion, 
fhould  be  confidered  as  an  iaftance  of  weaknefs  or  of 
wifdom.  If  fhe  delighted  in  balls,  and  inafquerades, 
and  fumptuous  entertainments,  and  drefs  loaded  with 
jewels,  and  every  kind  of  fplendid  ornament,  for  their 
own  fakes,  fhe  betrayed  a  weaknefs  unworthy  of  that 
fovereign  who  held  in  her  hand  the  balance  of  Europe, 
and  at  whofe  nod  the  greateft  powers  of  Afia  trembled: 
but  if  fhe  introduced  fuch  fplendor  into  her  court  mere¬ 
ly  to  divert  the  attention  of  the  Rufilans  from  the  means 
by  which  fhe  got  pofTefOon  of  the  throne,  and  to  ween 
them  from  their  own  favage  and  flovenly  manners  ;  even 
this  may  perhaps  be  confidered  as  one  of  her  mod  maf- 
terly  ftrokes  in  politics. 

Her  ambition  was  boundlefs  ;  but,  if  fuch  a  phrafe 
may  be  allowed,  it  was  not  always  true  ambition.  When 
the  French  republic  had  eftablifhed  itfelf  on  the  ruins  of 
monarchy,  and  was  propagating  new  theories  of  govern¬ 
ment  through  all  Europe,  true  ambition  would  furely 
have  led  the  autocratrix  of  the  north  to  unite  her  forces 
with  thofe  of  the  coalefced  powers,  in  order  to  crufh 
the  horrid  hydra,  before  its  anarchical  principles  could 
he  introduced  among  her  own  barbarous  fubje6>s.  Such 
would  certainly  have  been  the  advice  of  her  favourite 
Potemkin,  who  longed  to  lead  a  Ruffian  army  into 
France,  even  before  the  murder  of  the  unfortunate 
Lewis.  That  general,  however,  had  died  in  Odlober 
1791  ;  and  when  Britain,  Aiiftria,  and  Pruffia,  were 
leagued  againft  the  new  republic,  Catharine  looked 
coolly  on,  in  hopes,  it  is  probable,  of  availing  herfelf  of 
their  weaknefs,  when  exhaufted  by  a  long  and  bloody 
war.  She  gave  refuge,  Indeed,  in  her  dominions  to  many 
emigrants  from  France,  and  fent  a  fquadron  of  fhips  to. 
co-operate  with  the  navy  of  England  :  but  in  this  lalt 
meafure  fhe  regarded  merely  her  own  immediate  inte- 
reft  ;  for  her  crazy  fhips  were  repaired  by  Britifh  car¬ 
penters  at  the  expence  of  the  Britifh  government,  and 
her  officers  had  an  opportunity  of  learning  the  evolu¬ 
tions  of  the  Britifh  navy.  She  had  likewife  other  prof- 
pe<^ls  in  view  when  ffie  lent  to  the  allies  this  (lender  aid. 

She  meditated  a  new  war  with  Turkey  ;  and,  depend¬ 
ing  upon  meeting  with  no  oppofition,  if  /he  fhould  not 
receive  affiftance  from  England  and  Aiiftria,  fhe  flatter¬ 
ed  herfelf  with  accomplifhing  her  darling  projedl  of 
driving  the  Ottomans  out  of  Europe,  and  of  reigning 
in  Conftantinople.  But  fhe  was  difappointed.  On  the 
morning  of  the  9th  of  November  1796,  fhe  was  feized 
with  what  her  principal  phyfician  judged  a  fit  of  apo¬ 
plexy  ;  and,  at  10  o’clock  in  the  evening  of  the  follow¬ 
ing  day,  expired,  in  the  68th  year  of  her  age,  leaving 
Suppt.  VoL.  I.  Part  I. 
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charaCler  of  one  of  the  greateft  fove- 
reigns  that  ever  fwayed  a  feeptre. 

After  this  long  detail  of  the  incidents  of  her  life,  it 
is  needlefs  to  inform  the  reader  that  Catharine  II.  had 
no  religion,  and,  of  couvfe,  no  principles  of  morality, 
which  could  induce  her  in  every  inftance  to  do  to  others 
as  fhe  would  have  them  do  to  her.  She  v;as  a  profefTed 
difclple  of  the  French  philofophers  ;  by  feme  of  whom 
fhe  was  ridiculed,  and  by  others  cheated.  The  incenfe 
which  fhe  paid  to  the  genius  of  Voltaire  did  not  hinder 
him  from  frequently  breaking  his  jefts  upon  the  auto¬ 
cratrix  of  Ruffia  and  her  fucceffive  favourites ;  and  Di¬ 
derot,  whom  file  carefted,  fold  to  her  an  immenfe  li¬ 
brary,  when  he  pofTcfTcd  hardly  a  book,  and  was  obli¬ 
ged  to  ranfack  Germany  and  France  for  volumes  to 
enable  him  to  fulfil  his  bargain.  Such  is  the  friendfhip, 
and  fuch  the  gratitude,  which  fiibfifts  among  the  ami¬ 
able  pupils  of  nature,  and  the  philanthropic  advocates 
for  the  rights  of  man. 

CAUDA  Capricorn^  a  fixed  ftarof  the  fourth  mag¬ 
nitude,  in  the  tail  of  Capricorn  ;  called  alfo,  by  the 
Arabs,  Dtneb  Algedl ;  and  y  by  Bayer. 

Cauda  Ceti^  a  fixed  ftar  of  the  third  magnitude  ; 
called  alfo,  by  the  Arabs,  Dined  Kaetos  ;  marked  /3  by 
Bayer. 

Cauda  Cygni^  a  fixed  ftar  of  the  fecond  magnitude, 
in  the  Swan’s  tail  ;  called  by  the  Arabs  Dineh  /Idigege^ 
or  Eldegiagich  ;  and  marked  a  by  Bayer. 

Cauda  Delphiniy  a  fixed  ftar  of  the  third  magnitude, 
in  the  tail  of  the  Dolphin  ;  marked  £  by  Bayer. 

Cauda  Draconisy  or  Dragon’s  tail,  the  moon’s  fouth- 
ern  or  defeending  node. 

Cauda  LeoniSy  a  fixed  ftar  of  the  firft  magnitude,  iii 
the  Lion’s  tail  ;  called  alfo,  by  the  Arabs,  Dineh  Ele- 
ced ;  and  marked  by  Bayer.  It  is  called  alfo  Lucid i 
Cauda. 

Cauda  Urfa  Majorisy  a  fixed  ftar  of  the  third  mag¬ 
nitude,  in  the  tip  of  the  Great  Bear’s  tail ;  called  alfo, 
by  the  Arabs,  Alaliothy  and  Benenath  ;  and  marked  by 
Bayer. 

Cauda  Urfa  Minorisy  a  fixed  ftar  of  the  third  mag¬ 
nitude,  at  the  end  of  the  Lefier  Bear’s  tail ;  called  alio 
the  Pole  Stary  and,  by  the  Arabs,  Alrukabah  ;  and 
marked  a  by  Bayer. 

CAUSE  has  been  defined,  we  think,  with  accuracy 
in  the  Encyclopscdia,  and  the  dodirine  dated  which  we 
believe  to  be  true.  Obje<ft;ions  however  have  been  made* 
to  that  dodrlne,  of  which  we  have  endeavoured  to  re¬ 
move  fome,  under  the  title  Action,  In  this  Supple¬ 
ment  ;  and  the  dodfrine  itfelf  has  been  well  illuftrated 
(at  lead  fuch  is  our  opinion)  in  the  fupplementary  ar¬ 
ticle  Astronomt.  We  have,  therefore,  very  little  to 
add  here  on  the  fubjed  of  caufes,  though  it  is  the  moil 
important  fubjeft  which  can  employ  the  mind  of  man* 
What  is  the  relation  between  a  phyfical  caufe  and  that 
which  is  termed  its  efFecl— between  heat,  for  inftance, 
and  the  fufion  of  metals  ?  Is  it  a  nectjfary  connediony  or 
only  a  conjuntiiony  difeovered  by  experience  to  be  con^ 
Jlant  P 

If  by  necejjary  connexion  be  meant  that  kind  of  con¬ 
nexion  of  wl;ilch  the  contrary  cannot  be  conceived,  we 
do  not  think  that  the  connedion  of  any  phyfical  caufe 
with  Its  effeX  can  be  called  neceflary.  We  fee  no  dif. 
ficulty  in  conceiving,  that  fire,  Inftead  of  fiifing  gold, 
might  fix  mercury..  This  may  indeed  be  irnpoffible  ; 

and 


Cnir<^f4, 

Caufo. 
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Caafe,  and  we  might  perhaps  fee  the  I'mpoffiblllty,  did  we  as 
Center,  completely  know  the  nature  of  fire  and  of  metals,  as  we 
*  know  the  relations  of  pure  geometry.  We  know  that 
the  three  angles  of  a  plain  triangle  cannot  poffibly  be 
either  greater  or  lefs  than  two  right  angles  ;  for  in  this 
comparifon  nothing  Is  hid  from  our  mental  view.  e 
do  not,  however,  perceive  the  impoffibility  of  mercury 
being  fixed,  as  clay  is  hardened,  by  heat  ;  for  ot  heat, 
and  mercury,  and  clay,  we  know  very  little,  and  that 
little  is  the  offspring  of  experience.  ^  , 

But  if  the  conneftion  between  caufe  and  effeft  be  not 
necefary,  are  we  not  deprived  of  the  means  of  demoiiftra- 
tlng  the  great  fundamental  truth  of  religion  ?  We  have 
now'here  fald,  that  the  connexion  between  caufe  and 
effeft  is  not  neceffary  ;  but  only,  that  we  do  not  per¬ 
ceive  the  necefiary  conneaion  between' what  are  called 
phyfical  ezMiis  and  their  effeas.  That  every  event  is, 
and  muft  be,  brought  about  hy  fame  caufe  or  fome 
cy,  we  hold  to  be  a  felf  evident  truth,  which  no  man 
can  deny  who  underftands  the  terms  in  which  it  is  ex- 
prefled  ;  but  what  or  where  the  agency  is,  we  can  very 
feldora,  if  ever,  know,  except  when  we  think  of  our  own 
voluntary  aaions.  When  a  change  is  obferved,  we  can¬ 
not  doubt  of  its  being  produced  by  fomething  :  either 
the  thing  changed  is  animated,  and  has  produced  the 
change  by  its  own  agency,  juft  as  we  move  our  heads 
and  legs  by  an  aa  of  volition  i  or  if  it  be  inanimated, 
and  of  itfelf  incapable  of  agency,  the  change  has  been 
produced  by  fomething  external,  denominated  a  caufe. 
But  all  external  caiifes,  which  are  not  llkewife  agents,  in 
the  proper  fenfe  of  the  word,  may  be  traced,  we  think, 
as  effeds  up  to  fome  agency ;  and  therefore,  in  our 
opinion,  there  is  no  real,  ultimate,  efficient  caufe  but 
mind,  or  that  which  is  endued  with  power.  In  proof 
of  this  dodrlne,  if  it  need  any  proof,  we  can  only  refer 
to  what  has  been  faid  elfewhere  on  our  notions  oi  power 
and  of  phyfical  caufes.  See  (Encycl.)  Metaphysics 
109,  &c. — Philosophy  and  Physics,  pqfftm — and 
(Suppi,)  Action  and  Astronomy. 

CENTER,  Of  Centre,  a  word  borrowed  from  the 


Cenur, 


definition,  name  ceintre  or  cwtre,  given  to  the  frame  of  tim- 

bef,  by  which  the  brick  or  ftone  of  arched  vaulting  is 


fupported  during  its  erection,  and  from  which  it  re¬ 
ceives  its  form  and  curvature. 

Puroofe  of  It  is  not  our  intention  to  deferibe  the  variety  of  con- 
this^aiticle.  ftrudlons  which  may  be  adopted  in  eafy 

where  the  arches  are  of  fmall  extent,  and  where  iutti- 
cient  foundation  can  be  had  in  every  part  of  it  for  fup- 
porting  the  frame.  In  fuch  cafes,  the  frequency  of  the 
props  which  we  can  fet  up  difpenfes  with  much  care  ; 
and  a  frame  of  very  flight  timbers,  connefted  together 
in  an  ordinary  way,  will  fuffice  for  carrying  the  weight, 
and  for  keeping  it  in  exa6t  fnape.  But  when  the  arches 
have  a  wide  fpan,  and  confequently  a  very  great  weight, 
and  when  v/e  cannot  fet  up  intermediate  pillars,  either 
for  want  of  a  foundation  in  the  foft  bottom  of  a  river, 
or  becaufe  the  arch  is  turned  between  two  lofty  piers, 
as  in  the  dome  of  a  ftately  cathedral — we  are  then  obli¬ 
ged  to  reH  every  thing  on  the  piers  thcmfelves  ;  and  the 
framing  which  is  to  fupport  our  arch  before  the  key- 
ftone  is  fet,  mufl  itfelf  be  an  arch,  depending  on  the 
mutual  abutment  of  its  beams,  One  fliould  think  that 
this  view  of  the  conftruftion  of  a  centre  would  offer  it¬ 
felf  at  the  firft,  naturally  derived  from  the  eredion  it 
was  to  affift :  but  it  has  not  been  fo.  When  iniermedi- 
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ate  pillars  w’ere  not  employed,  it  was  ufual  to  frame  the 
mould  for  the  arch  with  little  attention  to  any  thing  but 
its  fhape,  and  then  to  crofs  it  and  recrofs  it  in  all  direc¬ 
tions  with  other  pieces  of  timber,  till  it  was  thought  fo 
bound  together  that  it  could  be  lifted  in  any  pofition, 
and,  when  loaded  with  any  weight,  could  not  change 
its  fhape.  The  frame  was  then  raifed  in  a  lump,  like 
any  folid  body  of  the  fame  fhape,  and  fet  in  its  place. 

This  is  the  way  flill  pradifed  by  many  country  artifls, 
who,  having  no  clear  principles  to  guide  them,  do  not 
flop  till  they  have  made  a  load  of  timber  almoft  equal 
to  the  weight  which  it  is  to  carry. 

But  this  artlefs  method,  befides  leading  the  employer 
into  great  expence,  is  frequently  fatal  to  the  luidertakery 
from  the  unflcilfulnefs  of  the  conflrudion.  The  beams 
which  conned  its  extremities  are  made  alfo  to  fupport 
the  middle  by  means  of  polls  which  refl  on  them.  They 
are  therefore  expofed  to  a  tranfverfe  or  crofs  ftrain,. 
which  they  are  not  able  to  bear.  Their  number  mufl 
therefore  be  increafed,  and  this  increafes  the  load.  Some 
of  thefe  crbfs  flrains  are  derived  from  beams  which  are 
prefled  very  obliquely,  and  therefore  exert  a  prodigious 
thrufl  on  their  fupports.  The  beams  are  alfo  greatly 
weakened  by  the  mortifes  which  are  cut  in  them  to  re¬ 
ceive  the  tenons  of  the  crofling  beams  :  and  thus  the 
whole  is  exceedingly  weak,  in  proportion  to  what  the 
fame  quantity  of  timber  may  be  made  by  a  proper  dif- 
pofition  of  its  parts.  ...  3 

The  principles  from  which  we  are  to  derive  this  dif-  Genera! 
pofition  are  the  general  mechanical  principles  of  carpen-  principles 
try,  of  which  we  have  given  fome  account  in  that  ar- 
tide.  Thefe  furnifli  one  general  rule  :  When  we  would 
give  the  utmoft  flrength  poflible  to  a  frame  of  carpen¬ 
try,  every  piece  fhould  be  fo  difpoied  that  it  is^  fubjed 
to  no  fliain  but  what  either  pufhes  or  draws  it  in  the 
diredion  of  its  length  :  and,  if  we  would  be  indebted 
to  timber  alone  for  the  force  or  flrength  of  the  centre, 
we  mufl  refl  all  on  the  firfl  of  thefe  flrains  ;  for  when 
the  draining  force  tends  to  draw  a  beam  out  of  its 
place,  it  mufl  be  held  there  by  a  mortife  and  tenon, 
which  pofTefles  but  a  very  trifling  force,  or  by  iron 
llraps  and  bolts.  Cafes  occur  where  it  may  be  very 
difhcult  to  iT:ake  every  llrain  a  thrufl,  and  the  befl  art- 
ids  admit  of  ties  ;  and  indeed  where  we  can  admit  a 
tie-beam  conneding  the  two  feet  of  our  frame,  we  need, 
feek  Jio  better  fecurity.  But  this  may  fometimes  be 
very  inconvenient.  W^hen  it  is  the  arch  of  a  bridge  that 
.we  are  to  fupport,  fuch  a  tie-beam  would  totally  flop 
the  pafiage  of  fmall  craft  up  and  down  the  river.  It 
would  often  be  in  the  water,  and  thus  expofed  to  the 
mofl  fatal  accidents  by  frefhes,  &c.  Interrupted  ties, 
therefore,  muft  be  employed,  whofe  joint  or  meetings 
muft  be  fupported  by  fomething  analogous  to  the  king- 
pods  of  roofs.  When  this  is  judicioufly  done,  the  fe- 
curity  is  abundantly  good.  But  great  judgment  is  ue- 
ceffary,  and  a  very  fcrupulous  attention  to  the  difpofi- 
tion  of  the  pieces.  It  is  by  no  means  an  eafy  matter 
to  difeern  whether  a  beam,  which  makes  a  part  of  our 
centre,  is  in  a  date  of  compreflion  or  in  a  date  of  ex- 
tenfion.  In  fome  works  of  the  mofl  eminent  carpen- 
ters  even  of  this  day,  we  fee  pieces  confidered  as  ftruts 
(and  conflderable  dependence  had  on  them  in  this  ca¬ 
pacity),  while  they  are  certainly  performing  the  office 
of  tie-beams,  and  fhould  be  fecured  acccordingly.  This 
was  the  cafe  in  the  boldeft  centre  (we  think)  that  has 

been 
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Cent^r.  been  executed  in  Europe,  that  of  the  bridge  of  Orleans, 
by  Mr  Hupeau.  Yet  it  is  evidently  of  great  confe-. 
quence  not  to  be  miftaken  in  this  point ;  for  when  we 
are  miftaken,  and  the  piece  is  ftretched  which  we  ima¬ 
gine  to  be  comprefled,  we  not  only  are  deprived  of  fome 
fupport  that  we  expedled,  but  the  expedled  fupport  has 
become  an  additional  load. 

^  vr  To  afeertain  this  point,  we  may  fuppofe  the  piers 

tinguirti  a  yield  a  little  to  the  prellure  or  the  archltones  on  the 

[>rut  from  a  centre  frames.  The  feet,  therefore,  fly' outwards,  and 
the  fhape  is  altered  by  the  finking  of  the  crown.  We 
mufl;  draw  our  frame  anew  for  this  new  (late  of  things, 
and  mutt  notice  what  pieces  mull  be  made  longer  than 
before.  All  fuch  pieces  have  been  ading  the  part  of 
tie-beams. 

But  a  centre  has  ftill  another  office  to  fuflain  ;  it 
mutt  keep  the  arch  in  its  form  ;  that  is,  while  the  load 
on  the  centre  is  continually  increaflng,  as  the  mafons 
lay  on  more  courfes  of  arch  ftones,  the  frame  mutt  not 
yield  and  go  out  of  fliapc,  finking  under  the  weight  on 
the  haunches,  and  riling  in  the  crown,  which  is  not  yet 
carrying  any  load.  The  frame  mutt  not  be  fupple  ;  and 
mutt  derive  its  ttiffnefs,  not  from  the  clofenefs  and 
llrength  of  its  joints,  which  are  quite  infignificant  when 
fet  in  competition  with  fuch  immenfe  ttrains,  but  from 
ftruts  or  ties,  properly  difpofed,  which  hinder  any  of 
the  angles  from  changing  its  amplitude. 

^  It  is  obvious,  from  all  that  has  been  faid,  that  the 

How  to  fc-  ttrength  and  ttiffnefs  of  the  whole  mutt  be  found  in  the 
cure  ftiff-  triangles  into  which  this  frame  of  carpentry  rnay  be  re- 
nefs  and  folved.  We  have  feen  that  the  ttrains  which  one  piece 
^  *  produces  on  two  others,  with  which  it  meets  in  one 
point,  depends  on  the  angles  of  their  interfedion  ;  and 
that  it  is  greater  as  an  obtufe  angle  is  more  obtufe,  or 
an  acute  angle  more  acute.  And  this  fiiggefts  to  us 
the  general  maxim,  “  to  avoid  as  much  as  poffible  all 
very  obtufe  angles. Acute  angles,  which  are  not  ne- 
ceffarily  accompanied  by  obtufe  ones,  are  not  fo  hurtful; 
becaufe  the  ttrain  here  can  never  exceed  the  ttraining 
force  ;  whereas,  in  the  cafe  of  an  obtufe  angle,  it  may 
fiiipafs  it  in  any  degree. 

Such  are  the  general  rules  on  this  fubjed.  Although 
fomething  of  the  mutual  abutment  of  timbers,  and  the 
fupport  derived  from  it,  has  been  long  perceived,  and 
employed  by  the  carpenters  in  roofing,  and  alfo  (doubt- 
lefs)  in  the  forming  of  centres,  yet  it  is  a  matter  of  hi- 
ftorical  fad,  that  no  general  and  diftind:  views  had  been 
taken  of  it  till  about  the  beginning  of  this  century,  or  a 
little  earlier.  Fontana  has  preferved  the  figure  of  the 
frames  on  which  the  arches  of  St  Peter’s  at  Rome  were 
turned.  The  one  employed  for  the  dome  is  conttrud- 
cd  with  very  little  fit  ill ;  and  thofe  for  the  arches  of  the 
nave  and  tranfepts,  though  incomparably  fuperior,  and 
of  confidcrable  fimplicity  and  ttrength,  are  yet  far  infe¬ 
rior  to  others  which  have  been  employed  in  later  times. 
It  is  much  to  be  regretted  that  no  trace  remains  of  the 
forms  employed  by  the  great  archited:  and  confummate 
mechanician  Sir  Chrittopher  Wren.  We  fhould  doubt- 
lefs  have  feen  in  them  every  thing  that  fciencc  and  great 
fagacity  could  fuggeft.  We  are  told,  indeed,  that  his 
centering  for  the  dome  of  St  Paul’s  was  a  wonder  of  its 
kind  ;  begun  in  the  air  at  the  height  of  i6o  feet  from 
the  ground,  and  without  making  ufe  of  even  a  projed- 
fng  corniche  whereon  to  reft  it. 

The  earlieft  theory  of  the  kind  that  we  have  met 


with,  that  IS  propofed  on  fcientific  principles,  and  with  Center.  ^ 
the  exprels  purpofe  of  ferving  as  a  leffon,  are  two  cen-  ^ 
tres  by  Mr  Pitot  of  the  Academy  of  Sciences,  about  the  The  earlieft 
beginning  of  this  century.  As  they  have  confiderable  theory,  on 
merit  (greatly  refembling  thofe  employed  by  Michael  ttientific 
Angelo  in  the  nave  of  St  Peter’s),  and  afford  fome  good 
maxims,  we  Ihall  give  a  (hort  account  of  them.  We 
cr^ve  the  excufe  of  the  artifts  if  we  fhould  employ  their 
terms  of  art  fomewhat  aukwardly,  not  being  very  fami¬ 
liarly  acquainted  v/ith  them.  Indeed,  we  obferve  very 
great  differences,  and  even  ambiguity,  in  the  terms  em¬ 
ployed. 

What  we  fhall  deferibe  under  the  name  of  a  centre  is 
(properly  fpeakiiig)  only  one  frame,  trufs,  or  rib,  of  a 
centre.  They  are  fet  up  in  vertical  planes,  parallel  to 
each  other,  at  the  diftance  of  5,  6,  7,  or  8  feet,  like 
the  truffes  or  main  couples  of  a  roof.  Bridging  joitts 
are  laid  acrofs  them. — In  fmaller  works  thefe  are  laid 
fparingly,  but  of  confiderable  fcantling,  and  are  board¬ 
ed  over  ;  but  for  great  arches,  a  bridging  joift  is  laid  for 
every  courfe  of  archftones,  with  blockings  between  to 
keep  them  at  their  proper  diftances.  The  ftones  are 
not  laid  immediately  on  thefe  joitts,  but  beams  of  foft 
wood  are  laid  along  each  joift,  on  which  the  ftone  is 
laid.  Thefe  beams  are  afterwards  cut  out  with  the 
chiffel,  in  order  to  feparate  the  centre  from  the  ring  of 
ftones,  which  mutt  now  fupport  each  other  by  their  mu¬ 
tual  abutment.  7 

The  centre  is  diftinguifliable  into  two  parts,  ALLB  ttlwttratfd* 
(fig.  I.)  av.d  LDL,  which  are  pretty  independent  of  Plate  XIV. 
each  other,  or  at  leaft  a6l  feparately.  The  horizontal 
Stretcher  LL  cuts  the  femicircle  ADB  half  way  be¬ 
tween  the  fpring  and  the  crown  of  the  arch  ;  the  arches 
AL,  I^D,  being  45®  each.  This  ftretcher  is  divided  in 
the  fame  proportion  in  the  points  G  and  H  ;  that  is, 

GH  is  one  half  of  LL,  and  LG,  HL  are  each  one- 
fourth  of  LL  nearly.  Each  end  is  fupported  by  two 
Struts  EI,  GI,  which  reft  below  on  a  Sole  or  Bed 
properly  fupported.  The  interval  between  the  heads  01 
the  ftruts  GI,  HK  is  filled  up  by  the  Straining  Beam 
GH,  abutting  in  a  proper  manner  on  the  ftruts  (fee 
Carpentry,  Supplement),  The  extremities  L,  L,  are 
united  in  like  manncf  by  butting  joints,  with  the  heads 
of  the  outer  ftruts.  The  Arch  Moulds  AP,  BP,  are 
connefted  with  the  ftruts  by  crofs  pieces  PQ^  which  we 
fhall  call  Bridles,  which  come  inwards  on  each  fide  of 
the  ftruts  (being  double),  and  are  bolted  to  them.  This 
may  be  called  the  lower  part  of  the  frame.  The  upper 
part  confifts  of  the  king  poll  1)R,  fupported  on  each 
fide  by  the  rwo  ftruts  or  braces  ML,  ON,  mortifed  into 
the  poft,  and  alfo  mortifed  into  the  ftretcher,  at  the 
points  L,  N,  where  it  is  fupported  by  the  ftruts  below. 

The  arches  LD,  LD  are  conneded  with  the  ftruts  by 
the  bridles  PCJ^in  the  fame  manner  as  below.  ^ 

There  is  a  great  propriety  in  many  parts  of  this  ar-  Propriety 
rangement.  The  lower  parts  or  haunches  of  the  arch  of  this  ar. 
prels  very  lightly  on  the  centres.  Each  archftone  is  jy,  rangement. 
ing  on  an  inclined  plane,  and  tends  to  flide  down  only 
with  its  relative  weight ;  that  is,  its  weight  is  to  its 
tendency  to  flide  down  the  joint  a«  radius  to  the  fine  of 
elevation  of  the  joint.  Now  it  is  only  by  this  tendency 
to  flide  down  the  joint  that  they  prefs  on  the  centering, 
which  in  every  part  of  the  arch  is  perpendicular  to  the 
joint :  But  the  preffure  on  the  joint,  arifing  from  this 
caufe,  is  much  lefs  than  this,  by  reafon  of  the  fridion  of 
B  b  2  the 
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Cf.ntcr.  tlie  joints.  A  block  of  dry  freedone  will  not  fiide  down 

'""“'V - ?.t  all  ;  and  therefore  will  not  prefa  on  the  centering,  if 

the  joint  be  not  elevated  35  degrees  at  lead.  But  the 
ai'chdones  are  not  laid  in  this  manner,  by  fliding  them 
down  along  the  joint,  but  are  laid  on  the  centres,  and 
(lide  down  their  hope,  till  tlicy  touch  the  blocks  on 
which  they  are  to  red  ;  fo  that,  in  laying  the  arch- 
dones,  we  are  by  no  means  allowed  to  make  the  great 
deduction  from  their  weight  jiid  now  mentioned,  and 
which  Mr  Couplet  preferibes  (Mem.  Acad,  bciences, 
1729).  But  there  is  another  caufe  which  diminifhes 
the  preOure  on  the  centres  ;  each  block  Aides  down  the 
planks  on  which  it  is  laid,  and  prefies  on  the  block  be¬ 
low  it,  in  the  diredion  of  the  tangent  to  the  arch,  l^his 
p’-edure  is  tranfmitted  tbroii‘:^h  this  block,  in  the  fame 
diredion,  to  the  next,  and  through  it  to  the  third,  &c. 
In  this  manner  it  is  plain  that,  as  the  arch  advances, 
there  is  a  tangential  prefbare  on  the  lower  archdones, 
which  diminilhes  their  prediire  on  the  franie^  and,  if 
fufiicientlr  great,  nright  even  puAi  them  away  from  it. 
Mr  Couplet  has  given  an  analyfis  of  this  predure,  and 
fliews,  that  in  a  fcmirircular  arch  of  uniform  thicknefs 
none  of  the  arch  dones  belo^  30^  prefs  on  the  frames. 
But  he  (without  faying  fo)  calculates  on  the  fiippofi- 
4 ion  that  the  blocks  defeend  along  the  circumference  of 
this  frame  in  the  fame  manner  as  if  it  w^ere  perfedly 
fmooth.  As  this  is  far  from  being  the  cafe,  and  as  the 
obdrudions  are  to  the  lad  degree  various  and  irregular, 
h  is  quite  nfelefs  to  inditute  any  calculation  on  the  fub- 
jed.  A  little  refledion  will  convince  the  reader,  that 
in  this  cafe  the  obdrudion  arifing  from  fiidion  mujl^  be 
taken  into  account,  and  that  it  mvjl  not  be  taken  into 
account  in  edlmating  the  predure  of  each  fucceflive 
coiirfe  of  dones  as  they  arc  laid.  It  is  enough  that  we 
fee  that  the  predure  of  the  lower  courfes  of  archdones 
on  the  frame  is  dimlnidied.  hir  Couplet  fays,  that  the 
whole  predure  of  a  femicircular  arch  is  but  -p  ths  of  its 
weight  ;  but  it  is  much  greater,  for  the  reafon  jud  now 
By  a^ceiitre  given.  We  have  tried,  with  a  we’l  made  wooden  mo¬ 
ot  M.  Pi-  del  (of  which  the  circumference  w^as  rubbed  with  black 
lead  to  render  it  more  flippery),  wheiher  any  part  of  the 
wooden  blocks  reprefenting  the  archdones  were  detach¬ 
ed  from  the  frame  by  the  tangential  predure  of  the  fu* 
perior  blocks  ;  but  we  could  not  fay  conAdently  that 
any  w^ere  fo  detached.  "We  perceived  that  all  kept  hold 
of  a  thin  flip  of  Chinefe  paper  (alfo  rubbed  with  black 
lead)  between  them  and  tlie  frame,  fo  that  a  fenfiblc 
force  w’aS  recuired  to  ouil  it  out.  From  a  combination 
of  circnmftances,  which  would  be  tedious  to  relate,  we 
believe  that  the  centres  carry  more  than  two  thirds  of 
the  w'eight  of  the  arch  befoie  the  keydone  is  fet.  In 
elliptical  and  low^er  pitched  circular  arches,  the  propor¬ 
tion  is  dill  greater. 

It  feems  reafonable  enough,  therefore,  to  difpofe  the 
framing  in  the  manner  propofed  by  Pitot,  directing  the 
main  fupport  to  the  upper  mafs  of  the  arch,  which 
preffes  mod  on  the  frame.  We  fhall  derive  another  ad¬ 
vantage  from  this  condrti6lion,  which  has  not  occurred 
to  Mr  Pitot. 

There  is  an  evident  propriety  in  the  manner  in  wBich 
he  has  didributed  the  fupports  of  the  upper  part.  I'hc 
druts  which  carry  the  king  pod  fpring  from  thofc  points 
of  the  dretcher  where  it  reds  on  the  druts  below  ;  thus 
the  dretchey,  011  which  all  depends,  bears  no  tranfverfe 
d.rains.  It  k  dretched  by  the  diut  above  it,  and  it  is 


tot’s. 
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compreffed  In  a  fmall  degree  between  the  druts  below  Center. 
It,  at  lead  by  the  outer  ones.  Mr  Pitot  propofes  the  — 
draining  beam  GH  as  a  lateral  fupport  to  the  dretcher, 
which  may  therefore  be  of  two  pieces :  but  although  it 
does  augment  its  drength,  it  does  not  feem  neceflary  for  it. 

The  dretcher  is  abundantly  carried  by  the  drap,  which 
may  and  fhould  fufpend  it  from  the  king  pod.  The 
great  ufe  of  the  draining  piece  is  to  give  a  firm  abut¬ 
ment  to  the  inner  druts,  without  aliowdng  any  lateral 
drain  on  the  dretcher.  N,  Great  care  mud  be  ta¬ 
ken  to  make  the  hold  fufficiently  firm  and  extenfive  be¬ 
tween  the  dretcher  and  the  upper  druts,*  fo  that  its  co- 
hefion  to  refift  the  thruds  from  thefc  druts  may  be  much 
employed. 

The  only  Imperfedion  that  w^e  find  in  this  frame  is 
the  lateral  drains  which  are  brought  upon  the  upper 
druts  by  the  bridles,  which  certainly  trarfmii  to  them 
part  of  the  weight  of  the  archdones  on  the  curves. 

The  fpace  betw'een  the  curves  and  ML  fhould  alfo  have 
been  truffed.  Mr  Pitot's  form  Is,  how^ever,  extremely 
diff;  and  the  caufing  the  middle  bridle  to  reach  dowm 
to  the  dretcher,  feems  to  fecure  the  upper  druts  from 
all  rifl<  of  bending. 

This  centre  gives  a  very  didin^f  view  of  the  offices 
of  all  the  parts,  and  makes  therefore  a  proper  introduc¬ 
tion  to  the  general  fubjecB:.  It  is  the  fimpled  that  can 
be  in  its  principle,  becaufe  all  the  eflential  parts  are  fub- 
jefted  to  one  kind  of  (train.  The  dretcher  LL  is  the 
only  exception,  and  Its  extenfion  is  rather  a  collateral 
circumdance  than  a  dep  in  the  general  fupport.  10 

The  examination  of  the  drength  of  the  frame  Is  ex- The 
tremely  eafy.  Mr  Pitot  gives  it  for  an  arch  of  60  feet^p^.^  iramc 
fpan,  and  fuppofes  the  archdones  7  feet  long,  w'hich  is 
a  mondrous  thicknefs  for  fo  fmall  an  arch  ;  4  feet  is  an 
abundant  allowance,  but  we  fhall  abide  by  his  condruc- 
tion.  He  gives  the  following  fcantlings  of  the  parts  : 

The  ring  or  circumference  confids  of  pieces  of  oak 
12  inches  broad  and  6  thick. 

The  dretcher  LL  is  1 2  inches  fquare. 

The  draining  piece  GH  is  alfo  1 2  by  12. 

The  lower  druts  10  by  8. 

The  king  pod  12  by  12. 

The  upper  druts  10  by  6. 

The  bridles  20  by  8. 

Thefe  dimenfions  are  French,  which  is  about  ^Vth 
larger  than  ours,  and  the  fuperficlal  dimenfions  (by 
which  the  feaion  and  the  abfolute  (Length  is  meafured) 
is  almod  ^th  larger  than  ours.  The  cubic  foot,  by 
which  the  dones  are  meafured,  exceeds  ours  nearly  fth. 

The  pound  is  deficient  about  Vith.  But  fince  very 
nice  calculation  is  neither  eafy  nor  necedary  on  this  fiib- 
jea.  It  is  needlefs  to  depart  from  the  French  meafures, 
which  would  occafion  many  fraaional  parts  and  a  trou- 
blefome  reduaion. 

The  arch  is  fuppofed  to  be  built  of  done  which 
weighed  160  pounds  per  foot.  Mr  Pitot,  by  a  compu¬ 
tation  (in  which  he  has  committed  a  midake),  fays, 
that  only  i^tlis  of  this  weight  is  carried  by  the  frame. 

We  believe,  however,  that  this  is  nearer  the  truth  than 
Mr  Couplet’s  alTumptlon  of  |ths  already  menticned. 

Mr  Pitot  farther  affumes,  that  a  fquare  inch  of  found 
oak  will  carry  8640  pounds.  By  his  language  we 
fhould  imagine  that  it  will  not  carry  much  more  :  but 
this  is  very  far  btlow  the  drength  of  any  Britifh  02k 
that  we  have  tried  j  fo  far,  indeed,  that  we  rather  ima- 
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o-tne  that  lie  means  that  this  load  may  be  laid  on  it 
perfedl  fecurity  for  any  time.  Bnt  to  compenfate  for 
knots  and  other  accidental  imperfe^lions,  he  alTumes 
y20C  as  the  meafure  of  its  abfoliite  force. 

He  computes  the  load  on  each  frame  to  be  707520 
pounds, which  he  reduces  to  i^ths,  or  555908  pounds. 

The  abfolute  force  of  each  of  the  lower  ftruts  is 
576000  (at  7200  per  inch),  and  that  of  the  curves 
518400.  Mr  Pitot,  confidering  that  the  curves  are 
kept  from  bending  outwards  by  the  arch  flones  which 
prefs  on  them,  thinks  that  they  may  be  confidered  as 
u6ling  precifely  as  the  outer  ftruts  EL  We  have  no 
objection  to  this  fuppofition. 

With  thefe  data  we  may  compute  the  load  which  the 
lower  trufs  can  faftly  bear  by  the  rule  delivered  in  the 
article  Carpentry.  We  therefore  proceed  as  fol¬ 
lows  : 

Meafure  off  by  a  fcale  of  equal  parts  as,  at,  each 
576000,  and  add  tv  518400.  Complete  the  paralle¬ 
logram  avxsy  and  draw  the  vertical  xc,  meeting  the 
horizontal  line  aC  in  c.  Make  cb  equal  to  cn.  ^  Join 
xb,  and  complete  the  parallelogram  ax  by.  It  is  evi- 
dent  that  the  diagonal  xy  will  reprefent  the  load  which 
thefe  pieces  can  carry;  fonthe  line  av  is  the  united 
force  of  the  curve  AP  and  the  ftriit  IE,  and  ax  is  the 
ilrength  of  IG.  Thefe  two  are  equivalent  to  ax. 

X  h  is,  in  like  manner,  equivalent  to  the  fupport  on  the 
other  fide,  and  x y  is  the  load  which  will  juft  balance 
the  two  fupports  a  x  and  b  x. 

When  xy  is  meafured  on  the  fame  fcale,  it  will  be 
found  =  28  ^ooco  pounds.  This  is  more  than  five 
times  the  load  which  actually  lies  on  the  frame.  It  is 
therefore  vaftly  ftronger  than  is  neceffary.  Half  of 
each  of  the  linear  dimenfions  would  have  been  quite  fuf. 
fi'cient,  and  the  ftruts  needed  only  to  be  5  inches  by  4. 
Even  this  would  liavc  carried  twice  the  weight,  and. 
would  have  borne  the  load  really  laid  on  it  with  perfect 
fafety. 

We  pmceed  to  meafure  the  ftrength  of  the  upper 
part.  The  force  of  each  ftrut  is  432000,  and  that  of 
the  curve  is  518400;  therefore,  having  dravm  M-u  pa¬ 
rallel  to  the  ftrut  ON,  make  M =  4320C0,  and  M  s 
=  4320004-518400.  Complete  the  parallelogram 
Mjri;.  Draw  the  horizontal  line  r  ky  cutting  the  ver¬ 
tical  MC  in  /,  and  make  by  rr  M/'.  It  is  plain,  from 
what  was  done  for  the  lower  part,  that  Mj^  win  mea¬ 
fure  the  load  which  can  be  carried  by  the  upper  part. 
This  will  be  found  1  160000.  This  is  alfo  greatly 
fuperior  to  the  load  ;  but  not  in  fo  great  a  pioportlon 
ss  the  other  part.  The  chief  part  of  the  load  lies  on 
the  upper  part  ;  but  the  chief  reafon  of  the  difference  is 
the  greater  obliquity  of  the  upper  ftruts.  This  fhort- 
ens  the  diagonal  My  of  the  parallelogram  of  forces.  Mr 
Pitot  ftiould  have  adverted  to  this  ;  and  inftead  of  ma¬ 
king  the  upper  ftruts  more  fleiider  than  the  lower,  he 
Ihould  have  made  them  ftouter. 

The  ftrain  on  the  ftretclier  EL  is  not  calculated,  It 
IS  meafured  by  r  k'y  ’when  My  is  the  load  a(^Inaliy  ly¬ 
ing  on  the  upper  pait.  Lefs  than  the  fixth  part  of  the 
cohcfion  of  the-ftretcher  is  more  than  fufficiein  for  the^ 
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with  horizontal  thruft  ;  and  there  is  no  difficulty  of  making  Center, 
the  foot  joints  of  the  ftruts  abundantly  ftrong  for  the  ' 
purpofe. 

The  reader  wdll  perceive  that  the  computation  juft, 
now'  given  does  not  ftate  the  proportions  of  the  ftrains- 
a&ually  exerted  on  the  different  pieces,  but  the  load  on 
the  whole,  on  the  fuppofition  that  each  piece  is  fuhjeft- 
ed  to  a  ftrain  proportioned  to  its  ftrength.  The  other 
calculation  is  much  more  complicated,  but  is  not  necef¬ 
fary  here. 

This  centre  has  a  very  palpable  defedl.  If  the  piers 
ftiould  yield  to  the  load,  and  the  feet  of  the  centre  fly* 
out,  the  lower  part  will  exert- a  very  confiderable  ftrain 
on  the  ftretcher,  tending  to  break  it  acrofs  between  N- 
and  L,  and  on  the  other  fide.  HKF  of  the  low'er  part 
is  firmly  bound  together,  and  cannot  change  its  fhape, 
and  w'ill  therefore  aft  like  a  lever,  turning  round  the 
point  F.  It  will  draw  the  ftrut  HK  away  from  its  a- 
butment  with  GH,  and  the  ftretcher  will  be  ftrained 
acrofs  at  the  place  between  H  and  F,  where  it  is  bolt¬ 
ed  with  the  bridle.  This  may  be  refifted  in  fome  de¬ 
gree  by  an  iron  ftrap  uniting  ON  and  HK ;  but  there 
will  ftill  be  a  want  of  proportional  ftrength.  Indeed, 
in  an  arch  of  fuch  height  (a  femicircle),  there  is  but 
little  rifk  of  this  yielding  oi  the  piers  ;  but  it  is  an  im- 
perfedion.  ^ 

The  centre  (fig.  2.)  is  conftruded  on  the  fame  prin- a  centre 
ciple  precifely  for  an  elliptical  arch  (a).  The  calcula-r>n 


tion  of  its  ftrength  is  nearly  the  fame  alfo; 
tw’o  upper  ftruts  of  a  fide  being  paralleh  the  parallelo- arch,  - 
gram  M/r-y  (of  fig.  1.)  is  not  needed,  and  in  its  ftead 
we  meafure  off  on  ON  a  line  to  repiefent  twice  its 
ftrength.  This  comes  in  place  of  Mr'  of  fig.  1. — N.  B. 

The  calculation  proceeds  on  the  fiippofition  that  the 
fhort  draining  piece  MM  makes  but  one  firm  body  v/ith 
the  king  poll.  Mr  Pitot  employed  this  piece  (we  pre- 
fuine)  to  feparate  the  heads  of  the  ftruts,  that  their  oh- 
liquity  might  be  leficneJ  thereby :  and  this  is  a  good 
thought  ;  for  v/hen  the  angle  formed  by  the  ftruts  on 
each  fide  is  very  open,  the  ftrain  on  them  becomes  very  - 
great. 

The  ftretcher  of  this  frame  is  fcarfed  in  the  middle. 

Suppofe.  this  joint  to  yield  a  little,  there  is  a  danger 
of  the  lower  llrut  ON  lofing  its  hold,  and  ceafing  to 
join  in  the  fupport  :  for  when  the  crown  finks  by  the 
lenglhcnlng  of  the  ftretcher,  the  triangle  ORN  of  ng.  2. 
will  be  more  diiloited  than  the  fpace  above  it,  and  ON 
will  be  loofened.  But  this  will  not  be  the  cafe  when 
the  finking  of  the  crown  arifes  from  the  mere  com- 
preffion  of  the  ftruts.  Nor  will  it  happen  at  all  in 
the  centre,  fg.  i.  On  the  coutrary,  the  ftrut  ON 
will  abutt  more  firmly  by  the  yielding  of  the  foot  of 
ML. 

The  figure  of  this  arch  of  Mr  Pitot’s  confifts  of  three 
arches  of  circles,  each  of  60  degrees.  As  it  is  elegant, 
it  will  not  be  unacceptable  to  the  artift  to  have  a  con- 
ftnidlon  for  this  purpofe. 

Make  By.=  CD,  and  CZ  =TCY.  Defcribe  thcHow  tV 
femicircle  ZiEY,  and  make  ZS  =  ZiE.  S  is  die  centre  cohdrudt 
of  the  fide  arches,  each  of  6q  degrees.  The  centre  P 
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(a)  It  is  the  middle  arch  of  the  bridge  at  Lille  Adaraj  of  which  Mr  Pitot  had  the  direftion.  It  is  of  8o 
£fet  fpan,-  and  rifes  3 1  feet. 
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Center,  tlic  arch,  which  iiiiites  thefe  two,  is  at  the  angle  of  an 
equilateral  triangle  STS. 

This  con{lru61ion  of  Mr  Pitot’s  makes  a  handfome 
oval,  and  very  near  an  ellipfis,  but  lies  a  little  without 
It.  We  (hall  add  another  of  our  own,  which  coincides 
with  the  ellipfe  in  eight  points,  and  furnifhes  the  artift, 
by  the  way,  a  rule  for  drawing  an  infinite  variety  of 
ovals. 

Let  AB,  DE  (fig.  2.  N®  2.)  be  the  axes  of  an  el¬ 
lipfe,  C  the  centre,  and  F,  f  the  two  foci.  Make  C  h 
=  CD,  and  defcribe  a  circle  AT>he  paJTing  through 
the  three  given  |>oint8  A,  D,  and  b.  It  may  be  de- 
monftrated,  that  if  from  any  point  P  of  the  arch  AD 
be  drawn  a  chord  PD,  and  if  a  line  PRr  be  drawn, 
making  the  angle  DPR  =  PDC,  and  meeting  the  two 
axes  in  the  points  R  and  r,  then  R  and  r  will  be  the 
centres  of  circles,  which  will  form  a  quarter  APD  of 
an  oval,  which  has  AB  and  DE  for  its  two  axes. 

We  want  an  oval  which  fhall  coincide  as  milch  as 
poITible  with  an  ellipfis  ?  The  moll  likely  method  for 
this  is  to  find  the  very  point  P  where  the  ellipfis  cuts 
the  circle  AD  b  f .  The  eafieft  way  for  the  artift  is  to 
defcribe  an  arch  of  a  circle  a  m,  having  AB  for  its  ra¬ 
dius,  and  the  remote  focus / for  its  centre.  Then  fet 
one  foot  of  the  compafies  on  any  point  P,  and  try  whe¬ 
ther  the  dlftance  PF  from  the  neareft  focus  F  is  exa6l- 
!y  equal  to  its  difiance  P  m  from  that  circle.  Shifting 
the  foot  of  the  compafies  from  one  point  of  the  arch  to 
another,  will  foon  difcover  the  point.  This  being  found, 
draw  PD,  make  the  angle  DP  /*  =  PD  r,  and  R  and  r 
are  the  centres  wanted.  Then  make  C  j  =  CR,  and 
we  get  the  centres  for  the  other  fide. 

The  geometer  will  not  relifn  this  mechanical  conftruc* 
tlon.  He  may  therefore  proceed  as  follows  :  DrawDJ 
parallel  to  AB,  cutting  the  circle  in  d.  Draw  e  d,  cut¬ 
ting  AC  in  N.  Draw  CG  parallel  to  Ae,  and  make  the 
angle  CG  i  =  AD  e,  Bifed  CN  in  O,  and  join  O  u 
Make  OM,  OM'  =  O  i,  and  draw  MP,  MT  perpen¬ 
dicular  to  AB.  Thefe  ordinates  will  cut  the  circle 
AD^^  in  the  points  P  and  F,  where  it  is  cut  by  the 
ellipfe.  We  leave  the  demouftration  as  a  geometrical 
exercife  for  the  dilettante. 

We  faid,  that  this  centering  of  Mr  Pitot’s  refembled 
nave  of  in  principle  the  one  employed  by  Michael  Angelo  for 
Peter’s.  tranfepts  of  St  Peter’s  church  at  Rome. 

Fontana,  who  has  preferved  this,  aferibes  the  conftruc- 
tion  of  it  to  one  of  the  name  of  San  Gallo.  A  fi<etch 
of  it  is  given  in  .fig.  3.  It  is,  however,  fo  much  fupe- 
vior,  and  fo  different  in  principle,  from  that  employed 
for  the  cupola,  that  we  cannot  think  it  the  invention  of 
tha  fame  perfon.  It  is,  like  Pitot’s,  not  only  divifible, 
but  really  divided  into  two  parts,  of  which  the  upper 
carries  by  much  the  greateft  part  of  the  load.  'Hie 
pieces  are  jiidicioufly  diipofed,  and  every  Important  beam 
is  amply  feciired  againft  all  tranfverfe  Itraiiis.  Its  only 
fault  is  a  great  profufion  of  ftrength.  1  he  innermoft 
polygon  aghb  is  quite  fuperfluous,  becaufe  no  ftrain 
can  force  in  the  ftruts  which  reft  on  the  angles.  Should 
the  piers  yield  outwards,  this  polygon  will  be  loofe,  and 
can  do  no  fervice.  Nor  is  the  triangle  gth  of  any  ufe, 
if  the  king-poft  above  it  be  ftrapped  to  the  tie-beam  and 
ftraining  fill.  Perhaps  the  inventor  confidered  the  king- 
poft  as  a  pillar,  and  wifiied  to  fecure  the  tie-beam  againft 
its  crofs  ftrain.  This  centering,  however,  muft  be  al¬ 
lowed  to  be  very  well  compofed  ;  and  we  exped  that 
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the  well-informed  reader  will  join  us  in  preferring  it  to  Center. 
Mr  Pitot’s,  both  for  fimplicity  of  principle,  for  feienti- 
fic  propriety,  and  for  ftrength. 

There  is  one  confiderable  advantage  which  may  be  de¬ 
rived  from  the  aiflual  divifion  of  the  triifs  into  two  parts. 

If  the  tie-beam  LI^,  inftead  of  refting  on  the  ftretcher 
EF,  had  refted  on  a  row  of  chocks  formed  like  double 
wedges,  placed  above  each  other,  head  to  point,  the  up¬ 
per  part  of  the  centering  might  be  (truck  independent 
of  the  lower,  and  this  might  be  done  gradually,  begin¬ 
ning  at  the  outer  ends  of  the  ftretcher.  By  this  proce¬ 
dure,  the  joints  of  the  arch-ftones  will  clofe  on  the 
haunches,  and  will  almoft  relieve  the  lower  centering, 
fo  that  all  can  be  pulled  out  together.  Thus  may  the 
arch  fettle  and  confolidate  in  perfe<ft  fafety,  without  any 
chance  of  breaking  the  bond  of  the  mortar  in  an)^  part  ; 
an  accident  which  frequently  happens  in  great  arches. 

This  procedure  is  peculiarly  advifable  for  low  pitched  or 
elliptical  arches.  But  this  w'ill  be  more  cleaily  feen  af¬ 
terwards,  when  we  treat  of  the  internal  movements  of 
an  arch  of  mafonry. 

This  may  fuffice  for  an  account  of  the  more  fimple 
conftru6llon  of  truffed  centres ;  and  we  proceed  to  fuch 
as  have  a  much  greater  coii/plication  of  principle.  We 
(hall  take  for  examples  fome  conftruefted  by  Mr  Perro- 
net,  a  very  celebrated  French  archite6l. 

Mr  Perronet’s  general  maxim  of  conftruftion  is  to  Perronct** 
make  the  trufs  confift  of  feveral  coiirfes  of  feparate  truf-"^axim  of 

fes,  Independent  (as  he  thinks)  of  each  other,  and 

to  employ  the  joint  fupport  of  them  all.  In  this  con- 
ftruftlon  it  is  not  intended  to  make  ufe  of  one  trufs,  or 
part  of  one  trufs,  to  fupport  another,  as  in  the  former 

fet,  and  as  is  pra6lifed  in  the  roofs  of  St  Paul’s  church. 

Covent  Garden,  and  in  Drury  Lane  theatre.  Each 
trufs  fpans  over  the  whole  diftance  of  the  piers,  and 
would  (land  alone  (having,  however,  a  tottering  equili¬ 
brium).  It  confifts  of  a  number  of  ftruts,  fet  end  to 
end,  and  forming  a  polygon.  Thefe  trufles  are  fo  ar¬ 
ranged,  that  the  angles  of  one  are  in  the  middle  of  the 
fides  of  the  next,  as  when  a  polygon  is  inferibed  in  a 
circle,  and  another  (of  the  fame  number  of  Tides)  is  cir- 
cumfcrlbed  by  lines  which  touch  the  circle  In  the  angles 
of  the  inferibed  polygon.  By  this  conftrudtion  the 
angles  of  the  alternate  truflfes  He  in  lines  pointing  to¬ 
wards  the  centre  of  the  curve.  King* pods  are  there¬ 
fore  placed  in  this  direftion  between  the  adjoining  beams 
of  the  trufies.  Thefe  kliig-pofts  confift  of  two  beams, 
one  on  each  fide  of  the  trufs,  and  embrace  the  trufs- 
beams  between  them,  meeting  In  the  middle  of  their 
thlcknefs.  The  abutting  beams  are  mortlfed,  half  into 
each  half  of  the  poft.  '1  he  other  beam,  which  makes 
the  bafe  of  the  triangle,  pafles  through  the  poft,  and  a 
ftrong  bolt  is  driven  through  the  joint,  and  fecured  by 
a  key  or  a  nut.  In  this  manner  Is  the  whole  united  ; 
and  it  is  expedled,  that  when  the  load  is  laid  on  the  up- 
permoft  trufs.  It  will  all  butt  together,  forcing  down  the 
king-poft?,  and  therefore  preffing  them’ on  the  beams  of 
all  the  inferior  trulfes,  caufmg  them  alfo  to  abntt  on  each 
other,  and  thus  bear  a  (hare  of  the  load.  Mr  Perronet 
does  not  alTume  the  invention  to  liimfelf ;  but  fays  that 
it  was  invented  and  praAifed  by  Mr  Manfard  de  Sa- 
gonne  at  the  great  bridge  of  Moullns.  It  is  much  more 
ancient,  and  is  the  work  of  the  celebrated  phyfician  and 
archite6l  Ferrault ;  as  may  be  feen  in  the  colledlion  of 
machines  and  inventions  of  that  gentleman  publilhed  af¬ 
ter 
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Center,  ter  his  death,  and  alfo  in  the  great  colle6^ion  of  inven- 
“v— ^  tions  approved  of  by  the  Academy  of  Sciences.  It  is 
this  which  we  propofe  to  examine. 

1 6  Fig  4.  reprefents  the  centering  employed  for  the 

Centering  bridge  of  Cravant.  The  arches  are  elliptical,  of  60  feet 
for^the^^  fpan  and  20  feet  rife.  The  archflones  are  four  feet 
bridge  of  thick,  and  weigh  176  pounds  per  foot.  The  trufs- 
Cravant,  beams  were  from  15  to  18  feet  long,  and  their  fedlion 
was  9  inches  by  8.  Each  half  of  the  king  polls  was 
about  7  feet  long,  and  its  fe^lion  9  inches  by  8.  The 
whole  was  of  oak.  The  five  truffes  were  54  feet  afun- 
der.  The  whole  weight  of  the  arch  was  1350000  lbs. 
w’hich  we  may  call  600  tons  (it  is  558).  This  is  about 
j  12  tons  for  each  trufs.  We  mull  allow  near  90  tons 
of  this  really  to  prefs  the  trufs.  A  great  part  of  this 
preffure  is  borne  by  the  four  beams  which  make  the  feet 
of  the  trufs,  coupled  in  pairs  on  each  fide.  The  diago¬ 
nal  of  the  parallelogram  of  forces  drawn  for  Ihefe  beams 
is,  to  one  of  the  Tides,  in  the  proportion  of  360  to  285. 
Therefore  fay,  as  360  to  285  ;  fo  is  90  to  71^  tons,  the 
thrull  on  each  foot.  The  fe6lion  of  each  is  1 44  inches. 
We  may  with  the  utmoll  fafety  lay  three  tons  on  every 
inch  for  ever.  This  amounts  to  43^  tons,  which. is  more 
than  fix  times  the  ilrain  really  prefiing  the  foot  beams 
in  the  diredion.  of  their  length  ;  nay,  the  upper  trufs 
alone  is  able  to  carry  much  more  than  its  load.  The 
abfolute  ftrength  of  its  foot-beam  is  216  tons.  It  is 
much  more  advantageoufly  placed  ;  for  the  diagonal  of 
the  parallelogram  of  forces  correfponding  to  its  pofition  is 
to  the  fide  as  438  to  285.  This  gives  58^^  tons  for  the 
ftrain  on  each  foot;  which  is  not  much  above  the  fourth 
part  of  what  it  is  able  to  carry  for  ever.  No  doubt  can 
therefore  be  entertained  of  the  fuperabundant  ftrength 
of  this  centering.  We  fee  that  the  upper  row  of  ftruts 
is  quite  fufficient,  and  all  that  is  wanted  is  to  procure 
ftiffnefs  for  it ;  for  it  muft  be  carefully  kept  in  mind, 
that  this  upper  row  is  not  like  an  equilibrated  arch.  It 
will  be  very  unequally  loaded  as  the  work  advances. 
The  haunches  of  the  frame  will  be  preffed  down,  and 
the  ioints  at  the  crown  raifed  up.  This  mull  be  re¬ 
filled. 

Here  then  we  may  gather,  by  the  way,  a  ufeful  kf- 
fon.  Let  the  outer  row  of  flruts  be  appropriated  to 
the  carriage  of  the  load,  and  let  the  reft  be  employed 
for  giving  ftiffnefs.  For  this  purpofe  let  the  outer  row 
have  abundant  ‘ftrength.  The  advantages  of  this  me¬ 
thod  are  confiderable.  The  pofition  of  the  beams  of 
the  exterior  row  is  more  advantageous,  when  (as  in  this 
example)  the  whole  is  made  to  reft  on  a  narrow  foot ; 
for  this  obliges  us  to  make  the  laft  angle,  at  leaft  of  the 
lower  row,  more  open,  which  increafes  the  ftrain  on 
the  ftrut  ;  befides,  it  is  next  to  impoffible  to  diftribute 
the  comprefling  tlirufls  among  the  different  rows  of  the 
trufs  beams  ;  and  a  beam  which,  during  one  period  of 
the  mafon  work,  is  aeSling  th6  pait  of  a  ftrut,  in  another 
period  is  bearing  no  ftrain  but  its  own  weight,  and  in 
another  it  is  ftretched  as  a  tie.  A  third  advantage  is, 
that,  in  a  cafe  like  this,  where  all  refts  on  a  narrow  foot, 
and  the  lower  row  of  beams  are  bearing  a  great  part  of 
the  thruft,  the  horizontal  thriift  on  the  pier  is  very  great, 
and  may  pulh  it  afide.  This  is  the  moft  ruinous  acci- 
.  dent  that  can  happen.  An  inch  or  two  of  yielding  will 
caufe  the  crown  of  the  arch  to  fink  prodigioufly,  and 
will  inftantly  derange  all  the  bearings  of  the  abutting 
beams ;  but  when  the  lower  beams  already  aft  as  ties, 


and  are  quite  adequate  to  their  office,  we  render  the  Center- 
frame  perfeftly  ftiff  or  unchangeable  in  its  form,  and 
take  away  the  horizontal  thruft  from  the  piers  entirely. 

This  advantage  is  the  more  valuable,  becaufe  the  very 
circumftance  which  obliges  us  to  reft  all  on  a  narrow 
foot,  places  this  foot  on  the  very  top  of  the  pier,  and 
makes  the  horizontal  thruft  the  more  dangeroUvS. 

But,  to  proceed  in  our  examination  of  the  centering 
of  Cravant  bridge,  let  us  fuppofe  that  the  king  pofts 
are  removed,  and  that  the  beams  are  joined  by  compafs 
joints.  If  the  pier  ftiall  yield  in  the  fmallcft  degree, 
both  rows  of  ftruts  muft  fink  ;  and  fince  the  angles  (at 
leaft  the  outeripoft)  of  the  lower  row  are  more  open 
than  thofe  of  the  upper  row,  the  crown  of  the  lower 
row  will  fink  more  than  that  of  the  upper. 

The  angles  of  the  alternate  rows  muft  therefore  fepa- 
rate  a  little.  Now  reftore  the  king  pofts  ;  they  pre¬ 
vent  this  feparation.  Therefore  they  are  Jlr etched  ; 
therefore  the  beams  of  the  lower  row  are  alfo  ftretched; 
confequenily  they  no  longer  butt  on  their  mortifes,  and 
muft  be  held  in  their  places  by  bolts.  Thus  it  appears 
that,  in  this  kind  of  fagging,  the  original  diftribution  of 
the  load  among  tlie  different  rows  of  beams  is  changed, 
and  the  upper  row  becomes  loaded  beyond  our  expefta- 
tion. 

If  the  fagging  of  the  v.diole  trufs  proceed  only  from 
the  Gomprefiion  of  the  timbers,  the  cafe  is  different,  and 
we  may  preferve  the  original  diftribution  of  mutual  abut¬ 
ment  more  accurately.  But  in  this  cafe  the  ftiffnefs  of 
the  frame  arifes  chiefly  from  crofs  ftrains.  Suppofe  that 
the  frame  is  loaded  with  archftones  on  each  fide  up  to 
the  pofts  HC,  hc\  the  angles  E  and  e  are  preffed 
down,  and  the  beams  EOF;  eoV  pufh  up  the  point  F. 

This  cannot  rife  without  bending  the  beams  EOF,  F ; 
becaufe  O  and  0  are  held  down  by  the  double  king  pofts, 
which  grafp  the  beams  between  them.  There  is  there¬ 
fore  a  crofs  ftrain  on  the  beams.  Obferve  alfo,  that  the 
tiiangle  EHF  does  not  preferve  Its  fliape  by  the  coii- 
nedlion  of  its  joints  ;  for  although  the  ftrut  beams  are 
mortifed  into  the  king  poll,  they  are  In  very  (hallow 
mortifes,  rather  for  fteadying  them  than  for  holding 
them  together.  Mr  Perronet  did  not  even  pin  them, 
thinking  that  their  abutment  was  very  great.  The  tri¬ 
angle  is  kept  In  fliape  by  the  bafe  EF,  which  is  firmly 
bolted  Into  the  middle  poft  at  O.  Had  thefe  interfec- 
tions  not  been  ftrongly  bolted,  we  imagine  that  the  cen¬ 
tres  of  fome  of  Mr  Perronet’s  bridges  would  have  yield¬ 
ed  much  more  than  they  did  ;  yet  fome  of  them  yield¬ 
ed  to  a  degree  that  our  artifts  would  have  thought  very 
dangerous.  Mr  Perronet  was  obliged  to  load  the  crown 
of  the  centering  with  very  great  weights,  increafing 
them  as  the  work  advanced,  to  prevent  the  frames  from 
going  out  of  (liape :  in  one  arch  of  120  feet  he  laid  on 
45  tons.  Notwiihflanding  this  imperfedlion,  which  is 
perhaps  unavoidable,  this  mode  of  framing  is  undoubt¬ 
edly  very  judicious,  and  perhaps  the  bed  which  can  be 
employed  without  depending  on  iron* work. 

Fig.  5.  reprefents  another,  conftruded  by  Perronet  For  the 
for  an  arch  of  90  feet  fpan  and  28  feet  rife.  The  truf-l^”^g® 
fes  were  7  feet  apart,  and  the  arch  was  44  thick  ;  fo  that^^^^®^^ 
the  unreduced  load  on  each  frame  was  very  nearly  235 
tons.  The  fcantling  of  the  ftruts  was  f  5  by  12  inches. 

The  principle  Is  the  fame  as  that  of  the  former.  The 
chief  difference  Is,  that  In  this  centre  the  outer  trufs- 
beana  gf  the  lower  row  is  not  coupled  with,  the  middle 
,  row;, 
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Ccntt^r.  nearly  parallel  to  the  outer  beam  of  the 

r  This  adds  greatly  to  the  flrength  of  the 

foot,  and  Lakes  off  much  of  the  horizontal  thrufl  from 
the  pier. 

Mr  Perronet  has  fhevvn  great  judgment  in  caufing 
the  polygon  of  the  inner  row  of  Uiifs  bedims  gradually 
to  approach  the  polygon  of  the  outer  row.  By  this 
'difpofition,  the  angles  of  the  inner  polygon  are  more 
acute  than  thofe  of  the  outer.  A  little  attention  will 
fhrw,  that  the  general  fagging  of  all  the  polygons  will 
keep  the  abutments  of  the  lower  one  nearer,  or  exadlly, 
to  their  original  quantity.  We  mull  indeed  except  the 
foot  beam.  It  is  ftill  too  oblique  ;  and,  Inftead  of  con¬ 
verging  to  the  foot  of  the  upper  row,  it  fliould  have  di¬ 
verged  from  it.  Had  this  been  done,  this  centre  is  al- 
mofl  perfcdl  in  its  kind.  As  it  is,  it  is  at  leaft  fix  times 
llronger  than  was  abfolutely  neceflary.  We  fhall  have 
occafion  to  refer  to  this  figure  on  another  occafion. 

Sr  M^x  This  maxim  is  better  exemplified  by  Mr  Perronet  in 
cnce  centering  of  the  bridge  of  St  Maxence,  exhibited  in 

fig.  5  n^  2.  than  in  that  of  Nogent,  fig.  5.  a®  i.  But 
think  that  a  horizontal  trufs-beam  a  h  fhould  have 
.been  inferted  (in  a  fubordinate  manner)  between  the 
king-pods  next  the  crown  on  each  fide.  This  would 
prevent  the  crown  from  rifing  while  the  haunches  only 
^re  loaded,  without  impairing  the  fine  abutments  of  r 
€  d,  when  the  arch  is  nearly  completed.  This  is  an  ex¬ 
cellent  centering,  but  is  not  likely  to  be  of  much  ufe  in 
thefe  kingdoms  ;  becaufe  the  arch  itfelf  will  be  confi- 
<]ered  as  ungraceful  and  ugly,  looking  like  a  huge^  lin¬ 
tel.  Perronet  fays,  that  he  preferred  it  to  the  elHpfe, 
becaufe  it  was  lighter  on  the  piers,  which  were  thin. 
But  the  failure  of  one  arch  muft  be  immediately  follow¬ 
ed  by  the  ruin  of  all.  We  know  much  better  methods 
I  a  of  lightening  the  piers. 

Neniliy,  Fig.  6  reprefents  the  centering  of  the  bridge  of 
ivnd  Neuilly,  near  Paris,  alfo  by  Perronet.  The  arch  has 

120  feet  fpan,  and  30  feet  rife,  and  Is  5  feet  thick. 
The  frames  are  6  feet  apart,  and  each  carries  an  abfo; 
lute  (that  is,  not  reduced  to  or  to  load  of  350 
tons.  The  ftrut  beams  are  17  by  14  inches  in  icant- 
ling.  The  king  polls  are  of  15  by  9  each  half  ;  and 
the  horizontal  bridles,  which  bind  the  different  frames 
together  In  five  places,  are  alfo  1 5  by  9  each  half. 
There  are  eight  other  horizontal  binders  of  9  inches 
fquare. 

This  is  one  of  the  moft  remarkable  arches  in  the 
world  ;  not  altogether  on  account  of  its  width  (for 
there  are  feveral  much  wider),  but  for  the  flatnefs  at 
the  crown  ;  for  about  26  feet  on  each  fide  of  the  middle 
it  was  Intended  to  be  a  portion  of  a  circle  of  150  feet 
radius.  An  arch  (femicircular)  of  300  feet  fpan  might 
therefore  be  eafily  conftrufted,  and  would  be  much 
ilronger  than  this,  becaufe  its  horizontal  thruft  at  the 
crown  would  be  vaftly  greater,  and  w^ould  keep  it  more 
firmly  united. 

The  bolts  of  this  centre  are  differently  placed  from 
thofe  of  the  former  ;  and  the  change  is  judicious.  Mr 
Perronet  had  doubtlefs  found  by  this  time,  that  the 
fiiffnefs  of  his  framing  depended  on  the  tranfverfe  flrength 
of  the  beams  ;  and  therefore  he  was  careful  not  to  weak¬ 
en  them  by  the  bolts.  But  notwithftanding  all  his  care^ 
the  framing  funk  upwards  of  13  inches  before  the  key- 
flones  were  laid  ;  and  during  the  progrefs  of  the  work, 
the  crown  rofe  and  fauk,  by  various  fleps,  as  the  loading 


was  extended  along  it.  When  20  coiirfes  were  laid  on  Certer. 
each  fide,  and  about  16  tons  laid  on  the  crown  of  each  v—- 
frame,  it  funk  about  an  inch.  When  46  courfes  were 
laid,  and  the  crown  loaded  with  50  tons.  It  funk  about 
half  an  Inch  more.  It  continued  finking  as  the  work 
advanced  ;  and  when  the  keyllone  was  fet  It  had  funk 
13  J  Inches.  But  this  finking  was  not  general ;  on  the 

contrary,  the  frame  had  rifen  greatly  at  the  very  haunch¬ 
es,  fo  as  to  open  the  upper  part  of  the  joints,  many  of 
which  gaped  an  inch  ;  and  this  opening  of  the  joints 
gradually  extended  from  the  haunches  towards  the 
crov.'n,  In  the  neighbourhood  of  which  they  opened  011 
the  under  fide.  This  evidently  arofe  from  a  want  of 
fliffiiefs  in  the  frame.  But  thefe  joints  clofed  again 
when  the  centres  were  flruck,  as  will  be  mentioned  af¬ 
terwards. 

We  have  taken  particular  notice  of  the  movements 
and  twilling  of  this  centre,  becaufe  vve  think  that  they 
indicate  a  deficiency,  not  only  of  iliffnefs,  but  of  abut¬ 
ment  among  the  trufs  beams.  The  w^hole  has  been 
too  flexible,  becaufe  the  angles  are  too  obtufe :  This 
arifes  from  their  multiplicity.  When  the  intercepted 
arches  have  fo  little  curvature,  the  power  of  the  load 
to  prefs  it  inward  increafes  very  faft.  When  the  in¬ 
tercepted  arch  is  reduced  to  one  half,  this  power  is 
more  than  doubled  ;  and  it  is  alfo  doubled  when  the 
radius  of  curvature  is  doubled.  The  king-polls  Ihould 
have  been  farther  apart  near  the  crown,  fo  that  the 
quantity  of  arch  between  them  Ihould  compenfate  for 
its  diminllhed  curvature. 

The  power  of  withftanding  any  given  inequality  of 
load  would  therefore  have  been  greater,  had  the  centre 
confided  of  fewer  pieces,  and  their  angles  of  meeting 
been  proportionally  more  acute.  The  greated  improve¬ 
ment  would  have  been,  to  place  the  foot  of  the  lower 
tier  of  trufs-beams  on  the  very  foot  of  the  pier,  and  to 
have  alfo  feparated  It  at  the  head  from  the  red  with  a 
longer  king-pod,  and  thus  to  have  made  the  didances 
of  the  beams  on  the  king-pods  increafe  gradually  from 
the  crown  to  the  fpring.  This  would  have  made  all 
the  angles  of  abutment  more  acute,  and  would  have  pro- 
duced  a  greater  preflure  on  all  the  low^er  tiers  when  the 
frame  fagged. 

Fig.  7.  reprefents  the  centering  of  the  bridge  of  Orleans, 
leans.  The  arch  has  100  feet  fpan,  and  rifes  30,  and 
the  arch-dones  are  6  feet  long.  It  Is  the  condrudlion 
of  Mr  Hupeau,  the  fird  archlte^l  of  the  bridge.  It  is 
the  bolded  work  of  the  kind  that  wc  have  feen,  and  is 
condrudled  on  clear  principles.  The  main  abutments 
are  few  in  number.  Becaufe  the  beams  of  the  outer 
polygon  are  long,  they  arc  very  well  fupported  by 
draining  beams  in  the  middle ;  and  the  druts  or  braces 
which  fupport  and  butt  on  them,  are  made  to  led  on 
points  carried  entirely  by  ties.  The  Inventor,  however, 
feems  to  have  thought  that  the  angles^df  the-inner  po¬ 
lygon  were  fupported  by  mutual  cdmpreflion,  as  in  the 
outer  polygon.  But  it  Is  plain  that  the  whole  inner 
polygon  may  be  formed  of  iron  rods.  Not  but  that 
both  polygons  may  be  in  a  date  of  comprefiion  (this  ia 
very  poflible)  ;  but  the  fmalled  fagging  of  the  frame 
will  change  the  proportions  of  the  preflurea  at  the  an¬ 
gles  of  the  two  polygons.  preffures  on  the  exte¬ 

rior  angles  will  increafe, 'and  thofe  on  the  lower  or  in¬ 
terior  angles  will  diminifli  mod  rapidly  ;  fo  that  the  a- 
hutments  in  the  lower  polygon  will  be  next  to  no¬ 
thing. 
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Center,  thing.  Such  points  could  bear  very  little  preflure  from 
- the  braces  which  fupport  the  middle  of  the  long  bear¬ 
ings  of  the  upper  beams,  and  their  prelTures  mull  be 
borne  chiefly  by  the  joints  fupported  by  the  king-pofts. 
The  king-pofts  would  then  be  In  a  ftate  of  eKtenfion. 

It  is  difficult,  however,  to  decide  w'hat  is  the  precife 
ftate  of  the  prefTurc  at  thefe  Interior  angles. 

The  hiftory  of  the  eredllon  of  this  bridge  will  throw 
much  light  on  this  point,  and  is  very  inftrmSliVe.  Mr 
thi8  centre  before  any  of  the  arches  were  carried  far¬ 

ther  than  a  very  few  of  the  firft  courfes.  Mr  Perronet 
fucceeded  to  the  charge,  and  finiftied  the  bridge.  As 
the  w’ork  advanced,  the  crown  of  the  frame  rofe  very 
much.  It  was  loaded  ;  and  It  funk  as  remarkably. 
This  fliewed  that  the  lower  polygon  was  giving  very 
little  aid.  Mr  Perronet  then  thought  the  frame  too 
w'eak,  and  inferted  the  long  beam  DE,  making  the 
diagonal  of  the  quadrangle,  and  very  nearly  in  the  di- 
redlion  of  the  lower  beam  a  b,  but  falling  rather  below 
this  line.  He  now  found  the  frame  abundantly  ftrong. 

It  Is  evident  that  the  trufs  is  now  changed  exceedingly, 
and  confifts  of  only  the  two  long  fides,  and  the  ffiort 
ftraining  beam  lying  horizontally  between  their  heads. 
The  whole  centering  confifts  now  of  one  great  trufs 
a'Ee  b,  and  its  long  fides  a'Ey  e  b,  are  trufted  up  at  B 
andy'.  Had  this  fimple  idea  been  made  the  principle 
of  the  conftrudion.  It  would  have  been  excellent.  The 
angle  ^  DE  might  have  been  about  176®,  and  the  po¬ 
lygon  D^^^  employed  only  for  giving  a  filght  fup¬ 
port  to  this  great  angle,  fo  as  not  to  allow  it  to  exceed 
180®.  But  Mr  Perronet  found,  that  the  joint  c,  at  the 
foot  of  the  poft  E  c,  was  about  to  draw  loofe,  and  he 
was  obliged  to  bolt  long  pieces  of  timber  on  each  fide 
of  the  joiat,  embracing  both  beams.  Thefe  were  evi¬ 
dently  adling  the  fame  part  as  Iron  ftraps  would  have 
done  ;  a  complete  proof  that,  whatever  may  have  been 
the  original  prefturesj  there  was  no  abutment  now  at 
the  point  r,  and  that  the  beams  that  met  there  were 
not  in  a  ftate  of  compreffion,  but  were  on  the  ftretch. 
Mr  Perronet  fays  that  he  put  thefe  cheeks  to  the  joints 
tojltff'en  them.  But  this  was  not  their  office  ;  becaufe 
the  adjoining  beams  were  not  ftruts,  but  ties,  as  we  have 
now  proved. 

^  We  may  therefore  conclude,  that  the  outer  polygon, 
with  the  affiftance  of  the  pieces  ah^  DE,  were  carrying 
the  whole  load.  We  do  not  know  the  diftance  between 
the  frames  ;  but  fuppofing  them  feven  feet  apart,  and 
the  arch  6  feet  thick,  and  weighing  1 70  pounds  per  foot, 
we  learn  the  load.  The  beams  were  16  Inches  fquare. 

If  we  now  calculate  what  they  would  bear  at  the  fame 
very  moderate  rate  allowed  to  the  other  centres,  we  find 
that  the  beams  AB  and  ah  are  not  loaded  to  one-fixth 
of  their  ftrength. 

We  have  given  this  centre  as  a  fine  example  of  what 
carpentry  is  able  to  perfonn,  and  becaufe,  by  its  fim- 
plicity,  it  is  a  fort  of  text  on  which  the  Intelligent  ar¬ 
il  ft  may  make  many  comments.  We  may  fee  plainly 
that,  if  the  lower  polygon  had  been  formed  of  iron  rods, 
firmly  bolted  into  the  feet  of  the  king-pofts.  It  would 
have  maintained  Its  ffiape  completely.  The  fervice  done 
by  the  beam  DE  was  not  fo  much  an  increafe  of  abut¬ 
ment  as  a  difeharge  of  the  weight  and  of  the  puU  at  the 
joint  c.  Therefore,  in  cafes  where  the  feet  of  the  trufs 
are  necejfarily  confined  to  a  very  narrow  fpace,  we  ftiould 
be  careful  to  make  the  upper  polygon  fufticient  to  carry 
SupPL.  VoL.  I.  Part  T 
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the  whole  load  (fay  by  doubling  its  beams),  and  we  ^ 

may  then  make  the  lower  polygon  of  flender  dimen- 
fions,  provided  we  fecure  the  joints  on  the  king-poft? 
by  Iron  ftraps  which  embrace  a  confiderable  portion  of 
the  tie  on  each  fide  of  the  joint.  %% 

We  are  far  from  thinking  that  thefe  centres  are  of  All  thifc 
the  beft  kind  that  could  be  employed  in  their  fituation 
but  they  are  excellent  in  their  kind:  and  a  careful 
ftudy  of  them  will  teach  the  artift  much  of  his  profef- 
fion.  When  we  have  a  clear  conception  of  the  ftate 
of  llrain  in  which  the  parts  of  a  frame  really  are,  wt 
know  what  fhould  be  done  in  order  to  draw  all  the  ad¬ 
vantage  poffiblc  from  our  materials.  We  have  faid  in 
another  place,  that  where  w’e  can  give  our  joints  fuffi- 
cient  conne(ftion  (as  by  ftraps  and  bolts,  or  by  cheeks 
or  fifties).  It  Is  better  to  ule  ties  than  ftruts,  becaufe 
ties  never  bend. 

We  do  not  approve  of  Mr  Perronet ’s  pradlice  of  gi¬ 
ving  his  trufles  fuch  narrow  feet.  By  bringing  the  foot 
of  the  lower  polygon  farther  down,  we  greatly  dimlnlfti 
all  the  ftrains,  and  throw  more  load  on  the  lower  poly¬ 
gon  ;  and  we  do  not  fee  any  of  Mr  Perronet’ s  centres 
where  this  might  not  have  been  done.  He  feems  to  af- 
feft  a  great  fpan,  to  ftiew  the  wonders  of  his  art ;  but 
our  obje^I  is  to  teach  how  to  make  the  beft  centre  of  a 
given  quantity  of  materials ;  and  how  to  make  the  moll 
perfedl  centre,  when  we  are  not  limited  in  this  refpedt, 
nor  in  the  extent  of  our  fixed  points.  * 

We  fhall  conclude  this  feries  of  examples  with  one  Excellence 
where  no  fuch  affedlatlon  takes  place.  This  Is  the  cen-®^^^® 
tering  of  the  bridge  at  Blackfriars,  London.  The  fpan  ^ 
of  the  arch  is  100  feet,  and  its  height  from  the  fpring Blackfriars 
is  about  43.  The  dravring  fig.  8.  is  fufficiently  minute  bridge, 
to  convey  a  diftin^l  notion  of  the  whole  conftru6lion. 

We  need  not  be  very  particular  in  our  ohfervationa,  af- 
ter  what  has  been  faid  on  the  general  principles  of  con- 
ftrudlion.  The  leading  maxim,  in  the  prefent  example, 
feems  to  be,  that  every  part  of  the  arch  JJoall  be  fupported 
by  a  fmple  trufs  of  two  legs  refltng^  one  on  each  ptet\ 

H,  H,  &c.  are  called  apron  pieces,  to  ftrengtheu  the 
exterior  joints  and  to  make  the  ring  as  ft  iff  in  itfelf 
as  poffible.  From  the  ends  of  this  apron -piece  proceed 
the  two  legs  of  each  trufs.  Thefe  legs  are  12  inches 
fquare  :  They  are  not  of  an  entire  piece,  but  of  feveral, 
meeting  in  firm  abutment.  Some  of  their  meetings  are 
feenred  by  the  double  king-pofts,  which  grafp  them 
firmly  between  them,  and  are  held  together  by  bolts. 

At  other  interfedllons,  the  beams  appear  halved  into 
each  other  ;  a  pradllce  which  cannot  but  weaken  them 
much,  and  would  endanger  their  breaking  by  crofs 
ftrains,  if  it  were  poffible  for  the  frame  to  change  its 
Ihape.  But  the  great  breadth  of  this  frame  is  an  ef- 
fedlual  ftop  to  any  fuch  change.  The  fadl  was,  that 
no  finktng  or  twijling  whatever  was  obferved  during  the 
progrefs  of  the  inafon  work.  Three  points  in  a  ftraight 
line  were  marked  on  purpofe  for  this  obfei  vation,  and 
were  obferved  every  day  The  arch  was  more  than  fix 
feet  thick  ;  and  yet  the  finking  of  the  crown,  before 
fetting  the  key-ftones,  did  not  amount  to  one  Inch. 

The  centre  employs  about  .one-third  more  timber 
than  Perronet^s  great  centre  in  proportion  to  the  fpan 
of  the  arch  ;  but  the  circumference  Increafes  in  a 
greater  proportion  than  this,  becaufe  it  is  more  eleva¬ 
ted.  In  every  way  of  making  a  comparifon  of  the  di- 
menfions,  Mr  Mylne’s  arch  employs  more  timber  ;  but 
C  c  it 
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Center.  Jt  1*3  hyond  all  comparlfon  ftronger.  The  great  elevation 
is  partly  the  reafon  of  this.  But  the  difpofition  of  the 
timbers  is  alfo  much  more  advantageous,  and  may  be 
copied  even  in  the  low  pitched  arches  of  NeuIDy.  -The 
fimple  trufs,  reaching  from  pier  to  pier  for  the  middle 
point  of  the  arch,  gives  the  ilrong  fupport  where  it  is 
moft  of  all  wanted  ;  and  in  the  lateral  points  H,  al¬ 
though  one  leg  of  the  trufs  is  very  oblique,  the  other 
compenfates  for  it  by  its  upright  pofition. 

The  chief  peculiarity  of  this  centre  is  to  be  feen  in 
its  bafe.  This  demands  a  more  particular  attention  : 
but  we  muft  firft  make  fome  obfervacions  on  the  condi¬ 
tion  of  an  arch,  as  it  refts  on  th^  centering  after  the 
keyftones  are  all  fet,  and  on  the  gradual  transference 
of  the  prelTure  from  the  boards  of  the  centering  to  the 
joints  of  the  archftones. 

While  all  the  archftones  lie  on  the  centering,  the 
lower  courfes  are  alfo  leaning  pretty  ftrongly  on  each 
Hate  of  an  other.  But  the  mortar  is  hardly  comprelied  in  the 
arch  as  joints;  and  leaft  of  all  in  the  joints  near  the  crown, 

reftg  on  the  Suppofe  the  arch  to  be  catenarian,  or  of  any  other 
centering.  jg  perfedly  equilibrated  :  When  the  center- 

fng  is  gradually  withdrawn,  all  the  archftones  follow  it. 
Their  wedge-like  form  makes  this  impoflible,  without 
the  middle  ones  fqueezing  the  lateral  ones  afide.  This 
comprefles  the  mortar  between  them.  As  the  ftones 
thus  come  nearer  to  each  other,  thofe  near  the  crown 
muft  defcend  more  than  thofe  near  the  haunches,  be¬ 
fore  every  ftone  has  leffened  its  diftance  from  the  next 
by  the  fame  quantity  ;  for  example,  by  the  hundredth 
part  of  an  inch.  This  circumftance  alone  muft  caufe  a 
finking  in  the  crown,  and  a  change  of  lhape.  But  the 
joints  near  the  crown  are  already  more  open  than  thofe 
near  the  haunches.  This  produces  a  ftill  greater  change 
of  form  before  all  is  fettled.  Some  mafons  endeavour 
to  remedy,  or  at  leaft  to  diminilh,  this,  by  uftiig  no 
mortar  in  the  joints  near  the  crown.  They  lay  the 
ftones  dry,  and  even  force  them  together  by  wedges 
and  blocks  laid  between  the  ftones  on  oppolite  Tides  of 
the  crown  :  They  afterwards  pour  in  fine  cement.  This 
appears  a  good  practice.  Perronet  rejedls  it,  becaufe 
the  wedging  fometimes  breaks  the  ftones.  We  fhould 
not  think  this  any  great  harm  ;  becaufe  the  fracture 
will  make  them  clofe  where  they  would  otherwife  lie 
hollow.  But,  after  all  our  care,  there  is  ftill  a  linking 
of  the  crown  of  the  arch.  By  gradually  withdrawing 
the  centering,  the  joints  clofe,  the  archftones  begin  to 
butt  on  each  other,  and  to  force  afide  the  lateral  courfes. 
This  abutment  gradually  increafing,  the  prefTure  on  the 
haunches  of  the  centering  is  gradually  diminifhed  by 
the  mutual  abutment,  and  ceafes  entirely  in  that  courfe, 
which  is  the  loweft  that  formerly  prefied  it  :  it  then 
ceafes  in  the  courfe  above,  and  then  in  the  third,  and 
fo  on.  And,  in  this  manner,  not  only  the  centering 
quits  the  arch,  gradually,  from  the  bottom  to  the  top, 
by  its  own  retiring  from  it^  but  the  arch  alfo  quits  the 
centering  by  changing  its Jhape,  If  the  centering  were 
now  puihed  up  again,  it  would  touch  the  arch  firft  at 
the  crown  ;  and  it  muft  lift  up  that  part  gradually  be¬ 
fore  it  come  again  in  contact  with  the  haunches.  It 
is  evident,  therefore,_that  an  arch,  built  on  a  centre  of 
a  fiiape  perfectly  fuited  to  equilibration,  will  not  be  in 
equilibrio  when  the.  centering  is  removed.  It  is  there¬ 
fore  neceffary  to  form  the  centering  in  fuch  a  manner 
(by  raifing  the  crown),  that  it  fliall  leave  the  arch  of 


a  proper  form.  This  is  a  very  delicate  taflc,  requiring  Center, 
a  previous  knowledge  of  the  enfuing  change  of  form. 

This  cannot  be  afcertained  by  the  help  of  any  theory 
we  are  acquainted  with. 

But,  fuppofe  this  attained,  there  is  another  difficulty; 

While  the  work  advances,  the  centering  is  warped  by 
the  load  laid  on  it,  and  continually  increafing  on  each 
fide.  The  firft  prefTure  on  the  centering  forces  down 
the  haunches,  and  raifes  the  crown.  The  arch  is  there¬ 
fore  lefs  curved  at  the  haunches  than  is  intended  :  the 
joints,  however,  accommodate  themfelves  to  this  form, 
and  are  clofe,  and  filled  with  mortar.  When  the  ma¬ 
fons  approach  the  middle  of  the  arch,  the  frame  finks 
there,  and  rifes  up  at  the  haunches.  This  opens  ail  the 
joints  in  that  place  on  the  tipper  fide.  By  the  time  that 
the  keyftones  are  fet,  this  warping  has  gone  farther; 
and  joints  are  opened  on  the  under  fide  near  the  crown. 

It  is  true  we  are  here  fpeaking  rather  of  an  extreme 
cafe,  when  the  centering  Is  very  flexible  ;  but  this  oc¬ 
curred  to  Mr  Perronet  in  the  two  great  bridges  of  Neu- 
illy  and  of  Mantz.  In  this  laft  one,  the  crown  funk 
above  a  foot  before  the  key  was  fet,  and  the  joints  at 
the  haunches  opened  above  an  Inch  above,  while  fome  near¬ 
er  the  crown  opened  near  a  quarter  of  an  inch  below.  ^  dedicate 

In  this  condition  of  things,  it  Is  a  delicate  bufiaefs  tobuCnefs  to 
ftrike  the  centering.  Were  it  removed  in  an  Iiiilant,  allftrikethe 
would  probably  come  down  ;  for  the  archftones  are  not 
yet  abutting  on  each  other,  and  the  joints  in  the  middle 
are  open  below.  Mr  PerronePs  method  appears  to  us 
to  be  very  judicious.  He  began  to  detach  the  center¬ 
ing  at  the  very  bottom,  bn  each  fide  equally,  where  the 
prefTure  on  the  centering  is  very  flight.  He  cut  away 
the  blocks  which  were  immediately,  under  each  arcb- 
ftone.  He  proceeded  gradually  upwards  in  this  way 
with  fome  fpeed,  till  all  was  detached  that  had  been  put 
out  of  fliape  by  the  bending  of  the  centering.  This  be¬ 
ing  no  longer  fupported,  funk  Inward,  till  It  was  flopped 
by  the  abutment  which  It  found  on  the  archftones  near 
the  crown,  which  were  ftill  refting  on  their  blocks. 

During  part  of  this  procefs,  the  open  joints  opened  ftill 
more,  and  looked  alarming.  This  was  owing  to  the  re¬ 
moval  of  the  load  from  the  haunches  of  the  centering. 

This  allowed  the  crown  to  fink  ftill  more,  by  forcing 
out  the  arch  ftones  at  the  haunches.  He  now  paufed^ 
fome  days;  and  during  this  time  the  two  haunches,  now 
hanging  in  the  air,  gradudly  prefied  in  toward  the  cen¬ 
tering,  their  outer  joints  clofing  in  the  meanwhile,  I’he 
haunches  were  now  prefiing  pretty  hard  on  the  arch¬ 
ftones  nearer  the  crown.  He  then  proceeded  more 
fiowly,  deftroying  the  blocks  and  bridgings  of  thefe  up¬ 
per  archftones.  As  Toon  as  he  deftroyed  the  fupport  of 
one,  it  immediately  yielded  to  the  prefiure  of  the  haunch; 
and  if  the  joint  between  it  and  the  one  adjoining  to¬ 
ward  the  crown  happened  to  be  open,  whether  on  the 
under  or  the  upper  fide,  it  immediately  clofed  on  it. 

But  in  proceeding  thus,  he  found  every  ftone  fink  a 
little  while  It  clofed  on  its  neighbour ;  and  this  was  like 
to  produce  a  ragged  foffet,  which  is  a  deformity.  He 
therefore  did  not  allow  them  to  fink  fo  much.  In  the 
places  of  the  blocks  and  bridgings  which  he  had  cut 
away,  he  fet  fmall  billets,  Handing  on  their  ends,  between 
the  centering  and  the  archftones.  Thefe  allowed  the  pen¬ 
dulous  arch  to  pufh  toward  the  crown  without  fenfibly 
defcending  ;  for  the  billets  were  pufhed  out  of  the  per¬ 
pendicular,  and  fome  of  them  tumbled  down.  Proceed¬ 
ing 
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Center,  Jng  In  tins  way,  he  advanced  to  the  very  next  courfe  to 

- '  the  keyftone  on  each  fide,  the  joints  clofing  all  the  way 

as  he  advanced.  The  laft  job  was  very  troublefome  ; 
we  mean  the  detaching  the  three  uppernioft  courfes  from 
the  centering  i  for  the  whole  elafticity  of  the  center¬ 
ing  was  now  trying  to  unbend,  and  preffing  hard  againft 
them.  He  found  that  they  were  lifted  up  ;  for  the 
joints  beyond  them,  which  had  clofed  completely,  now 
opened  agaih  below  ;  but  this  job  w^as  finifhed  in  one 
day,  and  the  centre  fprung  up  tw^o  or  three  inches,  and 
the  whole  arch  funk  about  fix  inches.  This  was  an 
anxious  time  ;  for  he  dreaded  the  great  momentum  of 
fuch  a  vaft  mafs  of  matter.  It  was  hard  to  fay  where 
it  would  flop.  He  had  the  pleafur(»  to  fee  that  it  Hop¬ 
ped  very  foon,  fettling  (lowly  as  the  mortar  was  com- 
prelTed,  and  after  one  or  two  days  fettling  no  more. 
This  fettling  was  very  confiderable  both  in  the  bridge 
at  Neuilly  and  in  that  at  Mautz.  In  the  former,  the 
(inking  during  the  work  amounted  to  13  inches.^  It 
funk  fix  inches  more  when  the  blocks  and  bridgings 
were  taken  out,  and  It  when  the  little  (landards  were 
dedroyed,  and  more  next  day ;  fo  that  the  whole  fink¬ 
ing  of  the  pendulotts  arch  was  pT  inches,  befides  what  it 
had  tuuk  by  the  bending  and  compreffion  of  the  center- 
ing. 

The  crown  of  the  centering  was  an  arch  of  a  circle 
deferibed  with  a  radius  of  150  feet ;  but  by  the  finking 
of  the  arch  its  (hape  was  confiderably  changed,  and 
about  60  feet  of  it  formed  an  arch  of  a  circle  whole 
radius  was  244.  feet.  Hence  Mr  Perronet  infers,  that 
a  femicircle  of  500  feet  fpan  may  be  eredled.  ^  It  would 
no  doubt  be  (Ironger  than  this  arch,  becaufe  its  greater 
horizontal  thriiil  would  keep  the  Hones  firmer  together. 
The  finking  of  the  arches  at  Mantz  was  not  quite  fo 
great,  but  every  thing  proceeded  in  the  fame  way.  It 
amounted  in  all  to  20I  inches,  of  which  12  inches  were 
owing  to  the  comprefTion  and  bending  of  the  center- 

26  ...  r  * 

The  fore-  In  fig.  5.  n®  I.  may  be  obferved  an  indication  of  this 

poinjr  oh-  procedure  of  the  mafonry.  There  may  be  noticed  a 

emn horizontal  line  a  c,  and  a  diagonal  a  b.  Thcfe  are  fup- 

fied^^^  ^  pofed  to  be  drawn  on  the  mafonry  as  it  would  have 
Hood  had  the  frames  not  yielded  during  the  building. 
The  dotted  line  Ab' d  (hews  the  (hape  which  it  took 
by  the  finking  of  the  centering.  Phe  dotted  line  on 
the  other  fide  was  a^lually  drawn  on  the  mafonry  when 
the  keyHone  was  fet  ;  and  the  wavy  black  line  on  the 
fame  fide  Hiews  the  form  which  the  dotted  line  took  by 
the  Hriking  of  the  centering.  The  undulated  part  of 
this  line  cuts  its  former  pofition  a  little  belovv  the  middle, 
going  without  it  below,  and  falling  within  it  above. 
This  (hews  very  diHindfly  the  movement  of  the  whole 
mafonry,  diHinguilhing  the  parts  that  were  forced  out 
and  the  parts  which  funk  inward. 

We  prefume  that  the  pra6lical  reader  will  think  this 
account  of  the  internal  movements  of  a  Hupendous  arch 
very  inHruftive  and  iifeful.  As  Mr  Perronet  obferved 
it  to  be  uniformly  the  fame  in  feveral  very  large  arches 
which  he  erected,  wc  may  conclude  that  it  is  the  gene¬ 
ral  procefs  of  nature.  We  by  no  means  have  the  con¬ 
fidence  in  the  durability  or  folidity  of  his  arches  which 
he  prudently  profeffes  to  have.  We  have  converfed  with 
fome  very  experienced  mafons,  who  have  alfo  erefted 
very  great  arches,  and  in  very  difficult  fituations,  which 
have  given  univerfal  fatisfadlion  ;  and  wc  have  found 


them  uniformly  of  opinion,  that  an  arch  which  has  fet-  Center  ^ 
tied  to  fnch  a  proportion  of  its  curvature  as  to  change 
the  radius  from  150  to  244  feet,  is  in  a  very  hazardous 
fituation.  They  think  the  hazard  the  greater,  becaufe 
the  fpan  of  the  arch  is  fo  great  in  proportion  to  its 
weight  (as  they  exprefs  it  very  emphatically)  or  its 
height.  The  weight,  fay  they,  of  the  haunches  is  too 
finall  for  forcing  together  the  keyHones,  which  have 
fcarcely  any  wedge-like  form  to  keep  them  from  Hiding 
down.  This  is  very  good  reafoning,  and  expreffes  very 
familiar  notions.  The  mechanician  would  fay,  that  the 
horizontal  thruH  at  the  crown  is  too  fmall.  When  we 
queHioned  them  about  the  propriety  of  Mr  Perronet’s 
method  of  removing  the  centering,  they  unanimoufly 
approved  of  its  general  principle,  but  faid  that  it  was 
very  ticklifh  indeed  in  the  execution.  The  cafes  which 
he  narrates  were  new  to  them.  They  Hiould  have  al- 
moH  defpaired  of  fuccefs  with  arches  which  liad  gone  fo 
much  out  of  ffiape  by  the  bending  of  the  centres  ;  be¬ 
caufe,  faid  they,  the  Hope  of  the  centering,  to  a  great 
diHance  from  the  crown,  was  fo  little,  that  the  arch- 
Hones  could  not  Hide  outwards  along  it,  to  clofe  even 
the  under  fide  of  the  joints  which  had  opened  above 
the  haunches  ;  fo  that  a//  the  archHones  were  at  too 
great  a  diHance  from  each  other;  and  a  great  and^erie^ 
ral  fubfiding  of  the  whole  was  necedary  for  bringing 
them  even  to  touch  each  other.  They  had  never  obfer¬ 
ved  fuch  bendings  of  the  centerings  which  they  had  em¬ 
ployed,  having  never  allowed  themfelves  to  contrail  the 
feet  of  their  truffes  into  fuch  narrow  fpaces.  They  ob¬ 
ferved,  that  nothing  but  lighters  with  their  maHs  down 
can  pafs  under  the  truffes,  and  that  the  Tides  inuH  be  fo 
protected  by  advanced  works  from  the  accidental  (hock 
of  a  loaded  boat,  that  there  cannot  be  left  room  for 
more  than  one.  They  added,  that  the  bridges  of  com- 
municatitin,  necelTary  for  the  expeditious  conducing  of 
the  work,  made  all  this  fuppofed  roominefs  ufelefs ;  be¬ 
fides,  the  bufinefs  can  hardly  be  fo  urgent  and  crowded 
anywhere,  as  to  make  the  paffage  through  every  arch  in- 
diTpenfably  necelTary.  Nor  was  the  inconvenience  of 
this  obHrudlion  greatly  complained  of  during  the  erec¬ 
tion  of  WeHminlter  or  Blackfriars  bridges.  Nothing 
(hould  come  in  competition  with  the  undoubted  folidity 
of  the  centering  and  the  future  arch  ;  and  all  boaHing 
difplay  of  talent  and  ingenuity  by  an  engineer,  in  the 
exhibition  of  the  wonders  of  his  art,  is  mifplaced  here. 

Thefe  appeared  to  us  good  reafons  for  preferring  the 
more  cautious,  and  incomparably  more  fecure,  conilruc- 
tion  of  Mr  Mylne,  in  which  the  breadth  given  to  each 
bafe  of  the  trufTes  permitted  a  much  more  effeftive  dif- 
pofition  of  the  abutting  timbers,  and  alfo  enabled  the 
engineer  to  make  it  incomparably  Hiffer  ;  fo  that  no 
change  need  be  apprehended  in  the  joints  which  have 
already  clofed,  and  in  which  the  mortar  has  already  ta¬ 
ken  its  fet,  and  commenced  an  union  that  never  can  be 
reHored  if  it  be  once  broken  in  the  fmalleH  degree,  no 
not  even  by  greater  compreffion. 

Here  we  beg  leave  to  mention  our  notions  of  the.p,  ^7 
connexion  that  is  formed  by  mortar  compofed  of  lime  neAion”" 
or  gypfum.  We  confider  it  as  confiding  chiefly,  if  not  that  is 
folely,  in  a  cryHallization  of  the  lime  or  gypfum  and  formed 
water.  As  much  water  is  taken  up  as  is  necelTary  for^J.!”®*’’^^^ 
the  formation  of  the  cryHals  during  their  gradual 
verfion  into  mild  calcareous  earth  or  alabaHcr,  and  the 
reft  evaporates.  When  the  free  accefs  of  air  is  abfo- 
C  c  a  lately 
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Center,  lately  prevented,  the  cryllallization  never  proceeds  to 
that  ftate,  even  although  the  mortar  becomes  extremdy 
dry  and  hard.  We  had  an  opportunity  of  obferviiig 
this  accidentally,  when  paffing  through  Maeftricht  in 
J770,  while  they  w^ere  cutting  up  a  mafiy  revetment  of 
a  part  of  the  fortifications  more  than  300  years  old. 
The  mortar  betw^een  tl\e  bricks  was  harder  than  the 
bricks  (which  were  Dutch  clinkers,  fuch  as  are  now 
ufed  only  for  the  greateft  loads)  ;  but  when  mixed  wdth 
water  it  made  it  lime  water,  feemingly  as  ftrrong  as  if 
frefh  lime  had  been  ufed.  We  obferved  the  fame  thing 
in  one  fmall  part  of  a  huge  mafs  of  ancient  Roman  work 
near  Romney  in  Kent  ;  but  the  reft,  and  all  the  very 
eld  mortar  that  we  have  feen,  w^as  in  a  mild  ftate,  and 
v^as  generally  much  harder  than  what  produced  any 
lime-water.  Now^  when  the  mortar  in  the  joints  has 
begun  its  fir  ft  cryftallization,  and  is  allowed  to  remain 
in  perfect  reft,  we  are  confident  that  the  fubfequent  cry- 
ftals,  whether  of  lime,  or  of  calcareous  earth,  or  of  gyp- 
fum,  will  be  much  larger  and  ftronger  than  can  ever  be 
produced  if  they  are  once  broken  j  and  the  farther  that 
this  cryftallization  has  been  carried,  that  is,  the  harder 
that  the  mortar  has  become,  lefs  of  it  remains  to  take 
any  new  cryftallization.  Why  fhould  it  be  otherwife 
here  than  in  every  other  cryftallization  that  we  are  ac- 
a8  quainted  with  ? 

Neceffityof  \A/'e  think  therefore  that  it  is  of  great  confequence 
keeping  the^^  keep  the  joints  in  their  JirJl  ftate  if  pofiible  ;  and 
that  the  ftrength  (as  far  as  it  depends  on  the  mortar) 
ftate.,  is  greatly  diminiftied  by  their  opening;  efpecially  wdien 
the  mortar  has  acquired  confiderable  hardnefs,  which  it 
will  do  in  a  month  or  fix  weeks,  if  it  be  good.  The 
cohefion  given  by  mortar  is  indeed  a  mere  trifle,  when 
oppofed  to  a  force  which  tends  to  open  the  joints,  act¬ 
ing,  as  it  generally  does,  with  the  tranfverfe  force  of  a 
lever  :  but  in  fituations  where  the  overload  on  any  par¬ 
ticular  archftones  tends  to  pufli  them  down  through  be¬ 
tween  their  neighbours,  like  wedges,  the  cohefion  of  the 
mortar  is  then  of  very  great  confequence. 

AVe  muft  make  another  obfervation.  Mr  Perronet’s 


ingenious  prccefs  tended  very  effediially  to  clofe  the 
joints.  It  doing  this,  the  forces  which  he  brought  in¬ 
to  adion  had  little  to  oppofe  them  ;  but  as  foon  as  they 
were  clofed,  the  conta6l  of  the  parts  formerly  open  op- 
pofed  an  obftrudion  incomparably  greater,  and  imme¬ 
diately  balanced  a  force  which  was  but  juft  able  to  turn 
the  ftone  gently  about  the  two  edges  in  which  it  touch¬ 
ed  the  adjoining  ftones.  This  is  an  important  remark, 
though  feemingly  very  trifling  ;  and  we  wifti  the  prac- 
titioner  to  have  a  very  clear  conception  of  it ;  but  it 
would  take  a  multitude  of  words  to  explain  it.  It  is 
worth  an  experiment.  Form  a  little  arch  of  wooden 
blocks  ;  and  form  one  of  thefe  fo,  that  when  they  are 
all  refting  on  the  centering,  it  may  be  open  at  the  outer 
joint — Remove  the  centering — Then  prefs  on  the  arch 
at  fome  diftance  from  the  open  joint. — You  will  find 
that  a  very  fmall  preflure  will  make  the  arch  bend  till 
that  joint  clofes. — Prefs  a  little  harder,  and  the  arch  will 
bend  more,  and  the  next  joint  will  open. — Thus  you 
will  find  that,  by  preffing  alternately  on  each  fide  of  the 
open  joint,  that  ftone  can  eafily  be  made  to  flap  over  to 
either  fide  ;  and  that  immediately  after  this  is  done  the 
refiftance  increafes  greatly.  This  ftiews  clearly,  that  a 
very  moderate  force,  judicioufly  employed,  will  clofe 
the  joints,  but  will  not  prefs  the  parts  ftrongly  toge¬ 


ther.  The  joints  therefore  are  clofed^  but  no  more  than  Center. 
clofedy  and  are  hanging  only  by  the  edges  by  which  they  "v— — * 

were  hanging  while  the  joints  were  open.  The  arch, 
therefore,  though  apparently  clofe  and  firrri,  is  but  loofe 
and  tottering.  Mr  Perronet  fays,  that  his  arches  were 
firm,  becaufe  hardly  a  ftone  was  obferved  to  chip  or 
fplinter  off  at  the  edges  by  the  fettlement.  But  he  had 
done  every  thing  to  prevent  this,  by  digging  out  the 
mortar  from  between  the  headers,  to  the  depth  of  two 
inches,  with  faws  made  on  purpofe.  But  we  are  well 
informed,  that  before  the  year  1791  (twenty  years  af-  I 

ter  the  eredtion)  the  arches  at  Neuilly  had  funk  very 
fenfibly,  and  that  very  large  fplinters  had  flewn  off  in  ^ 
feveral  places.  It..could  not  be  otherwife.  The  origi-  Mr  Perro- 
nal  conftrudlion  was  too  bold;  we  may  fay  needlefsly  net’s  con- 
and  oftentatioufly  bold.  A  very  gentle  flope  of 
roadway,  which  would  not  have  flackened  the  mad  gal¬ 
lop  of  a  ducal  carriage,  nor  fenfibly  checked  the  labo¬ 
rious  pull  of  a  loaded  waggon,  and  a  proper  difference 
in  the  fize  of  the  arches,  would  have  made  this  won¬ 
derful  bridge  incomparably  ftronger  and  alfo  much 
more  elegant  and  pleafing  to  the  eye.  Indeed, .it  is  far 
from  being  as  handfome  as  it  might  have  been.  The 
ellipfe  is  a  moft  pleafing  figure  to  every  beholder  ;  but 
this  is  concealed  as  much  as  poffible,  and  it  is  attempt¬ 
ed  to  give  the  whole  the  appearance  of  a  tremendous 
lintel.  It  has  the  opprelfive  look  of  danger.  It  will 
not  be  of  long  duration.  The  bridge  at  Mantz  is  ftill 
more  exceptionable,  becaufe  its  piers  are  tall  and  {lender. 

If  any  one  of  the  arches  fails,  the  reft  muft  fall  in  a 
moment.  An  arch  of  Blackfriars  Bridge  might  be 
blown  up  without  difturbing  its  neighbours. 

Mr  Perronet  mentions  another  mode  of  ftnking  the  A  bad  mc- 
centering,  which  he  fays  is  very  ufual  in  France.  Every  thod  of 
fecond  bridging  is  cut  out.  Some  time  after,  every  fe-  ft^^^kmg  the 
coiid  of  the  remainder  ;  after  this,  every  fecond  of  the 
remainder  ;  and  fo  on,  till  all  are  removed.  This  is  ne¬ 
ver  pra(ftifed  in  this  country,  and  is  certainly  a  very  bad 
method.  It  leaves  the  arch  hanging  by  a  number  of  di- 
ftant  points  ;  and  it  is  wonderful  that  any  arch  can  bear 
this  treatment. 

Our  architects  have  generally  proceeded  with  extreme 
caution.  Wherever  they  could,  they  fupported  the  cen¬ 
tering  by  intermediate  pillars,  even  when  it  was  a  truffed 
centre,  having  a  tie-beam  reaching  from  fide  to  fide. 

The  centre  was  made  to  reft,  not  immediately  on  thefe 
pillars,  but  on  pieces  of  timber  formed  like  acute  wedges,  nion  me- 
placed  in  pairs,  one  above  the  other,  and  having  the  thod  in 
point  of  the  one  on  che  thick  end  of  the  other.  Thefe 
wedges  were  well  foaped  and  rubbed  with  black  lead,  to 
make  them  flippery.  When  the  centres  are  to  be  ftruck, 
men  are  ftationed  at  each  pair  of  the  wedges  with  heavy 
malls.  They  are  direCled  to  ftrike  together  on  the  op- 
pofite  wedges.  By  this  operation,  the  whole  centeiing. 
defeends  together  ;  or,  when  any  part  of  the  arch  is  ob¬ 
ferved  to  have  opened  its  joints  on  the  upper  fide,  the- 
wedges  below  that  part  are  flackened.  The  framing, 
may  perhaps  bend  a  little,  and  allow  that  part  to  fub- 
fide.  If  any  part  of  the  arch  is  obferved  to  open  its 
joints  on  the  under  fide,  the  wedges  below  that  part  are. 
allowed  to  ftand  after  the  reft  have  been  flackened.  By. 
this  procefs,  the  whole,  comes  down  gradually,  and  as  j 

flowly  as  we  pleafe,  and  the  defeCls  of  every  part  of  the  I 

arch  may  be  attended  to.  Indeed  the  caution  and  mo¬ 
deration  of  our  builders  have  commonly  been  fucb,  that- 
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few  defeiSls  have  been  allowed  to  Ihew  theiTifelves. 

*  are  but  little  acquainted  with  joints  opening  to  the  ex¬ 
tent  of  two  inches,  and  in  fuch  a  cafe  would  probably 
lift  every  Hone  of  the  arch  again  (b).  We  have  not 
employed  trufled  centerings  fo  much  perhaps  as  vve 
Ihould  have  done  ;  nor  doTve  fee  their  advantage  (fpeak- 
ing  as  mere  builders)  over  centres  fupported  all  over, 
and  unchangeable  in  their  form.  Such  centres  muft. 
bend  a  little,  and  require  loading  on  the  middle  to  keep 
them  in  fhape.  Their  comprcffion  and  their  elafticity, 
are  very  troublefome  in  the  llriking  of  the  centres  in 
Mr  Perronet’s  manner.  The  elafticity  is  indeed  of  ufe 
when  the  centres  are  ftruck  in  the  way  now  defcnbed. 

Thefe  obfervations  on  the  management  of  the  inter¬ 
nal  movements  of  a  great  arch  will  enable  the  reader  to 
appreciate  all  the  merit  of  Mr  Mylne’s  very  ingenious 
Gonftruaion.  We  proceed  therefore  to  complete  our 
defcription. 
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We  his  expeaation  on  what  he  faw  in  the  launching  of  great  Center, 
fhips,  which  Hide  very  eafily  on  a  Hope  of  10  or  12  de-  ‘ 
grees.  He  rather  feared,  that  taking  out  the  block 
behind  would  allow  the  wedge  to  be  pufhed  back  at 
once,  fo  that  the  defeent  of  the  trufs  wonld^  be  too  ra¬ 
pid.  However,  to  be  certain  of  the  operation,  he  had 
prepared  an  abundant  force  in  a  very  ingenious  manner. 

A  heavy  beam  of  oak,  armed  at  the  end  with  iron,  was 
fufpended  from  two  points  of  the  centre  like  a  battering 
ram,  to  be  ufed  in  the  fame  manner.  Nothing  could 
be  more  fimple  in  its  ftruAure,  more  powerful  in  its 
operation,  or  more  eafy  in  its  management.  Accord¬ 
ingly  the  fuccefs  was  to  his  wifh.  The  wedge  did  not 
flip  back  of  itfelf ;  and  very  moderate  blows  of  the  ram 
drove  it  back  with  the  greatell  eafe.  The  whole  ope¬ 
ration  was  over  in  a  very  few  minutes.  The  fpedlators 
had  fufpeded,  that  the  fpace  allowed  for  the  recefs  of 
the  wedge  was  not  fufficient  for  the  fettlement  of  the- 


"bf^radual  enlarRcment  of  the  bafe  of  the  piers  of  arch  ;  but  the  arcliitea  trufted  to  the  precautions  he 
BlaSfrfars  bridge  enfbled  the  archited  to  place  a  feries  had  taken  in  its  cooftrudion.  The  reader,  by  turning 


of  five  pofts  c,  c,  c,  c,  c,  one  on  each  ftap  of  the  pier  ; 
the  ingenious  contexture  of  which  made  it  hke  one  lo- 
,  lid  block  of  ftone  (fee  Arch,  Supplement).  Thefe  ttruts 
"’‘r  were  crradually  more  and  more  oblique,  till  the  outer 
Sine’s  one  fomed  an  obtufe  angle  with  the  lowed  fide  of  the 

method.  interior  polygon  of  the  trufs.  On  the  top  of  thefe  poits 

was  laid  a  doping  seat  or  beam  D  of  flout  oak,  the  up¬ 
per  part  of  which  was  formed  like  a  zig-zag  fcarnng. 
The  polls  were  not  perpendicular  to  the.  under  fide  ot 
the  feat.  The  angles  next  the  pier  were  fomewhat  ob¬ 
tufe.  Short  pieces  of  wood  were  placed  between  the 
heads  of  the  pofts  (but  not  mortifed  into  them),  to  pre¬ 
vent  them  from  flipping  back.  Each  face  of  the  Icari 
was  covered  with  a  thick  and  fmooth  plate  of  copper^. 
The  feet  of  the  trufs  were  mortifed  into  a  fimilar  piece 
F,  which  may  be  called  the  sole  of  the  trufs,  ha\ing 
its  lower  fide  notched  in  the  fame  manner  with  the  up¬ 
per  fide  of  D,  and  like  it  covered  with  copper.  Be¬ 
tween  thefe  two  lay  the  striking  wedge  E,  the  faces 
of  which  correfponded  exactly  with  the  flant  faces  of 
the  feat  and  the  foie.  The  wedge  was  fo  placed,  that 
the  correfpondiug  faces  touched  each  other  for  about 
half  of  their  length.  A  block  of  wood  was  put  in  at 
the  broad  end  or  bafe  of  this  wedge,  to  keep  it  from 
flipping  back  during  tlie  laying  the  arch-flones.  Its 


to  the  article  Arch  in  this  Supplement,  will  fee  that 
there  was  only  the  arch  LY  which  could  be  expelled  - 
to  fettle  :  accordingly,  the  recefs  of  the  wedge  was 
found  to  be  much  more  than  was  neceflary.  However, 
had  this  not  been  the  cafe,  it  was  only  neceflary  to  take 
out  the  pieces  between  the  polls  below  the  feat,  and 
then  to  drive  back  the  heads  of  the  ftruts  ;  but  this  was 
not  needed  (we  believe)  in  any  of  the  arches.  We  are 
well  affured  that  none  of  the  arches  funk  an  inch  and  a 
half.  The  great  arch  of  loO  feet  fpan  did  not  fink  one 
inch  at  the  crown.  It  could  hardly  be  perceived  whe¬ 
ther  the  arch  quitted  the  centering  gradually  or  not,  fo- 
fmall  had  been  the  changes  of  fliape.  3^ 

We  have  no  hefitation  in  faying,  that  (if  we  except  The  grcat\ 
fome  wafle  of  great  timber  by  uncommon  joggling) 
whole  of  this  performance  is  the  mod  perfe£l  of  ufed 

that  has  come  to  our  knowledge.  We  doubt  not  but|^yj^^j„^ 
that  feveial  have  equalled  it,  or  may  have  excelled  it  ; 
hut  we  do  not  know  of  them  :  and  we  think  that  the 
bringing  forward  fuch  performances  is  no  lefs  fervice- 
able  to  the  public,  than  it  is  honourable  to  the  inventor. 

Nor  do  we  fuppofe  that  any  views  of  interell  can  be  fo  > 
powerful  as  to  prevent  an  ingenious  architedl  from  com¬ 
municating  to  the  public  fuch  honourable  fpecimens  of 
his  own  talents.  We  fliould  be  happy  to  communicate 


flipping  back  during  tlie  laying  uie  arcii-itouca.  - -  ^  j  .  ,  . 

outer  end  E  was  bound  with  iron,  and  bad  an  iron  bolt  more  of  this  kmd  ;  for  we  confider  it  as  a  very  import 
feveral  inches  long  driven  into  it.  The  head  of  this  a'jt  article  of  praaical  mechanics,  ai^d  think^ 


bolt  was  broad  enough  to  cover  the  whole  wood. of  the 
wedge  within  the  iron  ferule. 

We  prefume  that  the  reader,  by  this  time,  forefees 
the  ufe  of  this  wedge.  It  is  to  be  driven  in  between 


of  confequence  to  the  nation  that  it  fliould  be  very  ge¬ 
nerally  underflood.  In  every  corner  of  the  country 
bridges  are  to  be  built — we  have  everywhere  good  ma- 
Jons,  who  are  fully. able  to  execute  any  pradlicable  pro- 

t  _ f  "tm*!  /a  ♦  y-v 


the  uie  ot  this  wedge,  it  is  10  oe  arivcn  111  uciv^ccu  jutu,  ^ 

the  foie  and  the  feat  (having  firft  taken  out  the  block  jed,  but  too  little  acquainted  with  principle  to  invent, 
at  the  bafe  of  the  wedge).  As  it  advances  into  the  or  to  accommodate  even  what  they  know  to  local  cir- 
wider  fpaces,  the  whole  trufs  muft  defeend,  and  be  freed  cumftances,  and  are  very_apt  to  be  duped  by  appear- 
from  the  arch  ;  but  it  will  require  prodigious  blows  to  ances  of  ingenuity,  or  mifled  by  erroneous  notions  of 
drive  it  back.  ’  Mr  Mylne  did  not  think  . fo,  foundings  the  ftrains  w-hich  are  excited.  We  profefs  more  fcience, 


(b)  The  writer  of  this  article  can  only  fay,  that,  after  much  inquiry,  he  has  no  information  of  any  arch  being 
received  from  the  builder  as  fufficient  that  had  fuffered  -  half  the  change  of  lhape  mentioned  by  Mr  Perronet. 
The  arch  of  Dublin  bridge,  built  by  an  excellent,  hut  a  very  private,  mafon,  Mr  Steeven,  is  105  feet  wide,  with 
only  22  feet  of  rife.  It  was  ereded  Xbut- not  on  a  trufled  centering)  without  changing  one  full  mch  in  its  ele¬ 
vation  ;  and  when  the  centering  was  removed,  it  funk  only  i|th  inches,  and  about  half  an  inch  mere  when  the- 
parapets  were  .added  and  the  bridge  completely, finilhed- 
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and  to  treat  tlie  fubje<5l  with  the  affiflance  of  accurate 
principles  :  But  while  we  are  certain  that  every  cir- 
cumftance  is  fufceptible  of  the  moft  accurate  determi¬ 
nation,  we  muft  acknowledge  that  we  have  by  no  means 
attained  an  accurate  knowledge  of  all  the  ftrains  which 
are  produced  and  excited  in  a  frame  of  carpentry,  which 
is  fettling  and  changing  its  fhape,  even  though  it  be  not 
very  complicated  ;  far  lefs  are  we  pofTefled  of  a  clear 
view  of  what  happens  in  a  mafs  of  mafonry  in  fimilar 
conditions.  Therefore,  though  we  fpeak  with  the  ftrong 
belief  of  our  being  right,  we  fpeak  with  a  fenfe  of  our 
fallibility,  and  with  great  deference  to  the  judgment  of 
eminent  and  experienced  architects  and  engineers.  We 
fhuuld  confider  their  free  and  candid  criticifms  as  the 
highelt  favour  ;  and  we  even  folicit  them,  with  afluran- 
ces  of  thanks,  and  that  we  will  take  fome  opportunity, 
before  the  clofe  of  this  work,  to  acknowledge  and  cor- 
reCt  our  miilakes.  We  even  prefume  to  hope,  that  the 
liberal-minded  artlft  will  be  pleafed  with  this  opportu¬ 
nity  which  we  give  him  of  increafing  the  national  flock 
of  knowledge.  Let  mutual  jealoufy  and  rivalfhip  reign 
in  the  breafls,  and  prompt  the  exertions,  of  our  reftlefs 
neighbours  on  the  continent — let  them  think  that  the 
dignity  of  man  confifls  in  perpetual  warfare,  in  which 
every  individual  feels-  himfelf  indebted  only  to  himfelf, 
freed  from  all  the  fweet  ties  of  domeftic  partiality,  of 
friendfhip,  and  of  patriotic  attachment.  We  hope  that 
the  hearts  of  Britons  will  long  continue  to  be  warmed 
and  fortifitd  by  the  thoughts  of  mutual  affiflance,  mu¬ 
tual  co-operation,  mutual  attachment,  and  a  patriotic 
preference  of  their  countrymen  to  all  other  men.  While 
tliefe  fentiments  are  regulated  by  unfhaken  lionefly,  by 
candour,  and  by  Chriflian  charity,  we  fliall  be  fecured 
from  the  errors  of  partial  attachments,  and  yet  enjoy  all 
the  pleafures  of  unfophiflicated  nature.  Families  will 
ftill  be  bound  together  by  the  afFeClionate  ties  of  blood; 
and  the  whole  frame  of  Britifh  fociety  will  be  in  har¬ 
mony  with  the  bonds  which  conneCl  the  members  of 
each  faniily,  by  their  endlefs  croffings  and  Intermixings. 

In  this  flate,  the  (late  of  focial  nature,  the  man  of  ta¬ 
lents  will  -not  lock  up  all  the  fruits  of  his  exertions  in 
his  own  breafl,  but  will  feel  a  pleafure  in  imparting 
them  to  a  fociety  that  is  dear  to  him,  and  on  which  he 
depends  for  all  his  befl  enjoyments.  Nothing  will  hold 
the  good  man  back  when  this  is  in  his  power,  but  the 
virtuous  ufe  which  he  can  make  of  his  fuperlorlty  in 
the  difcharge  of  his  own  little  circle  of  duties.  This  is 
all  that  is  required  of  true  patriotifm  ;  and  it  is  not  too 
much  to  be  expelled  from  Britons,  who  feel  a  pleafure 
in  viewing  their  country  as  the  great  fchool  of  the  arts, 
under  the  patronage  of  a  fovereign  who  has  done  more 
for  their  improvement  than  all  the  other  princes  of  Eu¬ 
rope,  and  who  (we  are  well  afiured)  is  now  meditating 
a  plan  which  muft  be  higlfty  gratifying  to  every  emi¬ 
nent  profeflbr  of  the  arts. 


The^fob-  The  fubje6l  which  we  have  been  confidering  is  very 
je<ft  of  this  clofely  connedled  with  the  conftrudlion  of  wooden 
article  con- bridges.  Thefe  are  not  always  conftru6led  on  the  foie 
nested  with of  equilibrium,  by  means  of  mutual  abutment, 
ftruAion  l^rames  of  carpentry,  where,  by  a  proper 

wooden  difpofition,  beams  are  put  into  a  ftate  of  extenfton,  as 
bridges.  well  as  of  comprelTion,  fo  as  to  ftand  in  place  of  folid 
bodies  as  big  as  the  fpaces  which  the  beams  enclofe  ; 
and  thus  we  are  enabled  to  couple  two,  three,  or  four 
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of  thefe  together,  and  fet  them  in  abutment  with  each  Center, 
other  like  mighty  arch-ftones.  We  fhall  clofe  this  ar- 
tide,  therefore,  with  two  or  three  fpecimens  of  wooden 
bridges,  difpofed  in  a  feries  of  progreflive  compofition, 
fo  as  to  ferve  as  a  fort  of  introdu6lion  to  the  art  in  ge¬ 
neral,  and  furnifh  a  principle  which  will  enable  the  in¬ 
telligent  and  cautious  artift  to  pufli  it  with  confidence 
as  far  as  it  can  go. 

The  general  problem  is  this,  Suppofe  that  a  bridge 
is  to  be  thrown  over  the  fpace  AB  (fig.  9.),  and  that  Plate 
this  Is  too  wide  for  the  ftrength  of  the  fize  of  timber 
which  is  at  our  command  ;  how  may  this  beam  AB  be 
fupported  with  fufficient  effed  ?  There  are  but  two 
ways  in  which  the  middle  point  C  (where  the  greateft 
ftrain  is)  can  be  fupported ;  i.  It  may  be  fufpended  by 
two  ropes,  iron  rods,  or  wooden  ties,  DC,  EC,  made 
faft  to  two  firm  points,  D,  E,  above  it  ;  or  it  may  reft  on 
the  ridge  of  two  rafters  dQ,  fC,  which  reft  on  two  firm 
points  d,  ey  below  It  2.  It  may  be  fupported  by  con- 
neding  it  with  a  point  fo  fupported  ;  and  this  connec¬ 
tion  may  be  formed,  either  by  fufpending  it  from  this 
point,  or  by  a  poft  refting  on  it.  Thus  it  may  hang, 
by  means  of  a  rod  or  a  king-poft  FC,  from  the  ridge  F 
of  two  rafters  AF,  BF  ;  or  it  may  reft  on  the  ftrut  Qf, 
whofe  lower  extremityy*is  carried  by  the  ropes,  rods, 
or  wooden  ties 

Whichfoever  of  thefe  methods  we  employ,  it  follows, 
from  the  principles  of  carpentry,  that  the  fupport  given 
to  the  point  C  is  fo  much  the  more  powerful,  as  we 
make  the  angle  DCE,  ox  dQe^  or  the  equivalent  angles 
AFB,  or  A/B,  more  acute. 

Each  of  thefe  methods  may  be  fuppofed  equally 
ftrong.  Onr  choice  will  depend  chiefly  on  the  facility 
of  finding  the  proper  points  of  fupport  D,  E,  ^ ;  ex¬ 
cept  in  the  fecond  cafe,  where  we  require  no  fixed  points  ^5 
but  A  and  B.  The  iimple  forms  of  the  firft  cafe  re-Theufual 
quire  a  great  extent  of  figure.  Very  rarely  can  we  fuf- and  limp] eft 
pend  It  from  points  fituated  as  D  and  E.  It  is  even 
leldom  that  we  have  depth  enough  of  bank  to  allow  the  jj,,, 
fupport  of  the  rafters  t/C,  ^  C  ;  but  we  can  always  find  bridges, 
room  for  the  fimple  trufs  AFB.  This  therefore  Is  the 
moft  ufually  pwadifed. 

In  the  conftrudion,  we  muft  follow  the  maxims  and 
diredions  preferibed  in  the  article  Carpentry  of  this 
volume,  and  the  article  Roof  of  the  EncycL  The  beams 
FA,  FB  muft  be  mortifed  into  AB,  in  the  firmeft  man¬ 
ner,  and  there  fecured  with  ftraps  and  bolts  ;  and  the 
middle  muft  hang  by  a  ftrap  attached  to  the  king-poft 
FC,  or  to  the  iron  rod  that  is  ufed  for  a  king-poft.  No 
mortifing  in  the  point  C  muft  be  employed  ;  it  is  unne- 
ceflary,  and  it  is  hurtful,  becaiife  it  weakens  the  beam, 
and  becaufe  it  lodges  water,  and  foon  decays  by  rot. 

The  beft  pradice  is  not  to  fiifpend  the  beam  immedi¬ 
ately  by  this  ftrap,  but  to  let  it  reft,  as  in  fig.  it),  on  a 
beam  C,  which  erodes  the  bridge  below,  and  has  its 
other  end  fupported  in  the  fame  manner  by  the  other 
trufs. 

It  is  evident  that  the  length  of  the  king-poft  has  no 
effed  on  the  fupport  of  C.  We  may  therefore  con- 
trad  every  thing,  and  preferve  the  fame  ftrength  of  fup- 
port,  by  finding  two  points  a  and  b  (fig.  1 1.)  in  the 
banks,  at  a  moderate  diftance  below  A  and  B,  and  fet- 
ting  up  the  rafters  ^  F,  ^  F,  and  fufpending  C  from  the 
fhortened  king-poft,  In  this  conftrudion,  when  the 
beam  AB  refts  on  a  crofs  bearer,  as  is  drawn  here,  the 

ttruts 


C  E  N  [  207  ] 

Center,  ftruts  aT,  bV  are  kept  clear  of  it.  No  conneaion  be-  five  feet  wide. 
*“  •  '  ■'tween  tliem  is  neceflary,  and  it  may  be  hurtful,  by  in¬ 

ducing  crofs  drains  on  both.  It  will,  however,  greatly 
increafe  the  ftiffnefs  of  the  whole.  This  conftruaion 
may  fafely  be  loaded  with  ten  times  the  weight  that  AB 

can  carry  alone.  r  m,  • 

Suppofe  this  done,  and  that  the  fcanthng  of  AB  is 
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provemerit  too  weak  for  carrying  the  weight  which  may  be  brought 
ofthatme-on  the  parts  AC,  CB.  We  may  novy  trufs  up  each 
half,  as  in  fig.  12.  and  then  the  whole  will  form  a  hand- 
fome  bridgerof  the  fimpleft  conftruaion  poffible.  The 
interfeaions  of  the  fecondary  braces  with  thofe  of  the 
main  trufs  will  form  a  hand-rail  of  agreeable  figure.  ^ 
We  are  not  confined  to  the  employment  of  an  entire 
piece  AB,  nor  to  a  reailineal  forin.  We  may  aame 
the  bridge  as  in  fig.  13*  form  we  diftuade 

from  allowing  any  conneaion  with  the  middle  points 
of  the  main  braces.  This  conftruaion  alfo  may  be  o  - 
lowed  till  each  beam  AC  and  CB  is  loaded  to  ten 
times  w^hat  it  can  fafely  bear  without  the  fecondary 

truifing.  ^ 

There  is  another  way  by  which  a  bridge  01  one  beam 
may  be  fupported  beyond  the  power  of  the  firft  and 
fimpleft  conftruaion./  This  is  reprefented  in  fig.  14. 
and  fig.  15.  The  trufs  beam  FG  fliould  occupy  one- 
third  of  AB.  The  advantage  of  this  conftruaion  is 
very  confiderable.  The  great  elevation  of  the  braces 
(wdiich  is  a  principal  element  of  the  ftrength)  is  preler- 
ved,  and  the  braces  are  greatly  fliortened. 

This  method  may  be  puOied  ftill  farther,  as  in  hg. 

And  all  thefe  methods  may  be  combined,  by  joining 
the  conftruaions  of  fig.  14*  *5* 

fig.  16.  r  1  1  f 

In  all  of  them  there  is  much  room  for  the  diiplay  ot 
fttill,  in  the  proper  adjuftment  of  the  fcantling  of  the 
timber,  ^nd  the  obliquity  of  the  braces  to  the  lengths 
of  the  different  bearings.  A  very  oblique  ftrut,  or  a 
{lender  one,  will  fuffice  for  a  fmall  load,  and  may  often 
give  an  opportunity  to  increafe  the  general  ftrength ; 
while  the  great  timbers  and  upright  fupports  are  refer- 
ved  for  the  main  preffures.  Nothing  will  improve  the 
compofition  fo  much  as  refleding  progreffively,  and  in 
the  order  of  thefe  examples,  on  the  whole.  This  alone 
can  preferve  the  great  principle  in  its  fimplicity  and  full 
energy. 

inccie-  Thefe  conftruaions  are  the  elements  of  all  that  can 
mems  ofall|^g  the  art  of  building  wooden  bridges,  and  are 

that  can  be  obvioufly  and  diftindly  in  all 

done  in  tins of  this  kind.  We  may  affert,  that  the  more 
obvioufly  they  appear,  the  more  perfed  the  bridge  will 
be.  It  is  aftoniflilng  to  what  extent  the  principle  may 
be  carried.  We  have  fecn  a  bridge  of  42  feet  fpan 
formed  of  two  oak  truffes,  the  blggeft  timber  of  which 
did  not  exceed  fix  inches  fquare,  bearing  with  perfed 
fteadinefs  and  fafety  a  waggon  loaded  with  more  than 
two  tons,  drawn  by  four  ftout  horfes.  It  was  framed 
as  fig.  t6.  nearly,  with  the  addition  of  the  dotted  lines, 
and  was  near  thirty  years  old  ;  proteiffed,  however,  from 
the  weather  by  a  wooden  roof^,  as  many  bridges  in  Ger¬ 
many  are. 

We  recoiled  another  in  the  neighbourhood  of  Stet¬ 
tin,  which  feemed  conftruded  with  great  judgment  and 
fpirit.  It  had  a  carrriage  i:oad  in  the  middle  about  20 
feet  (we  think)  wide,  and  on  each  fide  a  foot-way  about 
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The  fpan  was  not  lefs  than  60  feet,  and 
the  greateft  fcantling  did  not  appear  to  exceed  10 

inches  by  6.  r  ,  •  , 

This  bridge  confifted  of  four  truffes,  two  of  which 
formed  the  outfide  of  the  bridge,  and  the  other  two 
made  the  feparation  between  the  carriage  road  and  the 
two  foot  ways.  We  noticed  the  conftrudtion  of  the 
truffes  very  particularly,  and  found  it  fimilar  to  the  laft, 
except  in  the  middle  dlvifion  of  the  upper  trufs,  which, 
being  very  long,  was  double  truffed,  as  in  fig.  17. 

The  reader  will  find  in  that  volume  of  Leupold^s 
Theatrum  Machinarurrif  which  he  calls  Theatrum  Ponitfi^ 
cum^  many  fpecimens  of  wooden  bridges,  which  are  very 
frequent  in  the  champaln  parts  of  Germany.  They  are 
not,  in  general,  models  of  mechanic  art ;  but  the  refledl- 
ing  reader,  who  confiders  them  carefully^  will  pick  up 
here  and  there  fubordinate  hints,  which  are  ingenious, 
and  may  fometimes  be  ufeful. 

What  we  have  now  exhibited  are  not  to  be  confider- 
ed  as  models  of  conftruaion,  but  as  elementary  examples 
and  leffons,  for  leading  the  reader  fyftematlcally  into  a 
thorough  conception  of  the  fubjedt.  ^  ^  40 

We  cannot  quit  the  fubjedl  without  taking  notice  of  A  wonder- 
a  very  wonderful  bridge  zi  Wittengen  in  Switzerland,  f«l  bridge 
ftightly  deferibed  by  Mr  Coxe  [Travels,  vol.  I. 

It  is  of  a  conftrudlion  more  fimple*  ftill  than  the  bridges 
we  have  been  defcriblng.  The  fpan  is  230  feet,  and  it 
rlfes  only  2<;.  The  fl^etch  (fig.  18.)  will  make  it  fuffi- 
cltntly  intelligible.  ABC  is  one  of  tvvo  great  arches, 
approaching  to  a  catenarian  fliape,  built  up  of  feven 
courfes  of  folid  logs  of  oak,  in  lengths  of  12  or  14  feet, 
and  16  inches  or  more  in  thicknefs.  ^  Thefe  are  all 
picked  of  a  natural  fliapc,  fuited  to  the  intended  curve  ; 
fo  that  the  wood  is  nowhere  cut  acrofs  the  grain  to  trim 
it  into  fnape.  Thefe  logs  are  laid  above  each  other,  fo 
that  their  abutting  joints  are  alternate,  like  thofe  of  a 
brick  wall  ;  and  it  is  indeed  a  wooden  wall,  fimply 
built  up,  by  laying  the  pieces  upon  each  other,  taking 
care  to  make  the  abutting  joints  as  clofe  as  poffible. 

They  are  not  fafteiied  together  by  pins  or  bolts,  or  by 
fcarfings  of  any  kind.  They  are,  however,  held  toge¬ 
ther  by  iron  ftraps,  which  furround  them,  at  the  diftance 
of  five  feet  from  each  other,  where  they  are  faftened  by 
bolts  and  keys. 

Thefe  two  arches  having  been  eredled  (by  the  help, 
v/e  prefume,  of  pillars,  or  a  centering  of  fome  kind),  and 
well  butted  againft  the  rock  on  each  fide,  were  freed 
from  their  fupports,  and  allowed  to  fettle.  They  are 
fo  placed,  that  the  intended  road /z  ^  c  interfedls  them 
about  the  middle  of  their  height.  The  roadway  is  fup¬ 
ported  by  crofs  joifts,  v/liich  reft  on  a  long  horizontal 
fummer  bearm  This  is  connedled  with  the  arches  on 
each  fide  by  uprights  bolted  into  them.  The  whole  is 
covered  with  a  roof,  which  projects  over  the  arches  on 
each  fide  to  defend  them  from  the  weather.  Three  of 
the  fpaces  between  thefe  uprights  have  ftruts  or  braces, 
which  give  the  upper  work  a  fort  of  trufiing  in  that 
part. 

This  conftruiftion  is  fimple  and  artlefs  ;  and  appears, 
by  the  attempt  to  trufs  the  ends,  to  be  the  performance 
of  a  perfon  ignorant  of  principle,  who  has  taken  the 
whole  notion  from  a  ftone  arch.  It  is,  however,  of  a 
ftrength  much  more  than  adequate  to  any  load  that  can 
be  laid  on  it.  Mr  Coxe  fays,  but  does  not  explain  how, 
that  it  is  fo  contrived  that  any  part  of  it  can. be.  repair¬ 
ed 
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;  Center,  ed  independent  of  the  reft.  It  was  the  laft  work  of  one 
^  Ulrich  Gnibenharnm  of  Tuffen,  in  the  canton  of  Ap- 
penzei,  a  carpenter  without  education,  but  celebrated 
for  h  veral  works  of  the  fame  kind  ;  particularly  the 
bridge  over  tlie  Rhine  at  Schafhanfen,  conhfting  of  two 
arches,  one  of  172  and  the  other  of  193  feet  fpan,  both 
Jcllingon  a  fmall  rock  near  the  middle  of  the  river. 

While  writing  this  article,  we  got  an  account  of  a 
wooden  bridge,  eredled  in  North  America,  in  which 
this  fiinple  notion  of  Grubenhamm’s  is  mightily  impro* 
ved.  The  fpan  of  the  arch  was  faid  to  exceed  250 
feet,  aiid  its  rife  exceedingly  fmall.  The  defcription 
we  got  is  very  general,  but  fufficient,  we  think,  to  make 
41  it  perfe^Ily  intelligible. 

Another  In  fig.  19.  DD,  EE,  FF,  are  fuppofed  to  be  three 
in  North  beams  of  the  arch.  They  confift  of  logs  of  timber  of 
AtneriLa.  lengths,  fuppofe  of  10  or  1 2  feet,  fuch  as  can  be 

found  of  a  curvature  fuited  to  its  place  in  the  arch  with¬ 
out  trimmingit  acrofs  the  grain.  Each  beam  is  double, 
confining  of  two  logs  applied  to  each  other,  fide  to  fide, 
and  breaking  joint  y  as  the  workmen  term  it.  They  are 
kept  together  by  wedges  and  keys  driven  through  them 
at  fhort  intervals,  as  at  K,  E,  &c. 

The  manner  of  joining  and  ftrongly  binding  the  two 
fide  pieces  of  each  beam  is  fhewn  in  fig.  20.  The 
mortife  atch  and  dtioy  which  is  cut  in  each  half  beam, 
is  confiderably  longer  on  the  outfide  than  on  the  infide, 
where  the  two  mortifes  meet.  Two  keys,  BB  and 
CC,  are  formed,  each  with  a  notch  h  c  dy  or  ^  tOy  on  its 
fide  ;  which  notch  fits  one  end  of  the  mortife.  The  in¬ 
ner  fide  of  the  key  is  ftraight,  but  fo  formed,  that  when 
both  keys  are  in  their  places,  they  leave  a  fpace  between 
them  wider  at  one  end  than  the  other.  A  wedge  AA, 
having  the  fame  taper  as  the  fpace  juft  mentioned,  is 
put  into  it  and  driven  hard.  It  is  evident  that  thismuft 
hold  the  two  logs  firmly  together. 

This  is  a  way  of  uniting  timber  not  mentioned  in 
the  article  Carpentry  ;  and  it  has  fome  peculiarities 
worthy  of  notice.  In  the  firft  place,  it  may  be  employ¬ 
ed  fo  as  to  produce  a  very  ftrong  lateral  connedlion, 
and  would  then  co-operate  finely  with  the  other  artifi¬ 
cial  methods  of  fcai  fing  and  tabling  that  we  deferibed 
in  the  article  referred  to.  But  it  requires  nice  attention 
to  fome  circumftances  of  coiiftru£lion  to  fecure  thss 
effeiSl:.  If  the  joints  are  accurately  formed  to  each 
other,  as  if  the  whole  had  been  one  piece  divided  by  an 
infinitely  thin  faw,  this  manner  of  joining  will  keep  them 
all  in  their  places.  But  no  driving  of  the  wedge  A  A 
will  make  them  firmer,  or  caufe  one  piece  to  prefs  hard 
on  the  other.  If  the  abutment  of  two  parts  of  the  half 
beam  is  already  clofe,  it  will  remain  fo  ;  but  if  open  in 
the  fmalleft  degree,  driving  of  the  wedge  will  not  make 
it  tighter.  In  this  refpeft,  therefore,  it  is  not  fo  pro¬ 
per  as  the  forms  deferibed  in  Carpentry. 

In  order  that  the  method  now  deferibed  may  have 
the  effedl  of  drawing  the  halves  of  the  beams  together, 
and  of  keeping  them  hard  fqueezed  on  each  other,  the 
joints  muft  be  made  fo  as  not  to  correfpond  exadlly. 
The  prominent  angle  aio  (fig.  2i.),  formed  by  the 
ends  of  the  two  half  mortifes,  muft  be  made  a  little 
move  obtufe  than  the  angle  af  0  the  notch  of  the 
key  which  this  prominence  is  intended  to  fill  up.  More¬ 
over,  the  oppofite  fide  of  this  key  fhould  not  be 
/juite  ftraight,  but  a  very  little  convex.  With  thefe 
precautions,  it  is  eafy  to  fee  that,  by  driving  the  wedge 


AA,  we  caufe  the  notch  afoto  take  hold,  firft  at  the  Center.  I 
two  points  a  and  <7,  and  then,  by  continuing  to  drive  I 

the  wedge,  the  Tides  afy  of,  of  the  notch  gradually  ^ 

comprefs  the  wood  of  the  half  beams,  and  prefs  them  | 

on  each  other.  By  continuing  to  drive  the  wedge,  the 
mutual  compreffioii  of  the  key  and  the  beam  fqueezes 
all  together,  and  the  fpace  afoi  is  completely  filled  up.  j 

W e  may  fee,  from  this  procefs,  that  the  mutual  com-  ! 

preftion  and  drawing  together  of  the  timber  will  be 
greater  in  proportion  as  we  make  the  angle  aio  more 
prominent,  and  its  correfponding  angle  afo  more  deep  ; 
always  taking  care  that  the  key  (hall  be  thick  enough  i 

not  to  break  in  the  narrow  part. 

This  adjuftment  of  the  keys  to  the  mortife  is  necef-  i 

fary  on  another  account.  Suppofing  the  joints  to  fit 
each  other  exadly  before  driving  the  wedge,  and  that 
the  whole  flirinks  a  little  by  drying — by  this  the  angle 
aio  will  become  more  prominent,  and  the  angle 
will  become  more  (hallow  ;  the  joint  will  open  at  a  and 
Oy  and  the  mutual  comprelTure  will  be  at  an  end. 

W e  may  alfo  obferve,  that  this  method  will  not  give 
any  additional  firmnefs  to  the  abutments  of  the  different 
lengths  employed  to  piece  out  the  arch-beam ;  in  which 
refpedl  it  differs  materially  from  the  other  modes  of 
joining  timber. 

Having  fhewn  how  each  beam  is  pieced  together,  we 
muft  now  fhew  how  a  number  of  them  are  united,  fo 
as  to  compofe  an  arch  of  any  thicknefs.  This  is  done 
in  the  very  fame  way.  The  beams  have  other  mortifes 
worked  out  of  their  inner  Tides,  half  out  of  each  half 
of  the  beam.  The  ends  of  the  mortifes  are  formed  in 
the  fame  way  with  thofe  already  deferibed.  Long  j 

keys  BB,  CC,  (fig.  19.)  are  made  to  fit  them  properly,  J 

the  notches  being  placed  fo  as  to  keep  the  beams  at  a 
proper  diftance  from  each  other.  It  is  now  plain  that 
driving  in  a  long  wedge  AA  will  bind  all  together. 

In  this  manner  Inay  an  arch  be  extended  to  any  fpan, 
and  made  of  any  thicknefs  of  arching.  The  bridge 
over  Portfmouth  river  in  North  America  was  more 
than  250  feet  in  length,  and  confifted  of  feveral  parallel 
arches  of  beams.  The  inventor  (we  think  that  his  name 
is  Bludget)  faid  that  he  found  the  ftrength  fo  great,  r' 

that  he  could  with  perfed  confidence  make  one  of  four 
times  the  fpan. 

We  admire  the  ingenuity  of  this  conftruflion,  and 
think  it  very  effedlual  for  bringing  the  timbers  into  firm 
and  uniform  abutment ;  but  we  imagine  that  it  requires 
equilibration,  becaufe  it  is  extremely  flexible.  There  is 
nothing  to  keep  it  from  bending,  by  an  inequality  of 
load,  but  the  tranfverfe  ftrength  of  the  beams.  The 
keys  and  wedges  can  have  very  little  power  to  prevent 
this  bending.  The  diftance  between  the  beams  will 
alfo  contribute  little  or  nothing  to  the  ftiffnefs  ;  nay, 
we  imagine  that  a  great  diftance  between'  them  will 
make  the  frame  more  flexible.  Could  the  beams  be 
placed  fo  near  each  other  that  they  could  be  fomehow 
joggled  on  each  other,  the  whole  would  be  differ ;  but 
at  prefent  they  will  bend  like  the  plates  of  a  coach-  | 

fpring.  But  nothing  hinders  us  from  adding  diagonal 
pieces  to  this  conftruftion,  which  will  give  it  any  de¬ 
gree  of  ftiffnefs,  and  will  enable  it  to  bear  any  inequali¬ 
ty  of  loading.  When  completed  in  this  manner,  we 
imagine  that  it  will  be  at  lead;  equal  to  any  conftruc- 
tion  that  has  yet  been  thought  of.  One  advantage  it 
poffeffes  that  is  very  precious  :  Any  piece  that  fails 

may 
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Center,  may  be  taken  out,  and  replaced  by  another, 

v”'  difturbing  the  reft,  and  without  the  fmalleft:  rifle.  On 
the  whole,  we  think  it  a  very  valuable  addition  to  Bri^ 
tifti  carpentry.  The  method  here  praftifed,  both  for 
joining  the  parts  of  one  beam  and  for  framing  the  dif¬ 
ferent  beams  together,  fuggefts  the  mofl  firm  and  light 
conftrudlions  for  dome-roofs  that  can  be  conceived  ; 
incomparably  fuperior  to  any  that  have  yet  been  erect¬ 
ed.  The  whole  may  be  framed,  without  a  nail  or  a 
fpike,  into  one  net-like  fhell  that  cannot  even  be  pulled 
in  pieces.  We  may  perhaps  confider  this  in  another  ar¬ 
ticle  ;  at  prefent  we  return  to  the  confideration  of  truff- 
ed  bridges. 

When  the  width  of  the  river  exceeds  what  is  thought 
prafticable  by  a  fingle  trufs,  we  mull  then '  combine, 
either  by  fimple  addition,  or  by  compofition,  different 
trulTes  together.  We  compofe  a  bridge  by  fimple  ad¬ 
dition  when  we  make  a  frame  of  carpentry  of  an  un¬ 
changeable  and  proper  fhape,  to  ferve  as  one  of  the 
archftones  of  a  bridge  of  mafonry.  This  may  eafily 
be^ comprehended  by  looking  at  fig.  22.  Each  of  the 
frames  A,  B,  C,  D,  mull  be  confidered  as  a  feparate 
body,  and  all  are  fupported  by  their  mutual  abutment. 
The  nature  of  the  thing  is  not  changed,  although  we 
fuppofe  that  the  rails  of  the  frame  B,  inftead  of  being 
mortifed  into  an  upright  U  Vy  unconnected  with  the 
frame  C,  is  mortifed  into  the  upright  r  r  of  that  frame, 
the  direftion  and  intenfity  of  the  mutual  prelTures  of 
the  two  frames  are  the  fame  in  both  cafes  ;  accordingly 
this  is  a  very  common  form  of  fmall  wooden  bridges. 
It  is  ufual,  indeed,  to  put  diagonal  battens  into  each  ; 
but  we  believe  that  this  is  more  frequently  done  to 
pleafe  the  eye  than  to  produce  an  unalterable  lhape  of 
each  frame. 

To  an  unfl^ilful  carpenter  this  bridge  does  not  feem 
eflentially  different  from  the  centering  of  Mr  Hupeau 
for  the  bridge  of  Orleans ;  and  indeed,  in  many  cafes, 
it  requires  refleClion,  and  fometimes  very  minute  reflec¬ 
tion,  to  diftinguifh  between  a  conftruClion  which  is  only 
an  addition  of  frame  to  frame  till  the  width  be  covered, 
from  a  conftruClion  where  one  frame  works  on  the  ad¬ 
joining  one  tranfverfely,  puftiing  it  in  one  part,  and 
drawing  it  in  another.  The  ready  way  for  an  unletter¬ 
ed  artift  to  form  a  juft:  notion  of  this  point,  is  to  exa¬ 
mine  whether  he  may  faw  through  the  conneding  piece 
V  y  from  one  end  to  the  other,  and  make  them  two 
feparate  frames.  Whenever  this  cannot  be  done  with¬ 
out  that  part  opening,  it  is  a  conftrudion  by  compofi¬ 
tion.  Some  of  the  beams  are  on  the  ftretch  ;  and  iron 
ftraps,  extending  along  both  pieces,  are  neceffary  for  fe- 
curing  the  joint.  The  bridge  is  no  longer  a  piece  of 
mafonry,  but  a  performance  of  pure  carpentry,  depend¬ 
ing  on  principles  peculiar  to  that  art.  Equilibration  is 
neceffary  in  the  firft  conllrudion  ;  but,  in  the  fecond, 
any  inequality  of  loading  is  made  ineffedual  for  hurt¬ 
ing  the  edifice,  by  means  of  the  ftretch  that  is  made  to 
operate  on  fome  other  piece.  We  are  of  opinion, 
that  this  moft  fimple  employment  of  the  diftinguifhing 
principle  of  carpentry,  by  which  the  beams  are  made 
to  ad  as  ties,  will  give  the  moft  perfed  conftrudion 
of  a  wide  bridge.  One  polygon  alone  fhould  contain 
the  whole  of  the  abutments ;  and  one  other  polygon 
fhould  confift  entirely  of  ties ;  and  the  beams  which 
form  the  radii,  conneding  the  angles  of  the  two  poly¬ 
gons,  complete  the  whole.  By  confining  the  atten- 
SupPL.  Vol.  I.  Part  I. 
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without  tion  to  thefe  two  fimple  objeds,  the  abutments  of  the  Center, 
outer  polygon,  and  the  joints  of  the  inner  one,  may  be 
formed  in  the  moft  fimple  and  efficient  manner,  without 
any  collateral  connedioiis  and  dependencies,  which  di. 
vide  the  attention,  increafe  the  complication,  and  com¬ 
monly  produce  unexpeded  and  hurtful  ftraius.  It  was 
for  this  reafon  that  we  have  fo  frequently  recommended 
the  centering  of  the  bridge  of  Orleans.  Its  office  will 
be  completely  performed  by  a  trufs  of  the  form  of  fig. 

23.  ;  where  the  polygon  ABCDEF,  confifting  of  two 
layers  of  beams  (if  one  is  not  fufficient),  contains  the 
whole  abutments,  and  the  other  A^r^/^F  is  nothing 
but  an  iron  rod.  In  this  conftrudion,  the  obtufenefs 
of  the  angles  of  the  lower  polygon  is  rather  an  advan¬ 
tage.  The  braces  Gr,  Or  dy  which  are  wanted  for  triiff- 
nig  the  middle  of  the  outer  beams,  will  effedually  fe- 
cure  the  angles  of  the  exterior  polygon  againft  all  rifli 
of  change.  The  reader  mull  perceive  that  we  have  The  beft 
now  terminated  in  the  conftrudion  of  the  Norman  roof,  general 
We  indeed  think  it  the  beft  general  form,  when  fome^®|^^^°^® 
moderate  declivity  is  not  an  infuperable  objedion.  When 
this  is  the  cafe,  we  recommend  the  general  plan  of  the 
centering  of  the  bridge  of  Orleans.  We  would  make 
the  bridge  (we  fpeak  of  a  great  bridge)  confift  of  four 
trufles  ;  two  to  ferve  as  the  outfides  of  the  bridge,  and 
two  inner  trufles,  feparating  the  carriage-way  from  the 
foot-paths.  The  road  Ihoiild  follow  the  courfe  of  the 
lower  polygon,  and  the  main  trufs  Ihould  form  the  rails. 

It  might  look  ftrange  ;  but  we  are  here  fpeaking  of 
ftrength;  and  evident,  but  not  unwieldy,  ftrength,  once 
it  becomes  familiar,  is  the  fureft  fource  of  beauty  in  all 
works  of  this  kind. 

Centre  of  Fridioriy  is  that  point  in  the  bafe  of  a 
body  on  which  it  revolves  ;  into  which,  if  the  whole 
furface  of  the  bafe,  and  the  mafs  of  the  body,  were 
colleded,  and  made  to  revolve  about  the  centre  of  the 
bafe  of  the  given  body,  the  angular  velocity  deftroyed 
by  its  fridion  would  be  equal  to  the  angular  velocity 
deftroyed  in  the  given  body  by  its  fridion  in  the  fame 
time.  See  Friction  in  this  Supplement. 

Centre  of  Gyratiojiy  is  that  point  in  which,  if  the 
whole  mafs  be  colleded,  the  fame  angular  velocity  will 
be  generated  in  the  fame  time,  by  a  given  force  ading 
at  any  place,  as  in  the  body  or  fyftem  itfelf.  This  point 
differs  from  the  centre  of  ofcillation,  in  as  much  as  in 
this  latter  cafe  the  motion  of  the  body  is  produced  by 
the  gravity  of  its  own  particles ;  but,  in  the  cafe  of  the 
centre  of  gyration,  the  body  is  put  in  motion  by  fome 
other  force  ading  at  one  place  only. 

Centre  of  Gfcillatiotiy  is  that  point  in  the  axis  or  line 
of  fufpenfion  of  a  vibrating  body,  or  fyftem  of  bodies, 
in  which,  if  the  whole  matter  or  weight  be  colleded, 
the  vibrations  will  ftill  be  performed  in  the  fame  time, 
and  with  the  fame  angular  velocity,  as  before.  Hence, 
in  a  compound  pendulum,  its  diftance  from  the  point 
of  fufpenfion  is  equal  to  the  length  of  a  fimple  pendu¬ 
lum  whofe  ofcillations  are  ifochronal  with  thofe  of  the 
compound  one. 

Centre  of  PreffurCy  of  a  fluid  againft  a  plane,  is  that 
point  againft  which  a  force  being  applied  equal  and 
contrary  to  the  whole  prefTure,  it  will  juft  fuftain  it,  fo 
as  that  the  body  preffed  on  will  not  incline  to  either 
fide. — This  is  the  fame  as  the  centre  of  perciiffion,  fup- 
pofing  the  axis  of  motion  to  be  at  the  interfe6b*on  of 
this  plane  with  the  furface  of  the  fluid  ;  and  the' centre 
D  d  of 
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Centrol>a.  of  prefTure  upon  a  plane  parallel  to  the  horizon,  or  upon 
any  plane  where  the  preffure  is  uniform,  is  the  fame  as 

Phalberc  ^he  centre  of  gravity  of  that  plane. 

.  ^  *  CENTROBARICO,  the  fame  as  centre  of  gravity. 

CENTROBARIC  Method,  is  a  method  of  deter- 
.mlning  the  quantity  of  a  furface  or  folld,  by  means  of 
the  generating  line  or  plane  and  its  centre  of  gravity. 
The  dodfrine  is  chiefly  comprifed  in  this  theorem  : 

Every  figure,  whether  fuperficial  or  folid,  generated 
by  the  motion  of  a  line  or  plane,  is  equal  to  the  pro- 
du<5l  of  the  generating  magnitude  and  the  path  of  its 
centre  of  gravity,  or  the  line  which  its  centre  of  gra¬ 
vity  defcribes. 

CERUSE,  or  White-lead,  is  a  fubftance  fo  much 
ufed  in  painting,  and  for  other  piirpofes,  that  numerous 
modes  have  been  employed  for  the  preparation  of  it. 
Of  the  moft  common  of  thcfe,  a  fufficient  account  has 
been  given  in  the  Encyclopoedia  (fee  Ceruse,  and  the 
fame  word  CnEmisTKY-MexJ;  but  Lord  Dundonald 
has  difcovered  a  more  expeditious  and  facile  method, 
than  any  of  them,  which  becomes  the  more  ufefuU 
as  the  fubftance  with  which  it  is  effected  has  been  hi¬ 
therto  rejeded  by  the  chemical  world  as  a  caj>ut  mor^ 
timm* 

His  lordfliip  direds  common  lead  to  be  reduced  to  a 
calx,  but  not  too  fine,  and  to  have  a  proportion  of  five- 
fixth  parts  thereof,  intimately  mixed  with  murlat,  or 
folution  of  potafs.  In  this  ftate,  he  diredls  it  to  be 
frequently  ftirred,  in  order  to  have  the  new  furfaces  of 
the  mixture  expofed  to  the  carbonic  acid  of  atmofpheric 
air  ;  as  his  lordfhip  obferves,  that  the  etfeds  of  the  car¬ 
bonic  acid  on  the  alkali  exifting  in  the  prefent  ftate  of 
the  mixture  is  effentially  neceffary,  in  order  to  effedl  the 
intended  purpofe.  In  this  ftate  it  is  to  be  frequently 
^  fpriiikled  with  water,  and,  after  the  calx  has  been  long 
enough  Immerfed  with  the  muriat  to  be  fufficiently  o- 
perated  upon,  the*  muriat  is  to  be  levigated  by  common 
water  from  the  calx,  and  to  be  concentrated  by  evapo¬ 
ration,  in  order  to  be  made  ufe  of  at  a  future  period 
with  other  calx.  The  calx  is  to  be  afterwards  ground, 
levigated,  and  dried  for  ufe. 

For  this  difcovery,  his  lordfhip  obtained  a  patent  on 
the  i8th  of  Auguft  1797  ;  and  the  fuccefs  which  has 
attended  the  former  patents  of  this  fcientlfic  nobleman 
leads  us  to  conclude,  that  the  prefent  difcovery  is  entit¬ 
led  to  the  attention  of  the  public. 

CHAMBERS  (Sir  William),  the  celebrated  archi- 
te£f,  was  defcended  of  the  ancient  family  of  Chalmers  in 
Scotland,  barons  of  Tartas  in  France.  His  grandfather 
fuffered  confiderably  in  his  fortune  by  fupplying  Charles 
XIL  of  Sweden  with  money,  &c.  which  that  monarch 
repaid  in  bafe  coin.  Sir  William’s  father  refided  feyeral 
years  in  Sweden  to  recover  bis  claims;  and  there  Sir  Wil¬ 
liam  was  borif,  and,  at  eighteen  years  of  age,  appointed 
fupercargo  to  the  Swedifli  Eaft  India  company.  From  a 
voyage  which  he  made  to  China,  he  brought  home  the 
Afiatlc  ftyle  of  ornament,  in  tents,  temples,  rnofques,  and 
pagodas.  Thefe  ornaments  (through  the  intereft  of  Lord 
Bute)  he  was  enabled  to  apply  ip  the  gardens  at  Kew. 
Patronifed  by  the  prlncefs  dowager  and  the  king,  Mr 
Chambers  had  much  of  the  fafhionable  bufinefs  of  the 
day.  Under  Burke’s  reform,  he  was  appointed  furvey- 
or  general  of  the  board  of  works.  Somerfet-houfe  was 
worth  to  him  at  leaft  L.  2000  a-year.  His  Chef  d^ceuvres 
arehisftalrcafes,  particularly  thofe  at  LordBefborough’s, 
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Lord  Gower’s,  and  the  Royal  and  Antiquarian  Socle-  Chamf<rri 
ties.  The  terrace  behind  Somerfet-houfe  is  a  bold  ef- 
fort  of  conception.  His  deligns  for  interior  arrange¬ 
ments  were  excellent.  His  Treatife  on  Civil  Architec¬ 
ture  alone  will  immortalize  his  name.  In  private  life. 

Sir  William  was  hofpltable,  kind,  and  amiable.  His  fon 
married  Mifs  Rodney  ;  Mr  Cotton,  Mr  Iiinis,  and  Mr 
Harward,  married  his  beautiful  daughters.  Having 
been  abftemious  in  his  youth.  Sir  William’s  conftitution 
did  not  begin  to  break  till  he  w'as  fevcnty  years  of  age. 

For  the  laft  three  years,  he  was  kept  alive  by  wine  and 
oxygenated  air;  and  died  on  the  5th  of  March  1796. 

His  celebrity  will  be  lafting  in  the  works  which  he  has 
left  ;  and  as  he  was  equally  ftilled  in  the  theory  and 
pradfice  of  the  arts  which  he  profeffed,  his  precepts  are 
as  valuable  as  his  works.  At  his  death,  he  was  fellow 
of  the  Royal  and  Antiquarian  Societies,  treafurer  of 
the  Royal  Academy,  furveyor-general  of  the  board  of 
works,  and  knight  of  the  Swedifh  order  of  the  Polar 
Star.. 

CHAMFER,  or  Chamfer et,  an  ornament  in  ar- 
chite£lure,  confifting  of  half  a  fcotia  ;  being  a  kind  jof 
fmall  furrow  or  gutter  on  a  column. 

Universal  CHARACTERS,  could  they  be  in¬ 
troduced,  would  contribute  fo  much  to  the  diffufion  of 
ufeful  knowledge,  that  every  attempt  to  make  fuch  a 
fcheme  fimple  and  pra<Ellcable  is  at  leaft  intitled  to  no¬ 
tice.  Accordingly,  Imthe  Encyclopedia  Brltannica^  un¬ 
der  the  word  Character,  a  ftiort  account  is  given  of 
the  principal  plans  of  univerfal  charafters  which  had 
then  fallen  under  our  obfervation  ;  but  fince  that  article 
was  publifhed,  a  new  method  of  writing,  by  which  the 
various  nations  of  the  earth  may  communicate  their 
fentiments  to  each  other,  has  been  propofed  by  Thomas 
Norihmore^  Efq;  of  Queen-ftreet,  Mayfair.  It  bears 
fome  refemblance  to  that  which  we  have  given  from  the 
Journal  Literdire^  1720,  but  it  is  not  the  fame  ;  and  of 
the  two,  Mr  Northraore’s  is  perhaps  the  moft  ingenious. 

The  ground-work  of  the  fuperftrudlure  differs  not  in¬ 
deed  from  that  of  the  journalift,  being  this  in  both> 

“  That  if  the  fame  numerical  figure  be  made  to  repre- 
fent  the  fame  <ivord  in  the  various  languages  upon  earth, 
an  univerfal  charader  is  immediately  obtained.”  The 
only  objection  which  the  author  or  his  friends  faw  to 
fuch  a  plan,  originates  in  the  diverfity  of  idioms  ;  but, 
as  he  truly  obferves,  every  fchoolboy  has  this  difficulty 
to  encounter  as  often  as  he  conftrues  Terence. 

Such  then  was  Mr  Northmore’s  original  plan  :  but  he 
foon  perceived  that  it  was  capable  of  confiderable  im¬ 
provement;  for,  inftead  of  ufing  a  figure  for  every  word, 
it  will  be  neceffary  to  apply  one  only  to  every  ufeful 
word  ;  and  we  all  know  how  few  words  are  abfolutely 
neceffary  to  the  communication  of  our  thoughts.  Even 
thefe  may  be  much  abbreviated  by  the  adoption  of  cer¬ 
tain  uniform  fixed  figns  (not  amounting  to  above  20), 
for  the  various  cafes,  numbers,  genders,  degrees  of  com- 
parifon,  of  nouns,  tenfes,  and  moods  of  verbs,  &c.  All 
words  of  negation,  too,  may  be  expreffed  by  a  prefixed 
fign.  A  few  inftances  will  beft  explain  the  author’s 
meaning. 

Suppofe  the  number  5  to  reprefent  the  word  fee. 


8  —  - 


a  man^ 
happy  f 

neveVf 

L 

«  I 
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“  I  would  then  (fays  he)  exprcfs  the  tenfes,  genders, 
cafes,  &c.  In  all  languages^  in  fome  fuch  uniform  manner 
as  following ; 


(X)  5 

r= 

prefent  tenfe,  — 

fee, 

(2)  -5 

= 

perfect  tenfe,  — 

faw. 

(3)  =5 

= 

perfect  participle,  •  — 

feen. 

(4)  5: 

= 

prefent  participle,  — 

feeing. 

(S)  5- 

future,  — -  — ^ 

will  fee. 

(6)  J. 

= 

fulfantive,  — 

fight. 

(7)  i. 

== 

perfonal  fuhfantive,  — 

fpedator. 

(8)  6 

nominative  cafe,  — 

a  man. 

(9)  6 

genitive,  —  — 

of  a  man. 

(.0)  6; 

= 

dative,  — 

to  a  man, 

(ii)  6 

rr 

feminine, 

a  woman. 

(l2)-i-6 

— 

plural,  —  — 

men. 

(13)  7 

pqfitive,  — — 

happy, 

(X4)  7 

zz 

comparative,  — 

happier. 

Us)  7 

= 

fuperlative,  — 

happieft, 

7 

— 

as  above,  No.  6. 

happinefs, 

(i6)-7 

negation,  —  — 

unhappy. 

“  prom  the  above  fpecimen,  I  fhould  find  no  difficul¬ 
ty  In  comprehending  the  following  fentence,  though 
it  were  written  In  the  language  of  the  Hottentots : 


8,  A, I  never  fav)  a  more  unhappy  woman, 

“  Thofe  languages  which  do  not  ufe  the  pronoun 
prefixed  to  the  verb,  as  the  Greek  and  Roman,  &c. 
may  apply  it,  In  a  fmall  charaaer,  fimply  to  denominate 
the  perfon;  thus,  inftead  of  9,  8,  .5,  I  never  f aw  ; 
they  may  write,  8,  9.51  which  will  fignlfy  that  the 
verb  Is  in  the  firlt  perfon,  and  will  ftill  have  the  fame 
meaning.” 

Our  author  feems  confident  that,  according  to  this 
fcheme  of  an  univerfal  charader,  about  20  figns,  and 
lefsthan  lo.ooo  r/jo/r«  words  (fynonyms  being  fet  a- 
fide),  would  anfwer  all  the  ends  propofed  ;  and  that  fo¬ 
reigners,  by  referring  to  their  ntimerical  diaiouary, 
would  eafily  comprehend  each  other.  He  proceeds  next 
to  ihew  bow  appropriate  founds  may  be  given  to  his 
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figns,  and  an  univerfal  living  language  formed  from  the  CharajSlers 

univerfal  characters.  ^  ^  ^  Cheniii». 

To  attain  this  end,  he  propofes  to  diftingulffi  the  ten  ^  ^ 

numerals  by  ten  monofyllabic  names  of  eafy  pronouncia- 
tlon,  and  fuch  as  may  run  without  difficulty  into  one 
another.  To  illullrate  his  fcheme,  how'ever,  he  calls 
them,  for  the  prefent,  by  their  common  Engliffi  names  ; 
but  would  pronounce  each  number  made  ufe  of  by  ut¬ 
tering  feparately  its  component  parts,  after  the  manner 
of  accountants.  Thus  let  the  number  6943  reprefent 
the  word  horfe,  he  would  not,  In  the  univerfal  language, 
call  a  horfe  Jix  thoufand  nine  hundred  and  forty -three,  but 
fix,  nine,  four,  three,  and  fo  on  for  all  the  words  of  a 
fentence,  making  the  proper  flop  at  the  end  of  each. 

In  the  fame  manner,  a  dlfllm^  appellation  muft  be  ap¬ 
propriated  to  each  of  the  prefixed  figns,  to  be  pronoun¬ 
ced  Immediately  after  the  numeral  to  which  it  is  an  ap¬ 
pendage.  Thus  if  plu  be  the  appellation  or  the  fign  of 
the  plural  number,^jc,  nine,  foury  three, plu  wn’ll  be  horfes. 

Thus  (fays  our  author),  I  hope  It  is  evident  that 
about  30  or  40  diftind  fyllables  are  fufficlent  for  the 
above  purpofe  ;  but  1  am  much  miftaken  If  eleven  only 
will  not  anfwer  the  fame  end.  This  Is  to  be  done  by 
fubftituting  the  firft  20  or  30  numerals  for  the  figns, 
and  faying,  as  In  algebra,  that  a  term  is  in  the  power  of 
fuch  a  number,  which  may  be  expreffed  by  the  fimple 
word  under.  Ex,  gr.  Let  6943  reprefent  the  word 
horfe  ;  and  fuppofe  four  to  be  the  fign  of  the  plural 
number,  I  would  write  the  word  thus,  ;  and  pro¬ 
nounce  It,  fix,  nine,  four,  three,  in  the  power  of  or  under 
four.  By  thefe  means  eleven  diftind  appellations  would 
be  fufficlent,  and  time  and  ufe  would  much  abbreviate 
the  pronunciation.” 

To  refufe  the  pralfe  of  ingenuity  to  this  contrivance 
for  an  univerfal  language  would  be  very  unjuft  ;  but 
elocution  in  this  manner  would  be  fo  very  tedious,  that 
furely  the  author  himfelf,  when  he  thinks  more  coolly 
on  the  fubjed,  will  perceive,  that  In  the  living  fpeech 
its  defeds  would  more  than  balance  its  advantages.  A 
pangraph,  as  he  calls  his  univerfal  charader,  would  in¬ 
deed  be  ufeful,  and  is  certainly  pradicable  ;  a  panleg 
(if  we  may  form  fuch  a  word)  would  not  be  very  ufeful, 
unlefs  it  were  much  more  perfed  than  it  could  be  made 
according  to  the  plan  before  us. 

CHAUSETRAPPES.  See  CRowf  Feet,  Encycl. 

CHEMIN  DEs  Ronds,  in  fortification,  the  way  of 
the  rounds,  or  a  fpace  between  the  rampart  and  the  low 
parapet  under  It,  for  the  rounds  to  go  about  it. 
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CHEMISTRY, 
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Definition.  TS  a  fclence,  the  obje<fl  of  which  is  to  afcertain  the 
ingredients  that  enter  into  the  compofition  of  bodies, 
to  examine  the  nature  of  thefe  ingredients,  the  manner 
in  which  they  combine,  and  the  properties  refulting 
from  their  combination. 

As  an  art,  it  has  been  in  fome  meafure  coeval  with 
the  human  race  ;  for  many  of  the  moft  important 
branches  of  manufa<Elures  could  not  have  been  condudl- 
ed  without  at  lead  fome  knowledge  of  chemical  combi¬ 
nations.  As  a  fcience,  it  can  hardly  be  dated  farther 
back  than  the  middle  of  the  1 7th  century  ;  but  fince 
that  time  it  has  advanced  with  a  rapidity  altogether  un¬ 
precedented  in  the  annals  of  philofophy.  Newton  laid 
its  foundation  ;  and  fince  his  days  an  almoft  incredible 
number  of  the  moft  diftinguifhed  names  in  Europe  have 
enlifted  under  its  banners.  So  rapid  has  this  progrefs 
been,  that  though  the  article  Chemistry  in  the  Ency~ 
clopadia  Britannka  was  written  only  about  ten  years 
ago,  the  language  and  reafoning  of  chemillry  have  been 
fo  greatly  improved,  and  the  number  of  fadls  have  ac¬ 
cumulated  fo  much,  that  we  find  ourfelves  under  the 
neceffity  of  tracing  over  again  the  very  elements  of  the 
^  fcience. 

Importance  Indeed,  if  we  confder  the  importance  of  chemiftry, 

of  chcmif-  vve  fliall  not  be  fo  much  furprifed  at  the  ardour  with 
which  it  has  been  cultivated.  As  a  fcience,  it  is  inti¬ 
mately  connedled  with  all  the  phenomena  of  nature  ; 
the  caufes  of  rain,  fnow,  hail,  dew,  wind,  earthquakes  : 
even  the  changes  of  the  feafons  can  never  be  explored 
with  any  chance  of  fuccefs  while  we  are  ignorant  of 
chemiftry  ;  and  the  vegetation  of  plants,  and  fome  of 
the  moll  important  fundfions  of  animals,  have  received 
all  their  illuftration  from  the  fame  fource.  No  fludy 
can  give  us  more  exalted  ideas  of  the  wifdom  and  good- 
nefs  of  the  Great  Firfl  Caufe  than  this,  which  fhews  us 
everywhere  the  moft  aftoiiifhing  effe^s  produced  by 
the  moft  limple  though  adequate  means,  and  dif- 
plays  to  our  view  the  great  care  which  has  everywhere 
been  taken  to  fecure  the  comfort  and  happinefs  of  every 
living  creature.  As  an  art,  it  is  intimately  connedled 
with  all  our  manufadlures  :  The  glafs-blower,  the  pot¬ 
ter,  the  fmith,  and  every  other  worker  in  metals,  the 
tanner,  the  foap-maker,  the  dyer,  the  bleacher,  are  real¬ 


ly  pradlical  chemifts  ;  and  the  moft  effential  improve¬ 
ments  have  been  introduced  into  all  thefe  arts  by  the 
progrefs  which  chemiftry  has  made  as  a  fcience.  Agri- 
culture  can  only  be  improved  rationally  and  certainly 
by  calling  in  the  afliftance  of  chemiftry  ;  and  the  ad¬ 
vantages  which  medicine  has  derived  from  the  fame 
fource  are  too  obvious  to  be  pointed  out.  ^ 

It  is  evident  from  the  definition  of  chemiftry  that  it  Arrange- 
muft  confift  in  a  hiftory  of  the  fimple  fubftances  which 
enter  into  the  compolition  of  bodies,  in  an  inveftigation 
of  the  manner  in  which  thefe  fubftances  combine,  and 
in  a  defcription  of  the  properties  of  the  compounds 
w'hich  they  form.  And  this  is  the  arrangement  which 
we  mean  to  purfue  ;  referviiig  to  ourfelves,  however,  the 
liberty  of  deviating  a  little  from  it,  whenever  it  may 
appear  neceflary  for  the  fake  of  perfpicuity.  All  our 
claflifications  are  in  fa6t  artificial;  nature  does  not  know 
them,  and  will  not  fubmit  to  them.  They  are  ufeful, 
however,  as  they  enable  us  to  learn  a  fcience  fooner,  and 
to  remember  it  better  ;  but  if  we  mean  to  derive  thefe 
advantages  from  them,  we  muft  renounce  a  rigid  adhe¬ 
rence  to  arbitrary  definitions,  which  nature  difclaims. 

We  fhall  begin  by  an  account  of  the  fimpleft  bodies, 
and  proceed  gradually  to  thofe  which  are  more  com¬ 
pound.  By  ftmple  hodksy  we  do  not  mean  what  the  an¬ 
cient  philofophers  called  the  elements  of  bodies^  but  mere¬ 
ly  fubftances  which  have  not  yet  been  decompounded. 

Very  polfibly  the  bodies  which  vve  reckon  fimple  may 
be  real  compounds ;  but  till  this  has  actually  been  pro¬ 
ved,  we  have  no  right  to  fuppofeit.  Were  we  acquaint¬ 
ed  with  all  the  elements  of  bodies,  and  with  all  the 
combinations  of  which  thefe  elements  arc  capable,  the 
fcience  of  chemiftry  would  be  as  perfect  as  polfible  ;  but 
at  prefent  this  is  very  far  from  being  the  cafe. 

We  fhall  divide  this  article  into  four  parts.  The  JirJl 
part  fhall  treat  of  thofe  bodies  "which  are  at  prefent  con- 
fidered  as  fimple ;  the  fecond,  of  thofe  bodies  which  are 
formed  by  the  union  of  two  fimple  bodies,  and  which, 
for  want  of  a  better  word  we  fhall  call  compound  bodies  ; 
the  thirdy  of  thofe  bodies  which  are  formed  by  the  union 
of  two  compound  bodies  ;  and  the  fourthy  of  bodies  fuch 
as  they  are  prefented  to  us  by  nature  in  the  mineral,  ve¬ 
getable,  and  animal  kingdoms. 


Part  L  Of  SIMPLE  BODIES^ 


Ciaflesof  A  LL  the  bodies  which  are  at  prefent  reckoned  fim- 
fjmple  bo-  -LX.  becaufe  they  have  never  been  decompounded, 
may  be  reduced  into  fix  clafTcs. 


1.  Oxygen,  4,  Earths, 

2.  Simple  combuftibles,  5.  Caloric, 

3.  Metals,  6.  Light. 

Thefe  fhall  form  the  fubje6Is  of  the  fix  following 

chapters. 


Chap.  I.  Of  Oxygen. 

’Pla^e  Take  a  quantity  of  nitre,  or  faltpetre,  as  it  is  alfo 
XVIII.  called,  and  put  it  into  a  gun-barrel  A  (fig.  l.),  the 


touch-hole  of  which  has  been  previoufly  clofcd  up  with  Method  pf 
metal.  This  barrel  is  to  be  bent  in  fuch- a  manner, 
that  while  the  clofe  end,  in  which  the  nitre  lies,  is  put°*^^^^**^ 
into  the  fire  E,  the  open  end  may  be  plunged  below  the 
furface  of  the  water,  with  which  the  veffel  B  is  filled. 

At  the  fame  time,  the  glafs  jar  D,  previoufly  filled  with 
water,  is  placed  on  the  fupport  C,  lying  at  the  bottoni 
of  the  veffel  of  water  B,  fo  as  to  be  exa£lly  over  the 
open  end  of  the  gun-barrel  A.  As  foon  as  the  nitre 
becomes  hot,  it  emits  a  quantity  of  air,  which  iffuing 
from  the  end  of  the  gun-barrel,  afcends  to  the  top  of 
the  glafs  jar  D,  and  gradually  difplaces  all  the  water. 

The  glafs  jar  D  then  appears  to  be  empty,  but  is  in  fad 
filled  with  air.  It  may  then  be  removed  in  the  follow¬ 
ing 
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Oxygen.*  ing  manner:  Slide  it  away  a  little  from  the  gun-barrel 
'  and  the  fiipport,  and  then  dipping  any  flat  diih  into  the 
water  below  it,  raife  it  on  it,  and  bear  it  away.  Ine 
difh  muft  be  allowed  to  retain  a  quantity  of  water  in  it, 
(fee  fig.  2.)  Another  jar  may  then  be  filled  with  air 
in  the  fame  manner  ;  and  this  procefs  may  be  continued 
cither  till  the  nitre  ceafes  to  give  out  air,  or  till  as  many 
jarfuls  have  been  obtained  as  are  required.  This  me¬ 
thod  of  obtaining  and  confining  air  was  firft  invented 
by  Dr  Mayow,  and  afterwards  much  improved  by  Dr 
Hales.  All  the  airs  obtained  by  this  or  any  other 
procefs,  or,  to  fpeak  more  properly,  all  the  airs  differ- 
ing  from  the  air  of  the  atmofphere,  have,  in  order  to  di- 
flingulfh  them  from  it,  been  called  and  this  name 

.  we  fhall  afterwards  employ. 
rtT  The  gas  which  we  have  obtained  by  the  above  pro- 

?;Seycefs  was  difcovered  by  Dr  Priellley  on  the  I  ft  of 
andScheele.gu{t  1774,  and  called  by  him  dephlogiflicated  atr, 

Scheele  of  Sweden  difcovered  it  in  I775>  without  any 
previous  knowledge  of  what  Dr  Prieftley  had  done  :  he 
gave  it  the  name  of  empyreal  air*  Condorcet, 
fpicuous  during  the  French  revolution,  pve  it  firit  the 
name  of  and  Mr  Lavoifier  afterwards  called 

it  oxygen  gas  ;  a  name  which  is  now  generally  received, 

and  which  we  fhall  adopt.  1  r  n 

Oxygen  gas  may  be  obtained  likewife  by  the  tollow- 

(in  fig.  3.)  reprefents  a  wooden  trough,  the  infide 
of  which  is  lined  with  lead  or  tinned  copper.  AB  is  a 
fiielf  running  along  the  infide  of  it,  about  three 
from  the  top.  C  is  the  cavity  of  the  trough,  which 
ought  to  be  a  foot  deep.  It  is  to  be  filled  with  water 
at  leaft  an  inch  above  the  fhelf  AB.  In  the  body  o 
the  trough,  which  may  be  called  the  ciftern,  the  jais 
deftined  to  hold  gas  are  to  be  filled  with  water,  and  then 
to  be  lifted,  and  placed  inverted  upon  the  fhelf  at  B, 
with  their  edges  a  little  over  it.  This  trough,  winch  was 
invented  by  Dr  Priellley,  has  been  called  by  the  hrench 
chemifts  the  pneumato-chemlcaU  or  pneumaitczi^^- 

ratus,  and  is  extremely  iifeful  in  all  experiments  in  which 
gafes  are  concerned.  Into  the  glafs  vefTel  E  ^  quan¬ 
tity  of  the  black  oxide  (a)  of  manganefe  in  powder,  and 
pour  over  it  as  much  of  that  liquid  which  in  commerce 
is  called  oil  of  vitriol,  and  in  chemiftry  actd,  as 

will  fomevvhat  more  than  cover  it.  Then  infert  into 
the  mouth  of  the  veffel  the  glafs  tube  F,  fo  cicely  that 
no  air  can  efcape  except  through  the  tube.  This  may 
be  done  by  covering  the  joining  with  a  pafte  made  oi 
wheat-flour  and  water,  or  any  other  luU,  as  fubftances 
ufed  for  fimilar  purpofes  are  called.  The  end  of  the 
tube  C  is  then  to  be  plunged  into  the  pneumatic  appa¬ 
ratus  D,  and  the  jar  G,  previoufly  filled  with  water,  to 
be  placed  over  it  on  the  fhelf.  The  whole  apparatus  be¬ 
ing  fixed  in  that  fituation,  the  glafsvefTel  E  is  to  be 
heated  by  means  of  a  lamp  or  a  candle.  A  great  quan¬ 
tity  of  oxygen  gas  rufhes  along  the  tub  F,  and  fids  the 
lar  G.  As  foon  as  the  jar  is  filled,  it  may  be  flid  to  an¬ 
other  part  of  the  fhelf,  and  other  jars  fubftituted  in  its 
8  place,  till  as  much  gas  has  been  obtained  as  is  wanted. 
Properties^  Oxygen  gas  is  colourlefs, .  and  invifible  like  com^ 

of  oxygen.  *  ^  ®  ® 
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mon  air.  Like  it  too,  it  is  elaftic,  and  capable  of  m 
definite  expanfion  and  comprefiion. 
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Oxygen. 


7 

Another 

method. 


H. 

3 

o 
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2.  If  a  lighted  taper  be  let  down  into  ajar  of  oxgen 
gas,  it  burns  with  fuch  fplendor  that  the  eye  can  fcarce- flame, 
ly  bear  the  glare  of  light,  and  at  the  fame  time  time  pro¬ 
duces  a  much  greater  heat  than  when  burning  in  com¬ 
mon  air.  It  is  well  known  that  a  candle  put  into  a  well 
clofed  jar,  filled  with  common  air,  is  extinguifhed  in  a 
few  feconds.  This  is  the  cafe  alfo  with  a  candle  enclo- 
fed  in  oxygen  gas  ;  but  it  burns  much  longer  in  an  equal 
quantity  of  that  gas  than  of  common  air.  10 

2.  Itwasprovedlongagoby  Boyle,  that  animals  can- And  lue. 

not  live  without  air,  and  by  Mayow  that  they  cannot 
breathe  the  fame  air  for  any  length  of  time  without  fuf- 
focation.  Dr  Prieftley  and  feyeral  other  philofophers 
have  fhewn  us,  that  animals  live  much  longer  in  the 
fame  quantity  of  oxygen  gas  than  of  common  air. 

Count  Morozzo  placed  a  number  of  fparrows,  one  after 
another,  in  a  glafs  bell  filled  with  common  air,  and  in- 
verted  over  water.  « 

The  firft  fparrow  lived 
The  fecond 
The  third 

He  filled  the  fame  glafs  with  oxygen  gas 
peated  the  experiment.  ^ 

The  firft  fparrow  lived 
The  fecond 
The  third 
The  fourth 
The  fifth 
The  fixth 
The  feventh 
The  eighth 
The  ninth 

The  tenth  -  ... 

He  then  put  in  two  together ;  the  one  died  in  2C  mi- 
nutes,  but  the  other  lived  an  hour  longer.  ^  rr. 

4.  Atmofpherical  air  contains  about  27  parts  >n 
hundred  of  oxygen  gas.  This  was  fiift  difcovered  by 
Scheele.  It  has  been  proved  by  a  great  number  of  ex- 
perlments,  that  no  fubftance  will  burn  in  common  air 
previoufly  deprived  of  all  the  oxygen  gas  which  it  con¬ 
tained  but  conibuftibles  burn  with  great  fplendor  in 
oxygen  gas,  or  in  other  gafes  to  which  oxygen  gas  has 
been  added.  Oxygen  gas  then  is  abfolutely  neceffary 

for  combuftion.  .  . 

5.  It  has  been  proved  alfo,  by  many  experiments,  that 
no  breathing  animal  can  live  for  a  moment  in  any  air  or 
gas  which  does  not  contain  oxygen  mixed  with  it.  Oxy¬ 
gen  gas  then  is  abfolutely  necelfary  for  refpiration. 

6.  When  fubftances  are  burnt  in  oxygen  gas,  or  in 
any  other  gas  containing  oxygen,  if  the  air  be  examined 
after  the  combuftion^  a  great  part  of  the  oxygen  will  oe 
found  to  have  difappeared.  If  charcoal,  for  in ftance/. 
be  burnt  in  oxygen  gas,  there  will  be  found,  inftead  of^ 
part  of  the  oxygen,  another  very  different  gas,  known  by  • 
the  name  of  carbonic  acid  gas.  Exai^lly  the  fame  thing 
takes  place  when  air  is  refpired  by  animals  ;  part  of  the 
oxygen  gas  difappears,  and  its  place  is  occupied  by  fub- 

.  ftances  pofTefled  of  very  different  properties..  Oxygen 
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(a)  This  fubftance  fhall  be  afterwards  defcribed. 
ufe  with  bleachers  and  fevcral  other  manufadurers. 


It  is  now  very  well  known  in  Britain,  as  it  is  in  common-^ 
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gas  then  undergoes  forriC  change  during  combuftion,  as 
well  as  the  bodies  which  have  been  burnt ;  and  the  fame 
obfervation  applies  alfo  to  refpiration  (b). 

7.  The  fpecific  gravity  of  oxygen  gas,  as  determined 
by  Mr  Kirwan  is  0,00135,  that  of  water  being 
I  ,cooo,  as  is  always  the  cafe  when  fpecific  gravity  is 

’mentioned  abrolutely.  It  is  therefore  740  times  lighter 
than  the  fame  bulk  of  water.  Its  weight  to  atmofphe- 
rical  air  is  as  1 103  to  loco  ;  116  cubic  inches  of  oxy¬ 
gen  gas  weigh  39,03  grains  troy,  116  cubic  inches  of 
common  air,  35,38  grains. 

8.  Oxygen  is  capable  of  combining  with  a  great  num¬ 
ber  of  bodies,  and  forming  compounds.  As  the  com¬ 
bination  of  bodies  is  of  the  utmoft  importance  in  che- 
mifiry,  before  proceeding  farther  we  (hall  attempt  to 
explain  it.  When  common  fait  is  thrown  into  a  veffel 
of  pure  water,  it  melts,  and  very  foon  fpreads  itfelf 
through  the  whole  of  the  liquid,  as  any  one  may  con¬ 
vince  himfelf  by  the  tafte.  In  this  cafe  the  fait  is  com¬ 
bined  with  the  water,  and  cannot  afterwards  be  fepara- 
ted  by  filtration  or  any  other  method  merely  mechani¬ 
cal.  It  may,  however,  by  a  very  fimple  procefs ;  Pour 
into  the  folution  a  quantity  of  fpirit  of  wine,  and  the 
whole  of  the  fait  inftantly  falls  to  the  bottom. 

Why  did  the  fait  dilfolve  in  water,  and  why  did  it 
fall  to  the  bottom  on  pouring  in  fpirit  of  wine  ?  Thefe 
queilions  were  fiift  a^fwered  by  Sir  Ifaac  Nev/ton. 
There  is  a  certain  attra£lion  between  the  particles  of 
common  fait  and  thofe  of  water,  which  caufes  them  to 
unite  together  whenever  they  are  prefented  to  one  ano¬ 
ther.  There  is  an  attradlion  alfo  between  the  particles 
of  water  and  of  fpirit  of  wine,  which  equally  difpofes 
them  to  unite,  and  this  attraction  is  greater  than  that 
between  the  water  and  fait ;  the  water  therefore  leaves 
the  fait  to  unite  with  the  fpirit  of  wine,  and  the  fait  be¬ 
ing  now  unfupported,  falls  to  the  ground  by  its  gravi¬ 
ty.  This  power,  which  difpofes  the  particles  of  diffe¬ 
rent  bodies  to  unite,  was  called  by  Newton  aitradiion^ 
by  Bergman,  elective  attruBion^  and  by  many  of  the  Ger¬ 
man  and  French  chemifts,  affinity;  and  this  lafl  term  we 
fhall  employ,  bccaufe  the  other  two  are  rather  general. 
All  fubflances  which  are  capable  of  combining  together 
are  faid  to  have  an  affinity  ybr  (c)  each  other:  thofe 
fubflances,  on  the  contrary,  which  do  not  unite,  are 
faid  to  have  no  affinity  for  each  other.  Thus  there  is 
no  affinity  between  water  and  oil.  It  appears  from  the 
in  fiance  of  the  common  fait  and  fpirit  of  wine,  that  fub- 
llances  differ  in  the  degree  of  their  affinity  for  other 
fubflances,  fince  the  fpirit  of  wine  difplaced  the  fait  and 
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united  with  the  water.  Spirit  of  wine  tlierefore  has  a 
llronger  affinity  for  water  than  common  fait  has. 

In  1719  Geoffroi  invented  a  method  of  reprefenting 
the  (Afferent  degrees  of  affinities  in  tables,  which  he 
called  tables  of  affinity.  His  method  confifled  in  pla¬ 
cing  the  fubflances  whofe  affinities  were  to  be  afeertain- 
ed  at  the  top  of  a  column,  and  the  fubflances  with  which 
it  united  below  it,  each  in  the  order  of  its  affinity ;  the 
fubflance  which  had  the  flrongeft  affinity  next  it,  and 
that  which  had  the  weakefl  fartheft  diflant,  and  fo  of 
the  reft.  According  to  this  method,  the  affinity  of 
water  for  fpirit  of  wine  and  common  fait  would  be 
marked  as  follows ; 

Water, 

Sirit  of  wine. 

Common  fait. 

This  method  lias  been  univerfally  adopted,  and  has  con¬ 
tributed  very  much  to  the  rapid  progrefs  of  die- 
miftry. 

We  fliall  proceed  therefore  to  give  a  table  of  the  af- Affinities sf 
finities  of  oxygen,  oxygen. 

Oxygen, 

Carbon,. 

Zinc, 

Iron, 

Manganefe, 

Hydrogen, 

Azot, 

Sulphur^ 

Phofphorus> 

Cobalt, 

Nickel, 

Lead, 

Tin, 

Phofphorous  acid. 

Copper, 

Bifmuth, 

Antimony, 

Mercury, 

Silver, 

Arfenic, 

Sulphurous  acid, 

Oil, 

Nitrous  gas. 

Gold, 

White  oxide  of  arfenic. 

Muriatic  acid, 

Oxide  of  tin. 

White 


(b)  Mayow  had  in  the  laft  century  made  confiderable  progrefs  towards  the  difeovery  of  oxygen  gas.  He  knew 
that  only  a  part  of  the  air  fupported  combuftion  ;  ThiVpart  he  particuU  igneo-^aerea.  He  knew  that  this  part 
was  contained  in  nitre:'  “  Pars  nitri  aerea  nihil  aliud  quam  particulse  ejus  igneo-aereae  eft.'*  He  adds,  “  At  non  eft 
eftimandum  pabulum  igneo-aereum  ipfum  aerem  elTe,  fed  tantum  partem  ejus  majus  adivam  fubtilemque.  Quippe 
lucerna  vitro  inclufa  expirat  cum  tamen  copia  aeris  fatis  ampla  in  eodem  continetur.'*  He  knew  alfo  that  it  was 
this  part  of  the  air  which  was  ufeful  in  refpiration.  After  mentioning  feveral  experiments  to  prove  this,  he  adds, 
“Ex  didis  certo  conftat  animalia  refpirando  particulas  quafdam  vitales  eafque  elafticas  ab  acre  haurire.*’  See  his 
Tra^atus  quinque  Medico- PhyftcU  p.  I2.  and  xg6. — He  knew  alfo  that  this  part  of  the  air  was  neceffary  to  com¬ 
buftion  :  “  Et  tamen  certo  conftat,  particulas  nitro-aereas  non  minus  quam  fulphureas  ad  ignem  conflandum  ne- 
'ceffareas  effe.”  Ihid^  p.  26. 

(c)  We  are  not  certain  that  the  phrafe  affinity^  for  is  warranted  by  claffical  authority  ;  we  have  ventured, 
however,  to  ufe  it,  becaufe,  as  the  word  affinity  in  this  article  fignifies  a  fpecies  of  attradion,  we  thought  it  would 
be  more  perfpicuous  to  put  after  it  the  prrepofition/or,  which  ufually  follows  the  word  attraSion^  than  to  or  with, 
which  come  after  affinity  when  ufed  in  its  ordinary  acceptation. 
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Sulphur,  White  oxide  of  lead  ? 

Nitrous  acid, 

White  oxide  of  nianganefe, 

Water. 

The  reafon  of  this  order  will  appear  when  we  treat 
of  thefe  various  fiibftances. 

Chap.  II.  Simple  Combustible  Bodies, 

Five  ffmple  By  comhujlthksy  we  mean  fubftances  capable  of  com- 
combufli-  bullion  ;  and  by  Jlmple  comhujliblesy  bodies  of  that  na¬ 
ture  which  have  not  yet  been  decompounded.  Thefe 
are  only  five  in  number,  Sulphur,  Phosphorus, 
Carbon,  Hydrogen,  and  Azot.  Were  we  to  adhere 
llriclly  to  our  definition  indeed,  we  fiiould  add  all  the 
metals  ;  for  they  are  alfo  combiiftible,  and  liave  noj:  yet 
been  decompounded  :  But  for  the  rcafons  formeily 
given,  we  (hall  venture  to  deviate  a  little  from  llridl  lo¬ 
gic,  and  confider  them  afterwards  as  a  ditlind  clafs  of 
fnbftances. 

Sect.  I.  Of  Sulphur, 

Sulphur,  dillinguilhed  alfo  in  Englrfh  by  the  name 
©f  hnmjlone,  was  known  in  the  earlieil  ages.  As  it  is 
found  native  in  many  parts  of  the  world,  it  could  not 
fail  very  foon  to  attradl  the  attention  of  mankind.  It 
was  ufed  by  the  ancients  in  medicine,  and  its  fumes  were 
employed  in  bleaching  wool*. 

Sulphur  is  a  hard  brittle  fubftance,  commonly  of  a 
yellow  colour,  without  any  fmell,  and  of  a  weak  though 
perceptible  tafte. 

It  is  a  non-condu6lor  of  eledricity,  and  of  courfe 
becomes  eledric  by  fridion. 

If  a  confiderable  piece  of  fulphiir  be  expofed  to  a 
fudden  though  gentle  heat,  by  holding  it  in  the  hand, 
for  inftance,  it  breaks  to  pieces  with  a  crackling  noifef . 
Its  fpecific  gravity  is  1,990. 

When  heated  to  the  temperature  of  i85<3  of  Fahren¬ 
heit,  it  melts  and  becomes  very  fluid.  If  the  tempera¬ 
ture  be  Hill  farther  increafed,  the  fluidity  diminiflies;  but 
when  the  fulphur  is  then  carried  from  the  fire  and  al¬ 
lowed  to  cool,  it  becomes  as  fluid  as  ever  before  it  con¬ 
geals 

When  fulphur  is  heated  to  the  temperature  of  170"^, 
it  rifes  up  in  the  form  of  a  fine  powder,  which  niay  he 
eafily  colleded  in  a  proper  vcffel.  This  powder  is  call- 
ed  fowers  of  fulphur.  When  fubftances  fly  oft'  in  this 
manner  on  the  application  of  a  moderate  heat,  they  are 
called  volatile;  and  the  procefs  itfelf,  by  which  they  are 
railed,  is  called  volatilization. 

Sulphur  undergoes  no  change  by  being  allowed  to 
remain  expofed  to  the  open  air. 

When  thrown  into  water,  it  does  not  melt,  as  com¬ 
mon  fait  does,  but  falls  to  the  bottom,^  and  remains 
there  unchanged  ;  it  is  therefore  infoluhle  in  water.  If, 
however,  it  be  poured,  while  in  a  ftate  of  fufion,  into 
water,  it  affuines  a  red  colour,  and  retains  fuch  a  degree 
of  foftnefs,  that  it  may  be  kneaded  between  the  fingers; 
but  it  lofes  this  property  in  a  few  days  §, 

There  are  a  great  many  bodies  which,  after  being  dif- 
'folved  in  water  or  melted  by  heat,  are  capable  of  affu- 
ming  certain  regular  figures.  If  a  quantity  of  common 
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fait,  for  inftance,  be  diflblved  in  water,  and  that  fluid,  ^ 

by  the  application  of  a  moderate  heat,  be  made  to  fly 
off  in  the  form  of  fleam;  or,  in  other  words,  if  the  wa¬ 
ter  be  flowly  evaporated^  the  fait  will  fall  to  the  bottom 
of  the  vefTel  in  cubes.  Thefe  regular  figures  are  called 
cryfah.  Now  fulphur  is  capable  of  cryftalllzing.  If  it 
be  melted,  and  as  foon  as  its  furface  begins  to  congeal, 
the  liquid  fulphur  beneath  be  poured  out,  the  internal 
cavity  will  exhibit  long  nee<^e-lhaped  cryftals  of  an  oc¬ 
tahedral  figure.  This  method  of  cryttallizing  fulphur 
was  contrived  by  Rouelle.  19 

When  fulphur  is  heated  to  the  temperature  of  302®  Converted 
in  the  open  air,  It  takes  fire  fpontaneoufly,  and 
with  a  pale  blue  flame,  and  at  the  fame  time  emits 
great  quantity  of  fumes  of  a  very  ftrong  fuffocating 
odour.  When  heated  to  the  temperature  of  370^  or 
a  little  higher,  it  burns  with  a  bright  white  flame,  and 
at  the  fame  time  emits  a  vaft  quantity  of  fumes.  If  the 
heat  be  continued  long  enough,  the  fulphur  burns  all 
away  without  leaving  any  aihes  or  refiduum.  If  the 
fumes  be  colleded,  they  are  found  to  confift  entirely  of 
fulphuric  acid.  By  combuftion,  then,  fulphur  is  con¬ 
verted  into  an  acid.  This  fad  was  known  feveral  cen¬ 
turies  ago,  but  no  intelligible  explanation  was  given  of  it 
till  the  time  of  Stahl.  That  chemill  undertook  the  ta(]<; 
and  founded  on  his  experiments  a  theory  fo  exceeding¬ 
ly  Ingenious,  and  fupported  by  fuch  a  vaft  number  of 
fads,  that  it  was  in  a  very  (hort  time  adopted  with  ad¬ 
miration  by  all  the  pliilofophic  world,  and  contributed 
not  a  little  to  raife  chemiftry  to  that  rank  among  the 
fciences  from  which  the  ridiculous  pretenflon^  ot  the 
early  chemifts  had  excluded  it.  ^  20 

According  to  Stahl,  there  is  only  one  fubrcance  in  Stahl’s  ex- 
nature  capable  of  combuftion,  which  therefore  he  called 
Phlogiston;  and  all  thofe  bodies  which  can  be  fet 
on  fire  contain  lefs  or  more  of  it.  Combuftion  is  mere¬ 
ly  the  reparation  of  this  fubftance.  Thofe  bodies  which 
contain  none  of  it  are  of  courfe  incombuftible.  All  com- 
buftibles,  except  thofe  which  confift  of  pure  plilogifton 
(if  there  be  any  fuch),  are  coinpofed  of  an  incornbuftbile 
body  and  plilogifton  united  together.'  During  combuf¬ 
tion  the  phlogifton  flies  off,  and  the  incombuftible  body 
remains  behind.  Now  when  fulphur  is  burnt,  the  (ub- 
ftaiice  which  remains  is  fulphuric  acid,  an  incombuftible 
body.  Sulphur  therefore  is  compofed  of  fulphuric  acid 
and  phlogifton. 

To  eftablilh  this  theory  completely.,  it  was  neceflarjr 
to  (hew  that  fulphur  could  be  adlually  made  by  combi¬ 
ning  fulphuric  acid  and  phlogifton  ;  and  this  alfo  Stahl 
undertook  to  perform.  Sulphat  of  potafs  is  a  fubftance 
compofed  of  fulphuric  acid  and  potafs  (d),  and  charcoal 
is  a  combuftible  body,  and  therefore,  according  to  the 
theory  of  Stahl,  contains  phlogifton  ;  when  burnt,  it 
leaves  a  very  inconfiderable  refiduum,  and  confequently 
contains  hardly  any  thing  elfe  than  phlogifton.  He 
melted  together  in  a  crucible  a  mixture  of  potafs  and  fuU 
phat  ofpotafsy  ftirred  into  it  one-fourth  part  by  weight 
of  pounded  charcoal,  covered  the  crucible  with  another 
inverted  over  it,  and  applied  a  ftrong  heat  to  it.  He 
then  allowed  it  to  cool,  and  examined  its  contents.  The 
charcoal  had  difappeared,  and  there  only  remained  in 
the  crucible  a  mixture  of  potafs  and  fulphur  combined  . 

together, 


(d)  The  nature  oi potafs  fliall  afterwards  be  explained, 
purity. 


It  is  the  poiajh  well  known  in  commerce  in  a  ftate.  oT 
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Sulphur,  together,  and  of  a  darker  colour  than  ufual,  from  the 
U.X—  ^  -T-  Qf  tlie  charcoal.  Now  there  were  only  three 

fubftances  in  the  crucible  at  firft,  potafs,  fulphuric  acid, 
and  charcoal  :  two  of  thefe  have  difappeared,  and  fuL 
phur>\\?LS  been  found  in  their  place.  Sulphur  then  muft 
have  been  formed  by  the  combination  of  thefe  two. 
But  charcoal  coiififts  of  phlogillon  and  a  very  fmall  re- 
fiduiim,  which  is  ftill  found  in  the  crucible.  The  fuU 
’  phiir  then  mull  have  been  formed  by  the  combination 

of  fulphuric  acid  and  phlogillon.  This  fimple  and  lu¬ 
minous  explanation  appeared  fo  fatisfaftory,  that  the 
compofition  of  fulphur  was  long  confidered  as  one  of 
the  bell  demonllrated  truths  in  chemillry. 

Uufati^fac-  There  are  two  fa(5ts,  however,  which  Stahl  either  did 
tory.  not  know  or  did  not  fufficiently  attend  to,  neither  of 
which  were  accounted  for  by  his  theory.  The  firft  is, 
that  fulphur  will  not  burn  if  air  be  completely  exclu¬ 
ded  ;  the  fecond,  that  fulphuric  acid  is  heavier  than  the 
fulphur  from  which  it  was  produced. 

To  account  for  thefe,  or  fadls  fimilar  to  thefe,  fuc- 
ceeding  chemifts  refined  upon  the  theory  of  Stahl,  de¬ 
prived  his  phlogillon  of  gravity^  and  even  alTigned  it  a 
principle  of  levity.  Still,  however,  the  Jieceflity  of  the 
contaft  of  air  remained  unexplained.  At  lall  Mr  La- 
voifier,  who  had  already  dillinguilhed  himfelf  by  the  ex- 
tenfivenefs  of  his  views,  the  accuracy  of  his  experiments, 
und  the  precifion  of  his  reafoning,  undertook  the  exa¬ 
mination  of  this  fubjedl,  and  his  experiments  were  pub- 
22  liflied  in  the  Memoirs  of  the  Academy  of  Sciences  for 
expla-  ly'yy.  He  put  a  quantity  of  fulphur  into  a  large  glafs 
ilvo?fier  filled  with  air,  which  he  inverted  into  another  vef- 

fel  containing  mercury,  and  then  fet  fire  to  the  fulphur 
by  means  of  a  burning-glafs.  It  emitted  a  blue  flame, 
and  gave  out  thick  vapours,  but  was  very  foon  extin- 
guiflied,  and  could  not  be  again  kindled.  There  was, 
however,  a  little  fulphuric  acid  formed,  which  was  a 
good  deal  heavier  than  the  fulphur  which  had  difap¬ 
peared  ;  there  was  alfo  a  diminution  in  the  air  of  the 
veflel  proportional  to  this  increafe  of  weight.  The 
fulphur,  therefore,  during  its  converfion  into  an  acid, 
muft  have  abforbed  part  of  the  air.  He  then  put  a 
quantity  of  fulphuret  of  iron,  which  confills  of  fulphur 
and  iron  combined  together,  into  a  glafs  veflel  full  of  air, 
which  he  inverted  over  water  (e).  The  quantity  of  air 
in  the  veflel  continued  diminilhing  for  eighteen  days,  as 
was  evident  from  the  afcent  of  the  water  to  occupy  the 
fpace  which  it  had  left ;  but  after  that  period  no  farther 
diminution  took  place.  On  examining  the  fulphuret,  it 
was  found  fomewhat  heavier  than  when  firft  introduced 
into  the  veflel,  and  the  air  of  the  veflel  wanted  precifely 
the  fame  weight.  Now  this  air  had  loft  all  its  oxygen  ; 
all  the  oxygen  of  the  air  in  the  veflel  muft  therefore 
have  entered  into  the  fulphuret.  Part  of  the  fulphur 
was  converted  into  fulphuric  acid  ;  and  as  all  the  reft  of 
the  fulphuret  was  unchanged,  the  whole  of  the  increafe 
of  weight  muft  have  been  owing  to  fomething  which 
had  entered  into  that  part  of  the  fulphur  which  was 
converted  into  acid.  This  fomething  we  know  was 
oxygen.  Sulphuric  acid  therefore  muft  be  compo- 
fed  of  fulphur  and  oxygen  ;  for  as  the  original  weight 
of  the  whole  contents  of  the  veflel  remained  exadlly  the 


fame,  there  was  not  the  fmalleft  reafon  to  fuppofe  that  Sulphur, 
any  fubftance  had  left  the  fulphur. 

It  is  impoflible,  then,  that  fulphur  can  be  compofed 
of  fulphuric  acid  and  phlogifton,  as  Stahl  fuppofed  ; 
fince  fulphur  itfelf  enters  as  a  part  into  the  compofition 
of  that  acid.  There  muft  therefore  have  been  fome 
want  of  accuracy  in  the  experiment  by  which  Stahl 
proved  the  compofition  of  fulphur,  or  at  leaft  fome  fal¬ 
lacy  in  his  reafonings;  for  it  is  impoflible  that  two  con- 
tradidlory  fadls  can  both  be  true.  Upon  examining  the 
potafs  and  fulphur  produced  by  Stahl's  experiment,  we 
find  them  to  be  confiderably  lighter  than  the  charcoal, 
fulphuric  acid,  and  potafs  originally  employed.  Some¬ 
thing  therefore  has  made  its  efcape  during  the  applica¬ 
tion  of  the  heat.  And  if  the  experiment  be  conduCled 
in  a  clofe  veflel,  with  a  pneumatic  apparatus  attached 
to  it,  a  quantity  of  gas  will  be  obtained  exadlly  equal 
to  the  w^eight  which  the  fubftances  operated  on  have 
loft  ;  and  this  weight  confiderably  exceeds  that  of  all 
the  charcoal  employed.  This  gas  is  carbonic  acid gas^ 
which  is  compofed  of  charcoal  and  oxygen,  as  will  af¬ 
terwards  appear.  We  now  perceive  what  pafles  in  this 
experiment :  Charcoal  has  a  ftronger  affinity  for  oxygen 
at  a  high  temperature  than  fulphur  has.  When  char¬ 
coal  therefore  is  prefented  to  fulphuric  acid  in  that 
temperature,  the  oxygen  of  the  acid  combines  with  it, 
they  fly  off  in  the  form  of  carbonic  acid  gas,  and  the 
fulphur  is  left  behind. 

The  combuftion  of  fulphur,  then,  is  nothing  elfe  than 
the  a£l  of  its  combination  with  oxygen  ;  and,  for  any 
thing  which  we  know  to  the  contrary,  it  is  a  fimple 
fubftance. 

The  affinities  of  fulphur,  according  to  Bergman, 
as  follows  ;  fulphur. 

Lead, 

Tin, 

Silver, 

Mercury, 

Arfenic, 

Antimony, 

Iron, 

JFixed  alkalies, 

Ammonia, 

Barytes, 

Lime, 

Magnefia, 

Phofphorus  ? 

Oils, 

Ether, 

Alcohol. 
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Let  a  quantity  of  bones  be  burnt,  or,  as  it  is  term- Produdlinn 
ed  in  chemiftry,  calcined^  till  they  ceafe  to  fmoke,  or^^P^^fp^** 
to  give  out  any  odour,  and  let  them  afterwards  be  re-^^®* 
duced  to  a  fine  powder.  Put  this  powder  into  a  glafs 
veffel,  and  pour  fulphuric  acid  ori  it  by  little  at  a  time, 
till  farther  additions  do  not  caufe  any  extrication  of  air 
bubbles  (f).  Dilute  the  mixture  with  a  good  deal  of 
w^ater,  agitate  it  well,  and  keep  it  hot  for  fome  hours  ; 
then  pafs  it  through  a  filter.  Evaporate  the  liquid 

flowly 


(e)  This  experiment  was  firft  made  by  Scheele,  but  with  a  different  view. 

(f)  The  copious  emiflion  of  air  bubbles  is  called  in  chemillry  ejfervefcence. 
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Phof,  horus  jQovvly  till  a  quantity  of  white  powder  falls  to  the  bottom. 

This  powder  muft  be  feparated  by  filtration  and  thrown 
away.  The  evaporation  is  then  to  be  refumed ;  and  when- 
'  ever  any  white  powder  appears,  the  filtration  muft  be  re¬ 

peated  in  order  to  feparate  it.  .During  the  whole  procefs, 
what  remains  on  the  filter  muft  be  waftied  with  pure 
water,  and  this  water  added  to  the  liquor.  The  evapo¬ 
ration  is  to  be  continued  till  all  the  moifture  difappears, 
and  nothing  but  a  dry  mafs  remains.  Put  this  mafs  in¬ 
to  a  crucible,  and  keep  it  melted  in  the  fire  till  it  ceafes 
to  exhale  fulpliiireous  odours  ;  then  pour  it  but.  When 
cold  it  affumes  the  appearance  of  a  brittle  glafs.  Pound 
this  glafs  in  a  mortar,  and  mix  it  with  one-third  by 
weight  of  charcoal  duft.  Put  this  mixture  into  an 
earthen  ware  retort,  and  apply  a  receiver  containing  a 
little  water.  Put  the  retort  into  a  fand  bath,  and  in- 
creafe  the  fire  till  it  becomes  red  hot.  A  fubftance 
then  paffes  into  the  receiver,  which  has  the  appearance 
of  melted  wax,  and  which  congeals  as  it  falls  into  the 
water  of  the  receiver.  This  fubftance  is  phojphoruu 
It  was  difeovered  by  Brandt,  a  cheraift  of  Hamburgh, 
about  the  year  1667,  while  he  was  employed  in  attempt¬ 
ing  to  extradl  from  human  urine  a  liquid  capable  of  con- 
^  Leibnitz y  verting  lilver  into  gold  *. 

Kunkel,  another  German  chemift,  hearing  of  the  dif- 
covery,  was  anxious  to  find  out  the  procefs,  and  for 
that  piu-pofe  aflbeiated  himfelf  with  a  friend  of  his  na¬ 
med  Kraft.  But  the  latter  procured  the  fecret  from 
the  difeoverer  ;  and  expe<Sting  by  means  of  it  to  acquire 
a  fortune,  refufed  to  give  any  information  to  his  affo- 
ciate.  Vexed  at  this  treachery,  Kunkel  refolved  to  at¬ 
tempt  the  difeovery  himfelf ;  and  though  he  knew  on¬ 
ly  that  phofphorus  W'as  obtained  from  urine,  profecuted 
the  inquiry  with  fo  much  zeal,  that  he  fucceeded,  and 
has  been  defcrvedly  conficlered  as  one  of  tlie  diTcover- 
ers+. 

Three  Hun-  Boyle  likcwife  difeovered  plibfphorus.  Leibnitz  in- 
deed  affirms  that  Kraft  taught  Boyle  the  whole  pro- 
**^^^'^*  cefs,  and  Kraft  declared  the  fame  thing  to  Stahl.  But 
furely  the  affertion  of  a  dealer  in  fecrets,  and  one  w'ho 
had  deceived  his  own  friend,  on  which  the  wdiole  of  this 
ftory  is  founded,  cannot  be  put  in  competition  with  the 
affirmation  of  a  man  like  Boyle,  who  was  one  of  the 
honefteft  men,  as  well  as  greateft  pliilofophers,  of  his 
age  ;  and  he  pofitively  aflures  us  that  he  made  the  dif¬ 
eovery  without  being  previoufly  acquainted  with  the 
procefs  1^, 

Gahn,  a  Swedifh  chemift,  difeovered,  in  1769,  that 
phofphorus  was  contained  in  bones  1|,  and  Scheele  (g) 
Berg/nan's'^^^y  after  invented  a  procefs  for  obtaining  it  from 
JVofes  on  them.  Phpfphorus  is  now  generally  procured  in  that 
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Its  difeo¬ 
very. 


t  Boyte  A.- 
h  ridged  by 
SbaWf  iii. 

174. 


Scheffer 


a6 

Its  proper¬ 
ties. 


manner.  Theprocefa  deferibed  in  the  beginning  of  this 
fecfion  is  that  of  the  Dijon  academicians  ;  it  differs 
•from  that  of  Scheele  only  in  a  fingle  particular. 

Phofphorus,  when  pure,  is  of  a  clear,  tranfparent, 
yellowifh  colour  ;  but  when  kept  fome  time  in  water,  it 
SupPL.  VoL. I.  Parti. 
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becomes  opaque,  and  tlien  has  a  great  refemblance  to  Phorphorus 
white  wax.  Its  confiftence  is  nearly  that  of  wax  :  it 
may  be  cut  with  a  knife  or  twilled  to  pieces  with  the 
fingers.  It  is  infoluble  in  water.  Its  fpecific  gravity 
is  1,7 14.*  .  ' 

It  melts  at  the  temperature  of  99^  and  even  ^  Pelletier, 

it  gives  out  a  white  fmoke,  and  is  luminous  in  the  Journal  de 

that  is  to  fay,  it  fuffers  a  flow  cornbuftion  :  fo 
can  only  be  prevented  from  taking  fire  by  keeping  it  in 
a  very  low  temperature,  or  by  allowing  it  to  remain  al¬ 
ways  plunged  ill  water.  If  air  be  excluded,  it  evapo¬ 
rates  at  219^^,  and  boils  at  ^54°  f.  When  heated  to  f  381. 
1220  (h),  it  burns  with  a  very  bright  flame,  and 
out  a  great  quantity  of  white  fmoke,  which  is  luminous  combuf- 
iu  the  dark  ;  at  the  fame  time  it  emits  an  odour  which tion 
has  fome  refemblance  to  that  of  garlic.  It  leaves  no 
refiduum  ;  but  when  the  white  fmoke  is  collecled,  it  is 
found  to  be  an  acid,  Stahl  confidered  this  acid  as  the 
muriatic  (1).  According  to  him,  phofphorus  was  com- 
pofed  of  muriatic  acid  and  phlogifton,  and  the  combuf- 
tion  of  it  was  merely  the  feparation  of  phlogifton.  He 
even  declared,  that  to  make  phofphorus,  nothing  more 
was  neceffary  than  to  combine  muriatic  acid  and  phlo¬ 
gifton  ;  and  that  this  compofition  v/as  as  eafily  accom- 
plifhed  as  that  of  fulphur  itfelf  J.  \ThreeHun^ 

Thefe  affertions  gained  implicit  credit ;  and  the  com- dred Expert- 
pofition  and  nature  of  phofphorus  were  confidered 
completely  underftood,  till  Margraf  of  Berlin  publilhed 
his  experiments  in  the  year  1743.  That  great  man, 
one  of  thofe  illuftrious  pliilofophers  who  have  contribu-  ' 
ted  fo  much  to  the  rapid  increafe  of  the  fcience,  diftin- 
guiflaed  equally  for  the  ingenuity  of  his  experiments  and 
the  clearnefs  of  bis  reafoning,  attempted  to  produce 
phofphorus  by  combining  together  phlogifton  and  mu¬ 
riatic  acid  ;  but  though  he  varied  his  procefs  a  thoii- 
fand  ways,  prefented  the  acid  in  many  ditlerent  ftates, 
and  employed  a  variety  of  fubftances  to  furiiifli  phlogif¬ 
ton,  all  his  attempts  failed,  and  he  was  obliged  to  give 
up  the  combination  as  impra<Slicable.  On  examining  into  phof- 
the  acid  produced  during  the  cornbuftion  of  phofpho- phone  acid, 
rus,  he  found  that  its  propetties  were  very  different  from 
thofe  of  muriatic  acid.  It  was  therefore  a  diftiiidl  fub¬ 
ftance.  The  name  of  phofphortc  acid  was  given  to  it ; 
and  it  was  concluded  that  phofphorus  was  compofed  of 
this  acid  united  to  phlogifton. 

But  it  was  obferved  in  1772  by  Morveaii  J,  that  § 
phofphoric  acid  was  heavier  than  the  phofphorus  from^ 
which  it  was  produced  (k)  ;  and  Boyle  had  long  before^’ 

(hewn  that  phofphorus  would  not  burn  except  when  in 
contadl  with  air.  Thefe  fa£ls  were  fufficient  to  prove 
the  inaccuracy  of  the  theory  concerning  the  compofi¬ 
tion  of  phpfphorus  ;  but  they  remained  themfelves  un¬ 
accounted  for,  till  Lavbifier^publifhed  thofe  celebrated 
experiments,  which  threw. fo  much  light  on  the  nature  * 
and  compofition  of  acids. 

He  exhaufted  a  glafs  globe  of  air  by  means  of  an  air- 
Ee  pump; 


(g)  Crell,  in  liis  life  of  Scheele,  informs  us  that  Scheele  was  himfelf  the  difeoverer  of  the  fa^l.  This,  he  fays, 
clearly  appears  from  a  printed  letter  of  Scheele  to  Gahn,  who  was  before  looked  upon  as  the  difeoverer.  See 
Crell* s  Jnnalsi  Englifli  Tranf.  I.  17. 

(h)  Morveau,  Encycl,  Method,  GhimUy  art  jijinite, — According  to  Nicholfon  at  160^.  See  his  ^ranjlaiion  of 
Chaptal, 

(i)  This  acid  lhall  be  afterwards  defcrlbed. 

(k)  The  fame  qbfervation  had  been  made  by. Margraf,  but. no. attention  was  paid  to  it. 


2i8  CHE  M  I  S  T  R  Y. 

Phofphoruf.ptimp  ;  and  after  weighing  It  aceurately,  he  filled  It 

- '  with  oxygen  gas,  and  introduced  into  it  lOO  grains  of 

phofphorus.  The  globe  was  furnifhed  with  a  ftop- 
cock,  by  which  oxygen  gas  could  be  admitted  at  plea- 
fare.  He  fet  fire  to  the  phofphorus  by  means  of  a 


_  ^  _  Parti. 

The  affinities  of  phofphorus  have  not  been  afeer-  Carbon, 
tained. 


Sect.  III.  Of  Carlon, 


29  ^ 

Which  IS 


biirning-glafs.  The  combufiion  was  extremely  rapid, 
accompanied  by  a  bright  flame  and  much  heat.  Large 
quantities  of  white  flakes  attached  themfelves  to  the  in¬ 
ner  furface  of  the  globe,  and  rendered  it  opaque  ;  and 
thefe  at  lafi  became  fo  abundant,  that  notwithftanding 
the  conftant  fupply  of  oxygen  gas,  the  phofphorus  was 
extinguiffied.  The  globe,  after  being  allowed  to  cool, 
was  again  weighed  before  it  was  opened.  T.he  quantity 
of  oxygen  employed  during  the  experiment  was  afeer- 
tained,  and  the  phofphorus,  which  ftill  remained  un¬ 
changed,  accurately  weighed.  The  white  flakes,  which 
were  ^nothing  elfe  than  pure  phofphoric  acid,  were  found 
exa£lly  equal  to  the  weights  of  the  phofphorus  and 
oxygen,  which  had  difappeared  during  the  procefs. 
Phofphoric  acid  therefore  mull  have  been  formed  by 


phofphorus  combination  of  thefe  two  bodies  ;  for  the  abfolute 
weight  of  all  the  fubftances  together  was  the  fame  be- 

v'lCii  oxy-  _  o  _  ^  ^  r-ii.  T.*  * _ ..nn.* 


gen.  fore° and  after  the  procefs  *.  It  is  impoffible  then  that 

A  phofphorus  can  be  compofed  of  phofphoric  acid  and 


^Chem'tflry 
parti, 
chap. \ 


phlogifton,  as  phofphorus  itfelf  enters  into  the  compo- 
fition  of  that  acid  (l). 

Thus  the  combuftion  of  phofphorus,  like  that  of  ful- 
phur,  is  nothing  elfe  than  its  combination  with  oxygen ; 
for  during  the  procefs  no  new  fubftance  appears  except 
the  acid,  accompanied  indeed  with  much  heat  and 
30  light. 

Phofphorus  Phofphorus  combines  readily  with  fulphur,  as  Mar- 
combines  p-raf  difeovered  during  his  experiments  on  phofphorus. 

.  ...  °  r.  _  _ J. _ C— 


Tvith  fuL- 


phur. 


This  combination  was  afterwards  examined  6y  Mr  Pel¬ 
letier.  The  two  fubftances  are  capable  of  being  mixed 
in  different  proportions.  Seventy-two  grains  of  phof¬ 
phorus  and  nine  of  fulphur,  when  heated  in  about  four 
ounces  of  water,  melt  with  a  gentle  heat.  The  com¬ 
pound  remains  fluid  till  it  be  cooled  down  to  7  7°, ‘and 
then  becomes  folid.  Thefe  fubftances  were  combined 
in  the  fame  manner  in  the  following  proportions : 


Ira  piece  of  wood  be  put  into  a  crucible,  well  co¬ 
vered  with  fand,  and  kept  red  hot  for  fome  time,  it  is 
converted  into  a  black  Ihining  brittle  fubftance,  without 
either  tafte  or  fmell,  well  known  under  the  name  of 
charcoal.  This  fubftance  contains  always  mixed  with 
it  feveral  earthy  and  faline  particles.  When  freed  from 
thefe  impurities  it  is  called  carbon, 

Charcoal  is  infoluble  in  water.  It  is  not  affe£led  (p^'o- properties 
vided  that  all  air  be  excluded)  by  the  moft  violent  heat  of  carbon,  j 
which  can  be  applied,  excepting  only  that  it  is  rendered 
much  harder. 

New-made  charcoal  abforbs  moifture  with  avidity. 

When  heated  to  a  certain  temperature,  it  abforbs  air 
copioufly.  La  Metherie  plunged  a  piece  of  burning 
charcoal  into  mercury,  in  order  to  extinguilh  it,  and 
introduced  it  immediately  after  into  a  glafs  veffel  filled 
with  common  air.  The  charcoal  abforbed  four  times 
its  bulk  of  air.  On  plunging  the  charcoal  in  water, 
one-fifth  of  this  air  was  difengaged.  This  air,  on  be¬ 
ing  examined,  was  found  to  contain  a  much  fmaller 
quantity  of  oxygen  than  atmofpherical  air  does.  He 
extinguifhed  another  piece  of  charcoal  in  the  fame  man¬ 
ner,  and  then  introduced  it  into  a  veffel  filled  with  oxy¬ 
gen  gas.  The  quantity  of  oxygen  gas  abforbed  amount¬ 
ed  to  eight  times  the  bulk  of  the  charcoal  ;  a  fourth 
part  of  it  was  difengaged  on  plunging  the  charcoal  into 
water  *.  It  appears  from  the  experiments  of  Sennebier,  *  Jour.  <fi 
that  charcoal  when  expofed  to  the  atmofphere  abforbs 
oxygen  gas  in  preference  to  azot  f ,  as  the  other  portion 
of  common  air  is  called.  ^  cbim,  iv. 

When  heated  to  the  temperature  of  370®  if,  it  takes  z6i. 
fire,  and,  provided  it  has  been  previoully  freed  from  the  t  Morveaa^ 
earths  and  falts  which  it  generally  contains, 


without  leaving  any  refiduum.  If  this  combuftion  be 


18  Sulphur 
72  Phofphor. 
36  Sulphur 
7  2  Phofphor. 
72  Sulphur  _ 
72  Phofphor.^ 


59" 


at  50V 


at  41'' 


21,6  Sulphur 


at  99^ 


Phofphorus  and  fulphur  may  be  combined  alfo  by 
melting  them  together  without  any  water;  but  the  com¬ 
bination  takes  place  fo  rapidly,  that  they  are  apt  to 
rulh  out  of  the  velfel  if  the  heat  be  not  exceedingly  mo- 
f  VelletUr^  derate  f, 

Jtur,  dc  Phofphorus  is  capable  of  combining  alfo  with  many 
I*byf.  XXXV*  bodies :  the  compounds  produced  are  called  ^hof 

3**-  'piurfts. 


performed  in  clofe  veffels  filled  with  oxygen  gas  inftead  ^2 
of  common  air,  part  of  the  charcoal  and  oxygen  difap- Converted 
pear,  and  in  their  room  is  found  a  particular  gas  exaftly 
equal  to  them  in  weight.  This  gas  has  the  properties^*  ’ 
of  an  acid,  and  is  therefore  called  carbonic  acid  gas,  Mr 
Lavoifier,  to  whom  we  are  indebted  for  this  difeovery, 
afeertained,  by  a  number  of  very  accurate  experiments,, 
that  this  gas  was  compofed  of  about  28  parts  of  carbon 
^  and  72  of  oxygen  I).  ^  ^  !|  Mem,  A*  • 

Carbon  is  fufceptible  of  cryftallization.  In  that  ft  ate *7^^  j 
It  is  called  diamond.  The  figure  of  the  diamond  varies  P' 
confiderably ;  but  moft  commonly  it  is  a  hexagonal  prifm  Sufceptiblel 
terminated  by  a  fix-fided  pyramid.  When  pure  it  is  co-of  cryftalfa-H 
lourlefs  and  tranfpareht.  Its  fpecific  gravity  is  fromz^tioii.  j 
3,44  to  3,55.  It  is  one  of  the  hardeft  fubftances  in  1 1 

nature  j  and  as  it  is  not  affefted  by  a  confiderable  heat, 
it  was  for  many  ages  confidered  as  incombuftible.  Sir. 

Ifaac  Newton,  obferving  that  combuftibles  refraded 
light  more  powerfully  than  other  bodies,  and  that  the 
diamond  poffeffcd  this  property  in  great  perfedlon,  fuf-  \ 

pedledj 


(l)  The  quantity  of  phofphorus  confumed  was  45  grains 

The  quantity  of  oxygen  gas  -  -  -  ^9^375 

Weight  of  the  phofphoric  acid  produced  114,375 
Phofphoric  acid  therefore  is  compofed  of  100  parts  phofphorus  and  154  oxygen* 


*art  I. 

Carbon. 
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pefted,  from  that  circumftance,  that  it  was  capable  of 
combuftion.  This  fingular  conjedure  was  verified  In 
1 694  by  the  Florentine  academicians,  in  the  prefence  of 
Cofmo  III.  grand  duke  of  Tufcany,  By  means  of  a 
burning-glafs,  they  deftroyed  feveral  diamonds.  Fran¬ 
cis  I.  emperor  of  Germany,  afterwards  witiiefled  the  de- 
ftrudion  of  feveral  more  in  the  heat  of  a  furnace.  Thefe 
experiments  were  repeated  by  Rouelle,  Macquer,  and 
D'Arcet  ;  who  proved  that  the  diamond  was  not  merely 
evaporated,  but  adlually  burnt,  and  that  if  air  was  ex¬ 
cluded  it  underwent  no  change. 

No  attempt,  however,  was  made  to  afeertain  the  pro- 
du£I,  till  Lavoifier  undertook  a  feries  of  experiments  for 
that  purpofe  in  1772.  He  obtained  carlonic  acid  gas. 
It  might  be  concluded  from  thefe  experiments,  that  the 
diamond  contains  carbon  ;  but  it  was  referved  for  Mr 
Tennant  to  fiiew  that  it  confided  entirely  of  that  fub- 
flance. 

Into  a  tube  of  gold,  having  one  end  clofed  and  a 
glafs  tube  adapted  to  the  other  to  colle61:  the  product, 
that  gentleman  put  grains  of  diamonds  and  a  quar¬ 
ter  of  an  ounce  of  nitre  (m).  This  tube  was  heated 
flowly ;  the  confequeiice  of  which  was,  that  great  part 
of  the  nitric  acid  pafled  off  before  the  diamond  took 
fire,  and  by  that  means  almoft  the  whole  of  the  carbonic 
acid  formed  during  the  combuftion  of  the  diamond  re¬ 
mained  in  the  potafs,  for  which  it  has  a  ftrong  affinit)% 
To  afeertain  the  quantity  of  this  carbonic  acid,  he  dif- 
folved  the  potafs  in  water,  and  added  to  the  folution  an¬ 
other  fait  compofed  of  muriatic  acid  and  lime.  Muria¬ 
tic  acid  has  a  ftronger  affinity  for  potafs  than  for  lime; 
it  therefpre  combines  with  the  potafs,  and  at  the  fame 
time  the  lime  and  carbonic  acid  unite  and  fall  to  the 
bottom  of  the  veffel,  becaufe  they  are  nearly  infoluble  in 
water.  Fie  decanted  off  the  liquor,  and  put  the  lime 
which  contained  the  carbonic  acid  gas  into  a  glafs  globe, 
having  a  tube  annexed  to  it.  This  globe  and  tube  he 
then  filled  wnth  mercury,  and  inverted  into  a  veffel  con¬ 
taining  the  fame  fluid.  The  lime  by  that  means  occu¬ 
pied  the  very  top  of  the  tube.  It  now  remained  to  fepa- 
rate  the  carbonic  acid  from  the  lime,  which  may  be  done 
by  mixing  it  with  any  acid,  as  almoft  every  other  acid 
has  a  ftronger  affinity  for  lime  than  carbonic  acid  has. 
Accordingly  on  introducing  muriatic  acid,  10,3  ounce 
meafures  of  carbonic  acid  gas,  or  nearly  9,166  grains, 
were  feparated.  But,  according  to  the  experiments  of 
Tavoifier,  this  gas  is  compofed  of  72  parts  of  oxygen  and 
28  of  carbon;  9,166  grains,  therefore  contain  2,56  grains 
of  carbon,  which  is  almoft  precifely  the  weight  of  the 
diamond  confumed.  It  follows,  therefore,  that  it  was 
compofed  of  pure  carbon*.  1  he  difficulty  of  burning 
the  diamond  is  owing  entirely  to  its  hardnefs.  Meflrs 
Morveau  and  Tennant  rendered  common  charcoal  fo 
hard  by  expofing  it  for  fome  time  to  a  violent  fire  in 
clofe  vefTels,  that  it  loft  much  of  its  natural  tendency  to 
combuftion,  and  endured  even  a  red  heat  without  catch¬ 
ing  fire  f. 

Charcoal  pofTefTes  a  number  of  fingular  properties. 
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which  render  it  of  confidcrablc  importance.  It  is  in- Hydrogen, 
capable  of  putrefying  or  rotting  like  wood,  and  is  not 
therefore  liable  to  decay  through  age.  This  property 
has  been  long  known.  It  was  cuflomary  among  the 
ancients  to  char  the  outfide  of  thofe  ftakes  which  were 
to  be  driven  into  the  ground  or  placed  in  water,  in  or¬ 
der  to  preferve  the  wood  from  fpoiling.  New-made 
charcoal,  by  being  rolled  up  in  cloths  which  have  con- 
tra(5fed  a  difagreeable  odour,  effe^lually  deftroys  it.  It 
takes  away  the  bad  taint  from  meat  beginning  to  pu¬ 
trefy,  by  being  boiled  along  with  it.  It  is  perhaps  the 
beft  teeth  powder  known.  Mr  Lowitz  of  Peterfburgh 
has  fhewn,  that  it  may  be  ufed  with  advantage  to  puri¬ 
fy  a  great  variety  of  fubftances. 

Carbon  unites  with  a  number  of  bodies,  and  forms  Carburets, 
with  them  compounds  known  by  the  name  of  carlurets. 

Its  affinities  have  not  yet  been  afeertained. 

Sect.  IV.  Of  Hydrogen. 

Put  into  a  glafs  veffel  furnifhed  with  two  mouths  a. 
quantity  of  frefh  iron  filings,  quite  free  from  1  lift.  Lute  Method  of 
into  one  of  thefe  mouths  the  end  of  a  crooked  glafs  procuring 
tube.  Infert  the  other  end  of  this  tube  below  a  glafs 
jar  filled  with  water,  and  inverted  into  a  pneumatic  ap¬ 
paratus,  Then  pour  upon  the  iron  filings  a  quantity  of 
fulphuric  acid,  diluted  with  twice  its  own  weight  of 
water,  and  clofe  up  the  mouth  of  the  veffel.  Imme¬ 
diately  the  iron  filings  and  acid  effervefee  with  violence, 
a  vaft  quantity  of  gas  is  produced,  which  rufhes  through 
the  tu^  and  fills  the  jar.  This  gas  is  called  hydrogen 
gas{N). 

It  was  obtained  by  Dr  Mayow  and  by  Dr  Hales 
from  various  fubftances,  and  had  been  known  long  be¬ 
fore  in  mines  under  the  name  of  the  fre  damp.  MrCa- 
vendifh  *  was  the  firft  who  examined  its  properties  with* 
attention.  They  were  afterwards  more  fully  in veftiga- 1766. 
ted  by  Prieftley,  Scheele,  and  Fontana. 

Hydrogen,  like  air^  is  invifible  and  elaftic,  and  ca-its  proper- 
pable  of  indefinite  compreffion  and  dilatation.  ties. 

Its  fpecific  gravity  differs  according  to  its  purity, 

Kirwan  found  it  o,cooiof  ;  Lavoifier  0,000094  Qt\OnPhhgtf^ 
about  twelve  times  lighter  than  common  air.  ^^^*  *^* 

All  burning  fubftances  are  immediately  extinguifhed:^^^^^^^^  ^ 
by  being  plunged  into  this  gas.  It  is  incapable,  Appendix. 

fore,  of  fupporting  combuftion. 

Animals,  when  they  are  obliged  to  breathe  it,  die  al¬ 
moft  inftantaneoufly.  Scheele,  indeed,  found  that  he 
could  breathe  it  for  fome  time  without  inconvenience  §  ;  §  Scheele  or. 
but  Fontana,  who  repeated  the  experiment,  difeovered  F/Vf. 
that  this  was  owing  to  the  quantity  of  common  air  con¬ 
tained  in  the  lungs  when  he  began  to  breathe  ;  for  on 
expiring  as  ftrong) y  as  polfible  before  drawing  in  the 
hydrogen  gas,  he  could  only  make  three  refpirations, 
and  even  thefe  three  produced  extreme  feeblenefs  and 
opprelfion  about  the  breaft  || .  I! 

If  a  phial  be  filled  with  hydrogen  gas,  and  a  lighted  ^^'^**^*^^* 
candle  be  brought  to  its  mouth,  the  gas.  will  take  fire, 
and  burn  gradually  till  it  is  all  confumed.  If  hy  dro- 
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(m)  Nitre  is  compofed  of  potafs  and  nitric  acid  ;  and  nitric  acid  contains  a  great  quantity  of  oxygen,  which 

is  eafily  feparated  by  heat.  Diamond,  when  mixed  with  nitre,  burns  at  a  much  lower  heat  than  by  any  other 
procefs.  '  eu 

(n)  It  w^as  formerly  called  tnjlammalle  air,  and  by  fome  chemifts phlojgijlon. 
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Hydrogen,  gen  and  oxygen  gas  be  mixed 
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they  burn  indantaneoufly,  and  produce  an  explofion 
like  o-unpowder.  The  fame  effeft  follows  when  a  mix¬ 
ture  of  hydrogen  gas  and  atmofpherical  air  is  kindled, 
but  the  explofion  is  Icfs  violent.  ^  Hydrogen  gas  will 
not  burn  except  in  contad  with  oxygen  gas,  nor 
will  it  burn  even  in  contad  with  oxygen  gas,  unlefs  a 
red  heat  be  applied  to  it.  If  85  parts  by  weight  of 
oxygen  gas,  and  15  of  hydrogen  gas,  be  mixed  toge¬ 
ther,  and  fet  on  fire  in  a  cloft:  vefiel,  they  diiappear, 
and  in  their  place  there  is  found  a  quantity  of  water 
exa^lly  equal  to  them  in  weight.  This  water  mull  be 
.  compofed  of  thefe  two  gafes.;  for  it  did  not  previoufly 
cxiil  in  the  veffel,  and  no  other  fubllaiice  except  the 
gafes  was  introduced.  Water  then  is  compofed  of  oxy¬ 
gen  and  hydrogen  ;  and  the  combullion  of  hydrogen  is 
nothing  elfe  but  the  ad  of  its  combination  with  oxy- 
gen(o). 

It  had  been  fuppofed,  in  confequence  of  the  experi¬ 
ments  of  Dr  Priellley  and  feveral  other  philofophers, 
that  when  hydrogen  gas  was  allowed  to  remain  in  con- 
tad  with  water,  it  was  gradually  decompofed,  and  con¬ 
verted  into  another  gas  ;  but  Mr  de  Morveau  Mr 
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togetlier^and  kindled,  part  of  the  remaining  fulphiir,  for  which  it  has  a  con- Hydrogen, 
fiderable  affinity. 

The  fpecihe  gravity  of  fulphurated  hydrogen  gas  is 
0,00135*;  it  is  to  common  air  as  1106  to  1000.  *  Klruan 

It  has  a  very  fetid  odour,  precifely  fiinilar  to  that 
emitted  by  rotten  eggs,  which  indeed  is  owing  to  the 
emiffion  of  the  very  fame  gas. 

It  is  riot  more  refpirable  than  hydrogen  gas.  Vv^hen 
fet  on  fire,  in  coiitad  with  oxygen  gas,  it  burns  with  a  . 
light  blue  flame,  without  exploding,  and  at  the  fame 
time  a  quantity  of  fulpbur  is  depofited.  'PLe  combuf- 
tion  of  this  gas,  then,  is  merely  the  union  of  its  hydro¬ 
gen,  and  perhaps  part  of  its  fulphiir,  with  oxygen. 

This  gas  turns  fvrup  of  violets  to  a  green  colour f.f  Fourcroy*t 
It  does  not  feem  capable  of  cxifling  in  atmofpberical^^^^g^^^p|^*^^ 
ir  vvitlifMit  dprninnnfitinn !  for  the  moment  it  comes 


air  without  decompofition ;  for  the  moment  it  comes" 
into  contact  with  oxygen  gas,  fulphur  is  depofited  \  Bergman, 
2.  Pliofphorated  hydrogen  gas  was  difeovered  by  Mr  4^ 
Gengembre  in  17S3,  and  by  Mr  Kirvvan  Tome  time  ^ed 'hydro-* 
ter,  before  he  became  acquainted  with  the  experiments 
of  that  gentleman.  It  may  be  procured  by  mixing 
phofphorus  with  potafs  diifolved  in  water,  and  applying 
a  boiling  heat  to  the  folution.  The  phofphorus  is  gra- 


.  verteu  iiuu  auuLiici  -  — . - -  ; -  -  -  e  i  o 

+  X^’J^'^’Haflenfratzf,  and  Mr  LibesJ:,  have  fliewn  that  it  uri-  dually  converted  into  an  acid  by  decompoiing  the  wa- 
/02.  dergoes  no  change,  provided  fufficient  care  be  taken  to  ter,  and  uniting  with  its  oxygen.  1  he  hydrogeri  af- 


t  Jour.de  excTude  every  other  gas 
Ebyf,  XXXVI.  Hydrogen  gas  diflblves  fulphur,  phofphorus,  and  car- 
^'^*39  compounds  are  called phofphora- 

Compounds /f^/,  and  carbonated  hydrogen  gas, 

of  hydro-  i.  Sulphurated  hydrogen  gas  was  firfl  examined  with 
gen  gas.  attention  by  Scheele,  who,  together  with  Bergman,  dif¬ 
eovered  many  of  its  properties.  Mr  Kirwan  likewife 
40  publifhed  a  very  valuable  paper  on  the  fame  fubjed. 
Sulphura-  fulphur  and  potafs  be  melted  together 

*'en  in  a  covered  crucible,  they  combine  together,  and  form 

^  ^  *  a  compound  known  by  the  name  of  fulphuret  of  potafsy 

but  formerly  called,  from  its  red  colour,  hepar  Julphurisy 
or  liver  of  fulphur.  When  this  fubftance  is  moiftened 
with  w^ater,  it  gives  out  a  quantity  of  fulphurated  hy¬ 
drogen  gas;  hence  this  gas  was  at  firll  called  hepatic  gas,. 

Mr  Gengembre  enclofed  a  bit  of  fulphur  in  a  glafs 
vefiel  filled'vvith  hydrogen  gas,  and  melted  the  fulphur 
by  means  of  a  burning-glafs.  A  quantity  of  it  difap- 
peared,  and  the  hydrogen  afiumed  all  the  properties  of 
hepatic  gas.  Hence  it  follows  that  this  gas  is  merely 
fulphur  diifolved  in  hydrogen  gas.^ 

The  eafieft  method  of  obtaining  it  is  to  pour  an 
acid,  the  muriatic  for  inllance,  on  "a  quantity  of  the 
fulphuret  reduced  to  powder.  An  effervefceiice  takes 
place,  the  gas  is  extricated,  and  may  be  colleded  by 
means  of  a  pneumatic  apparatus.  The  theory  of  this 
The  fulphur  is  gradually  convert- 


fumes  the  form  of  a  gas,  and  flies  off  after  diflblving 
a  little  of  the  phofphorus.  This  gas  may  be  colleded 
by  means  of  a  pneumatic  apparatus. 

Phofphorated  hydrogen  gas  has  a  fmell  refembling 
that  of  putrid  fifh.  When  mixed  with  oxygen  gas  or 
common  air,  it  becomes  luminous ;  and  on  the  applica¬ 
tion  of  the  fmalleft  heat,  it  burns  with  allonilhing  rapi¬ 
dity  The  produdls  are  water  and  phofphoric  acid.§  Kirvjanr 
The  combullion  of  this  gas  therefore  is  nothing  elfe 
than  the  union  of  its  phofphorus  and  hydrogen  wdth 
oxygen,  attended  by  an  emiffion  of  heat  and  light. 

Phofphorated  hydrogen  gas  may  alfo  be  formed  by 
introducing  a  bit  of  phofphorus  into  a  jar  containing 
hydrogen  gas  :  but  care  mull  be  taken  to  make  this  gas 
as  dry  as  poffible  ;  for  its  affinity  with  phofphorus  is 
weakened  in  proportion  to  its  moillure  f|.  ^ 

3.  Carbonated  hydrogen  gas  arifes  fpontaneoufiy 
hot  v/eather  from  marflies,  but  always  mixed  with  feve-‘'J^;^ 
ral  other  gafes.  Several  fpecies  of  it  have  been  lately 
difeovered  by  the  afibciated  Dutch  chemifts  Bondt, 

Dieman,  Van  Troollwyck,  and  Lauwerenberg^ .  When  \  Ann.  de 
75  parts  of  fulphuric  acid  and  25  of  fpirit  ot  wine  are 
mixed  together,  a  gas  is  extricated  which  fullers  no  al-"^  * 
teratioii  from  Handing  over  water.  Its  fpecific  gravity 
is  0,001  II,  or  it  is  to  common  air  as  909  to  1000.  H 
has  a  fetid  odour,  and  burns  with  a  ftrong  compadlgas. 
flame.  When  paflfed  through  fulphur  it  is  converted  in¬ 
to  fulphurated  hydrogen  gas,  and  at  the  fame  time  a 
quantity  of  carbon  is  depofited  in  the  form  of  a  fine 


emiffion  is  obvious. 

ed  into  fulphuric  acid,  by  decompofing  the  water,  which 

is  always  united  with  acids,  and  feizing  its  oxygen  :  ^ - ^  ,  r  j  r  j 

the  hydrogen  of  the  water  is  thus  fet  at  liberty  j  it  af-  powder  ;  it  muH  therefore  be  compofed  ^  carbon  and 
fumes  the  gafeous  form,  and  at  the  fame  time  diflblves  hydrogen  gas.  When  burnt,  the  produd  is  carbonic 
^  acid 


(o)  The  hillory  of  this  great  difeovery,  and  the  objections  which  have  been  made  to  it,  we  referve  for  the 
chapter  which  treats  of  Water^  where  they  will  be  better  underftood  than  they  could  be  at  prefent.  This  fub- 
ftance  was  called  hydrogen  by  the  French  chemifts,  becaufe  it  enters  into  the  compofition  of  water,  from  wa¬ 
ter,  a  iii  I  am  born.  Objedions  have  been  made  to  the  propriety  of  the  name,  into  which  we  lhall  not 

enter.  It  ought  never  to  be  forgotten  that  Newton  had  long  before,  with  a  fagacity  almoft  greater  than  human, 
eonjeftured,  from  its  great  refrafting  power,  that  water  contained  a  combujlible  fubjlance. 


IPart  I. 

I  Hydrogen. 


»  Ibid. 


f  Ibid, 
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add  gas  and  water By  making  ether (p)  pafs  thro’ 
a  red  hot  glafs  tube,  another  carbonated  hydrogen  gas 
was  formed,  the  fpecific  gravity  of  which  was  o,ooc86. 
Spirit  of  wine,  pafTed  in  the  fame  manner,  afforded  a 
gas,  the  fpecific  gravity  of  which  was  0,00053, 
which  burned  with  a  paler  flame  than  the  other  two. 
Thefe  gafes  were  found  to  contain  from  80  to  74  parts 
of  carbon,  and  from  2D  to  26  of  liydrogen.  The  firfl: 
fpecies  w'^as  found  to  contain  moft  caibon,  and  the  laft 
to  contain  leaft  f. 

The  affinity  of  hydrogen  gas  for  thefe  three  combuf- 
Afliniiief  oftibles  is  as  follows  : 
tncfe  gafes.  Sulphur, 

Carbon, 

Phofphorus  (q^)« 

Dr  Auflin  found,  that  by  repeatedly  paffing  eledric 
explolions  through  a  fmall  quantity  of  carbonated  hy¬ 
drogen  gas,  it  was  permanently  dilated  to  more  than 
twice  its  original  bulk.  He  rightly  concladed,  that 
this  remarkable  expanfion  could  only  be  owi'ng  to  the 
r  t  evolution  of  hydrogen  gas.  On  burning  air  thus  ex- 
decompo^panded,  he  found  that  it  required  a  greater  quantity  of 
carbon  oxygen  than  the  fame  quantity  of  gas  not  dilated  by 
eledricity  :  An  addition  therefore  had  been  made  to 
the  combufllble  matter  ;  for  the  quantity  of  oxygen 
neceflary  to  complete  the  combuflion  of  any  body,  Is 
always  proportional  to  the  quantity  of  that  body.  He 
concluded  from  thefe  experiments,  that  he  had  decom- 
pofed  the  carbon  which  had  been  diffoived  in  the  hy¬ 
drogen  gas  \  and  that  carbon  was  compofed  of  hydro¬ 
gen  and  azot  (r),  fome  of  which  was  always  found  in 
the  veflel  after  the  dilated  gas  had  been  burnt  by  means 
I  Ph'd,  oxygen  J.  If  this  conclufion  be  fairly  drawn,  we 

Vr^^^yilxxx.mufl  expunge  carbon  from  the  lift  of  fimple  fubftances, 
and  henceforth  confider  it  as  a  compound. 

There  was  one  circumftance  which  ought  to  have 
'  prevented  Dr  Auftin  from  drav/ing  this  conclufion,  at 
leaft  till  warranted  by  more  decifive  experiments.  The 
quafitity  of  combullible  matter  had  been  increafed. 
Now,  if  the  expanfion  of  the  carbonated  hydrogen  gas 
was  owing  merely  to  the  decompofiticn  of  carbon,  no 
fuch  increafe  ought  to  have  taken  place,  but  rather  the 
contrary;  for  the  carbon,  which  w^asitfelf  a  combuftible 
fubilance,  w^as  refolved  into  two  ingredients,  hydrogen 
and  azot,  only  the  firft  of  which  burnt  on  the  addition 
of  oxygen  and  the  application  of  heat.  Dr  Auftin’s 
experiments  have  been  lately  repeated  by  Mr  William 
Henry  with  a  great  deal  of  accuracy  He  found 
rranfn  7  that  the  dilatation  which  Dr  Auftin  deferibes  aduaily 
took  place,  but  that  it  could  not  be  carried  beyond  a 
certain  degree,  a  little  more  than  twice  the  original 
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Azot. 


bulk  of  the  gas.  Upon  burning  feparately  by  means  of  ^ 
oxygen,  two  equal  portions  of  carbonated  hydrogen  gas, 
one  of  which  had  been  expanded  by  ele^lricity  to  double 
its  original  bulk,  the  other  not,  he  found  that  each  of 
them  produced  precifely  the  ftimc  quantity  of  carborlic 
acid  gas.  Both  therefore  contained  the  fame  quantity 
of  carbon  ;  confequcntly  no  carbon  had  been  decom¬ 
pounded  by^  the  eledric  ftiocks.  ^  45 

Mr  Henry  then  fufpeded  thst  the  dilatation  was  ow-  And  foimd 
ing  to  the  water  w'hich  every  gas  contains  in  a  larger 
or  frnallcr  quantity.  To  afcertaiii  this,  he  endeavoured 
to  deprive  the  carbonated  hydrogen  gas  of  as  much  w^a- 
ter  as  poffible,  by  making  it  pafs  over  very  dry  potafs, 
whicli  attrads  water  with  avidity.  Oas  treated  in  this 
manner  could  only  be  expanded  one-fixth  of  its  bulk  ; 
but  on  admitting  a  drop  or  two  of  water,  the  expanfion 
went  on  as  ufiial.  The  fubftance  decompounded  by  the 
eledricity,  then,  w’as  not  the  caibon,  but  the  water  iu 
the  carbonated  hydrogen  gas.  Nor  is  it  difficult  to  fee 
in  w'hat  manner  this  decompofition  Is  effeded.  Carbon, 
at  a  high  temperature,  has  a  greater  affinity  for  oxygen 
than  hydrogen  has  ;  for  If  the  fteam  of  water  be  made 
to  pafs  over  red  hot  charcoal,  it  is  decompofed,  and  car¬ 
bonic  acid  and  hydrogen  gas  are  formed.  The  eledric 
explofion  fupplies  the  proper  temperature  ;  the  caibon 
unites  with  the  oxygen  of  the  water,  and  forms  carbo¬ 
nic  acid  ;  and  the  hydrogen,  thus  fet  at  liberty,  occa- 
fionsthe  dilatation.  Carbonic  acid  gas  is  abforbed  with, 
avidity  by  water :  and  wdien  water  w'as  admitted  Into 
709  meafures  of  gas  thus  dilated,  ico  nieafures  were  ab¬ 
forbed  ;  a  proof  that  carbonic  acid  gas  was  adually 
prefent.  As  to  the  azot  which  Dr  Auftin  found  in  his 
dilated  gas,  it  evidently  proceeded  from  the  adrniflion 
of  fome  atmofpheric  air,  about  73  parts  of  which  in  the 
ICO  confiil  of  this  gas  :  for  Dr  Auftin’s  gas  had  ftood 
long  over  water  ;  and  Drs  Prieftley  and  Higgins  have 
ihewn  that  air  in  fuch  a  fituation  always  becomes  im¬ 
pregnated  wdth  azot. 

Tire  affinities  of  hydrogen  have  not  yet  been  afeer- ,  q£ 
talned,  but  perhaps  they  are  as  follows :  hydrogen. 

Oxygen, 

Carbon, 

Azot. 


Sect.  V.  Of  Azot. 
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If  a  quantity  of  iron  filings  and  fulphur,  mixed  to- Method  of 
gether  and  moiftened  with  water,  be  put  into  a  glafs  procuring 
veflel  full  of  air,  it  will  abforb  all  the  oxygen  in  the 
courfe  of  a  few  days  ;  but  a  confiderable  refiduum  of 
air  ftill  remains  incapable  of  any  farther  diminution.  This 
refidaum  has  obtained  the  appellation  of  azotic  gas. 


(p)  Ether  is  a  very  volatile  and  fragrant  liquid,  obtained  by  mixing  fpirit  of  wine  and  acids,  and  diftilling.  It 

{hall  be  afterv/ards  deferibed.  ,  r  •  •  i.  u  r  i  mi 

(0  )  Sulphur  decompofes  carbonated  hydrogen  gas  ;,  therefore  its  affinity  is  greater  than  that  of  carbon.  The 

DutcK  chemifts  melted  phofphorus  in  carbonated  hydrogen  gas,  but  no  change  was  produced ;  therefore  the 

affinity  of  phofphorus  is  inferior  to  that  of  carbon.  r  t  r ,  1  , 

(r)  See  next  Sedfion.— His  theory  was,  that  carbonated  hydrogen  gas  was  compofed  ot  hydrogen,  and  azot, 
and  carbon  of  azot,  and  carbonated  hydrogen  gas,  which  comes  nearly  to  the  fame  thing  with  regard  to  the  ele¬ 
ments  of  carbon.  It  is  Angular  enough,  that  though  Dr  Auftin  would  not  allow  the  prefence  of  carbon  in  car¬ 
bonated  hydrogen  gas,  he  adually  decompofed  it  by  melting  fulphur  in  it ;  the  fulphur  combined  with  the  hy¬ 
drogen  gas,  and  a  quantity  of  carbon  was  precipitated.  This  experiment  he  relates  without  making  any  remarks, 
upon  it,  and  feems  indeed  not  to  have  paid  any  attention  to  it. 
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Difcovery 
ot  ilZOZ, 


KtchoU 
J'on  s  Jour» 
naly  i.  Z68* 

f  Oh  PhJo- 
gift.fi.  \  ift. 
SO 

Its  proper¬ 
ties 

^  Vourcroyy 
Jinn,  ile 
Cbim.  i.  45. 


^  T^ichdlfon. 
"Joutnaty  ii 


It  was  difcovered  in  1772  by  Dr  Rutherford,  now 
profelTor  of  botany  in  the  univerhty  of  Edinburgh  (s). 
Scheele  procured  it  by  the  above  procefs  as  early  as 
1776,  and  proved  that  it  was  a  diflindl  fluid.  Mr  l^a- 
voifier  afterwards  proved  the  fame  thing,  without  any 
previous  knowledge  of  Scheele’s  difcoveries. 

'The  air  of  the  atmofphere  contains  about  ,73  parts  of 
azotic  gas ;  almoll  all  the  reft  is  oxygen  gas.  The  ea- 
lieft  method  of  procuring  azotic  gas  is  to  put  fome  ful- 
phuret  of  potafs  into  a  glafs  veflel  filled  with  air,  and 
accurately  clofed,  and  then  to  apply  heat  to  the  fulphii- 
ret.  All  the  oxygen  is  abforbed  almoft  inftantly.  This 
method  was  firft  pointed  out  by  Morveau*. 

Mr  Ivirwan  examined  the  fpecific  gravity  of  azotic 
gas  obtained  by  Scheele's  procefs  5  it  was  0,00120; 
it  is  therefore  fomewhat  lighter  than  the  atmofpheric 
air;  it  is  to  atmofpheric  air  as  985  to  looof. 

It  tinges  delicate  blue  colours  (lightly  with  green 
It  is  exceedingly  noxious  to  animals  ;  if  they  are  obli¬ 
ged  to  refpirc  it,  they  drop  down  dead  almoft  inftant- 
ly  (t).  No  combuftible  will  burn  in  it.  This  is  the 
reafon  that  a  candle  is  extinguifhed  in  atmofpherical  air 
as  fooii  as  the  oxygen  near  it  is  coiifumed.  Mr  Goett- 
ling,  indeed,  publifhed,  in  1794,  that  phofphorus  (hone, 
and  was  converted  into  phofphoric  acid,  in  pure  azotic 
gas.  Were  this  the  cafe,  it  would  not  be  true  that  no 
combuftible  burns  in  this  gas  ;  for  thV  converfion  of 
phofphorus  into  an  acid,  and  even  its  (hining,  is  an  ac¬ 
tual  though  (low  combuftion.  Mr  Goettling’s  experi¬ 
ments  were  foon  after  repeated  by  Drs  Scherer  and  Jae¬ 
ger,  who  found  that  phofphorus  does  not  (hine  in  azotic 
gas  when  it  is  perfedlly  pure ;  and  that  therefore  the  gas 
on  w^hich  Mr  Goettling's  experiments  were  made  had 
contained  a  mixture  of  oxygen  gas,  owing  principally 
to  its  having  been  only  confined  by  water.  Thefe  re- 
iults  were  afterwards  confirmed  by  ProfelTor T^ampadius 
and  Profeffor  plildebrandt.  It  is  therefore  proved  be¬ 
yond  a  doubt,  that  phofphorus  does  not  burn  in  azotic 
gas,  and  that  whenever  it  appears  to  do  fo,  there  is  ai¬ 
rways  fome  oxygen  gas  prefent  §. 

Azotic  gas  13  capable  of  dilTolving  phofphorus,  as 
has  been  proved  by  the  experiments  of  Fourcroy  and 
Vauquelin. 

It  diffolves  alfo  a  little  carbon  ;  for  azotic  gas  ob¬ 
tained  from  animal  fubftances,  w^hich  contain  a  great 
i  deal  of  azot,  when  confined  long  in  jars,  depofites  on  the 


Part  I. 

(ides  of  them  a  black  matter  which  has  the  properties  Azor. 
of  carbon  *.  u- 

Thefe  two  folutions,  the  properties  of  which  have 
yet  been  accurately  examined,  are  called  fhofphorated chim.u 
and  carbonated  a%otic  gas. 

Azotic  gas  is  capable  of  combuftion.  Take  a  glafs  prod 
tube,  the  diameter  of  which  is  about  the  fixth  part  of  of  nitric 
an  inch  ;  (hut  one  of  its  ends  with  a  cork,  through  the  acid, 
middle  of  which  palTes  a  fmall  wire  with  a  ball  of  metal 
at  each  end.  Fill  the  tube  with  mercury,  and  then 
plunge  its  open  end  into  a  bafon  of  that  fluid.  Throw 
up  into  the  tube  as  much  of  a  mixture,  compofed  of  13 
parts  of  azotic  and  87  parts  of  oxygen  gas,  as  will  fill 
3  inches.  Through  this  gas  make,  by  means  of  the; 
wire  in  the  cork,  a  number  of  eledlric  explofions  pafs. 

The  volume  of  gas  gradually  diminifhes,  and  in  its  place 
there  is  found  a  quantity  of  nitrous  acid.  This  acid, 
therefore,  is  compofed  of  azot  and  oxygen  :  and  thefe 
tv/o  fubftances  are  capable  of  combining,  or,  which  is 
the  fame  thing,  azotic  gas  is  capable  of  combuftion  in 
the  temperature  produced  by  ele(ftricity,  which  we  know 
to  be  pretty  high.  The  combuftibility  of  azotic-  gas, 
and  the  nature  of  the  produdl,  was  firft  difcovered  by 
Mr  Cavendifh,  and  communicated  to  the  Royal  So¬ 
ciety  on  the  2d  of  June  17H5  (u). 

The  affinities  of  azot  are  (till  unknown.  It  has  never  Attempts 
yet  been  decompounded,  and  muft  therefore,  in  the  pre-^*’  decom- 
fent  ftate  of  our  knowledge,  be  confidered  as  a  fimpleT®^'^ 
fubftance.  Dr  Prieftley,  who  obtained  azotic  gas  at  a 
very  early  period  of  his  experiments,  confidered  it  as  a 
compound  of  oxygen  gas  and  phlogifton,  and  for  that 
reafon  gave  it  the  name  of  phlogijlicated  air.  Accord¬ 
ing  to  the  theory  of  Stahl,  which  was  then  univerfally 
prevalent,  he  confidered  combuftion  as  merely  the  re¬ 
paration  of  phlogifton  from  the  burning  body.  To 
this  theory  he  made  the  following  addition  ;  Phlogif- 
ton  is  feparated  during  combuftion  by  means  of  chemi¬ 
cal  affinity  ;  Air  (that  is,  oxygen  gas)  has  a  ftrong  af¬ 
finity  for  phlogifton  ;  Its  prefence  is  neceffary  during 
combuftion,  becaufe  it  combines  with  the  phlogifton  as 
it  feparates  from  the  combuftible  ;  and  it  even  contri¬ 
butes  by  its  affinity  to  produce  that  reparation :  The 
moment  the  air  has  combined  with  as  much  phlogif- 
ton  as  it  can  receive,  or,  to  ufe  a  chemical  term,  the 
moment  it  is  faturated  with  phlogifton,  combuftion  ne- 
ceffarily  ftops,  becaufe  no  more  phlogifton  can  leave  the 

coinbuf- 


(s)  See  his  thefis  De  Acre  Mephitico,  publiftied  in  1772. — “  Sed  aer  falubris  et  purus  refpiratione  animali  non 
modo  ex  parte  fit  mephiticus  fed  et  aliam  indolis  fua  mutationem  hide  patitur,  Poftqnam  eniin  omnis  aer  mephiti- 
cus  (carbonic  acid  gas)  ex  eo,  ope  lixivii  cauftici  fecretiis  et  abduiftus  fuerit,  qui  tamen  rejlat  nullo  modo  falubrior 
inde  evadit ;  nam  quamvis  nullam  ex  aqua  calcis  praecipitationem  facial  baud  minus  quain  antea  et Jlammam  et 
•vitam  extinguit.  Page  17. 

“  Aer  qui  per  carbones  ignitos  folle  adaftus  fuit,  atque  deinde  ab  omni  acre  mepliitico  (carbonic  acid  gas)  ex- 
purgatus,  malignus  tamen  adhuc  reperitiwr  et  omnino  fimilis  eft  ei  qui  refpiratione  inquinatur.  Immo  ab  experi- 
mentis  patet  hanc  folam  cfTe  aeris  mutationem  quae  inflammatioiii  adferibi  poteft.  Si  eiiim  accenditur  matcries 
-  quslibet  quae  ex  phlogifto  et  baft  fixa  atque  fimplici  conftat,  aer  inde  natus  tie  minimam  aeris  mephitici  quantitatem 
in  fe  continere  videtur.  Sic  aer  in  quo  fulphur  aut  phofphorus  uriiise  cornbuftiis  fuit,  licet  maxime  malignus,  cal- 
cem  tamen  ex  aqua  miiiime  praecipitat.  Interdum  quidem  fi  ex  phofphoro  natus  fuerit,  nubecularn  aquae  calcis 
inducit  fed  tenuifiimam,  nec  aeri  mephitico  attribuendam,  fed  potius  acido  illi  quod  in  phofphoro  ineft,  et  quod, 
ut  experimenta  docuerunt,  hoc  fingulari  dote  pollet.”  Page  1 9. 

(t)  Hence  the  name  axoty  given  it  by  the  French  chemifts,  which  fignifies  dejlrudi^e  to  Ufcy  from  «  and 

(u)  It  is  remarkable  enough,  that  the  acidity  of  nitric  acid  was  aferibed  by  Mayow,  in  1674,  to  the  prefeuce 
of  oxygen.  Indoles  caujlka  ^piritus  nitri  (fays  he )  a  particuUs  ejus  igneo^aereis  provenit.  Trad.  p.  19. 
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Azot.  combuRible'(v)  ;  Air  faturated  with  phlogifton  is  azo- 
tic  gas.  This  was  a  very  ingenious  theory,  and,  when 
Dr  Prieftley  publiihed  it,  exceedingly  plaufible.  A 
great  number  of  the  moft  eminent  chemifts  accordingly 
embraced  it :  But  it  was  foon  after  difcovered,  that 
during  combuftion  the  quantity  of  air,  inftead  of  in- 
creafing,  as  it  ought  to  have  done,  had  phlogifton  been 
added  to  it,  a(ftually  diminiflied  both  in  volume  and 
Unfucccfs-  weight.  There  was  no  proof,  therefore,  that  during 
hiL  combuftion  any  fubftance  whatever  combined  with  air, 

but  rather  the  contrary.  It  was  difcovered  alfo,  that 
a  quantity  of  air  combined  with  the  burning  fubftance 
during  combuftion,  as  we  have  feen  was  the  cafe  with 
i*ulphur,  phofphorus,  carbon,  and  hydrogen  ;  and  that 
this  air  had  the  properties  of  oxygen  gas,  Thefe  dif- 
coveries  entirely  overthrew  the  evidence  on  which  Dr 
Prieftley’s  theory  was  founded  ;  accordingly,  as  no  at¬ 
tempt  to  decompound  azot  has  fucceeded,  it  has  been 
given  up  by  almoft  every  chemift  except  Dr  Prieftley 
himfelf.  A  tmofpheric  air,  as  Scheele  firft  proved,  is  com- 
pofed  of  about  27  parts  of  oxygen  and  73  of  azotic  gas. 
During  combuftion,  the  oxygen  is  abftradled  and  the 
azotic  gas  remains  behind. 

La  Metherie  made  an  attempt  to  prove  that  azot 
was  compofed  of  oxygen  and  carbon  (w).  He  took  a 
bit  of  burning  charcoal,  extinguilhed  it  in  mercury,  and 
then  plunged  it  while  hot  into  oxygen  gas.  On  being 
plunged  into  water,  one  fourth  of  the  gas  was  difenga- 
ged,  and  part  of  it  was  found  to  confift  of  azotic  gas. 
From  this  he  concluded  that  he  had  formed  azotic  gas 
by  combining  oxygen  and  carbon  :  But  it  was  proved 
by  Mr  Lavoifier,  beyond  the  pofHbility  of  doubt,  that 
oxygen  and  carbon  form  carbonic  acid  gas.  They  can¬ 
not  then  certainly  form  azot  ;  for  two  contradictory 
fa6ls  cannot  both  be  true.  There  mull  then  have  been 
fomething  overlooked  in  the  experimenti  Indeed  the 
experiment  itfeli  does  not  warrant  the  conclufion  which 
De  La  Metherie  drew  from  it.  He  did  not  afcertain 
whether  the  weight  of  the  charcoal  v/as  diminiflied  j 
and,  befides,  there  was  azot  mixed  with  the  oxygen  gas 
which  he  employed,  as  he  himfelf  has  informed  us: 
And  how  was  it  poftible  for  him  to  admit  the  charcoal 
into  water  without,  at  the  fame  time,  admitting  fome 
atmofpherical  air  ? 

We  have  now  deferibed  all  the  combuftibles  which 
are  at  prefent  reckoned  Ample,  except  the  nietals,  W'e 
have  found,  that  during  combuftion  all  of  them  com- 
^bine  with  oxygen  ;  that  no  part  of  them  is  difengaged, 
no  part  of.  them  loft  :  we  have  therefore  concluded, 
that  the  combuftion  of  thefe  fubftances  is  nothing  elfe 
but  the  ad  of  their  uniting  with  oxygen.  We  have 
feen,  however,  that  none  of  them,  except  phofphorus, 
was  capable  of  uniting  with  oxygen  at  the  common 
temperature  of  the  atmofphere  ;  that,  in  order  to  pro¬ 
duce  the  union,  heat  was  neceffary,  and  that  the  degree 
of  this  heat  was  different  for  each.  Hydrogen  required 
a  red  heat,  and  azot  a  ftill  greater.  .  We  have  feen, 


too,  that  during  thefe  combinations  a  quantity  of  beat  Metals, 
and  light  efcaped.  Now,  why  is  heat  neceffary  for  thefe  ^ 

combinations  ?  and  whence  come  the  heat  and  the  light 
which  we  perceive  during  J;he  combuftion  of  thefe  bo¬ 
dies  ?  Thefe  queftions  are  of  the  higheft  importance, 
and  can  only  be  anfwered  by  a  particular  inveftigation 
of  the  nature  and  properties  of  heat  and  light.  This 
inveftigation  we  fliall  attempt,  as  foon  as  we  have  de¬ 
feribed  the  metals  and  earths y  which  form  the  fubjed  of 
the  two  following  chapters. 

Chap.  III.  (y  Metals. 

Metals  may  be  confidered  as  the  great  inftruments  Properties 
of  all  our  improvements  :  Without  them,  many  of  the^^  metals, 
arts  and  fciences  could  hardly  have  exifted.  So  fen- 
fible  were  the  ancients  of  their  great  importance,  that 
they  raifed  thofe  perfons  who  firft  difcovered  the  art  of 
working  them  to  the  rank  of  deities.  In  chemiftry, 
they  have  always  filled  a  confpicuous  ftation  :  at  one 
period  the  w'hole  fcience  w^as  confined  to  them  ;  and  it 
may  be  faid  to  have  owed  its  very  exiftence  to  a  rage 
for  making  and  tranfmuting  metaiS. 

1.  One  of  the  moft  confpicuous  properties  of  the  Luftrr^. 
metals  is  a  particular  brilliancy  which  they  poffels,  and 
which  has  been  called  the  metallic  lujlre.  This  proceeds 

from  their  refleding  much  more  light  than  any  other 
body  ;  a  property  which  feems  to  depend  pa^'tly  on  the 
clofenefs  of  their  texture.  This  Tenders  them  peculiar¬ 
ly  proper  for  mirrors,  of  which  they  always  form  the  ■ 
bafis.  , 

2.  They  are  abfolutely  opaque,  or  impervious  to  Opacitv- 

light,  even  after  they  have  been  reduced  to  very  thin 
plates.  Silver  leaf,  for  inftance,  of  an  inch, 

thick,  does  not  permit  the  fmalleft  ray  of  light  to  pafs 
throught  it.  Gold,  however,  may  be  rendered  tranf- 
parent ;  for  gold  leaf,  of  an  inch  thick,  tranf-  ' 

mits  light  of  a  lively  green  colour*.'^  And  it  is  not  « 
improbable  that  all  the  other  metals,  as  Sir  Ifaac  Ne-wton  fons  Norn 
fnppofed,  would  become  tranfparent,  if  they  could  h^on  Fourcroy^-^ 
reduced  to  a  fiifficient  degree  of  thinnefs.  It  is  to  this 
opacity*  that  a  part  of  the  excellence'  of  the  metals,  as 
mirrors,  is  owing.3  their  brilliancy  alone  would  not  qua¬ 
lify  them  for  that  purpofe.-  ^ 

3.  They  may  be  melted  by  the  application  of  heat, 

and  even  then  ftill  retain  their  opacity.  This  property- 
enables  us  to  call  them  in  moulds,  and  then  to  give  them 
any  fliape  v/e  pleafe.  In  this  manner  many  elegant  iron 
utenfils  are  formed..  ^3 

4..  Their  fpecific  gravity  is  greater  than  that  of  any  Gravity, 
other  body  hitherto  difcovered. 

5.  They  are  better  condu^lors  of  ele^lricity  than  any 
other  body.  . 

6.  But  one  of  th^ir  moft  important  properties  isMallcabllh 
malleability;  by  w^hich  is  meant  the  capacity  of  being  T* 
extended  and  flattened  when  ftruck  with  a  hammer. 

This  property  enables  us  to  give  the  metallic  body  any 
form  w^e  think  proper,  and  thus  renders-  it  eafy  for  us 

to 


(v)  This  ingenious  theory  was  firft  conceived  by  Dr  Rutherford,  as  appears  from  the  following  paffage  of 
his  thefis.  “  Ex  iifdem  etiam  deducere  licet  quod  aer  ille  malignus  (azotic  gas).componitur  ex  aere  atmojpherico 
am  phlogiflo  unito  et  quaft  faturato.'K  Atque  idem  confirmatur  eo,  quod  aer  qui  metalloruiii  calcinationi  jam  in-.' 
ferviit,  et  phlogifton  ab  iis  abripuit,  ejufdem  plane  fit  indolis.’^  De  aere  Mephiticoy  p.  20. 

(w)  Or  rather  of  hydrogeuy  for  he  confidered  carbon  itfelf  as  a  comppund. 
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to  convert  them  iijto  tlic  various  ladruments  for  which 
we  have  occafion.  All  metals  do  not  poiTefs  tn.s  pro¬ 
perty  ;  but  it  is  remarkable  that  almoll  all  thofe  which 
were  knowm  to  the  ancients  hav'e  it.  Heat  increafes 
this  property  conhderably. 

y.  Another  property  which  is  alfo  wanting  in  many 
of  the  metals,  is  duaility  ;  by  which  we  mean  the  capa¬ 
city  of  being  drawn  out  into  wire  by  being  forced 
throu  m  holes  of  various  diameters-  This  property  has 
by  fome  been  called  tenacity  ;  and  it  doubtlefs  depends 
upon  the  tenacity  of  the  vaiious  metals. 
n  8.  When  expofed  to  the  adion  of  heat  and  air,  moft 

acmation^^  metals  lofe  their  luftre,  and  are  converted  into 
earthy-like  powders  of  different  colours  and  properties, 
according  to  the  metal  and  the  degree  of  heat  employed. 

'  Several  of  the  metals  even  take  fire  when  expofed  to 
a  ftrong  enough  heat;  and  after  combuftion  the  refi. 
diium  is  found  to  be  the  very  fame  earthy-like  fub- 
ftance.  If  any  of  thefe  cakes,  as  they  are  called,  be 
mixed  with  charcoal-powder,  and  expofed  to  a  llrong 
heat  in  a  proper  veflel,  it  is  changed  again  to  the  metal 
Stahl’s  the- from  which  it  was  produced.  From  thefe  phenomena 
oryofthe  gtahl  concluded,  that  metals  were  compofed  of  earth 
compofitionj^j^^j  pJjJogiJlon.  He  was  of  opinion  that  there  was  only 
of  metals  primitive  eartf,  which  not  only  formed  the  bafis  of 

all  thofe  fubftances  Known  by  the  name  of  earths,  but 
the  bafis  alfo  cf  all  the  metals.  Fie  found,  however, 
that  it  was  impoflible  to  combine  any  mere  earth  wdth 
phlogidon;  and  concluded,  therefore, with  Beecher,  that 
there  was  another  principle  befides  earth  and  phlogif- 
ton,  which  entered  into  the  compofitipii  of  the  metals. 
To  this  principle  Beecher  gave  the  name  of  mercurial 
earth,  becaufe,  according  to  him,  dt  exiited  moil  abun¬ 
dantly  in  mercury.  This  principle  was  fuppofed  to  be 
very  volatile,  and  therefore  to  fly  off  during  calcination : 
and  fome  chemifts  even  affirmed  that  it  might  be  ob¬ 
tained  in  the  foot  of  thofe  chimneys  under  w  hich  metals 
have  been  calcined. 

A  ftriking  defed  was  foon  perceived  in  this  theory. 
The  original  metal  may  again  be  produced  by  heating 
its  calx  along,  wu'th  fome  other  fubffance  which  contains 
phlogifton  ;,no\v,  if  the  mercurial  earth  flies  off  during^ 
combuftion,' it  cannot  be  ueceffary  for  the  formation  of 
complete  metals,  for  they  may  be  produced  without  it : 
if,  on  the  contrary,  it  adheres  always  to  the  calx,  there 
is  no  proof  of  its  exiftence  at  all.  Chemifts,  in  confe- 
quence  of  thefe  obfervations,  found  tliemfelvcs  obliged 
1^0  difeard  the  mercurial  principle  altogether,  and  to 
conclude  that  metals  were  compofed  of  earth  only, 
united  to  phlogifton.  But  if  this  be  really  the  cafe, 
how  comes  it  that  thefe  two  fubftances  cannot  be  uni¬ 
ted  by  art  ?  Henkel  was  the  firft  who  attempted  to 
^4  folve  this  difficulty.  According  to  him,  earth  and 
phlogifton  are  fubftances  of  fo  oppolite  a  nature,  that 
‘it  is  exceedingly  difficult,  or  rather  it  has  been  hitherto 
impoflible,  for  us  to  commence  their  union  ;  but  after 
it  has  been  once  begun  by  nature,  it  is  an  eafy  matter 
to  complete  it.  No  calcination  has  hitherto  deprived 
the  metals  of  all  their  phlogifton  ;  fome  Hill  adheres  to 
the  calces.  It  is  this  remainder  of  phlogifton  w’hich 
renders  it  fo  eafy  to  reftore  them  to  their  metallic  ftate. 
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Were  the  calcination  to  be  continued  long  enough  to  Meuk 
deprive  them  altogether  of  phlogifton,  they  would  be  ^ 

reduced  to  the  ftate  of  other  earths;  and  then  it  would 
be  equally  difficult  to  con\c.'*t  them  into  metals,  or,  to 
ufe  a  chemical  term,  to  reduce  them.  Accordingly  we 
find  that  the  more  completely  a  calx  has  been  calcined, 
the  more  difficult  is  its  redu6lIon.  This  explanation  6$ 
was  favourably  received.  But  after  the  cha-ra^leriftic  Farther  im* 
properties  of  the  vu'vious  earths  had  been  afeertained,  * 
and  the  calces  of  metals  were  accurately  examined,  it 
was  perceived  that  the  calces  differed  in  many  particu¬ 
lars  from  all  the  earths,  and  from  one  another.  To  call 
them  all  the  fame  fiibftaiice,  then,  was  to  go  much  far¬ 
ther  than  either  experiment  or  obfervation  would  war¬ 
rant,  or,  rather,  it  was  to  declare  open  w'ar  againft  both 
experiment  and  obfervation.  It  was  concluded,  there¬ 
fore,  that  each  of  the  metals  was  compofed  of  a  pecu¬ 
liar  earthy  fvljlance^  combined  w'ith  phlogifton.  For 
this  great  improvement  In  accuracy,  cliemiftry  is  chiefly 
indebted  to  Bergman.  ^  ^  65 

But  there  were  .feveral  phenomena  of  calcination  Still  imper* 
which  had  all  this  time  been  unaccountably  overlooked. 

The  calces  are  all  confiderably  heavier  than  the  metals 
from  wfliich  they  are  obtained.  Boyle  had  obferved 
this  circumftance,  and  had  aferibed  It  to  a  quantity  of 
jire  which,  according  to  him,  became  fixed  in  the  me¬ 
tal  during  the  procefs'*^.  But  fucceeding  chemifts  paid*  Fire  and 
little  attention  to  it,  or  to  the  adlion  of  air,  till  Mr 
volfier  publiflied  his  celebrated  experiments  on  calclna-^  * 
tion,  in  the  Memoirs  of  the  Paris  Academy  for  1774. 

He  put  eight  ounces  of  tin  into  a  large  glafs  retort,  the 
point  of  which  w’as  drawn  out  into  a  very  flender  tube 
to  admit  of  eafy  fufion.  This  retort  was  heated  flowly 
till  the  tin  began  to  melt,  and  then  fealed  hermetically. 

This  heat  was  applied  to  expel  fome  of  the  air  from 
the  retort ;  without  which  precaution  it  would  have  e^x- 
panded  and  burft  the  veffel.  The  retort,  which  was 
capable  of  containing  250  cubic  inches,  was  then  weigh¬ 
ed  accurately,  and  placed  again  upon  the  fire.  The  tin  67 
foon  melted,  and  a  pellicle  formed  on  Its  top,  which  Refuted  by 
w^as  gradually  converted  Into  a  grey  powder,  that  funk  l-avoiaer. 
by  a  little  agitation  to  the  bottom  of  the  liquid  mctaH 
In  fliort,  the  tin  was  partly  converted  into  a  cal:c.  This 
procefs  went  on  for  three  hours  ;  after  which  the  cal¬ 
cination  ftopped,  and  no  farther  change  could  be  pro¬ 
duced  oil  the  metal.  The  retort  was  then  taken  from 
the  fire,  and  found  to  be  preclfely  of  the  fame  weight 
as  before  the  operation.  It  is  evident,  then,  that,  no 
new  fubftance  had  been  introduced,  and  that  therefore 
the  increafed  weight  of  calces  cannot,  as  Boyle  fuppo¬ 
fed,  be  owing  to  the  fixation  of  fire  (x). 

When  the  point  of  the  retort  was  broken,  the  air 
rufhed  in  with  a  hiffmg  noife,  and  the  weight  ofhhe 
retort  was  increafed  by  ten  grains.  Ten  grains  of 
air,  therefore,  muft  have  entered^  and,  confequently, 
precifely  that  quantity  muft  have  difappeared  during 
the  calcination.  The  metal  and  its  calx  being  weigh¬ 
ed,  were’  found  juft  ten  grains  heavier  than  before  ; 
therefore,  the  air  which  difappeared  was  abforbed  by 
the  metal  :  and  as  that  part  of  the  tin  which  remained 
in  a  metallic  ftate  was  unchanged,  it  is  evident  that  this 


(x)  This  experiment  had  been  performed  by  Boyle  with  the  fame  fuccefs.  He  had  drawn  a  wrong  conclufion 
from  not  attending  to  the  ftate  of  the  air  of  the  vefel.  Shaw’ s  Boyle,  ll-  394. 
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Metals,  air  muft  have  united  with  the  calx.  The  Increafe  of 
weight,  then,  which  metals  experience  during  calcina¬ 
tion,  Is  owing  to  their  uniting  with  air  (y).  But  all 
the  air  in  the  vefTel  was  not  abforbed,  and  yet  the  cal¬ 
cination  would  not  go  on.  It  is  not  the  whole,  then, 
but  fome  particular  part  of  the  air  which  unites  with 
the  calces  of  metals.  By  the  fubfequent  difcoveries  of 
Prieftley,  Scheele,  and  Lavollier  liimfelf,  it  was  afcer- 
talned,  that  the  refidiium  of  the  air,  after  calcination 
has  been  performed  in  it,  is  always  pure  azotic  gas :  It 
follows,  therefore,  that  it  is  only  the  oxygen  which  com¬ 
bines  with  calces;  and  that  a  metallic  calx  is  not  a  fimple 
fubftance,  but  a  compound.  Mr  Lavolfier  obferved, 
that  the  weight  of  the  calx  was  always  equal  to  that  of 
the  metal  employed,  together  with  that  of  the  oxy¬ 
gen  abforbed.  It  became  a  queilion  then.  Whether 
metals,  during  calcination,  loft  any  fubftance,  and  con- 
fcquently,  whether  they  contained  any  phlogifton  ?  Mr 
Liavoifier  accordingly  propofed  this  queftion  ;  and  he 
anfwered  it  himfelf  by  a  number  of  accurate  experi¬ 
ments  and  ingenious  obfervatlons.  Metals  cannot  be  cal¬ 
cined  excepting  in  contadl  with  oxygen,  and  in  propor¬ 
tion  as  they  combine  with  it  Confequeiitly  they  not  only 
abforb  oxygen  during  their  calcination,  but  that  abforp- 
tloo  is  abfolutely  neceflary  to  their  afluming  the  form 
of  a  calx.  If  the  calx  of  mercury  be  heated  in  a  re¬ 
tort,  to  which  a  pneumatic  apparatus  is  attached,  to 
the  temperature  of  i  aoo*’,  it  is  converted  Into  pure  mer¬ 
cury  ;  and,  at  the  fame  time,  a  quantity  of  oxygen  fe- 
parates  from  it  in  a  gafeous  form.  As  this  procefs  was 
performed  in  a  clofe  veffel,  no  new  fubftance  could  en¬ 
ter  :  The  calx  of  mercury,  then,  was  reduced  to  a  me¬ 
tallic  ftate  without  phlogifton.  The  weights  of  the 
metal  and  the  oxygen  gas  are  together  juft  equal  to 
that  of  the  calx  ;  the  calx  of  mercury,  therefore,  muft 
be  compofed  of  mercury  and  oxygen  ;  confequently 
there  is  no  reafon  whatever  to  fuppofe  that  mercury 
contains  phlogifton.  Its  calcination  is  merely  the  aft 
of  uniting  it  with  oxygen  (z).  The  calces  of  lead, 
filver,  and  gold,  may  be  decompofed  exaftly  in  the  fame 
manner  ;  and  Mr  Van  Marum,  by  means  of  his  great 
eleftrical  machine,  decompofed  alfo  thofe  of  tin,  zinc, 
and  antimony,  and  refolved  them  into  their  refpeftive 
^Jour.de  metals  and  oxygen  *,  The  fame  con clufions,  therefore, 
muft  be  drawn  with  refpeft  to  thefe  metals.  All  the 
metallic  calces  may  be  decompofed  by  prefenting  to 
SuppL.  VoL.  I.  Part  I. 
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them  fubftances  which  have  a  greater  aftinity  for  oxy-  Metals, 
gen  than  they  have  This  is  the  reafon  that  charcoal- 
powder  is  fo  efficacious  in  reducing  them  :  and  if  they 
are  mixed  with  it,  and  heated  in  a  proper  veflel,  fur- 
niftied  with  a  pneumatic  apparatus,  it  will  be  eafy  U> 
difcover  what  paflef).  During  the  reduftion,  a  great 
deal  of  carbonic  acid  gas  comes  over,  which,  together 
with  the  metal,  is  equal  to  the  weight  of  the  calx  and 
the  charcoal ;  it  muft  therefore  contain  all  the  ingre¬ 
dients;  and  we  know  that  carbonic  acid  gas  is  compo¬ 
fed  of  carbon  and  oxygen.  During  the  procefs,  then, 
the  oxygen  of  the  calx  combined  with  charcoal  and 
the  metal  remained  behind.  It  cannot  be  doubted, 
therefore,  that  all  the  metallic  calces  are  compofed  of 
the  entire  metals  combined  with  oxygen  ;  and  that  cal¬ 
cination,  like  combuftion.  Is  merely  the  aft  of  this  com¬ 
bination.  All  metals,  then,  in  the  prefent  ftate  of  che- 
miftry,  muft  be  confidered  as  fimple  fubftances  ;  for 
they  have  never  yet  been  decompounded. 

The  words  calx  and  calcination  are  evidently  impro-  Oxide  and 
per,  as  they  convey  falfe  ideas;  we  ftiall  therefore  af-oxidatlon, 
terwards  employ,  inftead  of  them,  the  words  oxide  and'^^^^* 
oxidation^  which  were  invented  by  the  French  chemifts. 

A  metallic  oxide  fignifies  a  metal  united  with  oxygen  ; 
and  oxidation  implies  the  aft  of  that  union. 

Metals  are  capable  of  uniting  with  oxygen  in  diffe¬ 
rent  proportions,  and,  confequently,  of  forming  each 
of  them  different  oxides.  Thefe  are  diftinguiftied  from 
one  another  by  their  colour.  One  of  the  oxides  of  iron, 
for  Inftance,  is  of  a  green  colour;  it  is  therefore  called 
iht  green  oxide  ;  the  other,  which  is  brown,  is  called  the 
brown  oxide,  5^ 

The  metals  at  prefent  amount  to  21  ;  only  ii  of  Number  of 
which  were  known  before  the  year  1730.  Their  names  nietals. 
are  gold,  filver,  platinum,  mercury,  copper.  Iron,  tin, 
lead,  zinc,  antimony,  bifmuth,  arfenic,  cobalt,  nickel, 
manganefe,  tungften,  molybdenum,  uranium,  telhirlum, 
titanium,  chromum. 

The  lirft  eight  of  thefe  were  formerly  called  metals 
by  w^ay  of  eminence,  becaufe  they  are  poffeffed  either 
of  malleability  or  duftility,  or  of  both  properties  toge¬ 
ther  ;  the  reft  were  called  femlmetahy  becaufe  they  are 
brittle.  But  this  diftinftion  is  now  pretty  generally 
laid  afide  ;  and,  as  Bergman  obferves,  it  ought  to  be  fo 
altogether,  as  it  is  founded  on  a  falfe  hypothefis,  and 
conveys  very  erroneous  ideas  to  the  mind.  The  firft 
.  F  f  four 


(y)  It  is  remarkable  that  John  Rey,  a  phyfic^an  of  Perigord,  had  aferibed  it  to  this  very  caufe  as  far  back  as 
the  year  1630  :  But  his  writings  had  excited  little  attention,  and  had  funk  into  oblivion,  till  after  his  opinion  had 
been  inconteftibly  proved  by  Lavoifier.  May ow  alfo,  in  the  year  1674,  aferibed  the  increafe  of  weight  to  the 
combination  of  metals  wu*th  oxygen.  ^Ippe  vlx  conclpl potejl  (fays  he),  unde  augmentum  lllud  antlmonll  (calclnatl) 
nifi  a  partlcuUs  nltro-aerels  Ignelfque  Inter  calclnandum  rixts  procedat.  IVaft.  p  28.  Plane  ut  antlmonll  Jixatlo  non 
tarn  a  fulphurls  ejus  externi  ajfumptlone,  quam  partlcuUs  nltro-aerels^  qulbus  Jlamma  nltrl  abundat  ei  jnfixis  proven 
nlre  vldeatur.  Ibid.  p.  29. 

(z)  This  experiment  was  performed  by  Mr  Bayen  in  1774.  This  philofopher  perceived,  earlier  than  La¬ 
volfier,  that  all  metals  did  not  contain  phlogifton.  “  Ces  experiences  (fays  he)  vont  nous  detromper.  Je 
ne  tiendrai  plus  le  langage  des  difciples  de  Stahl,  qui  feront  forces  de  reftreindre  la  doftrine  fur  le  phlogiftique, 
ou  d’avouer  que  les  precipites  mercurials,  dont  Je  parle,  nc  font  pas  des  chaux  metalliques,  ou  enfin  qiihl  y  a 
des  chaux  qui  peuvent  fe  reduire  fans  le  concours  dii  phlogiftique.  Les  experiences  que  j’ai  faites  me  force  de 
ccnclure  que  dans  la  chaux  mercuriale  dont  je  parle,  le  mercure  doit  fon  etat  calcalre^  non  a  la  perte  du  phlogtjllque 
quhl  n’a  pas  effuyee,  mals  a  fa  comblnalfon  Intlme  aooec  le  Jluide  elajllque^  dont  le  poids  ajoute  a  celui  du  mer¬ 
cure  eft  la  feconde  caufe  de  Paugmeiitation  de  pefanteur  qu^on  obferve  dans  les  prccipitft  que  j’ai  foumis  a 
I’examen.”  Jour,  de  Phyf,  1774,  pages  288,  295.  It  was  in  confequeiice  of  hearing  Bayen’s  paj  er  read  that 
Lavoifier  was  induced  to  turn  his  attention  to  the  fubjeft. 
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Gold,  four  metals  were  formerly  called  nohh  or  perfeB  metals^ 

^  becaufe  their  oxides  are  reducible  by  the  mere  appli¬ 
cation  of  heat ;  the  next  four  were  mperfeB  metals^  be- 
caufe  their  oxides  were  thought  not  reducible  without 
the  addition  of  fome  combullible  fubftance  ;  but  this 
diftinaioQ  alfo  is  now  very  properly  exploded. 

Sect.  I.  Of  Gold. 

p  Gold  feems  to  have  been  known  from  the  very  be- 

ginning  of  the  world.  Its  properties  and  its  fcarcity 
have  rendered  it  more  valuable  than  any  other  metal. 

It  is  of  an  orange  red,  or  reddilh  yellow  colour,  and 
has  no  perceptible  tafte  or  fmell. 

No  other  fubftance  can  be  compared  with  it  in  duc¬ 
tility  and  malleability.  It  may  be  beaten  out  into  leaves 
fo  thin  that  one  grain  of  gold  will  cover  56I  fquare 
inches.  Thefc  leaves  are  only  inch  thick. 

But  the  gold  leaf  with  which  filver  wire  is  covered  has 
only  tt  of  that  tlilcknefs.  An  ounce  of  gold,  upon 
filver  wire,  is  capable  of  being  extended  more  than  1300 
miles  in  length. 

Its  tenacity  is  fuch,  that  a  gold  wire  tV  of 
in  diameter  is  capable  of  fupporting  a  weight  of  500 
*  pounds  without  breaking 

ViB.  Its  hardnefs  is  6(a);  its  fpecific  gravity  I9>3* 

melts  at  32*^  of  Wedgewood's  pyrometer  (b).  When 
melted,  it  alfumes  a  bright  bluilh  green  colour.  It  ex¬ 
pands  in  the  adl  of  fufion,  and  confequently  contraas 
while  becoming  folid  more  than  moft  metals  ;  a  cir- 
cumftance  which  renders  it  lefs  proper  for  calling  into 
moulds.  ^  . 

It  requires  a  very  violent  heat  to  volatilize  it ;  it  is 
therefore,  to  ufe  a  chemical  term,  exceedingly 
Boyle  and  Kunkel  kept  it  for  fome  months  in  a  glafs- 
houfe  furnace,  and  yet  it  underwent  no  change  ;  nor 
did  it  lofe  any  perceptible  weight,  after  being  expofed 
f  Kirivans  for  fome  hours  to  the  utmoft  heat  of  Mr  Parker’s  lens  f . 

LavoiOer,  however,  obferved,  that  a  piece  of  filver, 
held  over  gold  melted  by  a  fire  blown  by  oxygen  gas, 
which  produces  a  much  greater  heat  than  common  air, 
was  fenfibly  gilt  •  Part  of  the  metal,  then,  mull  have 
been  volatilized. 

After  fufion,  it  is  capable  of  alTuming  a  cryftalline 
form.  Tillet  and  Mongez  obtained  it  in  Ihort  qua¬ 
drangular  pyramidal  cry  Hals. 

Oxidation  capable  of  combining  with  oxygen,  and  form- 

ofgold.  ing  an  oxide  of  gold.  There  are  two  methods  of  produ¬ 
cing  this  combination,  the  application  of  heaty  andyb/u- 
tion  in  acids.  When  it  is  expofed  to  a  very  violent  heat 
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in  conta(Sl  with  air,  gold  abfovbs  oxygen.  But  the  ^  Gold. 
temperature  mull  be  very  high  ;  fo  high,  indeed,  that 
hardly  any  certain  method  of  oxidating  gold  by^  heat 
is  known,  except  by  eledricity.  When  the  eledric  ex- 
plofion  is  tranfmitted  through  gold  leaf  placed  between 
two  plates  of  glafs,  or  when  a  llrong  charge  is  made  to 
fall  on  a  gilded  furface — in  both  cafes  the  metal  is  oxi¬ 
dated,  and  alTumes  a  purple  colour.  It  has  been  laid 
alfo,  that  the  fame  effed  has  been  produced  by  a  very  \ 

violent  fire  ;  but  few  of  the  in  (lances  which  have  been 
adduced  are  well  authenticated. 

The  other  method  of  oxidating  gold  is  much  eafier.  | 

For  this  purpofe,  equal  parts  of  nitric  and  muriatic  | 

acids  are  mixed  together  (c)  and  poured  upon  gold;  | 

an  effervefcence  takes  place,  the  gold  is  gradually  dit-  | 

folved,  and  the  liquid  affiimes  a  yellow  colour.  It  is  ( 

eafy  to  fee  in  what  manner  this  folution  is  produced. 

No  metal  is  foluble  in  acids  till  it  has  been  reduced  to  ^ 

the  Hate  of  an  oxide.  There  is  a  (Irong  affinity  be¬ 
tween  the  oxide  of  gold  and  muriatic  acid.  The  ni¬ 
tric  acid  furnifhes  oxygen  to  the  gold,  and  the  muria¬ 
tic  acid  diffolves  the  oxide  as  it  forms.  When  riitric 
acid  is  deprived  of  the  greater  part  of  its  oxygen,  it  af- 
fumes  a  gafeous  form,  and  is  then  called  nitrous  gas. 

It  is  the  emiffion  of  this  gas  which  caufes  the  effervef- 

cence.  The  oxide  of  gold  may  be  precipitated  from 

the  nitro-muriatic  acid  by  pouring  in  a  little  potafs- 

diflblved  in  water,  or,  which  is  much  better,  a  little 

lime;  both  of  which  have  a  flronger  affinity  for  muriatic  ' 

acid  than  the  oxide  has.  This  oxide  is  of  a  yellow  | 

colour. 

It  is  probable  that  gold  is  capable  of  two  different 
degrees  of  oxidation,  and  of  forming  two  different 
oxides,  the  yellonv  and  the  purple  :  But  neither  the  quan¬ 
tity  of  oxygen  contained  in  thefe  oxides,  nor  the  dif¬ 
ferences  between  them,  have  been  accurately  afeertained. 

The  oxides  of  gold  may  be  decompofed  in  clofe  veffcls 
by  the  application  of  heat.  The  gold  remains  fixed, 
and  the  oxygen  affumes  the  gafeous  form.  They  may 
be  decompofed,  too,  by  all  the  fiibllances  which  have 
a  flronger  affinity  with  oxygen  than  gold  has.  The  af¬ 
finities  of  the  oxides  of  gold,  according  to  Bergman’^, 
are  as  follows : 

Muriatic  acid, 

Nitro-muriatic, 

Nitric, 

Sulphuric, 

Arfenic, 

Fluoric, 


on  hleBlvt  . 
AttraBiofttiU 
Opufe.  t.3»  , 


Tartarous,. 


We  have  borrowed  from  Mr  Kirwan  the  method  of  denoting  the  different  degrees  of  hardnefs  by  figure, 
which  we  think  a  great  improvement.  Thefe  figures  will  be  underllood  by  Mr  Kirwan  s  own  explanation,  which 
we  here  fubjoin. 

3,  Denotes  the  hardnefs  of  chalk. 

4,  A  fuperior  hardnefs,  but  yet  what  yields  to  the  nail.  .  .  r  1  1  v 

5,  What  will  not  yield  to  the  nail,  but  eafily,  and  without  grittinefs,  to  the  knite, 

6,  That  which  yields  more  difficultly  to  the  knife. 

7,  That  which  fcarcely  yields  to  the  knife.  ^  •  u  a  1 

8,  That  which  cannot  be  feraped  by  a  knife,  but  does  not  give  fire  with  Iteel. 

Q,  That  which  gives  a  few  feeble  fparks  with  fleel. 

10,  That  which  gives  plentiful  lively  fparks.  Kir^an*s  Mineralogy^  I.  38.  .  _  .  j*  a.  -d 

(b)  According  to  the  calculation  of  the  Dijon  academicians,  it  melts  at  12980  Fahr. ;  according  to  Berg- 

(c)  This  mixture,  from  its  property  of  diffolving  gold,  was  formerly  called  aqua  regta  (for  gold,  among  the 
alchymifts,  was  the  king  of  metals)  ;  it  is  now  called  nitro-muriatic  acid* 
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Silver.  Tartarous, 

Phofphoric, 

I  Sebacic, 

Pruffic, 

i  Fixed  alkali  (d), 

Ammonia. 

Gold  is  not  changed  either  by  air  or  water.  It  does 
not  feem  capable  of  combining  either  with  fulphur  or 
carbon.  Mr  Pelletier  combined  it  with  phofphorus, 
by  melting  together  in  a  crucible  half  an  ounce  of  gold 
and  an  ounce  of  phofphoric  glafs  (e),  furrounded  with 
phofphuret  charcoal.  The  phofphuret  of  gold  thus  produced  was 
of  gold.  brittle,  whiter  than  gold,  and  had  a  cryftallized  appear¬ 

ance.  It  was  compofed  of  23  parts  of  gold  and  one 
^  Ann.de  of  phofphorus  *.  He  formed  the  fame  compound  by 
^*^.*.  7**  dropping  fmall  pieces  of  phofphorus  into  gold  in  fu- 
f /(fit/,  xiii.  (ion  j'. 

Gold  is  alfo  capable  of  combining  with  moil  of  the 
metals.  Its  affinities  are  placed,  by  Bergman,  in  the 
following  order ; 

Mercury, 

Copper, 

Silver, 

Lead, 

Bifmuth, 

Tin, 

Antimony, 

Iron,  \ 

Platinum, 

Zinc, 

Nickel, 

Arfenic, 

Cobalt, 

Manganefe, 

Phofphorus  ? 

Sulphurets  of  alkalies. 

Sect.  II.  Of  Silver, 

SiLVKk  appears  to  have  been  known  almoft  as  early 
Properties  as  gold.  It  is  a  metal  of  a  fhining  white  colour,  with- 
of  hlver.  out  either  talle  or  fmell. 

It  is  the  moft  malleable  and  duftile  of  all  metals  ex¬ 
cept  gold,  and  perhaps  platinum.  It  can  be  reduced  to 
leaves  about  of  an  inch  thick,  and  drawn  into 

wire  much  finer  than  a  human  hair. 

Its  tenacity  is  fuch,  that  a  wire  of  filver,  Vs^th  of  an 
inch  in  diameter,  is  capable  of  fuftaining  270  pounds 
without  breaking  J. 

Dia,  Its  hardnefs  is  6,5  Its  fpecific  gravity,  before 

Ur'T'’"’  474;  after  hammering,  10,51011  :  for 

II  Jinijon.  Jg  remarkable  that  the  fpecific  gravity  of  almoft  all 
the  metals  is  increafed  by  hammering. 

It  continues  melted  at  28"^  Wedgewood  (f),  but  re- 
f  a  greater  heat  to  bring  it  to  fufion 

Mineral,  a.  The  experiments  of  the  French  academicians  have 
X07. 
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proved  that  it  may  be  volatilized,  but  that  it  requires  a 
very  violent  heat. 

When  cooled  (lowly,  it  affumes  a  cryftalline  form. 

Tillet  and  Mongez  obtained  it  in  quadrangular  pyra¬ 
midal  cryftals,  both  infulated  and  in  groups. 

Silver  may  be  combined  with  oxygen,  and  converted  Oxides  of 
into  an  oxide  by  expofure  to  a  very  violent  heat.  By  this 
method  Junker  partly  converted  it  into  ^iglafs;  and  Mac- 
quer,  by  expofing  it  20  times  fucceffively  to  the  heat 
of  a  porcelain  furnace,  obtained 'd  glafs  (g)  of  an  olive 
green  colour  *.  The  oxide  of  filver  may  alfo  be  formed  ^Macquer*s 
by  diffolving  the  metal  in  an  acid,  and  precipitating  it 
from  its  folution  by  potafs,  lime,  &c.  :  for,  during  its 
folution,  the  metal  becomes  oxidated.  Little  is  known 
at  preferit  concerning  the  oxides  of  filver,  nor  whether 
there  be  more  than  two,  the  black  and  the  blue.  From 
the  experiments  of  Wenzel  and  Bergman,  it  follows, 
that  one  oxide  of  filver  is  compofed  of  about  90  parts 
of  metal  and  10  of  oxygen  f.  The  affinities  of  Klrnvani 
oxides,  according  to  Bergman,  are  as  follows  i  Miner,  ii. 

Muriatic  acid,  473» 

Sebacic, 

Oxalic, 

Sulphuric, 

Saccholadlic, 

Phofphoric, 

Sulphurous, 

Nitric, 

Arfenic, 

Fluoric, 

Tartaric, 

Citric, 

Formic, 

La6lic, 

Acetous, 

Succinic, 

Pruffic, 

Carbonic, 

Ammonia. 

When  filvdr  is  melted  with  fulphur  in  a  low  red  heat,  Sulphuret 
it  combines  with  it  and  forms  fulphuret  of  filver.  It  is  of  filver. 
very  difficult  to  determine  the  proportion  of  the  ingre¬ 
dients  which  enter  into  the  compofition  of  this  fub- 
ftance,  becaufe  there  is  an  affinity  between  filver  and 
its  fulphuret,  which  difpofes  them  to  combine  together. 

The  greateft  quantity  of  fulphur  which  a  given  quan¬ 
tity  of  filver  is  capable  of  taking  up  is,  according  to 
Wenzel,  Sulphuret  of  filver  is  of  a  black  or  \  Ibid, 

very  deep  violet  colour,  brittle,  and  much  more  fufible 
than  filver.  If  fufficient  heat  be  applied,  the  fulphur  is 
volatilized,  and  the  metal  remains  behind  ip  a  ftatc  of 
purity.  '' 

If  one  ounce  of  filver,  one  ounce  of  phofphoric  glafs,  Phr>fphuret 
and  two  drams  of  charcoal,  be  mixed  together,  and  of  filver. 
heated  in  a  crucible,  phofphuret  of  fiver  is  formed.  It 
F  f  2 


IS 


(d)  Have  the  alkalies  any  affinity  for  the  yellow  oxide?  Is  not  their  affinity  confined  to  the  purple  oxide  ' 
alone  ?  And  does  not  this  oxide  adl:  as  an  acid  ? 

(e)  Phofphoric  acid  evaporated  to  drynefs,  and  then  fufed. 

p)  According  to  the  Dijon  academicians,  it  melts  at  1044'’  ^ahr. ;  according  to  Bergman,  at  1000°. 

(g)  Metallic  oxides,  after  fufion,  are  called  becaufe  they  acquire  a  good  deal  of  refemblance,  in  feme 
particulars,  to  common  glafs. 
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is  of  a  white  colour,  and  appears  granulated,  or  as  it 
were  cryftallized.  It  breaks  under  the  hammer,  but 
may  be  cut  with  a  knife.  It  is  compofed  of  four  parts 
of  filver  and  one  of  phofphorus.  Heat  decompofes  it 
by  feparating  the  phofphorus  *.  Pelletier  has  obferved, 
that  filver  in  fufion  is  capable  of  combining  with  more 
phofphorus  than  folid  filver  :  for  when  phofphuret  of 
filver  is  formed  by  projedling  phofphorus  into  melted 
filver,  after  the  crucible  is  taken  from  the  fire  a  quan¬ 
tity  of  phofphorus  is  emitted  the  moment  the  metal  con¬ 
geals -f. 

Silver  does  not  feem  capable  of  combining  with  car¬ 
bon. 

Silver  is  capable  of  combining  with  gold,  and  form¬ 
ing  an  alloy  (h)  compofed  of  one  part  of  filver  and  five 
of  gold.  That  this  is  the  proportion  of  the  ingredients, 
was  difcovered  by  Homberg.  He  kept  equal  parts  of 
gold  and  filver  in  gentle  fufion  for  a  quarter  of  an  hour, 
and  found,  on  breaking  the  crucible,  two  mafles  ;  the 
uppermoft  of  which  was  pure  filver,  the  undermofi  the 
whole  gold  combined  with  ^th  of  filver.  Silver,  how^ever, 
may  be  mixed  with  gold  in  almoft  any  proportion.  But 
there  is  a  great  difference  between  the  mixture  of  two 
fubftances  and  their  chemical  combination.  Metals 
which  melt  nearly  at  the  fame  temperature  may  be 
mixed  from  that  very  circumftance  in  any  proportion  ; 
but  fubftances  can  combine  chemically  only  in  one  pro¬ 
portion.  This  obfervation,  which  is  certainly  of  Im¬ 
portance,  was  firft  made,  as  far  as  we  know,  by  Mr 
Keir  The  alloy  of  filver  and  gold  is  of  a  greenifli 
colour;  but  its  properties  have  not  yet  been  accurately 
examined. 

Silver  is  not  effe(fted  by  water,  nor  by  expofure  to 
the  air  ;  but  Mr  Prouft  has  remarked,  that  when  long 
expofed  in  places  frequented  by  men,  as  in  churches, 
theatres,  &c.  it  acquires  a  covering  of  a  violet  colour, 
which  deprives  it  of  its  luftre  and  malleability.  This 
covering,  which  forms  a  thin  layer,  can  only  be  detach¬ 
ed  from  the  filver  by  bending  it,  or  breaking  it  in  pieces 
with  a  hammer  It  was  examined  by  Mr  Prouft,  and 
found  to  be  Julphuret  of  fiver.  He  accounts  for  this 
tranfitiori  of  the  filver  into  a  Julphuret,  by  fuppofing 
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that  a  quantity  of  fulphur  is  conftantly  formed  and  cx-  Platinum, 
haled  by  living  bodies  dt 

The  affinities  of  filver,  according  to  Bergman,  are  as 
follows  : 

Lead, 

Copper, 

Mercury, 

Bifmuth, 

Tin, 

Gold, 

Antimony, 

Iron, 

Manganefe,  ^  • 

Zinc, 

Arfenic, 

Nickel, 

Platinum, 

Sulphurets  of  alkalies. 

Sulphur, 

Phofphorus. 

Sect.  III.  Of  Platinum. 

The  metals  hitherto  defcribed  h^ve  been  known  to 
mankind  from  the  earlleft  ages,  and  have  been  always 
in  high  eftimation  on  account  of  their  beauty,  fcarcity, 
dudility,  and  indeftru<aibility.  But  platinum,  though 
perhaps  inferior  to  them  in  none  of  thefe  qualities,  and 
certainly  far  fuperior  in  others,  was  unknown,  as  a  dif- 
tind  metal,  before  the  year  1752  (1).  ^  ^  80 

It  has  been  found  only  in  America,  In  Choco  inDifcoyery 
Peru,  and  in  the  mine  of  Santa  Fe,  near  Carthagena.  of  pkd- 
The  workmen  of  thefe  mines  muft  no  doubt  have  been*^^“^* 
early  acquainted  with  it  5  but  they  feem  to  have  paid 
very  little  attention  to  it.  It  was  unknown  in  Europe 
till  Mr  Wood  brought  fome  of  It  from  Jamaica  in  1741. 

Soon  after  it  was  noticed  by  Don  Antonio  de  Ulloa, 
a  Spaniffi  mathematician,  who  had  accompanied  the 
French  academicians  to  Peru  in  their  voyage  to  mea- 
fure  a  degree  of  the  meridian.  In  the  year  175^ 
was  examined  by  Scheffer  of  Sweden,  and.  difcovered  *  ^ 

by  him  to  be  a  new  metal,  approaching  very  much  to. 
the  nature  of  gold,  and  therefore  called  by  him  aurum 

album. 


(h)  Metals  combined  together  are  called  or  ^  r  1  •  c 

(1)  Father  Cortinovis,  indeed,  has  attempted  to  prove  that  this  metal  was  the  eleBrum  of  the  ancients,  oee 
thfe  Chemical  Annah  of  Brugnatelli,  1790..  That  the  eledrum  of  the  ancients  was  a  metal,  and  a  very  valuable 
one,  is  evident  from  many  of  the  ancient  writers,  particularly  Homer.  Ihe  following  hues  of  Claudian  are 
alone  fufficient  to  prove  it ; 

.^tria  cinxit  ehur,  trahtbns  foUdatur  ahenis 

Culmen  et  in  celfas  furgunt  eleClra  columnas,  L.  I.  v.  164*- 

Pliny  ffives  us  an  account  of  it  in  his  Natural  Hiftory.  He  informs  us  that  it  was  a  compofition  of  filver  and 
gold ;  Md  that  by  candle-light  it  fhone  with  more  fplendor  than  filver.  The  ancients  made  cups,  ftatues,  an 
columns  of  it.  Now,  had  it  been  our  platinum,  is  it  not  rather  extraordinary  that,  no  traces  of  a  metal,  which 
inuft  have  been  pretty  abundant,  Ihould  be  perceptible  in  any  part  of  the  old  continent .  _ 

As  the  palfage  of  Pliny  contains  the  fulleft  account  of  ekarum  to  be  found  in  any  ancient  author,  we  (hall 
give  it  in  his  own  words,  that  every  one  may  have  it  in  his  power  to  judge  whether  or  not  the  defcription  wi 

apply  to  the  platinum  of  the  moderns.  .  .  n  ..  g  i 

“  Omni  auro  ineft  argentum  vario  pondere.— Ubicunque  quinta  argenti  portio  eft,  eleSrum  vocatur;  Scrolls 
eae  reperiuntur  in  Canallenfi.  Fit  et  cura  ekarum  argento  addito.  Q^od  fi  qumtam  portionem  excellit,  mcudi-- 
bus  non  reftitit.  Et  ekaro  auaoritas,  Homero  tefte,  qui  Menelai  reg.am  auro,  ekaro,  argento,  ebore  fulgere 
tradit.  Minervse  templum  habet  Lindos  infulae  Rhodiorum  in  quo  Helena  lacravit  cahcem  ex  ekaro.— Ekan  na- 
tura  eft  ad  lucernarum  lumina  clarius  argento  fpkndere.  Quod  ell  nativum,  et  venena  depre  en  it.  ^  anique 
difcurrunt  in  calicibus  arcus  (.oekftibus  fimiles  cum  igneo  ftridore,  et  geminarationepraedicunt.  — /.i^.xxxni.cfl/.iv.- 
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platinum,  alhufftf  niohtte  gold*  Soon  after  it  was  examined  by  Lewis, 

*  Margraf,Macquer  andBeaume,  Morveau,  Bergman,  and 
many  other  illuftrious  chemifts. 

Platinum,  when  pure,  is  of  a  white  colour  like  filver, 
but  not  fo  bright  (k).  It  has  no  tafte  nor  fmelh 

It  is  both  duaile  and  malleable  ;  but  the  precife  de¬ 
gree  has  not  yet  been  afcertained.  It  has  been  drawn 
into  a  wire  of  of  an  inch  in  diameter.  This  wire 
admitted  of  being  flattened,  and  had  more  flrength  than 
^Withering  ’0.  wire  of  filver^or  gold  of  the  fame  fize 

It  is  exceedingly  difficult  to  fufe  it.  Mrfcquer  and 
Beaume  fucceeded  by  means  of  a  powerful  burning- 
glafs.  It  melts  more  eafily  when  mixed  with  other 
fubftances.  Its  fixity  is  ftill  greater  than  its  infufibili- 
„ty.  If  the  ftrongell  fires  cannot  melt  it,  much  lefs  can 
they  volatilize  it. 

Its  hardnefs  is  7,5 f*  fpeclfic  gravity,  after  being 
hammered,  is  23,000  ;  fo  that  it  is  by  far  the  heavielt 
body  known. 

Some  of  the  experiments  which  have  been  made  gn 
platinum  feem  to  prove  that  it  may  be  oxidated^  by  the 
application  of  a  violent  heat.  The  oxide  of  this  metal 
may  be  eafily  formed  by  diffolving  platinum  in  nitro- 
muriatic  acid,  and  precipitating  it  by  naeans  of  an  earth 
or  potafs.  The  various  oxides  of  platinum  have  never 
yet  been  examined  with  accuracy.  The  one  at  prefent 
bell  known  poffeffes,  as  Mr  Berthollet  has  proved,  tlie^ 
properties  of  an  acid. 

The  fulphuret  of  platinum  is  unknown, 
f  mixing  together  an  ounce  of  platinum,  an  ounce 

of  of  phofphoric  glafs,  and  a  dram  of  powdered  charcoal, 

num.  and  applying  a  heat  of  about  32°  Wedgewood,  Mr 

Pelletier  formed  a  phofphuret  of  platinum  weighing  more-^ 
than  an  ounce.  It  was  partly  in  the  form  of  a  button, 
and  partly  in  cubic  cryflalo.  It  was  covered  above  by 
a  blackifh  glafs.  It  was  of  a  filver  white  colour,  very- 
brittle,  and^hard  enough  to  ftrike  fire  with  fteel.  When 
expofed  to  a  fire  ftrong  enough  to  melt  it,  the  phof- 
pborus  was  difengaged,  and  burnt  on  the  furface  J. 

He  found  alfo,  that  when  phofphorus  was  projeded 
on  red  hot  platinum,  the  metal  inftantly  fufed  and 
formed  a  phofphuret.  As  heat  expels  the  phofphorus, 
Mr  Pelletier  has  propofed  this  as  an  eafy  method  of  pu-. 
rifying  platinum 

Platinum  does  not  feem  capable  of  combining  with 
carbon. 

It  is  not  in  the  lead  affeaed  by  the  aftion  of  water 


^  Ann.  de 
tllAm.  i.  71. 


§  Ibid.  xui. 

105. 


83  or  air. 

Alloys  of  I .  When  gold  and  platinum  arc  expofed  to  a  ftrong 
platinum,  combine,  and  form  an  alloy  of  a  much  whi¬ 

ter  colour,  but  nearly  as  duftile  as  gold.  The  propor¬ 
tions  of  the  ingredients  are  not  known.  When  on¬ 
ly  of  the  alloy  is  platinum,  the  gold  is  fcarcely  altered^ 
in  colour. 

2.  AVhether  filver  and  platinum  combine  chemically 
has  not  yet  been  properly  afcertained.  When  fufed 
together,  (for  which  a  very  ftrong  heat  is  neceflary), 
they  form  a  mixture,  not  fo  dudbile  as  filver,  but  harder 
and  lefs white.  .The  two  .metals  are  feparated  by  keep-. 
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ing  them  for  fome  time  in  the  date  of  fufion  ;  the  pla-  Mercury.^ 
tinum  finking  to  the  bottom  from  its  weight.  This  ^ 
circumftance  would  induce  one  to  fuppofe  that  there  is 
very  little  affinity  between  them. 

Sect.  IV.  Of  Mercury, 

Mercury,  called  alfo  quickfdver^  was  known  to  the 
ancients,  and  feems  to  have  been  employed  by  them  in 

gilding.  ^  r  r/u  ^  ^4 

It  is  of  a  white  colour,  exactly  like  that  of  pohmed 

filver.  It  has  no  tafte,  but  acquires  a  flight  odour  when  of  mercury, 
rubbed  between  the  hands.  ^  o  -t 

Its  fpecific  gravity  is  13,568 

It  differs  from  all  other  metals  in  always  exifting,  at 
the  common  temperature  of  the  atmofphere,  in  a  ftate 
of  fluidity.  It  freezes  at  or,  which  is  the  famef  See 

thing,  it  ceafes  to  be  a  foKd,  and  melts  whenever  it 
placed  in  a  temperature  above -39'^.  It  boils  at  the.j.^^^y.* 
temperature  of  6cx)^. 

From  the  experiments  made  on  frozen  mercury  in 
Ruffia,  Hudfon's  Bay,  and  Britain,  we  know  that  this 
metal,  when  folid,  is  malleable  ;  but  the  extreme  dif¬ 
ficulty  of  examining  It  in  that  ftate,  on  account  of  the 
lownefs  of  the  temperature,  has  rendered  it  hitherto  im- 
poffible  to  afeertain  the  precife  degree  either  of  its  mal¬ 
leability,  dudlility,  or  hardnefs.  ^  ^  ^ 

Mercury  is  capable  of  combining  with  oxygen,  and  j^  rorm&  ' 
of  forming  oxides,  differing  from  each  other  In  the  quan- three  ox- 
tlty  of  oxygen  which  they  contain.  The  oxides  of  mer-»des; 
cury,  at  prefent  known,  are  the  blacky  the  yellow,  and 

the  red*  ... 

1.  When  mercury  is  agitated  for  fome  time  in  con-^pi^c 
ta(ft  with  oxygen  gas,  or  atmofpheric  air,  it  is  partly  oxide, 
converted  into  a  greyifli  black  powder,  and  at  the  fame 
time  part  of  the  oxygen  difappears.  This  is  the  black 
oxide  of  mercury.  It  Is  not  known  how  much  oxygen 

it  contains,  nor  even  whether  the  whole  of  the  mercury 
which  conipofes  it  be  actually  combined  with  oxygen. 

2.  The  heft  way  of  forming  the  yellow  oxide  is 
diffolve  mercury,  either  in  boiling  fulphuric  acid  or  in  oxide, 
cold  nitric  acid.  During. its  folutlon,  it  deprives  tliefe. 
acids  of  juft  as  much  oxygen  as  is  neceffary  to  convert 

it  Into  a  yellow  oxide  ;  and  if  potafs  or  lime  be  after-  - 
wards  added  to  the  folution,  it  precipitates,  and  rriay  ^ 
be  obtained  pure  by  wafhing  It  with  wafer.  It  is  a 
bright  yellow-coloured  powder,  which  a(fts  very  power¬ 
fully  as  an  emetic.  From  the  obfervations  of  Bergman, 
it  appears  that  it  Is  compofed  of  about  96,8  parts  of 
mercury,  and  3,2  of  oxygen^.  ^  i  Ktrrvaf^ 

3.  The  red  oxide  of  mercury  may  be  prepared,  either  M/W.  11. 
by  dlftllling  nitric  acid  off •  the  metal  repeatedly,  or  by  4S9*^^ 
keeping  mercury  for  a  long  time  expofed  to  a  heat  fuffi-s^^^^ 
cient  to  evaporate  it  while  it  is  in  contadl  with  air.  oxide. 
When  fqrmedby  the  firft  procefs,  it  was  formerly  called 

red  precipitate;  when  by  the  laft,  precipitate  per  fe.  It  is 
a  beautiful  red  powder,  or  rather  fmall  red  cry  ftals,  which 
have  fome  efcharotic  qualities.  When  prepared  by  the 
fecond  procefs,  the  heat  muft  not  be  much  below  600*^ 
nor  much  above  800^  otherwife  no  union  would  take 


Ck)  To  this  colour  It  owes  Its  name,  .  Plata,  in  Spanifh,  h  filver  ;  znA  platina,  little  fiver,  was  the  name  firil 
piven  to  the  metal.  Bergman  changed  that  name  Into  platinum,  that  the  Latin  names  of  all  the  metals  might  have  - 
the  fame  terminatioij  and  gender.  .  It  was,  however,  firll  cAXtA  platinum  by  Linnaeus. 
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place ;  and  it  muft  be  continued  for  Tome  weeks.  From 
the  experiments  of  Mr  Kirwaii,  it  appears  to  contain 
9Z,6  parts  of  mercury  and  7,4  of  oxygen*. 

Thcfe  oxides  may  be  decompofed  by  the  application 
of  a  heat  amounting  to  I200®.  The  oxygen  flies  off 
in  the  form  of  gas,  and  running  mercury  remains  be¬ 
hind. 

The  affinities  of  the  oxides  of  mercury,  according  to 
Bergman,  are  as  follows ; 

‘Sebacic  acid, 

Muriatic, 

'Oxalic, 

Succinic, 

Arfenic, 

Phofphoric, 

Sulphuric, 

Benzoic  (l)? 

Sacchola6lic, 

Tartarous, 

Citric, 

Sulphurous, 

Nitric, 

Fluoric, 

Zoonic  (  M  )  ? 

Acetous, 

Boracic, 

Proffic, 

Carbonic. 

When  two  parts  of  mercury  and  three  parts  of  flowers 
of  fulpliur  are  triturated  for  fome  time  together,  or 
when  equal  parts  of  mercury  and  melted  fulphur  are 
mixed  together — they  combine,  and  form  a  black  pow¬ 
der,  formerly  called  ethiops  mineral y  and  now  black  ful¬ 
phur  et  of  mercury. 

When  300  grains  of  mercury  and  68  of  fulphur, 
with  a  few  drops  of  folution  of  potais  to  moiften  them, 
are  triturated  for  fome  time  in  a  porcelain  cup  by 
means  of  a  glafs  peftle,  black  oxide  of  mercury  is  pro¬ 
duced.  Add  to  this  160  grains  of  potafs,  dilTolved  In 
as  much  water.  Heat  the  veflel  containing  the  Ingre¬ 
dients  over  the  flame  of  a  candle,  and  eon  tin  ue  the  tri¬ 
turation  without  interruption  during  the  heating.  In 
proportion  as  the  liquid  evaporates,  add  clear  wmter  from 
time  to  lime,  fo  that  the  oxide  may  be  conllantly  co¬ 
vered  to  the  depth  of  near  an  inch.  The  trituration 
muft  be  continued  about  two  hours  ;  at  the  end  of 
which  time  the  mixture  begins  to  change  from  its  ori¬ 
ginal  black  colour  to  a  brown,  which  ufiially  happens 
when  a  large  part  of  the  fluid  is  evaporated.  It  then 
pafies  very  rapidly  to  a  red.  No  more  water  Is  to  be 
added  ;  but  the  trituration  is  to  be  continued  without 
interruption.  When  the  mafs  has  acquired  the  con- 
fiHence  of  a  gelly,  the  red  colour  becomes  more  and 
more  bright,  with  an  incredible  degree  of  quick nefs. 
The  iiiHant  the  colour  has  acquired  Its  utrnoil  beauty, 
the  heat  muft  be  withdrawn,  otherwife  the  red  pafles 
to  a  dirty  brown.  This  red  powder  is  the  red  fulphu- 
ret  of  mercury,  called  formerly  cinnabar^  and,  when  re¬ 
duced  to  a  fine  powder,  vermilion  The  procefs 


Part.  I. 

above  deferibed  has  been  lately  difeovered  by  Mr  Kir-  Mercury, 
choft,  and  is  by  far  the  fimpleft  and  cheapeft  mode  of  ' 

forming  red  fulphnret  with  which  we  are  acquainted*. 

Count  De  Mouffin  Poufehin  has  difeovered,  that  its  paf-7<?^''«- u.  i, 
fing  to  a  brown  colour  may  be  prevented  by  taking  it 
from  the  fire  as  foon  as  it  has  acquired  a  red  colour,  and 
placing  it  for  two  or  three  days  in  a  gentle  heat,  taking 
care  to  add  a  few  drops  of  water,  and  to  agitate  the 
mixture  from  time  to  time.  During  this  expofure,  the 
red  colour  gradually  Improves,  and  at  laft  liecomes  ex¬ 
cellent.  He  difeovered  alfo,  that  when  this  fulphuret 
is  expofed  to  a  ftrong  heat.  It  becomes  Inftantly  brown, 
and  then  paffes  into  a  dark  violet ;  when  taken  from 
the  fire  it  pafles  inftantly  to  a  beautiful  carmine  redf.  f  /top.  7, 

The  difference  between  thefe  two  fulphurets  lias  never 
yet  been  afeertained.  One  would  be  apt  to  fufpeiSi:  at 
fir  ft  that  the  black  fulphuret  confifts  of  the  real  fulphu¬ 
ret  of  mercury  combined  with  fulphur  ;  the  red,  of  the 
fulphuret  of  mercury  combined  with  mercury,  and  that 
the  real  fulphuret  of  mercury  w^as  not  yet  accurately- 
known.  But  It  cannot  be  doubted  that,  during  the  for¬ 
mation  of  the  red  fulphuret^  according  to  KirchofPs  pro¬ 
cefs,  there  is  an  abforption  of  oxygen.  The  phenomena 
above  deferibed  point  out  /;6^/almoft  inconteftibly ;  and 
wc  obferved,  on  attempting  to  repeat  the  experiment, 
that  the  black  fulphuret,  during  its  tnturation,  emitted 
fulpliurated  hydrogen  gas.  Perhaps,  then,  the  mercu¬ 
ry  may  be  oxidated.  We  fufpedled  at  firft  that  part  of 
the  fulphur  might  be  converted  into  an  acid ;  but  on 
attempting  an  alteration  of  the  procefs,  in  confequence 
of  that  fuppofitlon,  we  could  not  fucceed. 

The  red  fulphuret  of  mercury  is  found  naturally  in 
feveral  parts  of  the  world.  It  ufed  to  be  prepared  by 
forming  a  black  fulphuret  with  three  parts  of  fulphur 
and  one  of  mercury,  and  then  fetting  fire  to  it.  Part 
of  the  fulphur  Is  burnt,  and  there  remains  behind  a  vio¬ 
let-coloured  body,  which  is  powdered  and  put  into  a  glafs 
veffel,  to  the  bottom  of  which  a  red  heat  is  applied. 

A  reddhh  brown  fubftance  fubllmes,  which  is  red  ful¬ 
phuret  of  mercury  ;  but  its  colour  is  not  nearly  equal  to 
that  which  Is  prepared  by  Kirchoff’s  procefs. 

Mr  Pelletier,  after  feveral  unfuccefsful  attempts  to  phofphuret 
form  phofphuret  of  mercury,  at  laft  Succeeded  by  dif- of  mercury, 
tilling  a  mixture  of  red  oxide  of  mercury  and  phofpho- 
rus.  Part  of  the  phofphorus  combined  with  the  oxy¬ 
gen  of  the  oxide,  and  was  converted  Into  an  acid  ;  the 
reft  combined  with  the  mercury. 

Phofphuret  of  mercury  is  of  a  black  colour,  of  a 
pretty  folid  confiftence,  and  capable  of  being  cut  with 
a  knife.  When  expofed  to  the  air.  It  exhaled  vapours 
of  phofphorus  J.  * 

Mercury  does  not  feem  capable  of  combining  with 
carbon. 

The  combinations  of  mercury”  with  the  other  metals  g^al- 
are  called  amalgams,  gams. 

I .  The  amalgam  of  gold  forms  very  readily,  becaufe 
there  is  a  veiy  llroiig  affinity  between  the  two  metals. 

If  a  bit  of  gold  be  dipped  into  mercury,  its  furface,  by 
combining  with  mercury,  becomes  as  wffiite  as  filver. 

The 


(l)  Benzoat  of  mercury  is  decompofed  by  fulphuric  acid.  T^romfclorf  Ann.  de  Chim,  xi.  316. 

(m)  Zoonic  acid  decompofes  the  acetite  of  mercury.  Berthollet, 

(n)  The  word  vermilion  is  derived  from  the  French  word  vermeil.^  which  comes  irom  vermicnlus  or  vermiculum; 
names  given  in  the  middle  ages  to  the  hermes  or  coccus  Uicis,  well  known  as  a  red  dye.  Vermilion  originally  fig- 
nified  the  red  dye  of  the  kermes.  See  Beckmann^ s  Hfi*  of  Inventions^  ii.  180. 
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The  eafiell  way  of  forming  this  amalgam  is  to  throw 
fmall  pieces  of  red  hot  gold  into  mercury.  The  pro* 
portions  of  the  ingredients  are  not  eafily  determined, 
becaufe  the  amalgam  lias  an  affinity  both  for  the  gold 
and  the  mercury  ;  in  confequenee  of  which  they  appear 
to  combine  in  any  proportion.  Moil  probably  it  is 
compofed  of  two  parts  of  gold  and  one  of  mercury. 
The  combination  is  formed  moil  readily  in  thefe  pro¬ 
portions  ;  and  if  too  much  mercury  be  added,  it  may 
be  feparated  by  filtration.  The  amalgam  is  of  a  white 
colour,  and  of  the  confidence  of  butter*.  This  amal¬ 
gam  cryilallizes  in  quadrangular  prifms  ;  which  cry- 
ftals,  according  to  the  Dijon  academicians,  are  compo¬ 
fed  of  fix  parts  of  mercury  and  one  of  gold.  It  is 
much  iifed  in  gilding. 

2.  The  amalgam  of  filver  is  made  in  the  fame  man. 
ner.  It  forms  dendritical  cry  Hals,  v/hieh,  according  to 
the  Dijon  academicians,  contain  eight  parts  of  mercury 
and  one  of  filver.  Gellert  was  the  nrll  who  remarked 
that  its  fpeclfic  gravity  was  greater  than  that  of  mer¬ 
cury,  though  that  of  filver  be  Icfs. 

3,  Dr  Lewis  attempted  to  form  an  amalgam  of  pla- 
tinum,  but  hardly  fuccecdcd  after  a  labour  which  laded 
for  feveral  weeks.  Mr  Morveau  fucceeded  by  means  of 
heat  f .  But  a  much  more  expeditious  method  has 
been  lately  difeovered  by  Count  Mouffin  Poufehin.  He 
took  a  dram  of  the  orange-coloured  fait,  compofed  of 
oxide  of  platinum  and  ammonia  (o),  and  triturated  it 
with  an  equal  weight  of  merctfry  in  a  mortar  of  chal¬ 
cedony.  In  a  few  minutes  the  fait  became  brown,  and 
afterwards  acquired  a  greenifh  fliade.  The  matter  was 
reduced  to  a  very  fine  powder.  Another  dram  of  mer¬ 
cury  was  added,  and  the  trituration  continued  :  The 
matter  became  grey.  A  third  drain  of  mercury  began 
to  form  an  amalgam  ;  and  fix  drams  made  the  amalgam 
perfe6l.  The  whole  operation  fcarce  laded  20  minutes. 
Mercury  was  added  till  It  amounted  to  nine  times  the 
weight  of  the  fait,  and  yet  the  amalgam  continued  very 
tenacious.  It  was  eafily  fpread  out  under  the  peRle  ; 
it  received  the  impreffion  of  the  mod  delicate  feals,  and 
had  a  very  clofe  and  brilliant  grain.  This  amalgam  is 
decompofed,  and  the  mercury  pafies  to  the  date  of 
black  oxide  by  the  fimple  conta6l  of  feveral  of  the  me¬ 
tals  and  a  great  number  of  animal  matters.  This  effed 
even  takes  place  on  rubbing  it  between  the  fingers  J. 

The  affinities  of  mercury,  as  afeertained  by  the  expe¬ 
riments  of  Morveau  (p),  are  as  follows  : 

Gold, 

Silver, 

Tin, 

Lead, 

Bifmuth^ 

Zinc, 

Copper, 

Antimony, 

Arfenic  (0» 

Iron. 

Sect.  V.  Of  Copper, 

Except  gold  and  filver,  copper  feema  ta  have  been 
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more  early  known  than  any  other  metal.  In  tne  firft  , 

ages  of  the  world,  before  the  method  of  working^  iron  ^ 

was  difeovered,  copper  was  a  principal  Ingredient  In  all 
domedic  utenfils  and  iiidruments  of  war.  Even  during 
the  Trojan  war,  as  vve  learn  from  Homer,  the  comba¬ 
tants  had  no  other  armour  but  what  was  made  of 
bronze,  which  is  a  mixture  cf  copper  and  tin.  The 
w'ord  copper  is  derived  from  the  Ifland  of  Cyprus,  where 
it  was  fird  difeovered,  or  at  lead  wrought  to  any  ex¬ 
tent,  by  the  Greeks.  95 

Copper  is  of  a  pale  red  colour  with  a  fliade  of  yel- Prepertiea 
low.  Its  tade  is  dyptic  and  naufeous  ;  and  when  rub- of  copper, 
bed  it  emits  a  difagrceable  fmell.  It  poflefies  a  confi- 
derable  degree  of  malleability,  though  lefs  than  filver. 

Its  tenacity  is  fiich,  that  a  wire  of  to  inch  in  dia¬ 

meter  can  fudain  a  weight  of  299^  pounds  without 
breaking*.  ^  Macquer^g 

Its  hardnefs  is  8  f.  Its  fpecific  gravity,  when  not  Di^l 
hammered,  is  7,788  ;  when  wire-drawn,  8,878^. 
fpecific  gravity  of  Japan  copper  is  9,ooo{  ;  that 
Svvedlfli  copper,  9,3243  \\,  ^  |  Brijhn, 

It  melts  at  27^  Wedgewood  ;  according  to  the  cal- §  i^«r’x 
culation  of  the  Dijon  academicians,  at  1449^  Fahrenheit. 

When  allowed  to  cool  flowly,  it  aflumes  a  crydalline^.^^^"^'' ' 
form.  The  Able  Monge,  to  whom  we  owe  many  jj  i^ergman^ 
valuable  experiments  on  the  crydallization  of  metals, ii.  1163. 
informs  us,  that  thefe  cry  dais  are  quadrangular  pyra¬ 
mids,  frequently  Inferted  into  one  another.  ^  ^  5,5 

When  copper  is  heated  red  hot  in  conta£l  with  air,  Brown 
it  Is  foon  covered  with  a  brown  earthy  crud,  which  may 
be  eafily  feparated  by  hammering  or  by  plunging  the 
tal  into  water.  If  the  heat  be  continued,  another  fcale 
of  the  fame  kind  fooii  forms  ;  and  by  continuing  the 
proetfs  the  whole  metal  may  be  converted  into  an  ear- 
tliy-like  crud,  which  is  merely  a  combination  of  copper 
and  oxygen,  and  Is  tlierefore  qzWqA  Ironvn  oxide  of  copper. 

It  Is  compofed  of  about  84  parts  of  copper  and  16  of 
oxygen*.  ^ 

When  copper  is  dlffoivcd  in  fulphuric  acid,  and 
cipitated  by  means  of  lime,  it  falls  in  the  form  of  a  blue- 
coloured  pow  der,  which  is  thaMv^  oxide  of  copper.  If  Blue  and 
this  oxide  of  copper  be  dried  in  the  open  air,  it  alTumcs 
a  green  colour,  and  is  then  called  the  green  oxide  of  cop* 
per.  This  lad  oxide  may  alfo  be  produced  by  didilling 
a  fufficient  quantity  of  nitric  acid  off  copper.  Little 
fatisfadfory  Is  yet  knowm  with  refped  to  thefe  oxides  ; 
it  has  not  even  been  afeertained  vffiether  the  blue  and 
green  be  really  two  dlffirent  oxides,  or  wdietlier  the  dif¬ 
ference  in  colour  be  owing  to  fome  other  caufe.  It  Is 
probable,  however,  that  the  green  oxide  contains  more 
oxygen  than  the  blue  ;  because  the  blue  oxide  affiimes 
a  green  colour  when  expofed  for  fome  time  to  the  open 
air,  during  which  it  may  be  fuppofed  to  abforb  oxygen. 

An  experiment  of  Fourcroy  proves  incontedibly,  that 
the  brown  oxide  contains  lefs  oxygen  than  the  green. 

He  converted  the  green  oxide  into  the  brown  by  applying 
heat;  and  during  the  diftillation  obtained  oxygen  g2Lsf,j  Fourcrcy 
The  affinities  of  the  oxides  of  copper,  according  to^^^’ 
Bergman,  are  as  follows  :  ThefAfiL 

Pyro-mucous  acid  :j^  nities. 

Oxalic,  \Sicbndeh 

_  Tartarous, 


(0)  Ammonia  is  an  alkali  hereafter  to  be  defcribed.  It  is  often  called,  in  Engllfh,  hartjljorn, 

(p)  We  ffiall  have  occafion  to  confider  thefe  celebrated  experiments  afterwards. 

(cl)  Thefe  two  are  added  from  Bergman.  Bergman  places  kad  hdwt  tin,  and  zinc  before,  bifmuth. 
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Siilphuret 
of  copper. 


Tartarous, 

Muriatic, 

Sulphuric, 

Saccholaftic, 

Nitric, 

Sebacic, 

Arfenic, 

Phofphoric, 

Succinic, 

Fluoric, 

Citric, 

Formic, 

JLa6lic, 

Acetous, 

Boracic, 

Prufllc, 

Carbonic, 

Fixed  alkalies,  ^ 

Ammonia, 

Fixed  oils. 

When  copper  is  long  expofed  to  the  air,  its  furface' 
becomes  covered  over  with  a  green  cruft,  which  is  green 
oxide  of  copper.  This  oxidation  never  penetrates  be¬ 
yond  the  furface. 

Copper  is  not  attacked  by  water  at  the  boiling  tem¬ 
perature  ;  but  if  cold  water  be  allowed  to  remain  long 
on  its  furface,  the  metal  becomes  partly  oxidated. 

Sulphur  mixes  readily  with  copper.  The  combina¬ 
tion  may  be  formed  by  mixing  the  ingredients  together 
and  applying  a  pretty  ftrong  heat.  Sulphuret  of  copper 
is  brittle,  fofter  than  copper,  of  a  black  colour  exter¬ 
nally,  and  within  of  a  leaden  grey.  It  is  compofed,  ac¬ 
cording  to  Kirwan’s  experiments,  of  8i  parts  of  copper 
*  and  19  of  fulphur*. 

Pelletier  formed  phofphuret  of  copper  by  melting 
together  one  ounce  of  copper,  one  ounce  of  phofphoric 
Phofphuret  gl^fs>  and  one  dram  of  charcoal.  It  was  of  a  white 
«fco}-(  er.  colour.  On  expofure  to  the  air,  it  loft  its  luftre  and 
f  becapie  blackifhf .  Margraf  was  the  firft  perfon  that 

1*  74*i  formed  this  phofphuret.  His  method  was  to  diftll 
pliofphorus  and  brown  oxide  of  copper  together.  It 
is  formed  moft  eafily  by  projeding  phofphorus  into  red 
hot  copper.  According  to  Pelletier,  it  contains  20 
t  Ibid.  xiii.  parts  of  phofphorus  and  80  of  copper  J.  This  phof- 
3‘  phuret  is  harder  than  iron  :  It  is  not  dudile,  and  yet 

cannot  eafily  be  pulverifed.  Its  fpeclfic  gravity  is 
§  Sage  7,1220.  It  cryftallizes  in  tetrahedral  prlfmsj. 

Jeurn.  de  Copper  combines  readily  with  gold  when  the  two 

metals  are  melted  together.  The  compound  is  of  a 
joi  reddifti  colour,  more  fufible  than  gold,  but  lefs  du6lile. 
Alloys  of  The  proportions  of  the  ingredients  which  form  this  al- 
copper  iQy  Jj^nowii ;  nor  would  it  be  eafy  to  afeertain 

them,  as  the  two  metals  are  almoft  equally  fufible.  The 
current  gold  of  this  country  1^  compofed  of  1 1  parts  of 
gold  and  one  part  of  copper. 

2.  The  alloy  of  copper  and  filver  is  made  as  eafily  as 
that  of  gold,  and  the  properties  arc  equally  unknown. 
It  is  harder  and  more  fonorous  than  filver.  The  cur¬ 
rent  filver  coin  of  Britain  is  compofed  of  15  parts  of 
filver  and  one  of  copper. 


Iron, 


.  3.  Platinum  combines  readily  with  copper.  The  al¬ 
loy  is  much  more  fufible  than  platinum  ;  it  is  dudlile, 
hard,  takes  a  fine  polifh,  and  is  not  liable  to  tamifii. 

This  alloy  has  been  employed  with  advantage  for  com- 
pofing  the  mirrors  of  refledling  telefcopes, 

4.  The  amalgam  of  copper  cannot  be  formed  by  Am¬ 
ply  mixing  that  metal  wdth  mercury,  nor  even  by  the 
application  of  heat ;  becaufe  the  heat  neceflary  to  melt 
copper  fublimes  mercury.  Dr  Lewis  has  given  us  fe- 
veral  procefles  for  forming  this  amalgam.  One  of  the  ’ 
fimpleft  is  to  triturate  mercury  with  a  quantity  of  com¬ 
mon  fait  and  verdigrife ;  a  fubftance  compofed  of  oxide 
of  copper  and  vinegar.  The  theory  of  this  procefs  is 
not  very  obvious.  102  . 

The  affinities  of  copper  are,  according  to  Bergman-, Us aflinitiei 
as  follows  : 

Gold, 

Silver, 

Arfenic, 

Iron, 

Manganefe, 

Zinc, 

Antimony, 

Platinum, 

Tin, 

Lead, 

Nickel, 

Bifmuth, 

Cobalt, 

Mercury, 

Sulphuret  of  alkali, 

Sulphur, 

Phofphorus. 
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Iron,  the  moft  abundant  and  moft  ufeful  of  all  the Difeovery 
metals,  was  neither  known  fo  early,  nor  wrought  foofUoi^* 
eafily,  as  gold,  filver,  and  copper.  For  its  difeovery 
we  miift  have  recourfe  to  the  nations  of  the  eaft,  among 
whom,  indeed,  almoft  all  the  arts  and  fciences  firft 
fprung  up.  The  writings  of  Mofes  (who  was  born 
about  1635  years  before  Chrift)  furnifti  us  with  the 
ampleft  proof  at  how  early  a  period  it  was  known  in 
Egypt  and  Phoenicia.  He  mentions  furnaces  for  work¬ 
ing  iron*,  ores  from  which  it  was  extracted  f  ;  and^j^^^^ 
tells  us  that  fwords  knives  axes  l|,  and  tools  for 
cutting  ftones^,  were  then  made  of  that  metal.  Howt  Ibtd.  viiL 
many  ages  before  the  birth  of  Mofes  iron  muft  have 9* 
been  difeovered  in  thefe  countries,  we  may  perhaps  xxxv”i6* 
ceive,  if  we  refledl,  that  the  knowledge  of  iron  was  j  LeVit.  L 
brought  over  from  Phrygia  to  Greece  by  the  Da6lyli*,i7. 
who  fettled  in  Crete  during  the  reign  of  Minos  1.  about!! 

1431  years  before  Chrift  ;  yet  during  the  Trojan 

which  happened  200  years  after  that  period,  iron  was^^ 

in  fuch  high  eftimation,  that  Achilles  propofed  a  ballsy  idefody  aa 

of  it  as  one  of  his  prizes  during  the  games  which  he  quoted  by 

celebrated  in  honour  of  Patroclus  (r).  At  that 

none  of  their  weapons  were  formed  of  iron.  Now  if^  ‘ 

the  Greeks  in  200  years  had  made  fo  little  progrefs  in 

an  art  which  they  learned  from  others,  how  long  muft 

it 
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it  have  taken  the  Egyptians,  Phrygians,  Chalybes,  or 
whatever  nation  firil  diTcovered  the  art  of  working  iron, 
to  have  made  that  progrefs  in  it  which  we  find  they  had 
done  in  the  days  of  Mofes  ? 

Iron,  when  frefh  broken,  is  of  a  bluifli  grey  colour. 
It  has  a  ftyptic  tafte,  and  emits  a  fmell  when  rubbed. 

It  is  malleable  and  din^ile  in  every  temperature ;  and 
its  malleability  is  increafed  in  proportion  as  the  tempe¬ 
rature  augments.  Its  tenacity  is  fuch,  that  an  iron 
wire  T*o  of  an  inch  in  diameter  fuftains  a  weight  of  450 
pounds  without  breaking 

Its  hardnefs  is  fuch,  that  it  may  be  eafily  reduced  to 
powder  by  the  application  of  a  file.  Its  fpecific  gra- 
vity  is  7,788.  It  is  infufible  in  the  ftrongell  heats  hi¬ 
therto  produced. 

It  is  attracted  by  the  magnet  or  loadRoiie,  and  is  it- 
felf  capable  of  becoming  magnetic  ;  but  it  retains  this 
property  only  for  a  very  fliort  time. 

It  is  not  hardened  by  being  plunged  into  liquids 
while  hot,  nor  foftened  by  being  cooled  flowly. 

Iron  combines  with  oxygen  very  readily.  When 
kindled  in  oxygen  gas,  it  burns  with  great  rapidity  and 
fplendor,  and  is  in  this  manner  converted  into  an  oxide. 
It  is  converted  into  an  oxide  alfo  when  furrounded  by 
raoifl  air,  or  when  plunged  in  water  ;  becaufe  it  has  a 
flronger  affinity  for  oxygen  than  hydrogen  has,  and  is 
therefore  capable  of  decompofing  water. 

Mr  Proiift  has  lately  proved,  that  there  are  only  two 
oxides  of  iron,  the  green  and  the  brown  or  m/,  and  that 
all  the  other  fuppofed  oxides  are  merely  mixtures  of  thefe 
two  in  various  proportions  f. 

The  green  oxide  may  be  obtained  by  diffolving  iron  in 
’fulphuric  acid,  and  then  precipitating  it  by  potafs.  It 
is  a  light,  green. coloured,  earthy-like  fubftance,  com- 
pofed,  as  Mr  Lavoifier  has  fhewn,  of  27  parts  of  oxy¬ 
gen,  and  73  of  iron  J.  When  this  oxide  is  expofed  to 
the  air,  it  quickly  abforbs  more  oxygen,  and  is  con¬ 
verted  into  a  brown  powder,  which  is  the  brown  oxide, 
Mr  Proud  has  proved  that  it  contains  52  parts  of 
iron  and  48  of  oxygen.  This  oxide  is  well  known 
under  the  name  of  rujlof  iron,  which  is  generally,  how¬ 
ever,  or  perhaps  always,  combined  with  carbonic  acid 
gas- 

The  affinities  of  thefe  oxides,  according  to  Bergman, 
are  as  follows ; 

Gallic  acid  ? 

Oxalic  acid, 

Tartar  ous. 

Camphoric  §, 

Sulphuric, 

Sacchola(!dic, 

Muriatic, 

Pyromiicous  1|, 

Nitric, 

Sebacic, 

Phofphoric, 

Arfenic, 
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Fluoric,' 

Succinic, 

Citric, 

Formic, 

L.a6lic, 

Acetous, 

Boracic, 

Pruffic, 

Carbonic. 

Iron  unites  readily  with  fulpliur.  Sulphuret  of  iron,  SuJphurct. 
formerly  called  pyrites,  is  found  ready  formed  in  many 
parts  of  the  world.  It  is  not  eafy  to  determine  the 
proportions  of  its  ingredients,  becaufe  it  is  capable  of 
combining  both  with  iron  and  fulpliur,  and  confequent- 
ly,  if  there  happens  to  be  any  excefs  of  either  during  its 
formation,  it  takes  it  up.  Perhaps  the  proportions  are 
not  far  from  equal  parts  of  fulphur  and  of  iron.  It  is 
of  a  pale  yellow  or  browniffi  colour,  and  is  capable  of 
afluming  a  cryftalline  form.  Its  fpecific  gravity  is  a- 
bout  4,000.  When  placed  upon  the  fire  it  precipi¬ 
tates  ;  and  at  a  red  heat  lofes  its  yellow  colour,  and  be¬ 
comes  of  an  iron  grey,  excepting  its  furface,  which  is 
of  a  bright  red.  It  melts  at  I02°  Wedgewood  in  a 
covered  crucible  into  a  bluifii  flag,  fomewhat  porous 
internally'^.  When  expofed  to  air  and  moifture,  the  *  A'/r Wi 
fulphur,  as  happens  in  all  fulphurets,  gradually  abforbs 
oxygen,  and  is  converted  into  an  acid.  7^- 

If  iron  filings  and  fulphur  be  mixed  together,  and 
formed  into  a  pafle  with  water,  the  fulpliur  decompofes 
the  water,  and  abforbs  oxygen  fo  rapidly,  that  the  mix- 
ture  takes  fire,  even  though  it  be  buried  under  ground. 

This  phenomenon  was  firft  difeovered  by  Homberg  ; 
and  it  is  conlidered  as  affording  an  explanation  of  the 
origin  of  volcanoes.  The  native  fulphuret  of  iron  has 
been  obferved  more  than  once  to  take  fire  on  being  fud- 
denly  moiftened  with  water. 

Iron  combines  readily  with  phofphorus,  and  forms 
phofphuret  of  iron;  to  which  Bergman,  who  firil  difco-‘rct^ 
vered  it,  gave  the  name  of fiderum.  ’ 

There  is  a  particular  kind  of  iron,  known  by  the 
name  of  cold Jhort  iron,  becaufe  it  is  brittle  when  cold, 
though  it  be  malleable  when  hot.  Bergman  was  em¬ 
ployed  at  Upfal  in  examining  the  caufe  of  this  proper- 
ty,  wffiile  Meyer  was  occupied  at  Stetin  with  the  fame 
inveftigation  ;  and  both  of  them  difeovered,  nearly  at 
the  fame  time,  that,  by  means  of  fulphuric  acid,  a  white 
powder  could  be  feparated  from  this  kind  of  iron,  which 
by  the  ufual  procefs  they  converted  into  a  metal  of  a 
dark  fteel  grey,  exceedingly  brittle,  and  not  very  fo- 
luble  in  acids.  Its  fpecific  gravity  was  6,700  ;  it  was 
not  fo  fufiblc  as  copper ;  and  when  combined  with  iron 
rendered  it  cold  Jhort,  Both  of  them  concluded  that 
this  fubftance  was  a  new  metal ;  and  Bergman  gave  it 
the  name  oi  Jiderum,  But  IClaproth  foon  after  recol- 
leding  that  the  fait  compofed  of  phofphoric  acid  and 
iron  bore  a  great  refemblancc  to  the  white  powder  ob¬ 
tained  from  cold  fliort  iron,  fafpeded  the  prefence  of 
^  S  phofphoric 
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phorpboric  acid  in  tbis  new  metal.  ^ 
point,  he  combined  phofphoric  acid  and  iron,  and  ob 
tainecl,  by  heating  it  in  a  crucible  along  with  charcoal 
powder  (s),  a  fubftance  exadly  refeniblmg  the  new 
metal.  Meyer,  when  Klaproth  communicated  to  him 
this  difeovery,  informed  him  that  he  had  already  mt's- 
fied  himfelf,  by  a  more  accurate  examination,  that  fide- 
rum  contained  phofphoric  acid.  Soon  after  this  Sclieele 
aaually  decompofed  the  white  powder  obtained  trom 
cold  fliort  iron,  and  thereby  demonftrated,  that  it  was 
compofed  of  phofphoric  acid  and  iron.  1  he  fiderura 
of  Bergman,  however,  is  compofed  of  phofphorus  and 
Iron,  the  phofphoric  acid  being  deprived  of  its  oxygen 
during  the  reduaion ;  or  it  is  phofphuret  of  iron.  It 
may  be  formed  by  fufing  in  a  crucible  an  ounce  of  phoi- 
phoric  glafs,  an  ounce  of  iron,  and  half  a  dram  of 
coal  powder.  It  is  very  brittle,  and  appears  white  when 
broken.  When  expofed  to  a  ftrong  heat,  it  melts,  and 
the  phofphorus  is  diffipated  *.  It  may  be  formed  alfo 
by  melting  together  equal  parts  of  phofphoric  glafs  and 
iron  filings.  Part  of  the  iron  combines  with  the  oxy¬ 
gen  of  the  phofphoric  glafs,  and  is  vitrified  ;  the  reft 
forms  the  phofphuret,  which  finks  to  the  bottom  of  the 
crucible.  It  may  be  formed  alfo  by  dropping  fmall 
bits  of  phofphorus  into  iron  filings  heated  red  hot  f- 
The  proportions  of  the  ingredients  of  this  phofpuret 
have  not  yet  been  determined. 

Iron  likewife  combines  with  carbon,  and  forms  a 
carburet.  Carburet  of  iron  has  been  long  known  and 
ufed  in  the  arts  under  the  names  of  plumbago  and  War« 
lead  It  is  of  a  dark  iron  grey  or  blue  colour,  and  has 
fomething  of  a  metallic  luftre.  It  has  a  greafy  feel,  and 
blackens  the  fingers,  or  any  other  fubftance  to  which  i 
is  applied.  It  is  found  in  many  parts  of  the  world,  el- 
pecially  in  England,  where  it  is  manufaaured  into  pen¬ 
cils  It  is  not  affeaed  by  the  moft  violent  heat  as  long 
as  air  is  excluded,  nor  is  it  in  the  leaft  altered  by  fimple 
expofure  to  the  air,  or  to  water.  Its  nature  was  firft 
iiiveftigated  by  Scheele  ;  who  proved,  by  a  very  inge¬ 
nious  analyfis,  that  it  could  be  converted  almoft  wholly 
into  carbonic  acid  gas,  and  that  the  fmall  refiduum  was 
iron  It  follows  from  this  analyfis,  that  it  is  compoled 
of  -arbon  and  iron  ;  for  the  carbon,  during  its  combul- 
tion,  had  been  converted  into  carbonic  acid  gas.  By 
the  fubfequent  experiments  of  Pelletier  and  other  French 
chemifts,  it  has  been  Ihewn  to  confift  nearly  of  nine 
parts  of  carbon  to  one  of  iron. 

There  are  a  great  many  varieties  of  iron,  which  ar- 
lifts  diftinguifh  by  particular  names  ;  but  all  of  them 
may  be  reduced  under  one  or  other  of  the  three  follow¬ 
ing  ftates  :  Wrought  iron  (or  Amply  tron),Jleel,  and  cajt 

or  ranv  iron,  .  , 

Wroug  ht  Iron  is  the  fubftance  which  we  have  been 
hitherto  deferibing.  As  it  has  never  yet  been  decom¬ 
pounded,  we  confider  it  when  pure  as  a  fimple  body  ; 
but  it  has  feldom  or  never  been  found  without  lome 
fmall  mixture  of  foreign  fubftances.  Thefe  fubftances 
are  either  fome  of  the  other  metals,  or  oxygen,  carbon, 

or  phofphorus.  ^  i  r  n 

Steel  is  diftinguiflied  from  iron  by  the  following 


chemistry;  Part  I; 

To  decide  the  leaft  it  acquires  this  property  by  being  immerfed  while  Iron. 


^  It  is  fo  hard  as  to  be  unmalleable  while  cold,  or  at 


Ignited  into  a  cold  liquid  ;  for  this  immerfion,  though 
it  has  no  effect  upon  iron,  adds  greatly  to  the  hardnefs 
of  Jleel, 

It  is  brittle,  refifts  the  file,  cuts  glafs,  affords  fparks 
with  flint,  and  retains  the  magnetic  virtue  for  any  length 
of  time. 

It  lofes  this  hardnefs  by  being  ignited  and  cooled  very 
flowly. 

It  melts  at  above  130^^  Wedgewood.  It  is  malleable 
when  red  hot,  but  fcarcely  fo  when  raifed  to  a  white  heat. 

It  may  be  hammered  out  into  much  thinner  plates 
than  iron.  It  is  more'^fonorous  ;  and  its  fpecific  gra¬ 
vity,  when  hammered,  is  greater  than  that  of  iron. 

By  being  repeatedly  ignited  in  an  open  veffel,  and 
hammered,  it  becomes  wrought  iron  *,  ^ 

Cast  Iron  is  diftinguiflied  by  the  following  pro-yo«  on 
perties :  ^  Wootz^ThiU 

It  is  fcarcely  malleable  at  any  temperature.  It  is  ge- 
nerally  fo  hard  as  to  refift  the  file.  It  can  neither  be  caftiron. 
hardened  nor  foftened  as  fteel  can  by  ignition  and  cool¬ 
ing.  It  is  exceedingly  brittle.  It  melts  at  130^  Wedge- 
wood.  It  is  more  fonorous  than  fteel  f .  f  Ibid, 

Caft  iron  is  converted  into  wrought  iron  by  expofing  it 
for  a  confiderable  time  in  a  furnace  to  a  heat  fufiiciently 
ftrong  to  melt  it.  During  the  procefs  it  is  conftantly 
ftirred  by  a  workman,  that  every  part  of  it  may  be 
equally  expofed  to  the  air.  In  about  an  hour  the  hot- 
teft  part  of  the  raafs  begins  to  heave  and  fwell,  and  to^ 
emit  a  lambent  blue  flame.  This  continues  nearly  an 
hour  ;  and  by  that  time  the  converfion  is  completed. 

The  heaving  is  evidently  produced  by  the  emiflioii  of  an 
elaftic  fluid  J.  ^  t  Beddocs^ 

Wrought  iron  may  be  converted  into  fteel  by  being  Phil,  Tranf 
kept  for  fome  hours  in  a  ftrong  red  heat,  furrounded  ^79** 
with  charcoal  powder  in  a  covered  crucible.  By  this 
procefs,  which  is  called  cementation^  the  iron  gains  fome 
weight.  ^  114 

Thefe  different  kinds  of  iron  have  been  long  known,  Cai-fe  of v 
and  the  converting  of  them  into  each  other  has  been  thefe  va- 
pradifed  in  very  remote  ages.  Many  attempts  have^^^^^^'* 
been  made  to  explain  the  manner  in  which  this  conver¬ 
fion  is  accomplifhed.  According  to  Pliny,  fteel  owes 
its  peculiar  properties  chiefly  to  the  water  into  which  it 
is  plunged  in  order  to  be  cooled  §.  Beecher  fuppofed^  pi;„y^ 
that  fire  was  the  only  agent ;  that  it  entered  into  the  1.  xxxiv.  i4» 
iron,  and  converted  it  into  fteel.  Reaumur  was  the  firft 
who  attended  accurately  to  the  procefs ;  and  his  nume¬ 
rous  experiments  have  certainly  contributed  to  elucidate 
the  fubjed.  He  fuppofed  that  iron  was  converted  in¬ 
to  fteel  by  combining  with  faline  and  oily  or  fulphure- 
ous  particles,  and  that  thefe  were  introduced  by  the 
fire.  But  it  was  the  analyfis  of  Bergman,  publifhed  in 
1781,  that  firft  paved  the  way  to  the  explanation  of 
the  nature  of  thefe  different  fpecies  of  iron. 

By  diffolving  in  diluted  fulphuric  acid  loo  parts  of  caft 
iron,  he  obtained  40  ounce  meafures  of  hydrogen ;  from 
Jooparts  of  fteel  he  obtaIned48  ounce  meafures;  and  from 
100  parts  of  wrought  iron,  50  ounce  meafures.  Now  as 
the  hydrogen  is  produced  by  the  property  which  iron  has 
of  decompofing  water  and  uniting  with  its  oxygen,  it  is 
evident  that  the  greater  the  quantity  of  hydrogen  ol>- 

tained. 


(s)  This  procefs  in  cheraiftry  is  called  reduaion. 
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Iron,  tamed,  wIA  the  mere  oxygen  does  the  iron  combine, 
sjjut  the  quantities  of  iron  were  equal  ;  they  ought 
therefore  to  have  combined  with  equal  quantities  of  oxy¬ 
gen.  But  it  is  evident,  from  the  quantities  of  hydro¬ 
gen  obtained,  that  the  call  iron  received  lefs  oxygen 
than  either  of  the  other  two  :  call  iron  therefore  muft 
contain  already  fome  oxygen,  fince  it  requires  lefs  tlian 
the  other  two  fpecies  in  order  to  be  faturated.  Here 
then  is  one  difference  between  caff  iron  and  the  other 
two  kinds ;  it  contains  oxygen.  Steel,  on  the  contrary, 
does  not  appear  to  contain  any  oxygen.  The  difference 
between  the  quantity  of  hydrogen  produced  during  its 
folution  and  that  of  wrought  iron,  which  contains  no 
oxygen,  is  exceedingly  fmall,  and  it  has  been  found  to 
diminifh  in  proportion  to  the  purity  of  the  fteel. 

From  1 00  parts  of  caft  iron  Bergman  obtained  2,2 
of  plumbago,  or  ;  from  100  parts  of  fteel,  0,5,  or 
T ;  and  from  100  parts  of  wrought  iron,  0,1  2,  or 
Now  plumbago  is  compofed  of  -r^ths  of  carbon ; 
caft  iron  therefore  contains  a  confiderable  quantity  of 
carbon,  fteel  a  fmaller  quantity,  and  wrought  iron  a  ve¬ 
ry  minute  portion,  which  diminifhes  according  to  its  pu¬ 
rity,  and  would  vanifh  altogether  if  iron  could  be  ob¬ 
tained  perfectly  pure.  Mr  Giignon,  in  his  notes  on  this 
analyfis,  endeavoured  to  prove  that  plumbago  was  not 
effentially  a  part  of  caft  iron  and  fteel,  but  that  it  was 
merely  accidentally  prefent  But  Bergman,  after  confl- 
dering  his  objedtrons,  wrote  to  Morveau  on  the  i8th  No¬ 
vember  1783.  I  will  acknowledge  my  miftake  when¬ 
ever  Mr  Grignon  fends  me  a  fingle  bit  of  caft  iron  or  fteel 
which  does  not  contain  plumbago;  and  I  beg  of  you,  my 
dear  friend,  to  endeavour  to  difeover  fome  fuch,  and  to 
fend  them  to  me  ;  for  if  I  am  wrong,  I  wifti  to  be  unde- 
^  ?Vfcrwtf«,ceived  as  foon  as  pofllble^.”  This  was  almoft  the  laft 
JincycL  Me-  adlion  of  the  illuftrious  Bergman.  He  died  a  few  months 
ihod.  Chi  after  at  the  age  of  49,  leaving  behind  him  a  moft  bril- 
>•  44S.  Jiant  reputation,  which  no  man  ever  more  defervedly 
acquired.  His  iriduftry,  his  indefatigable,  his  aftonifti- 
ing  induftry,  would  alone  have  contributed  much  to  ef- 
tablifh  his  name  ;  his  extenfive  knowledge  would  alone 
have  attrafted  the  attention  of  philofophers  ;  his  inge¬ 
nuity,  penetration,  and  accurate  judgment,  would  alone 
have  fecured  the  applaufe  ;  and  his  candour  and  love  of 
truth  procured  him  the  confidence  and  the  efteem  of 
the  world, — But  all  thefe  qualities  were  united  in  Berg¬ 
man,  and  confpired  to  form  one  of  the  greateft  men  and 
nobleft  charafters  that  ever  adorned  human  nature. 

The  experiments  of  Bergman  were  fully  confirmed 
by  thofe  of  Morveau,  Vandermonde,  Monge,  and  Ber- 
thollet,  who  have  likewife  thrown  a  great  deal  of  addi¬ 
tional  light  on  the  fubjedf.  From  all  thefe  experiments 
the  following  dediidlions  may  be  made. 

Wrought  iron  is  a  fimple  fubftance,  and  if  perfedlly 
pure  would  contain  nothing  but  iron* 

Steel  is  iron  combined  with  carbon.  The  proportion 
of  this  laft  ingredient  has  not  yet  been  afeertained  ;  Dr 
Pearfon  fixes  it  at  y^oth  part  at  a  medium.  Steel,  in 
confequence  of  its  compofition,  has  been  called  by  fome 
chemifts  carburet  of  iron  ;  but  before  afiigning  it  that 
name,  which  has  been  alfo  given  to  plumbago,  it  ought 
to  be  determined  what  are  the  proportions  of  carbon 
and  iron  which  faturate  each  other.  Is  it  the  propor¬ 


tion  in  which  thefe  two  fubftances  cxift  in  fteel,  or  that  ^ 

which  forms  plumbago  i*  In  the  firft  cafe,  plumbago  is  ' 
carburet  of  iron  combined  with  carbon  ;  in  the  fecond, 
fteel  is  carburet  combined  with  iron.  Or  is  it  fome  in¬ 
termediate  proportion  ?  Till  thefe  points  be  determined, 
perhaps  it  would  be  better  to  continue  the  old  names 
than  to  rifle  the  impofing  of  fulfe  ones. 

Cajl  iron  is  iron  contaminated  with  various  foreign 
fubftances,  the  proportions  of  which  vary  according  to 
circumftances.  Thefe  fubftances  are  chiefly  oxide  of 
iron  and  carbon,  and  fometimes  filica  (t). 

Bergman  found  a  quantity  of  manganefe  in  the  iron 
and  fteel  which  he  examined  ;  but  it  appears  from  the 
experiments  of  Vauquelin,  that  his  method  of  determi¬ 
ning  the  prefence  of  that  metal  was  not  accurate. 

Mr  Vauquelin  *  has  lately  analyfed  four  kinds  of  fteel  7^* 
with  great  care,  and  contrived  his  procefles  with  much  ^ 
ingenuity.  The  reiult  01  his  analyiis  is  as  tollow^s  :  Journal,  i* 

rCarbon,  -  0,00789 

FiVa  fteel,  compofed  of  i  ‘  ^ 

Liron,  - 


0,00345  lin’s  analy- 
0^9^55  I 


!  Carbon, 

Ph()^*horus 
Iron,  - 


0,00683 

0,00275 

0,00827 

0,98217 


f  Carbon, 

Sojhorus, 

Iron,  - 


0,00789 
0,00315 
0,00791 
0,98 1 05 


{Carbon, 

Phofphorus, 
Iron,  - 


0,00631 

0,00252 

0,01520 

0^97597 


It  cannot  be  concluded  from  thefe  experiments  that 
all  fteel  contains  phofphorus  and  filica ;  far  lefs  that 
thefe  fubftances  enter  neceflarily  into  the  compofition 
of  fteel.  This  may  be  the  cafe,  and  former  analyfes  may 
not  have  been  nice  enough  to  dete(ft  it  ;  but  before  it 
can  be  admitted,  it  muft  be  fhewn  that  thefe  fubftances 
are  always  prefent  in  fteel,  and  that  it  lofes  its  efl'ential 
properties  when  deprived  of  them. 

Iron  combines  with  moft  metals. 

1.  The  alloy  of  gold  and  iron  is  very  hard,  and  might,  Alloys  of 
according  to  Dr  Lewis,  who  examined  it,  be  employed  iron, 
with  advantage  in  forming  cutting  inftruments. 

2.  That  iron  combines  with  filver  is  certain,  but 
hardly  any  thing  is  known  about  the  nature  of  the 
compound. 

3.  Platinum  is  ufiially  found  alloyed  with  iron.  Dr 
Lewis  did  not  fucceed  in  his  attempts  to  unite  thefe 

Cr  g  2  inetaU 


(t)  An  earth  which  ftiall  be  deferibed  in  the  next  chapter. 
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Cbm,  vi* 
39- 

I?  7 


platinunri.  The  alloy  was  excclTively  hard,  and  polTefled 
du(ftlllty.  ^  ^ 

4.  There  13  very  little  affinity  between  iron  and  mer¬ 
cury  ;  they  cannot  therefore  be  amalgamated  by  fimple 
mixture,  even  with  the  affillance  of  heat.  Vogel  affirms 
that  he  has  produced  an  amalgam  of  iron  by  the  follow¬ 
ing  procefs  :  Pound  one  part  of  iron  filings  and  two 
parts  of  alum  in  a  mortar  to  a  fine  powder  ;  then  pour 
in  two  or  three  parts  of  mercury,  and  triturate  till  the 
fubllances  be  thoroughly  mixed.  Pour  on  a  little  wa¬ 
ter,  and  continue  the  trituration  for  about  an  hour.  If 
then  no  particles  of  iron  can  be  difiinguifhed,  pour  on 
a  little  more  water  to  wafh  out  the  alum,  and  then  dry 
the  amalgam.  If  particles  of  iron  be  perceptible,  the 
trituration  mufl  be  continued  till  they  difappear*. 

Iron  may  be  united  to  copper  by  fnfion,  but  not 
without  confiderable  difficulty.  The  alloy  has  been  ap¬ 
plied  to  no  ufe. 

Its  affinities.  The  affinities  of  iron,  according  to  Bergman,  are  as 
follows  : 

Nickel, 

Cobalt, 

Manganefe, 

Arfenic, 

Copper, 

Gold, 

Silver, 

Tin, 

Antimony, 
platinum, 

Bifmuth, 

P.ead, 

Mercury, 

Sulphuiet  of  alkali> 

Carbon  ? 

Phofpborus  ? 

Sulphur  ? 

Sect.  VII.  Of  Tin. 

The  Phenicians  were  the  fiift  of  thofe  nations  which 
make  a  figure  in  ancient  hifloiy  that  were  acquainted 
with  /m.  They  procured  it  from  Spain f  and  from  Bri¬ 
tain,  with  which  nations  they  carried  on  a  very  lucra¬ 
tive  commerce.  At  how  early  a  period  they  imported 
this  metal  we  may  cafily  conceive,  if  we  rccolledt  that 
%  Numbers^  it  was  in  common  ufe  in  the  time  of  Mofes  J. 

Tin  is  of  a  greyifli  white  colour  :  it  has  a  flrong  dif- 
and  emits  a  peculiar  fmell  when  rub- 

bed. 

It  is  very  malleable  ;  tindeaf,  or  tinfoil  as  it  is  called, 
is  about  TuW^h  part  of  an  inch  thick,  and  it  might  be 
beat  out  into  leaves  as  thin  again  if  fuch  were  wanted 
for  the  purpofes  of  art.  Its  duftility,  however,  is  ex* 
ceedingly  imperfedi  ;  for  a  tin  wire  Vsth  of  an  inch  in 
diameter,  is  capable  of  fuppoiting  only  49  pounds  witb- 
j  Mac^uersQ^l  breaking  J.  It  is  very  flexible,  and  produces  a  crack- 
^tBioHary.  noife  when  bended. 

II  Ktrivan  s  , _ ,  ^  ^  „ 

jMiner,  ii. 
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Tin  unites  very  readily  with  oxygen.  When  heated 
in  contadl  with  air,  its  furfacc  foon  becomes  covered  ^ 
with  a  grey  pellicle  ;  when  this  is  taken  off,  another 
appears  foon  after;  and  in  this  manner  the  whole  metal 
may  be  converted  into  a  dirty  grey  powder,  which  is 
the  grey  oxide  of  tin.  It  is  compofed,  according  to 
Tourcroy,  of  90  parts  of  tin  and  10  of  oxygen. 

When  tin  is  heated  red  hot  in  contadt  with  air,  it 
takes  fire  *,  and  burns  with  a  very  lively  white  flame,  and^ 
is  gradually  fublimed.  If  the  fublimate  be  examined, 
it  is  found  to  confift  of  a  white  powder  ;  it  is  the  white 
oxide  of  tin.  The  white  oxide  is  perhaps  never  obtained 
quite  pure  by  this  procefs  ;  it  feems  always  to  contain  a 
mixture  of  grey  oxide  :  but  it  may'  be  obtained  pure  by 
pouring  nitric  acid  upon  tin,  and  then  drying  it.  Ihat 
metal  having  a  much  ftronger  attradlioa  for  oxygen 
than  azot  has,  decompofes  the  acid  with  the  greatefl: 
rapidity,  and  affumes  the  appearance  of  a  white  powder, 
which  is  the  white  oxide.  This  oxide  poffeffes  many  of 
the  properties  of  an  acid,  and  is  therefore  often  called 
Jlanntc  acid.  It  feems  to  confift  of  about  77  parts  of  tin 
and  23  of  oxygen  f.  f 

The  affinities  of  the  grey  oxide  of  tin,  according 
Bergman,  are  as  follows  : 


\  Pliny,  1. 

A‘  c.  34. 
and  I.  34.  c. 

47. 


XXXI.  21, 

agreeable  tafte. 
Properties  ,  °  , 


Pyromucous  acid  J, 
Sebacic  acid. 
Tartaric, 

Muriatic, 

Sulphuric, 

Oxalic, 

Arfenic, 

Phofphoric,. 

Nitric, 

Succinic, 

Fluoric, 

Saccholadlic, 

Citric, 

Formic, 

Ladlic, 

Acetous^ 

Boracic,, 

Pruffic., 


SehfichiL 
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This  fulphurct 


of  tin ; 


Its  hardnefs  is  6  Ij.  Its  fpecific  gravity  is  7,291  ; 
after  hammering,  7,299 

It  melts  at  the  temperature  410®,  according  to  Dr 
Lewis;  according  to  the  Dijon  academicians,  at  419®- 
When  heated  red  hot  in  clofe  vcffels  it  fublinies.  It 


195. 

^  Brtjfon, 

^  Pajoty 
Jour,  de 

cryftaliizes  in  the  form  of  a  rliomboidal  prifm* 


Tin  combines  readily  with  fulphur, 
may  be  formed  by  fufing  the  two  ingredients  together, 

It  is  brittle,  heavier  than  tin,  and  not  fo  fufible.  ^  It  is 
of  a  bluifti  colour  and  laraellated  ftrudfure,  and  is  ca¬ 
pable  of  cryftalliaing.  According  to  Bergman,  it  is 
compofed  of  80  parts  of  tin  and  20  of  fulphur  accord¬ 
ing  to  Pelletier,  of  85  parts  of  tin  and  15  of  fulphur  §,  ^  Ann.dy 
Sulphur  likewife  combines  with  the  white  oxide  of  xiii. 
tin,  by  mixing  them  together,  and  applying  a- gentle^  7* 
heat  II .  This  compound  has  been  called  aurum  mufvum,  |j  pAletiery 
It  is  a  mafs  confifting  of  beautiful  gold-coloured  flakes, p.  397 
and  is  ufed  as  a  paint.  It  is  compofed  of  about  40  parts 
of  fulphur  and  60  of  white  oxide  of  tin  T  he  proccfs  ^i  293 
for  making  this  fubftance  was  formerly  very  complica¬ 
ted.  Pelletier  firft  demonftrated  its  real  compofitlon, 
and  was  hence  enabled  to  make  many  important  im¬ 
provements  in  the  manner  of  manufaduring  it  ^  ^  Mmo/rT 

Phofpborus  is  eafily  combined  with  tin,  by  melting  in  ’ 

a  crucible  equal  parts  of  filings  of  tin  and  phofphoric  xiii. 
glafs.  Tin  has  a  greater  affinity  for  oxygen  than  phof-  aEo. 
pborus  has.  Part  of  the  metal  therefore  combines  with 

the 

ret. 
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Alloy?, 


Part  I.  C  H  E  M  1 

Tin.  the  oxygen  of  the  glafs  during  the  fiifion,  and  flies  off 
in  the  ftate  of  an  oxide,  and  the  reft  of  the  tin  combines 
with  the  phofphorus.  The  phofphuret  of  tin  may  be 
cut  with  a  knife  ;  it  extends  under  the  hammer,  Uit  fe- 
parates  in  laminae.  When  newly  cut  it  has  the  colour 
of  filver  ;  its  filings  refemble  thofe  of  lead.  When  thefe 
filings  are  thrown  on  burning  coals,  the  phofphorus 
takes  fire.  This  phofphuret  may  likewdfe  be  formed  by 
dropping  phofphorus  gradually  into  melted  tin.  Ac¬ 
cording  to  Pelletier,  to  w'hofe  experiments  we  are  in¬ 
debted  for  the  knowledge  of  all  the  phofphurets,  it  is 
compofed  of  about  85  parts  of  tin  and  15  of  phofpho- 
*^Ann.Je  vus* ,  Margraf  alfo  formed  this  phofphuret,  but  lie 
Cffim.xiiu  was  ignorant  of  its  compofition. 

Tin  does  not  feem  capable  of  combining  with  car¬ 
bon.  ^It  is  capable  of  combining  with  moll  of  the  me¬ 
tals. 

1.  It  mixes  readily  with  gold  by  fuflon  ;  but  the 
proportions  in  which  thefe  metals  combine  chemically 
are  ftill  unknowm.  When  one  part  of  tin  and  twelve 
of  gold  are  melted  together,  the  alloy  is  brittle,  hard, 
and  bad  coloured.  Twenty-four  parts  of  gold  and  one 
of  tin  produce  a  pale  coloured  alloy,  harder  than  gold, 
but  poflefled  of  confiderable  diuflility.  Gold  alloyed 
with  no  more  than  of  tin  is  fcarcely  altered  in  its 

f  Aibhornti  properties,  according  to  Mr  Alchorne'j' ;  but  MrTillet, 
Fhil,  Trarif.  lately  examined  this  alloy,  found,  that  when¬ 
ever  it  \vas  heated  it  broke  into  a  number  of  pieces. 

2.  The  alloy  of  filver  and  tin  is.  hardly  known.  Ac¬ 
cording  to  Gellert  and  fucceeding  chemifts,  it  is  exceed¬ 
ingly  brittle. 

5.  The  alloy  of  platinum  and  tin  is  very  fufible  and 
brittle,  at  leaft  when  thefe  metals  are  mixed  in  equal 
I Z.f-ri^/V.proportioris:j:. 

4.  Mercury  diflblves  tin  very  readily,  by  being  pour¬ 
ed  on  it  when  melted.  This  amalgam  ci7ftallizes  in  the 
form  of  cubes,  according  to  Daubenton  ;  but,  accord¬ 
ing  to  Sage,  in  grey  brilliant  fquare  plates,  thin  to¬ 
wards  the  edges,  and  attached  to  each  other  fo  that  the 
cavities  between  them  are  polygonal.  It  is  compofed  of 
three  parts  of  mercur*)'  and  one  of  tin.  The  amalgam 
of  tin  is  nfed  to  filver  the  backs  of  glafs  mirrors. 

5.  Tin  unites  very  readily  with  copper,  and  forms  al¬ 
loys  known  by  the  names  of  hronxe  and  lelUmetaJ.  The 
proportions  of  the  ingredients  cannot  eafily  be  afligned, 
perhaps  becaufe  the  alloy  has  an  affinity  both  for  copper 
and  tin.  The  fpecific  gravity  of  the  alloy  in  all  propor¬ 
tions  is  greater  than  the  mean  fpecific  gravity  of  the  two 
metals  feparately.  When  the  quantity  of  tin  is  fmall  com¬ 
pared  to  that  of  the  copper,  for  inftance,  the  alloy 
is  called  lron%e  :  it  is  brittle,  yellow,  and  much  heavier 
than  copper;  much  more  fufible,  and  iefs  liable  to  be  al¬ 
tered  by  expofure  to  the  air.  It  was  this  alloy  which  the 
ancients  ufed  for  fharp-edged  inftriiments  before  the  me¬ 
thod  of  working  iron  was  brought  to  perfedlion.  The 
xa^y.0^  of  the  Greeks,  and  perhaps  the  as  of  the  Ro¬ 
mans,  was  nothing  elfe.  Even  their  copper  coins  con¬ 
tain  a  mixture  of  tin  §, 

6.  Tin  feems  capable  of  being  united  to  iron  by  fu- 
fion.  That  there  is  an  affinity  between  thefe  metals  is 

PJbyf,  1790.  evident  from  their  adhefion  when  iron  is  dipt  into  melt- 
133  ed  tin.  This  is  the  method  of  making  tinplate, 

Andafimi-  The  affinities  of  tin,  according  to  Bergman,  are  as 
follows; 
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Zinc, 

Mercury, 

Copper, 

Antimony, 

Gold, 

Silver, 

Lead, 

Iron, 

Llaiiganefe, 

Nickel, 

Arfenic, 

Platinum, 

Bifmuth,- 

Oobalt, 

Sulphuret  of  alkali, 

Oxygen  ? 

Sulphur  ? 

Phofphorus  \ 

Sect.  Vlll.  Of  Lead. 

Lead  appears  to  have  been  very  early  known.  It  is 
mentioned  leveral  times  by  Mofes.  The  ancients  feem 
to  have  confidered  it  as  nearly  related  to  tin. 

Lead  is  of  a  bluilh  white  colour,  fomewhat  darker  properties 
than  tin.  When  newly  melted  it  is  very  bright,  butofkad.' 
foon  becomes  tarnifhed  by  expofure  to  the  air.  It  lias 
fcarcely  an^^  tafte,  but  emits  on  fridlion  a  peculiar  fmell. 

It  is  very  malleable,  and  ma.y  be  reduced  to  thin 
plates  by  the  hammer  ;  but  its  du6lility  is  very  im- 
perfedl  :  a  wire  of  lead  of  an  inch  in  diameter  is 

only  capable  of  fupporting  a  weight  of  29:3  pounds*.  Macquer  s 
Its  hardnefs  is  yf  ;  its  fpecific  gravity  is  j  ^ 

Its  fpecific  gravity  is  not  increafed  by  hammering,  li, 

ther  does  it  become  harder,  as  is  the  cafe  wdth  other  me-aoa. 
tals;  a  proof  that  the  hardnefs  which  metals  aflume  un-l 
der  the  hammer  is  in  confequence  of  an  increafeof  denfity. 

It  melts,  according  to  Dr  Lewis,  at  540®  Fahrenheit; 
according  to  the  Dijon  academicians,  at  549'’.  Whea 
expofed  to  a  violent  heat  it  evaporates  completely. 

When  cooled  flowly,  after  being  fufed,  it  cryftallizes. 

The  Abbe  Mongez  obtained  it  in  quadrangular  pyra¬ 
mids,  lying  on  one  of  their  fides.  Each  pyramid  was 
compofed  as  it  were  of  three  layers.  Pajot  obtained  it 
in  the  form  of  a  polyhedron  with  32  fides,  formed  by 
the  coiicourfe  of  fix  quadrangular  pyramids  J.  j  Jour.de 

I^ead  ilains  paper  or  the  fingers  of  a  bluifli  black  Qo^Phyf. 
lour.  xxxviiu53. 

There  is  a  ftrong  affinity  between  this  metal  and  exMes 

gen.  When  nitric  acid  is  poured  upon  it,  an  cfFcrvef- 
teiice  enfues,  owing  to  the  decompofition  of  the  acid  ; 
the  lead  feizes  oxygen  from  it,  and  is  converted  into  a 
white  powder,  which  may  be  obtained  })ure  by  evapo¬ 
rating  it  to  drynefs,  and  then  wafhing  it  in  pure  water. 

This  is  the  ‘ivhtte  oxide  of  lead.  It  is  compofed  of  about 
95  parts  of  lead  and  five  of  oxygen  ||.  The  affinities 
of  this  oxide  are,  according  to  Bergman,  as  follows  ;  Miner,  ii. 
Sulphuric  acid, 

Sebacic, 

Sacchola£lic, 

Oxalic, 

Arfenic, 

Tartarous, 

Phofphoric, 

Muriatic, 

Benzoic,, 
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Benzoic  (  u )  ? 

Sulphurous^ 

Suberic?!  /  x 
Zoonic  ?  j 
Nitric, 

^  Pyromucous  (v)  ? 

Fluoric, 

Citric, 

Formic, 

La<Slic, 

Acetous, 

Boracic, 

Pruflic, 

Carbonic, 

Fixed  alkali. 

When  lead  is  expofed  to  beat  in  conta61:  with  air,  its 
furface  is  foon  covered  with  a  grey  pellicle  ;  when  this 
is  taken  off,  another  foon  forms  :  and  in  this  manner 
the  whole  lead  may  foon  be  converted  into  a  dirty  grey 
powder,  w'hich  feems  to  be  the  white  oxide  mixed  with 
a  little  lead.  When  this  powder  is  heated  red  hot,  it  af- 
fiimes  a  deep  yellow  colour.  This  is  the  yellow  oxide  of 
lead,  formerly  called  majjicot.  If  the  heat  be  continued, 
the  colour  is  gradually  changed  to  a  beautiful  red.  This 
is  the  red  oxide  of  lead^  formerly  called  minium.  It  is 
compofed,  as  Lavoifier  has  fhewn,  of  88  parts  of  lead 
and  1 2  of  oxygen*. 

The  manner  in  which  thefe  changes  are  brought 
about  is  evident ;  the  metal  gradually  abforbs  oxygen 
from  the  atmofphere.  This  has  been  adlually  proved 
by  experiment.  Thefe  oxides  (if  they  really  differ  in 
the  proportion  of  oxygen)  refemble  acids  in  feveral  of 
their  properties.  They  are  very  eafily  converted  into 
glafs  by  fufion.  Scheele  has  fhewn  that  there  is  alfo  a 
brown  oxide  of  leady  which  contains  more  oxygen  than 
any  of  the  others. 

Sulphur  unites  eafdy  to  lead  by  fufion.  The  fulphu- 
ret  of  lead  is  brittle,  of  a  deep  grey  colour,  and  much 
lefs  fufible  than  lead.  Thefe  two  fubftances  are  often 
found  naturally  combined  ;  the  compound  is  then  called 
galena.  Sulphuret  of  lead  is  compofed,  according  to  the 
experiments  of  Wenzel,  of  868  parts  of  lead  and  132 
fK'/mWjof  fulphurf. 

Miner,  ii.  Phofphuret  of  lead  may  be  formed  by  mixing  toge- 
49^-  ,  ther  equal  parts  of  filings  of  lead  and  phofphoric  glafs, 

and  fufing  them  in  a  crucible.  It  may  be  cut  with  a 
knife,  but  feparates  into  plates  when  hammered.^  It  is 
of  a  white  filver  colour  with  a  fhade  of  blue,  but  it  foon 
tarnifhes  when  expofed  to  the  air.  i  his  phofphuret 
may  alfo  be  formed  by  dropping  phofphorus  into  melt¬ 
ed  lead.  It  is  compofed  of  about  1 2  parts  of  phof- 
%  Velhtlery  phorus  and  88  of  lead  J. 

Lead  combines  with  rnoft  of  the  other  metals. 

I.  Little  is  known  concerning  the  alloy  of  lead  and 
128  gold.  It  is  faid  to  be  brittle. 

^Ikye,  and 
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2.  The  alloy  of  filver  and  lead  is  very  fufible,  and  t-ead. 


♦  M.em. 
Tar.  1781. 


^  Sulphuret, 


ri; 
Phofphu¬ 
ret, 


jinn,  de 
Chim.  xiii. 
II4 


neither  elaftic  nor  fonorous. 

Platinum  and  lead  unite  in  a  ftrong  heat 


the  al¬ 


loy  is  brittle,  of  a  purplifh  colour,  and  foon  changes  on 
expofure  to  the  air  *.  ♦  Fsurersy^ 

4.  Mercury,  when  poured  upon  melted  lead,  diffolves 
it  readily.  The  amalgam  is  white  and  brilliant,  and 
affumes  a  folid  form.  It  is  capable  of  cryftallizing. 

The  cryftals  are  compofed  of  one  part  of  lead  and  one 

and  a  half  of  mercury  f.  f  Dijon  4^ 

5.  Copper  and  lead  combine  eafily  by  fufion  ;  but  the  eademkianu 
alloy  has  not  been  applied  to  any  ak, 

6.  Iron  does  not  unite  with  lead. 

7.  Lead  and  tin  may  be  combined  by  fufion.  The 
-alloy  in  the  proportion  of  two  parts  of  lead  and  one  of 
tin  is  more  foluble  than  either  of  the  metals  feparately. 

It  is  accordingly  ufed  by  plumbers  as  a  folder. 

Lead,  when  taken  internally,  a6fs  as  a  poifon.  Its  Affinities, 
afffnities,  according  to  Bergman,  are  a:8  follows ; 

Gold, 

Silver, 

Copper, 

Mercury, 

Bifmuth, 

Tin, 

Antimony, 

Platinum, 

Arfenic, 

Zinc, 

Nickel, 

Iron, 

Sulphuret  of  alkali. 

Sulphur, 


Phofphorus  ? 
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The  ancients  gave  to  the  feven  metals  laft  deferibed  Names  and 
{omitting platinumy  which  they  did  not  know)  the  names 
of  the  planets,  and  denoted  each  of  them  by  particular 
marks,  which  reprefented  both  the  planet  and  the  metal,  by  the  an- 
Gold  was  the  Sun,  and  reprefented  by  ©.  cients. 

Silver  the  Moon,  J). 


Mercury 
Copper 
Iron 
Tin 
Lead 


Mercury, 

Venus, 

Mars, 

Jupiter, 

Saturn, 


c?. 

I?- 


It  feems  moft  probable  that  thefe  names  were  firft 
given  to  the  planets  ;  and  that  the  feven  metals,  the 
only  ones  then  known,  were  fuppofed  to  have  fome  re¬ 
lation  to  the  planets  or  to  the  gods  that  inhabited  them, 
as  the  number  of  both  happened  to  be  the  fame.  It 
appears  from  a  paffage  in  Origen,  that  thefe  names  firff 
arofe  among  the  Perfians  (w).  Why  each  particular 
metal  Was  denominated  by  a  particular  planet  it  is  not 
eafy  to  fee.  Many  conjeftures  have  been  made,  but 
fcarcely  any  of  them  are  fatisfadlory* 

As 


fu)  Benzoat  of  lead  i‘s  decompofed  by  muriatic  acid.  Trommfdorf,  Am.  de  Chim. 

([/)  Suberic  acid  decompofes  nitrat  of  lead.  See  JameJon's  Mineralogy,  p.  l66.  Zoonic  acid  produces  the 
fame  effedl,  as  Berthollet  has  obferved. 

(v)  Schrickel  places  it  after  the  three  mineral  acids.  r  •  tt 

(w)  Contra  Celfumy  lib.  vi.  22.--“  Celfus  de  quibufdam  Perfarum  myfteriis  fermonem  facit.  Harum  rerum,  in- 
cuit,  aliquod  reperitur  in  .Perfarum  doaHna  Mithracilque  eorum  myfteriis  veftigiuip.  In  illis  enim  dux  caeleltes 
converfiones,  alia  ftellarum  fixarum,  errantiura  alia,  et  anim®  per  eas  traufitus  quodam  fymbolo  reprxfentantur, 
guod  hujufmodi  eft.  Scala  altas  portas  habens,  in  fumma  autem  oftava  porta.  Pnma  portarum  plumbe^  altera 
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Lead.  As  to  the  charadlers  by  which  thefe  metals  were  ex- 
'  preffed,  aftrologers  feem  to  have  confidered  them  as  the 
Ori^  m  of  distributes  of  the  deities  of  the  fame  name.  The  circle 
thel  marksin  the  earlieft  periods  among  the  Egyptians  was  the 
according  fymbol  of  divinity  and  perfed:ion;  and  feems  with  great 
to  the  al-^  propriety  to  have  been  chofen  by  them  as  the  chara6ler 
tro  oger&,  fiin,efpecially  as,  when  furrounded  by  fmall  ftrokes 

projedling  from  its  circumference,  it  may  form  fome  re- 
prefentation  of  the  emiffion  of  raya.  The  femicircle  is, 
in  like  manner,  the  image  of  the  moon  ;  the  only  one 
of  the  heavenly  bodies  that  appears  under  that  form  to 
the  naked  eye.  The  character  ^  is  fuppofed  to  repre- 
fent  the  feythe  of  Saturn  ;  14  the  thunderbolts  of  Jupi¬ 
ter  ;  cT  the  lance  of  Mars,  together  with  his  fhield  ;  } 
the  looking-glafs  of  Venus  ;  and  ^  the  caduccus  or  w'aiid 
of  Mercury. 

The  alchymifts,  however,  give  a  very  different  ac¬ 
count  of  thefe  fymbols.  Gold  was  the  moff  perfe6l  me¬ 
tal,  and  was  therefore  denoted  by  a  circle.  Silver  ap¬ 
proached  neareft  it;  but  as  it  was  inferior,  it  was  deno¬ 
ted  only  by  a  femicircle.  In  the  character  ^  the  adepts 
difeovered  gold  with  a  filver  colour.  The  crofs  at  the 
bottom  expreffed  the  prefence  of  a  myilerious  fomc- 
thing,  without  which  mercury  would  be  filver  or  gold. 
This  fomething  is  combined  alfo  with  copper;  the  pof- 
fible  change  of  which  into  gold  is  expreffed  by  the  cha- 
radter  5.  The  character  declares  the  like  honour- 
:ab!e  affinity  alfo  ;  though  the  femicircle  is  applied  in  a 
more  concealed  manner:  for,  according  to  the  propereft 
mode  of  writing,  the  point  is  w^anting  at  the  top,  or  the 
upright  line  ought  only  to  touch  the  horizontal,  and 
not  to  interfe<ft  It.  Phllofophical  gold  is  concealed  in 
fteel ;  and  on  this  account  it  produces  fuch  valuable 
medicines.  Of  tin,  one  half  is  filver,  and  the  other  con- 


13a 

According 
to  the  al¬ 
chymifts. 


fifts  of  the  unkfiown  fomething  ;  for  this  reafon  the 
crofs  with  the  half  moon  appears  in  %.  In  lead  this 
fomething  is  predominant,  and  a  fimilitude  is  obferved 
in  it  to  lijver.  Hence  in  its  charadlcr  the  crofs  ftands 
at  the  top,  and  the  lilver  chara(ffer  is  only  fufpended  on 
the  right  hand  behind  it. 

The  fa6l,  however,  according  to  Profeffor  Beckmann, 
from  whom  moil  of  the  above  remarks  have  been  taken, 
feems  to  be,  that  thefe  chara<ff:ers  are  mere  abbreviations 
of  the  old  names  of  the  planets.  “  The  charader  of 
o/^'dYS  (he  obferves*),  according  to  the  oldefl  mode  of 
Jnvent/ons,  reprefenting  it,  is  evidently  an  abbreviation  of  the  word 
tr^anflation  binder  whlcli  the  Greek  mathematicians  under- 

iii.  67. 
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Their  real 
origin. 
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flood  that  deity  ;  or,  in  other  words,  the  firff  letter  O, 
with  the  laft  letter  <  placed  above  it.  T.  he  charader  or 
Jupiter  was  originally  the  initial  letter  of  Zfvf,  and  lu 
the  oldefl  manuicripts  of  the  mathematical  and  aflrolo- 
gical  works  of  Julius  Firmicus,  the  capital  Zt  only  is  ufed, 
to  which  the  lafl  letter  r  was  afterwards  added  at  the 
bottom,  to  render  the  abbreviation  more  difllnd.  The 
fuppofed  looking-glafs  of  Venus  is  nothing  elfe  than  the 
initial  letter  diflorted  a  little  of  the  word  which 

was  the  name  of  that  goddefs.  The  imaginary  feythe 
of  Saturn  has  been  gradually  formed  from  the  two  lirft 
letters  of  his  name  which  tranferibers,  for  the 

fake  of  difpatch,  made  always  more  convenient  for  ufe, 
but  at  the  fame  time  lefs  perceptible.  To  difeover  in 
the  pretended  caduceus  of  Mercury  the  initial  letter  oF 
his  Greek  name  Xr  one  needs  only  look  at  the  ab-' 
breviations  in  the  oldefl  manufcripts,  where  they  will 
find  that  the  s  was  once  written  as  C ;  they  will  remark 
alfo,  that  tranferibers,  to  difflngiilfh  this  abbreviation 
from  the  red  dill  more,  placed  the  C  thus  O,  and  ackU 
ed  under  it  the  next  letter  r.  If  thofe  to  whom  this 
dediudion  appears  improbable  will  only  take  the  trouble 
to  look  at  other  Greek  abbreviations,  they  will  find 
many  that  dider  dill  farther  from  the  original  letters 
they  exprefs  than  the  prefeiit  chara6ler  ^  from  the  C 
and  T  united.  It  is  poflible  alfo  that  later  tranferibers, 
to  whom  the  origin  of  this  abbreviation  was  not  known, 
may  have  endeavoured  to  give  it  a  greater  refcmblance 
to  the  caduceus  of  mercury.  In  fliort,  it  cannot  be  de¬ 
nied  that  many  other  adronomical  characters  are  real 
fymbols,  or  a  kind  of  proper  hieroglyphics,  that  repre- 
fent  certain  attributes  or  circumdances,  like  the  cliarac-  - 
ters  of  Aries,  Leo,  and  others  quoted  by  Saumaife.'' 

Sect.  IX^  Of  Zinc. 

The  ancients  were  acquainted  with  a  mineral  to  which 
they  gave  the  name  of  Cadmeay  from  Cadmus,  who  fird 
taught  the  Gi'ecks  to  ufe  it.  They  knew  that  when 
melted  with  copper  it  formed  brafs  ;  and  that  when 
burnt,  a  white  fpongy  kind  of  adies  was  volatlliddf  1^4 
which  they  ufed  in  medicine^.  This  mineral  contained  f^ik^very 
a  good  deal  of  zinc  ;  and  yet  there  is  no  proof  remain- 
ing  that  the  ancients  were  acquainted  with  that  me- j 
tal  (x).  It  Is  fird  mentioned  in  the  writings  of  Albcr-aiid  10. 
tus  Magnus,  who  died  in  1280:  but  whether  he  had 
feen  it  is  not  fo  clear,  as  he  gives  it  the  name  of  mar- 
cqfte  of  gold,  which  implies,  one  w^ould  think,  that  it 

had 


ftannea,  tertia  ex  sere,  quarta  ferrea,  quinta  ex  aere  mixto,  fexta  argentea,  feptima  ex  auro.  K\iuoc^  tm 

S'ctiTYf  oySon.  *H  -frpoTyt  toiv  «  SwTfpot  Kacrcrjrjpov,  in  rptri)  y^aKKov,  r  TfTxprn  tri^npov^  ^  yrt/j-TTn  Kxpocrou 

VO ict(Tf/.xTnc s  Yi  £XTM  uoyvpovf,  ^pvffcv  i'  v  tCSouf)'  Primiim  affigndnt  Saturno  tarditatem  illius  fideris  plumbo  indicantes  : 
alteram  Veneri,  quam  referunt,  ut  Ipfi  quidem  putant,  danni  fplendor  et  mollities  ;  tertiam  Jovi,  aheneam  illam 
quidem  et  folidam  :  quartam  Mercurio,  quia  iMercurius  et  ferrum,  uterque  operum  omnium  tolerantes,  ad  mtrea- 
turam  utiles,  laboruni  patlentifliml.  Marti  quintam,  injequalem  illam  et  variam  propter  rnixturam.  Sextain, 
quas  argentea  ed,  lunag  ;  feptimam  auream  foli  trlbuunt,  quia  foils  et  lunae  colores  haec  duo  metalla  referunt.’’  ' 
Borrichius  fufpeCls,  with  a  good  deal  of  probability,  that  the  names  of  the  gods  in  this  paffage  have  been  tranf-. 
pofed  by  tranferibers,  either  through  ignorance  or  defign.  He  arranges  them  as  follow^s :  “  Secundam  portam 
faciunt  Jovis,  comparantes  ei  danni  fplendorem  et  mollltiem  ;  tertiam  Veneris  aeratam  et  folidanr;  quartam  Mar- 
tls,  ed  enim  laborum  patiens,  aeque  ac  ferrum,  celebratus  hominibus;  quintam  Mercurii  propter  miduram  inasqua-t 
lenv  ac.  variam’,  et  quia  negotiator  ed  ;  fextam  Lunce- argenteam ;  feptimam  Solis  auream.”  01,  Borrichius  de 
ertu  et  progrejfu  themi£.  Hafnise,  1668,  4to,  p.  29. 

(x)  Grignon  indeed  fays,  that  fomething  like  it  was  difeovered  in  the  ruins  of  an  ancient  Roman  city  in 
Champagne  ;  but  the  fubdance  which  lie  took  for  it  w^as  not  examined  with  any  accuracy.  It  is  impoffible? 
therefore  to  draw  any  inference  whatever  from  his  affertion.  Bulletin  des  fouilks  d^une  vUk  Romahie,  p.  ii. 


/i 


*  See  FJ. 
vi.  of  Ins 
Works  ir* 

4  to. 


t  Birgman^ 

ji.  .^oy. 
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Properties 
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^  Kiriian. 

ihiJ. 
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Monger. 
^36 

lt8  oxides. 
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h?A  ?.  yellotv  colour(Y).  The  word  zinc  occurs  firft  in 
the  v/i’itings  of  Paracclfus,  who  died  in 
forms  us  very  crravcly,  that  it  is  a  metal,  and  not  a  me¬ 
ter,  and  that  it  confifls  chiefly  of  the  aihes  of  copper 
Tills  metal  has  alfo  been  called  fpelter. 

Zinc  has  never  been  found  in  Europe  in  a  (late  of 
purity,  arid  it  was  long  before  a  method  w^as  difeovered 
of  extradling  it  From  its  ore(z).  Elenkel  pointed  out 
one  in  1721,  and  Von  Swab  obtained  it  by  diftillation 
in  1742,  and  Margraf  publifned  a  procefs  in  the  Berlin 
•  Memoirs  in  1746']-, 

It  is  of  3  bluifh  w'hite  colour,  fomewTat  lighter  than 
lead.  It  has  neither  taftc  nor  fmell. 

It  has  fome  degree  of  malleability  ;  for  by  compref- 
fion  it  may  be  reduced  into  thin  plates  J  ;  but  it  cannot 
be  drawui  out  into  wire.  It  is  more  brittle  when  hot 
than  when  cold. 

f  Its  hardnefs  is  Its  fpecific  gravity,  when  com- 

prefled,  is  7,19081!  ;  in  its  iifiial  llate,  6,862  5[.  It 
melts  at  about  699'^  Fahrenheit  *. 

,  When  allowed  to  cool  flowly,  it  cryftallizes  in  fmall 
bundles  of  quadrangular  pvifms,  difpofed  in  all  direc- 
’•  tions.  If  they  are  expofed  to  the  air  w^hile  hot,  they 
affume  a  blue  changeable  colour  f . 

When  zinc  is  kept  melted  in  contacSl:  with  air,  it 
becomes  covered  with  a  grey  pellicle,  which  gradually 
affumes  a  yellowifh  tint.  By  removing  this  pellicle 
from  time  to  time,  the  whole  of  the  metal  may  be  redu¬ 
ced  into  a  grey  powder.  This  is  the  grey  oxide  of  zinc. 
This  oxide  is  probably  compofed  of  about  85  parts  of 
zinc  and  15  of  oxygen Wlieii  zinc  is  violently  heated, 
it  burns  with  a  bright  white  flame,  and  at  the  fame  time 
a  quantity  of  very  light  wdiite  flakes  are  fublimed.  Thefe 
flakes  are  the  nvlnte  oxide  of  zinc,  which  contains  a  good 
deal  more  oxygen  than  the  grey  oxide  (a). 

Zinc  may  alfo  be  oxidated  by  folution  in  acids,  par¬ 
ticularly  the  nitric  acid.  Whether  the  oxide  obtained 
by  j>recipitating  zinc  from  its  folution  in  that  acid,  or 
by  diflilling  that  acid  off  zinc,  be  really  different  from 
the  white  oxide,  has  not  yet  been  properly  afeertainedj 


but  one  would  be  apt  to  fuipeil,  frvonn  the  experiments 
mentioned  by  Mr  Kirwan,  that  it  contained  a  good  deal  ^ 
more  oxygen  *.  ^  1  • 

The  affinities  of  the  oxides,  or  rather  or  the  white 
oxide  of  zinc,  are,  according  to  Bergman,  as  follows  : 

Oxalic  acid. 

Sulphuric, 

Pyromucous  f ,  t 

Muriatic, 

SaccholaClic, 

Nitric, 

Sebacic, 

Tartaric, 

Phofphoric, 

Citric, 

Succinic, 

Fluoric, 

Arfenic, 

Formic, 

Laific, 

Acetous, 

Boracic, 

Pruflic, 

Carbonic, 

Ammonia. 

There  is  an  affinity  between  fulphnr  and  zinc,  as 
evident  from  thefe  two  fubflances  being  often  found  uni¬ 
ted  ;  but  it  is  very  difficult  to  form  the  fulphuret  of 
zinc  artificially,  on  account  of  the  rapid  oxidation  and 
confequent  volatilization  of  the  zinc.  Morveau,  how¬ 
ever,  fucceeded  in  forming  it.  .133 

Zinc  may  be  combined  with  phofphorus,  by  dropping  phoiphu- 
fmall  bits  of  phofphorus  into  it  while  in  a  ffate  of  fu-rcts, 
fion.  Pelletier,  to  whom  we  are  indebted  for  the  expe¬ 
riment,  added  alfo  a  little  refin,  to  prevent  the  oxida¬ 
tion  of  the  zinc.  Phofphuret  of  zinc  is  of  a  white  co¬ 
lour,  a  metallic  fplendor,  but  refembles  lead  more  than 
zinc.  It  is  fomewhat  malleable.  When  hammered  or 
filed,  it  emits  the  odour  of  phofphorus.  When  expo- 
fed  to  a  Itrong  heat,  it  burns  like  zinc  J.  t 

Phofphorus 


129. 


(y1  The  paffages  in  which  he  mentions  it  are  as  follows  -.—De  Mmeral.  lib.  ii.  cap.  ll.  “  Marchafita,  five 
marchafida  ut  quidam  dicunt,  ell.  lapis  in  fubftantia,  et  habet  niultas  fpecies,  quare  colorem  accipit  cujuflibet  me- 
talli  et  fic  dichur  marchafita  argeiitea  et  aurea,  et  fie  dicitur  aliis.  Metallnm  tamen  quod  colorat  eum  non  di- 
ilillat  ah  ipfo,  fed  evaporat  in  igiiem,  et  fic  relinquitur  cinis  inutilis,  et  hic  lapis  iiotiis  ell  apud  alchimicos,  et  in 

multis  locis  veniuntur.  .  ,  •  j-  ri 

Lib  iii  cap.  lo.  “  Ms  autem  invenitur  in  vcnis  lapidis,  et  quod  eft  apud  locum  qui  dicitur  Gofelaria  eU  puiil- 

fimum'et  opumvm,  et  toti  fubfiantise  lapidis  incorporatum,  ita  quod  totus  lapis  elt  ficiit  marchafita  aurea,  et  pro- 

fundatum  cit  melius  ex  eo  quod  piirius.  .  r  •  •  r  l.i  •  .•  •  •  r  • 

Lib  V  cap  t  “  Dicimiis  igitur  quod  marchafita  duplicem  habet  in  fui  creatione  fubftantiam,  argenti  vivi  ici- 
licet  mortificati.'et  ad  fixionem  approximantis,  et  fulpliiiris  adurentis.  Ipfam  habere  fulphure.tatem  compenmus 
maiiifefta  experieiitia.  Nam  cum  fublimatur,  ex  ilia  emanat  lubftantia  fulphurea  mamfelta  comburens.  Et  fine 

fublimatione  finiiliter  perpeiiditur  illiiis  fulphureitas.  rii-'/i  .  .a. 

“  Nam  fi  ponatur  ad  ionitioneni,  non  fi.feipit  illam  priufquam  inflammat.one  fulphiins  inflammetur,  et  ardeat. 
Ipfam  vero  argenti  vivi  fubilantlam  manifellatur  habere  fenfibiliter.  Nam  albedmeni  praeftat  Venen  men  argenti, 
quemadmodiiui  et  ipfum  argentum  vivum,  et  colorem  in  ipfius  fubbmatione  cxleftmm  pr*ftare,  et  luc.ditaiem 
manifellam  metallicam  habere  vidimus,  qiix  certum  reddunt  artificem  Alcbimix,  illam  has  fubftantias  continere  in 

The  real  difeoverer  of  this  method  appears  to  have  been  Dr  Ifaac  Lawfon.  See  Poit,  III.  Diff.  7.  and 

oTferv^'Yhat  it  was  V^th  heavier  than  the  zinc  from  which  it  was  obtained;  and  Mr  Boyle  had 

lone  before  afeertained  the  fame  fad. — Shad's  Boyle,  II.  391,  394.  ,  ,  rru 

This  oxide  of  zinc  was  well  known  to  the  ancients.  Diofeorides  defcribee  the  naethod  of  preparing  it.  The 
ancients  called  it  pompholyx,  the  early  chemifts  gave  it  the  name  of  lana philofophica.  Diofeorides  compares  it  to  wool, 

TOWTT^ii  ct2>ouotov1cct,  v*  85.  p.3,5i. 


*  Velletler^ 
ihld.  128. 
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Part  I.  C  H  E  M 

Zinc.  Pliofphorus  combines  alfo  with  the  oxide  of  zinc,  a 
compound  which  Margraf  had  obtained, during  his  ex¬ 
periments  on  phofphorus.  When  12  parts  of  oxide  of 
zinc,  12  parts  of  phofphoric  glafs,  and  two  parts  of 
charcoal  powder,  are  diftrlled  in  an  earthen  ware  retort, 
and  a  ftrong  heat  applied,  a  metallic  fubllance  fublimes 
of  a  filver-white  colour,  which,  when  broken,  has  a  vi¬ 
treous  appearance.  This,  according  to  Pelletier,  is 
phofphuret  of  oxide  of  zinc.  When  heated  by  the  blow¬ 
pipe,  the  phofphorus  burns,  and  leaves  behind  a  glafs 
tranfparent  while  in  fuhon,  but  opaque  after  cooling*. 

Zinc  alfo  combines  with  carbon,  and  forms  carburet 
of  zinc.  The  French  chemifts  have  flievvn  that  zinc  ge¬ 
nerally  contains  fome  carbon. 

Zinc  combines  with  moft  of  the  metals  ; 

1.  It  mixes  with  gold  in  any  proportion.  The 
alloy  is  the  whiter  and  the  more  brittle  the  greater 
quantity  of  zinc  k  contains.  An  alloy,  confiding  of 
equal  parts  of  thefe  metals,  is  very  hard  and  white,  re¬ 
ceives  a  fine  poliih,  and  does  not  tarniih  readily.  It  has 
therefore  been  propofed  by  Mr  Malouinf  as  very  pro¬ 
per  for  the  fpecula  of  telefcopes.  One  part  of  zinc  is 
faid  to  deftroy  the  duikility  of  100  parts  of  gold  J. 

2.  The  alloy  of  filver  and  zinc  is  eafily  produced  by 
fufion.  It  is  brittle. 

3.  Platinum  combines  very  readily  with  zinc.  The 
alloy  is  brittle,  pretty  hard,  very  fufible,  and  of  a  bluiih 

§  Dr  IfwV.  white  colour,  not  fo  clear  as  that  of  zinc$. 

4.  Zinc  may  be  combined  with  mercury  by  fufion. 
The  amalgam  is  folid.  It  cryftallizes  when  melted  and 
cooled  flowly  into  lamellated  hexagonal  figures,  with 
cavities  between  them.  They  are  compofed  of  one  part 

I)  E/emersdeO^  zittc  aiid  two  and  a  half  of  mercury  ||.  It  is  ufed  to 
Cldm,  Di-  rub  on  ele<krical  machines,  in  order  to  excite  eledlri- 
t.  3.  city. 

5.  Zinc  combines  very  readily  with  copper.  TlnV 
alloy,  which  is  called  brafs,  was  known  to  the  ancients. 
They  ufed  an  ore  of  zinc  to  form  it,  which  they  called 
cadmia.  This  alloy  was  very  much,  valued  by  the  an¬ 
cients.  Dr  Watfon  has  proved  that  it  was  to  brafs 

5  Manche-  which  they  gave  the  name  of  orichalcum^.  Their  was 
Jier  ^ranf.  copper  or  rather  bronze  (b).  Brafs  is  compofed  of 
vol.  ii.  about  three  parts  of  copper  and  one  of  zinc.  It  is  of  a* 
beautiful  yellow  colour,  more  fufible  than  copper,  and 
not  fo  apt  to  tarniih.  It  is  malleable,  and  fo  duilile  that 
it  may  be  drawn  out  into  wire.  When  the  alloy  con¬ 
tains  three  parts  of  zinc  and  four  of  copper,  it  alTumes 
a  colour  nearly  the  fame  with  gold,  but  it  is  not  fo  mal¬ 
leable  as  brafs.  It  is  then  called  pinchbeck y  princess  tne^ 
ial,  or  Prince  Rupert* s  metal, 

"  6.  The  alloy  of  iron  and  zinc  has  fcarcely  been  exa¬ 

mined  :  but  Malouin  has  fiiewn  that  zinc  may  be  ufed 
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inllead  of  tin  to  cover  iron  plates ;  n  proof  that  there  is  Antimony, 
an  affinity  between  the  two  metals*. 

7,  Tin  and  zinc  combine  eafily.  The  alloy  is  harder  ii\%. 
than  tin.  This  alloy  is  often  tjie  principal  ingredient  in 

the  compound  called  pewter, 

8.  Mr  Gmelin  has  fucceeded  in  forming  an  alloy  of 

zinc  and  lead  by  fufion.  He  put  fome  fuet  into  the 
mixture,  and  covered  the  crucible,  in  order  to  prevent 
the  evaporation  of  the  zinc.  When  the  zinc  exceeded 
the  lead  very  much,  the  alloy  was  malleable,  and  much 
harder  than  lead.  A  mixture  of  two  parts  of  zinc  and 
one  of  lead  formed  an  alloy  more  dudlile  and  harder 
than  the  laft.  A  mixture  of  equal  parts  of  zinc  and 
kad  formed  an  alloy  differing  little  in  dudlility  and  co¬ 
lour  from  lead  ;  but  it  was  harder,  and  more  fufceptiblc 
of  polifh,  and  much  more  fonorous.  When  the  mixture 
contained  a  fmaller  quantity  of  zinc,  it  kill  approached 
nearer  the  du6lility  and  colour  of  lead,  but  it  continued 
harder,  more  fonorous,  and  fufceptible  of  polifii,  till 
the  proportions  approached  to  one  of  zinc  and  16  of 
lead,  when  the  alloy  differed  from  the  laft  metal  only  in 
being  fomewhat  harderf.  f  Ann,de 

The  affinities  of  zinc,  according  to  Bergman,  are  as  lx. 
follows:  95 ^ 

Copper,  And^ffini. 

Antimony,  ties. 

Tin, 

Mercury, 

Silver, 

Gold, 

Cobalt, 

Arfenic, 

Platinum, 

Bifmuth, 

Lead, 

Nickel, 

Iron. 

Sect.  X.  Of  Antimony, 

The  ancients  were  acquainted  with  an  oxide  of  anti¬ 
mony  to  which  they  gave  the  names  of  <ritufxi  and  ftihium, 

Pliny  J  informs  us  that  it  was  found  in  filver  ore  ;  and  t  FUnyy], 
we  know  that  at  prefent  there  are  filver  ores  §  in  which *^\\"*  ^* 
it  is  contained.  It  was  ufed  as  an  external  application 
to  fore  eyes;  and  Pliny  gives  us  the  method  of  preparing 
it  II .  Galen  fuppofes  that  the  Ttlpotyuro*  of  Hippocrates  ||  Pliny,  thid, 
was  a  preparation  of  antimony  ;  but  this  wants  proof.  . 

It  does  not  appear,  however,  that  the  ancients  confider-^-^fJ5^^^ 
ed  this  fubftance  as  a  metal,  or  that  they  knew  antimo-j^y, 
ny  in  a  ftate  of  purity  (c).  Who  firft  extradled  it  from 
its  ore  we  do  not  know  ;  but  Bafil  Valentine,  a  che- 
mift  of  the  i6th  century,  is  the  firft  who  deferibes  the 
^  fi  procefi). 


(b)  The  ancients  do  not  feem  to  have  known  accurately  the  difference  between  copper,  brafs,  and  bronze 
Hence  the  confufion  obfervable  in  their  names.  They  confidered  brafs  as  only  a  more  valuable  kind  of  copper, 
and  therefore  often  ufed  the  word  ,<es  indifferently  to  denote  either.  It  was  not  till  a  late  period  that  mineialo- 
gifts  began  to  make  the  diftin6lion.  They  called  copper  ces  cyprium,  and  afterwards  only  cypriuf?t,  which  in  pro- 
cefs  of  time  was  converted  mto  cuprum.  When  thefe  changes  took  place  is  not  known  accurately.  Pliny  ufes 
cyprium^  lib.  xxxvi.  c.  26.  The  word  cuprum  occurs  firft  in  Spartian,  who  lived  about  the  year  290.  He  fays 
in  his  life  of  Caracalia,  canceUi  ex  are  vel  cupro, 

(c)  Mr  Roux  indeed,  who  at  the  requeft  of  Count  Caylus  analyfed  an  ancient  mirror,  found  it  compofed  of 
copper,  lead,  and  antimony.  This  would  go  far  to  convince  us  that  the  ancients  knew  this  metal,  provided  if 
could  be  proved  that  the  mirror  really  an  ancient  one  ;  but  this  point  appears  to  be  extremely  doubtful. 
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procefs.  To  him  Indeed  we  are  indebted  for  our  ac¬ 
quaintance  with  many  of  the  properties  of  tins  metal. 

Antimonv  Is  of  a  white  colour,  with  a  lhade  of  grey. 

Ithasafennbletafte,butnofmell*. 

It  is  neither  malleable  nor  duade,  but  exceedingly 
brittle.  Its  fpecific  gravity,  according  to  Briffon,  is 
6,703  ;  according  to  Bergman,  6,860.  Its  hardiiefs  is 
6  r  +  It  melts  at  809“  Fahrenheit  J .  If  after  this  the 
heat  be  increafed,  the  metal  evaporates.  On  cooling  it 
alTumes  the  form  of  oblong  cryftals,  perpendicular  to 
the  internal  furface  of  the  veffel  in  which  it  cools.  It 
is  to  this  cryftallization  that  the  laminated  ftruaure 

which  antimony  always  affumes  is  owing. 

Neither  air  nor  water  have  much  eftedt  on  tins  metal. 

When  antimony  Is  beat  to  powder,  and  expofed  for 
fome  time  to  a  gentle  heat.  It  abforbs  oxygen,  and  is 
converted  into  a  grey  powder.  This  is  the  grey  oxtde  of 
antmony.  When  this  metal  is  kept  for  fome  time  melt¬ 
ed  In  contaa  with  air,  it  fublimes  In  the  form  of  a  white 
powder,  formerly  called  /now  or  white  fowers  of  anti¬ 
mony.  This  is  the  white  oxide  of  antimony.  This  oxide 
may  be  procured  alfo  by  pouring  nitric  acid  on  aiitimo- 
mv,  and  then  evaporating  to  drynefs.  Antimony  at- 
trads  the  oxygen  from  the  acid,  and  thus  paffes  very 
rapidly  into  the  ftate  of  an  oxide.  This  oxide  feems  to 
confift  of  about  77  parts  of  antimony  and  23  of  oxy¬ 
gen  {  The  nature  of  thefe  oxides  has  never  yet  been 
Accurately  inquired  into.  It  is  not  even  known  at  pre- 
fent  whether  the  white  oxide  obtained  by  heat  and  that 
obtained  by  nitric  acid  contain  the  fame  quantity  of 
oxvsren.  Ifhe  experiments  mentioned  by  Mr  Kirwan 
make  the  contrary  probable  j]  ;  and  yet  thefe  oxides 
have  too  many  qualities  In  common  to  render  thefe  ex¬ 
periments  conclufive.  The  white  oxide  of  antimony 
is  foluble  in  water  f  ;  and  when  fufed,  is  converted  into 
a  tranfparent  glafs.  The  white  oxide  obtained  by  nitric 
acid  feems  to  poffefs  many  of  the  properties  of  an  acid. 

The  affinities  of  the  grey  oxide  of  antimony  are,  ac¬ 
cording  to  Bergman,  as  follows  : 

Sebacic  acid, 

Muriatic, 

Benzoic  (o)  ? 

Oxalic, 

Sulphuric, 

Pyromucous 
Nitric, 

Tartarous, 

SaccholaAic, 

Phofphoric, 

Citric, 

Succinic, 

Fluoric, 

Arfenic, 

Formic, 

La6lic, 

Acetous, 

Boracic, 

Pruflic, 

Carbonic. 

Sulphur  combines  readily  with  antimony.  This  com¬ 
pound  is  often  found  native  :  it  was  formerly  called  an¬ 
timony,  and  the  pure  metal  was  then  called  regulus  of 
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antimony,  Sulphuret  of  antimony  is  eafily  melted  by  a  Antimony. 


moderate  heat  :  if  the  heat  be  continued,  the  fulphur 
fublimes,  and  at  the  fame  time  the  antimony  abforbs 
oxygen,  and  is  converted  into  a  grey  oxide.  This  ful- 
phuret  is  compofed  of  74  parts  of  antimony  and  26  of 
fulphur  *.  ff  Bergman^ 

The  grey  oxide  of  antimony  is  alfo  capable  of  combi- hi-  167. 
ning  with  about  of  fulphur.  This  compound,  by 
fufion,  may  be  converted  into  glafs.  It  was  formerly 
ufed  in  medicine  under  the  name  of  glafs  of  antimony.  146 
When  equal  parts  of  antimony  and  phofphoric  glafs  Phofphu- 
are  mixed  together  with  a  little  charcoal  powder,  and**^^* 
melted  in  a  crucible,  phofphuret  of  antimony  is  produ¬ 
ced.  It  is  of  a  white  colour,  brittle,  appears  laminated 
when  broken,  and  at  the  fracture  there  appear  a  number 
of  fmall  cubic  faccttes.  When  melted  it  emits  a  green 
flame,  and  then  fublimes  in  the  form  of  a  white  powder. 
Phofphuret  of  antimony  may  likewife  be  prepared  by 
fufing  equal  parts  of  antimony  and  phofphoric  glafs,  or 
by  dropping  phofpboriis  into  melted  antimony  f .  f  Pelktitr^ 

Antimony  is  capable  of  combinings  with  moft  of  the  de 

Cbtm,  XIIJ. 

metals 

1.  Gold  may  be  alloyed  with  antimony  by  fufing  ^ 
them  together.  The  antimony  is  afterwards  feparable  Alloys, 
by  an  intenfe  heat.  This  alloy  is  little  known,  and  has 
never  been  applied  to  any  ufe. 

2.  The  alloy  of  filver  and  antimony  is  brittle,  and  its 
fpecific  gravity,  as  Gellert  has  obferved,  is  greater  than 
intermediate  between  the  fpeciftc  gravities  of  the  two 
metals  which  enter  into  it. 

3.  Platinum  eaflly  combines  with  antimony.  The 

alloy  is  brittle,  and  much  lighter  than  platinum  The  j  Dr  Lewhy 
antimony  cannot  afterwards  be  completely  feparated  by 

heat.  ... 

4.  Mercury  does  not  eafily  combine  with  antimony. 

Mr  Gellert  fucceeded  in  amalgamating  this  metal  by 
putting  it  into*  hot  mercury,  and  covering  the  whole 
with  water. 

5.  Copper  combines  readily  with  antimony  by  fufion. 

■  The  alloy  is  of  a  beautiful  violet  colour,  and  its  fpeci¬ 
fic  gravity  is  greater  than  intermediate  §,  j 

6.  Iron  combines  with  antimony,  and  forms  a  brittle 

hard  alloy,  the  fpecific  gravity  of  which  is  lefs  than  in¬ 
termediate.  The  magnetic  quality  of  iron  is  much  more 
diminiflied  by  being  alloyed  with  antimony  than  with 
any  other  metal  [] .  ...  .1 

7.  The  alloy  of  tin  and  antimony  is  white  and  brittle  ; 

its  fpecific  gravity  is  lefs  than  intermediate  f  Id. 

8.  When  equal  quantities  of  lead  and  antimony  are  fu¬ 
fed,  the  alloy  is  porous  and  brittle  :  three  parts  of  lead 
and  one  of  antimony  form  a  compadl  alloy,  malleable, 
and  much  harder  than  lead  :  12  parts  of  lead  and  one 
of  antimony  form  an  alloy  very  malleable,  and  a  good 
deal  harder  than  lead  ;  J  6  parts  of  lead  and  one  of  an¬ 
timony  form  an  alloy  which  does  not  differ  from  lead 
except  in  hardnefs*.  This  alloy  forms  printers  types.^  «  Gmelin^ 

9.  Zinc  and  antimony  form  a  brittle  alloy,  the  Ann.de  ^ 

fic  gravity  of  which  is  lefs  than  intermediate  f.  The 
alloys  of  antimony  are  little  known.  Gellert  is 
the  only  perfon  who  has  examined  them.  It  would  re¬ 
quire  a  great  number  of  experiments  to  be  able  to  fix 
the  proportions  of  their  ingredients. 


I  Gellert, 


\Id, 


(d)  Muriatic  acid  decompofes  benzoat  of  antimony,  ^rommfdorfy  Ann*  de  Chitn,  xi.  3I7» 


Part  T, 

Bifmnth. 
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The  affinities  of  antimony  are,  according  to  Berg- 
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Properties 
of  bifmuth. 

‘  *  Kirwan* 

j  t  Griffon. 

I  ^  Le'wis, 
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Its  oxides, 


§  Kirovan  s 
Miner,  ii. 
489. 


i  nu. 


man,  as  follows : 

Iron, 

Copper, 

Tin, 

Lead, 

Nickel, 

Silver, 

Bifmuth, 

Zinc, 

Gold, 

Platinum, 

Mercury , 

Arfenic, 

Cobalt, 

Sulpburet  of  arfenic, 

Sulphur, 

Phofphorus? 

Sect.  XL  Of  Bifmuth. 

The  ancients  appear  to  have  known  nothing  of  bif- 
miith,  nor  do  we  know  who  difcovcred  it ;  but  it  is  firft 
mentioned  by  George  Agricola,  who  was  born  about 
the  end  of  the  15th  century. 

Bifmuth  is  of  a  yellowifh  or  reddiOi  white  coloSr,  and 
almoft  deftitute  both  of  tafte  and  fmell. 

It  is  brittle.  Its  hardnefs  is  6  *.  Its  fpecific  gra¬ 
vity  is  9,8227f .  It  melts  at  460*^  Fahrenheit :j:. 

When  heated  in  clofe  veffels,  it  fublimes.  When  al¬ 
lowed  to  cool  flowly  after  fufion,  it  cryftallizes. 

Bifmuth  is  not  altered  by  water.  When  expofed  to 
the  air  it  foon  tarnifhes. 

When  bifmuth  is  kept  fufed  in  conta£f  with  air,  it  is 
gradually  oxidated.  When  heated  red  hot,  it  emits  a 
very  faint  blue  flame,  and  its  oxide  evaporates  in  the 
form  of  a  yellowifli  fmoke.  When  this  fmoke  is  colleA- 
ed,  it  is  found  to  confift  of  a  brown  coloured  powder. 
This  Is  the  brown  oxide  of  bifmuth.  It  is  compofed  of 
about  94  parts  of  bifiniith  and  6  of  oxygen  J.  Bifmuth 
decompofes  nitric  acid  with  great  rapidity,  by  attradl- 
ing  its  oxygen.  If  the  quantity  of  acid  be  conflder- 

able,  it  diflblves  the  oxide  as  it  forms  ;  but  the  greater 
part  of  it  may  be  precipitated  by  diluting  the  acid  with 
water.  This  precipitate,  which  is  a  white  powder,  is 
white  oxide  of  bifmuth.  It  is  compofed  of  about  84  parts 
bifmuth  and  16  of  oxygen  [|. 

The  affinities  of  the  oxides  of  bifmuth  are,  according 
to  Bergman,  as  follows : 

Oxalic  acid, 

Arfenic, 

Tartarous, 

Phofphoric, 

Sulphuric, 

Sebacic, 

Muriatic, 

Benzoic  (e)  ?  * 

Nitric, 

Fluoric, 

Saccholaftic, 

Succinic, 

Citric, 
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Formic, 

La6lic, 

Acetous, 

Pruffic, 

Carbonic, 

Ammonia. 

Sulphur  combines  readily  with  bifmuth  by  fufion. Sulphurct, 
The  fulphuret  of  bifmuth  is  of  a  bluifh  grey  colour,  and 
cryftallizes  into  beautiful  tetrahedral  needles.  It  is  com¬ 
pofed  of  85  parts  of  bifmuth  and  15  of  fulphur*.  *  IVenzef 

There  appears  to  be  little  affinity  between  bifmuth 
and  phofphorus.  Mr  Pelletier  attempted  to  P^p^uce^ 
the  phofphuret  of  blimuth  by  various  methods  without 
fuccefs.  When  he  dropped  phofphorus,  however,  into  Phofphu- 
bifmuth  in  fufion,  he  obtained  a  fubftance  which  did  not  ret, 
apparently  differ  from  bifmuth,  but  which,  wLen  expo- 
fed  to  the  blow-pipe,  gave  evident  flgns  of  containing 
phofphorus.  Phofphuret  of  bifmuth,  according  to  Pel¬ 
letier,  is  compofed  of  about  96  parts  of  bifmuth  and 
four  of  phofphorus  f . 

Bifniuth  combines  readily  with  moll  of  the  metals. 

1.  Equal  parts  of  bifmuth  and  gold  form  a  brittle  al- 

loy,  nearly  of  the  fame  colour  with  bifmuth  i.  Allop, 

2.  Equal  parts  of  bifmuth  and  filver  form  alfo  a  brittle  1^'^**'*  , 
alloy,  but  lefs  fothan  the  laft.  The  fpecific  gravity 

both  thefe  is  greater  than  intermediate  §.  § 

3.  The  alloy  of  bifmuth  and  platinum  is  alfo  very 
brittle.  When  expofed  to  the  air  it  affumes  a  purple, 
violet,  or  blue  colour.  The  bifmuth  may  be  feparated 

by  heat  II .  \\D,  l»uis. 

4.  Mercury  diffolves  bifmuth  very  eafily.  The  amal- 
gam  is  more  fluid  than  pure  mercury,  and  has  the  pro¬ 
perty  of  diflblving  lead  and  rendering  it  alfo  fiuid^.  It  1  Cramer^ 
is  capable,  however,  of  ciyftallizing.  The  cryftals  are 

either  o£lahedrons,  lamellated  triangles,  or  hexagons. 

They  are  compofed  of  one  part  of  bifmuth  and  two  of 
mercury  *.  f  Dz- 

5.  The  alloy  of  copper  and  bifmuth  is  not  fo  red 
copper. 

6.  Nothing  is  known  concerning  the  alloy  of  iron  and 
bifmuth. 

7.  Bifmuth  and  tin  unite  readily.  A  fmall  portion 
of  bifmuth  increafes  the  brightnefs,  hardnefs,  and  fono- 
roufnefs  of  tin  :  it  often  therefor^  enters  into  the  com- 
pofition  of  the  compound  called  pewter.  Equal  parts 
nf  tin  and  bifmuth  form  an  alloy  that  melts  at  280** ; 
eight  parts  of  tin  and  one  of  bifmuth,  melt  at  390'' 


f  Dr  Lewis.r 


two  parts  of  tin  and  one  of  bifmuth,  at  33c 

8.  The  alloy  of  lead  and  bifmuth  is  or  a  dark  grey 
colour,  a  clofe  grain,  but  -very  brittle,  ^ 

9.  Bifmuth  does  not  combine  with  zinc. 

10.  The  alloy  of  antimony  and  bifmuth  is  unknown. 

Bifmuth  likewife  enters  into  t^nple  compounds  with 

metals  :  Two  parts  of  lead,  three  of  tin,  and  five  of 
bifmuth,  form  an  alloy  whicli  melts  at  the  heat  of  boil¬ 
ing  water,  which  is  212®.  153 

The  affinities  of  bifmuth,  according  to  Bergman,  are  affini* 
as  follows : 

Lead, 

Silver, 

Gold, 

H  h  2  Mercury, 


ties. 


(e)  Muriatic  acid  decompofes  benzoat  oihiim\xih,-^Tromrn/clQrff  Ann.  de  Chim.  xi.  317. 
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Mercury, 

Antimony, 

Tin, 

Copper, 

Platinum, 

Nickel, 

Iron, 

Sulphuret  of  alkali. 

Sulphur, 

Phofphorus  ? 

Sect  XII.  Of  Arjenic, 

The  word  arfenlc  (afcrfvixov)  occurs  firft  in  the  works 
of  Diofeorides,  and  of  fome  other  authors  who  wrote 
about  the  beginning  of  the  Chriftian  era.  It  denotes  in 
their  works  the  fame  fubftance  which  Ariftotle  had 
called  (f),  and  his  difciple  Theophraftus 

appiviKov,  which  is  a  reddiflt  coloured  mineral,  compofed 
of  arfenic  and  fulphur,  ufed  by  the  ancients  in  painting, 
and  as  a  medicine. 

The  ^hite  oxide  of  arfenlc^  or  what  is  known  in  com¬ 
merce  by  the  name  of  arfenic,  is  mentioned  by  Avicen- 
;na  in  the  iith  century  ;  but  at  what  period  the  metal 
called  arfenic  was  firft  extradled  from  that  oxide  is  un* 
known.  Paracelfus  feeras  to  have  known  it.  It  is 
mentioned  by  Schroeder  in  his  Pharmacopoeia  publifhed 
iu  1649*. 

ii.  278.  Arfenic,  when  pure,  is  of  a  bluiih  white  colour.  It  is 

P  .  exceedingly  brittle.  Its  hardnefs  is  yf.  Its  fpecific 

of  Sc"  gravity  8,3  10  r  a-  r 

i  Kirtvans  When  expofed  to  the  temperature  of  354  m  clofe 
Miner,  ii.  veffels  it  fublimes^,  and  cryllallizes^  in  regular  tetrahe- 

^34*  droDS, 

h  much  altered  by  water.  Boiling  water,  how-  - 

J  Jlid.  ever,  is  capable  of  dilTolving,  and  retaining  of 

154  arfenic  ;  but  that  part  of  the  metal  is  no  doubt  reduced 

to  the  date  of  an  oxide  ||. 

Chim^Ann'  When  arfeiiic  is  expofed  to  the  open  air,  it  very  foon 
1788,  i.  lofes  its  luftre,  and  is  gradually  converted  into  a  greyifh 

38a.  black  fubftance  by  combining  with  oxygen.  This  is 

called  the  grey  oxide  of  arfenic. 

When  expofed  to  a  moderate  heat  in  contadi  with 
air,  it  fublimes  in  the  form  of  a  white  powder,  and  at 
the  fame  time  emits  a  fmell  refembling  garlic.  If  the 
heat  be  increafed,  it  burns  with  an  obfeure  bluifh  dame. 
This  fublimate  is  white  oxide  of  arfenic,  which  is  compo- 
f  Kir’wan's  fed  of  93  parts  of  arfenic  and  7  of  oxygen^. 

Miner,  ii.  jg  ^  ftjarp  acrid  tafte,  which  at  laft  leaves  an  im- 

prellion  of  fweetnefs,  and  is  one  of  the  moll  virulent 
poifons  known.  It  has  an  alliacious  fmell.  It  is  fo- 
liible  in  80  parts  of  water  at  the  temperature  of  60®, 
^  Bergman;  in  1 5  parts  of  boiling  water  When  this  folu- 
tion  is  evaporated,  the  oxide  cryftallises ’b .  When 

f  Brandt y  ,  .  7  1  t  t  1  1  1  •  ^  r 

Ail  Upfal,  heated  to  283  ,  it  lublinies  :  11  heat  be  applied  in  dole 
1733*  veftels,  it  becomes  pellucid  like  glafs,  but  when  expofed 
to  the  air  it  foon  recovers  its  former  appearance.  The 
fpecific  gravity  of  tliis  glafs  is  5,000  ;  that  of  the  white 
^  Bergman,  o:x.\dc,  3,706  This  oxide  is  capable  of  combining 
11.  278.  with  moft  of  the  metals,  and  in  general  renders  them 
brittle.  Its  affifiities,  according  to  Bergman,  are  as 
follows : 


,  Parti. 

Muriatic  acid,  Arfetiic. 

Oxalic,  V— — V— hJ 

Sulphuric, 

Nitric, 

Sebacic, 

Tartarous, 

Phofphoric, 

Fluoric, 

Saccholadlic, 

Succinic, 

Citric, 

Formic, 

Ladic, 

Arfenic, 

Acetous, 

Prulfic, 

Ammonia, 

Water, 

Alcohol  ? 

Arfenic,  or  rather  the  white  oxide  of  arfenic,  is  ca* 
pable  of  combining  with  an  additional  dofe  of  oxygen. 

The  compound  produced  is  arfenic  acid,  firft  dlfcovered 
by  Scheele,  which  contains  91  parts  of  arfenic  and  9  of 
oxygep  *  BerthdUi, 

Arfeific  combines  readily  with  fulphur.  When  heat  i 

is  applied  to  a  mixture  of  white  oxide  of  arfenic  and^^^^^'^* 
fulphur,  the  oxide  is  decompofed,  part  of  the  fulphur 
combines  with  its  oxygen,  and  the  remainder  unites  Sulphuret, 
with  the  reduced  metal.  The  fulphuret  of  arfenic  pro¬ 
duced  by  this  procefs  is  of  a  yellow  colour,  and  was  for¬ 
merly  called  orpiment.  It  is  compofed,  according  to  , 

Weftrum,  of  20  parts  of  arfenic  and  80  of  fulphur  f. 

It  is  often  found  native.  If  a  ftronger  heat  be  applied, 
fo  as  to  melt  the  fulphuret,  it  aftumes  a  fcarlet  colour, 
and  is  much  lefs  volatile  than  formerly.  This  new  com¬ 
pound  was  formerly  called  realgar.  ^Ifc  is  compofed,  ac¬ 
cording  to  Weftrum,  of  80  parts  of  arfenic  and  20  of  ^ 
fulphur  J.  The  difference  therefore  between  it  and  or-  1 
piment  is  evident.  During  the  fufion  part  of  the  ful- 
phiir  without  doubt  fublimes.  '  It  might  be  called  red 
fulphuret  of  arfenic.  156 

Arfenic  combines  readily  with  phofphoriis.  The  Phofphu- 
pbofphiiret  of  arfenic  may  be  formed  by  diftilling  equal*'‘^b 
parts  of  its  ingredients  over  a  moderate  fire.  It  is  black 
and  brilliant,  and  ought  to  be  preferved  in  water.  It 
may  be  formed  likewife  by  putting  equal  parts  of  phof¬ 
phorus  and  arfenic  into  a  fufticient  quantity  of  water, 
and  keeping  the  mixture  moderately  hot  for  fome* 
time^.  §  Pelletier, 

Arfenic  unites  with  moft  metals,  and  in 
ders  them  more  brittle  and  more  fufible.  ' 

[.  Melted  gold  takes- up  arfenic  ||.  The  al-||  Bergman, 

loy  Is  brittle  and  pale. 

2.  Melted  filver  takes  up  -r^th  of  arfenic^.  The  al-^ 

loy  is  brittle.  ^  ^  Alloys, 

3.  The  alloy  of  platinum  and  arfenic  is  brittle  and 
very  fufible.  It  was  firft  formed  by  Scheffer.  The 
arfenic  may  be  feparated  by  heat. 

4.  The  amalgam  of  arfenic  is  compofed  of  five  parts 

of  mercury  and  one  of  arfenic  *,  ^ 

5.  Copper  takes  up  -g-ths  of  arfenic  f.  This  alloy  is  j- 1^^^* 

white ; 


(f)  Pliny  feems  to  make  a  diftin^ion  between  fandaracha  and  arfenic.  See  Lib*  xxxiv.  c.  18. 
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Cobalt,  white  ;  and  when  the  quantity  of  arfenic  contained  m 
'  li  is  fmall,  both  ductile  and  malleable  It  is  called 
*  *white  tombac, 

6.  Iron  is  capable  of  combining^  with  more  tlvin  its 
^Bergman,  own  weight  of  arfenic f.  This  alloy  is  white,  brittle, 
Ann  capable  of  cr}^ftallizing.  It  is  found  native 

Chtm  xHi.  rpjjg  alloy  of  tin  and  arfenic  is  harder  and  more  fo- 

Vhrwans  norous  than  tin,  and  has  nauch  refemblance  externally 
jMimr,  it.  to  zinc.  Tin  often  contains  a  fmall  quantity  of  ar- 
356*  fenic. 

§  Bergf^n,  8.  Lead  takes  up  ^th  of  arfenic  f.  The  alloy  is  brittle 

Jbid.  and  dark  coloured. 

9.  Zinc  takes  up  ^ih  of  arfenic,  antimony  -^th,  and- 
II  Ibid.  bifmuth  -rV^h  1|  . 

15S  The  affinities  of  arfenic,  according  to  Bergman,  are 
And 

Nickel, 

Cobalt, 

Copper,. 

Iron, 

Silver, 

Tin,. 

Gold, 

Platinum, 

Zinc, 

Antimony, 

Sulphuret  of  alkali, 

Sulphur, 

Phofphorus. 


fAa.  Up.. 
M  ^733- 

Propf-rties 
of  cobrilt, 

^  JLeonharJi, 
f  Kit  wan's 
Miner,  ii. 
268. 

i  Bergman, 
iv, 


Sect.  XIII.  Of  Cobalt. 

A  MINERAL  called  foW/  (G),  of  a  grey  colour,  and 
very  heavy,  has  been  ufed  in  different  parts  of  Europe 
fince  the  1,5th  century  to  tinge  glafs  of  a  blue  colour. 
From  this  mineral  Brandt  obtained  in  1733  a  new  me¬ 
tal,  to  which  he  gave  the  name  of  cobalt 

Cobalt  is  of  a  white  colour,  inclining  to  a  bluifh  or 
fteel  grey.  When  pure,  it  is  fomewhat  malleable  while 
red  hot  *.  Its  hardnefs  is  8  f .  Its  fpecihc  gravity  is 
,8,15  (h).  It  requires^  for  fuOon  a  heat  atleafl  as  great 
as  call  iron,  which  melts  at  130°  Wedgewood.  No 
heat  has  been  produced  great  enough  to  vclatalize  it  J. 

Cobalt,  when  pure,  does  not  feem  to  be  affedled  by 
air  or  water. 

It  is  attracted  by  the  magnet. . 
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It  la  not  oxidated  by  heat  without  very  great  diffi- ,  Cobalt.^ 
culty  ;  but  it  has  the  property  of  decompofing  nitric 
acid,  and  of  attrafling  oxygen  by  that  means  with 
great  rapidity. 

The  oxide  of  cobalt  is  of  fo  deep  a  blue  as  to  appear 
black.  The  oxide  procured  by  heat  is  compoled  of  88 
parts  of  cobalt  and  1  2  of  oxygen  ;  that  by  nitric  acid  ^ 

contains  about  77  parts  of  cobalt  and  23  of  oxygen  *  *  ^ 

Its  affinities,  according  to  Bergman,  are  as  follows  :  268T490! 

Oxalic  acid. 

Muriatic, 

Sulphuric, 

Tartarousj 

Nitric, 

Sebacic, 

Phofphoric, 

Fluoric, 

Saccholadlic, 

Succinic, 

Citric, 

Formic, 

Ladlic, 

Acetous, 

Arfenic, 

Boracic, 

Priiffic,- 


Carbonic, 

Ammonia.  J6r 

T\tt  fulphiiret  of  cobalt  is  not  formed  without  difficul- Sulphuret, 
ty.  It  is  fcarcely  known.  ^ 

Phofphuret  of  cobalt  may  be  formed  by  heating  the  Phofphu^  - 
metal  red  hot,  and  then  gradually  dropping  in  fmall  bits^^^* 
of  phofphorus.  It  contains  about  phofphorus. 

It  is  white  and  brittle,  and  when  expofed  to  the  air  • 
foon  lofes  its  metallic  luflre.  The  phofphorus  is  fepa- 
rated  by  heat,  and  the  cobalt  is  at  the  fame  time  oxida¬ 
ted.  This  phofphuret  is  much  more  fufible  than  pure  ' 

cobalt  f .  ,  n  ^  Pelleiier^  > 

The  combinations  of  cobalt  with  other  metals  n^wt  Anr.de 
been  very  little  examined  into.  Chim.  xiii. 

1.  The  alloy  of  gold  and  cobalt  is  not  known.  *34- 

2.  Cobalt  docs  not  combine  with  filver  by  fufion  Alleys 
but,  according  to  Gellert,  the  alloy  of  filver  and  cobalt  ^  Bergmati's 
may  be  formed  :  it  is  brittle  and  of  a  grey  colour  §  Eha.  At- 

2.  The  allov  of  platinum  and  cobalt  is  unknown. 


(g)  The  word  cobalt  feems  to  be  derived  from  cobalus,  which  was  the  name  of  a  fpirit  thatj  according  to  the 
fuperllitious  notions  of  the  times,  haunted  mines,  deftroyed  the  labours  of  the  ininers,  and  otten  gave  them  a 
great  deal  of  unneceflary  trouble.  The  miners  probably  gave  this  name  to  the  mineral  out  of  joke,  becaufe  it 
thwarted  them  as  much  as  the  fiippofed  fpirit,  by  exciting  falfe  hopes,  and  rendering  their  labour  often  fruit- 
lefs  ;  for  as  it  was  not  known  at  firil  to  what  ufe  the  mineral  could  be  applied,  it  was  thrown  afide  as  ufelefs.  It 
was  once  cuftomary  in  Germany  to  introduce  into  the  church Tervice  a  prayer  that  God  would  preferve  miners 
and  their  works  from  kohalts  fpirits.  See  Beckmann^ s  Hijlory  of  Inventions,  II.  362. 

Mathefuis,  in  his  tenth  fermon,  where  he  fpeaks  ai  cadmla  fojflis  (probably  cobalt  ore),  fays,  “  Ye  miners 
call  it  kohoU  ;  the  Germans  call  the  black  devil  and  the  old  devil's  whores  and  hags,  old  and  black  kobel,  which,- 
by  their  witchcraft  do  injury  to  people  and  to  their  cattle." 

Lehmanu,  Paw,  Delaval,  and  feveral  other  philofophers,  have  fuppofed  that  fmalt  (oxide  of  cobalt  melted . 
with  glafs  and  pounded)  was  known  to  the  ancients,  and  ufed  to  tinge  the  beautiful  blue  glafs  Hill  vifible  in  fome  • 
of  their  works  ;  but  we  learn  from  TGmelin,  who  analyfed  fome  of  thefe  pieces  of  glafs,  that  they  owed  their  . 
colour,  not  to  the  prefence  cobalt  but  of  iron. 

According  to  Lehmann,  cobalt  ore  w^as  fir H  ufed  to  tinge  glafs' blucby  Chriilophei  Schurer,  a  glafs* maker  at> 
Flatten,  about  the  year  1540.  ^ 

{m)  Berg,  11.  231.  According  to  BrMTon,  7,8119. 
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And  affini- 
tief. 
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4.  Mercury  docs  not  appc^ir  to  amalgamate  with  co- 
balt, 

5.  The  alloy  of  copper  and  cobalt  is^icarcely  known. 

6.  The  alloy  of  iron  and  cobalt  is  very  hard,  and  not 
cafily  broken.  Cobalt  generally  contains  fome  iron, 
from  which  it  is  with  great  difficulty  feparated. 

7.  The  alloy  of  tin  and  cobalt  is  of  a  light  violet 
colour. 

8.  Cobalt  does  not  combine  with  lead  by  fufion. 

9.  The  alloy  of  zinc  md  cobalt  is  not  formed  with¬ 
out  difficulty. 

JO.  The  alloy  of  antimony  and  cobalt  is  unknown. 

11.  Cobalt  does  not  combine  with  bifmuth  by  fu¬ 
fion  *. 

12.  Arfenic  combines  very  readily  with  cobalt.  The 
alloy  is  brittle,  much  more  fufible,  and  more  eafily  oxi- 

t  BergTTiatty  dated  than  pure  cobalt -f. 

The  affinities  of  cobalt  are  as  fallows  : 

Iron, 

Nickel, 

Arfenic, 

Copper, 

Gold, 

'  Platinum, 

Tin, 

Antimony, 

Zinc, 

Sulphuret  of  alkali, 

^  Sulphur, 

Pofphorus  ? 

Sect.  XIV.  Of  iTicJcel 

A  HEAVY  mineral  of  a  red  colour  is  met  with  in  fe- 
veral  parts  of  Germany,  which  bears  a  (Irong  refem- 
blance  to  an  ore  of  copper;  but  none  of  that  metal  can 
be  extracted  from  it  :  for  this  reafon  the  Germans  call¬ 
ed  it  hupfer  nickel  (devil’s  copper).  Hierne  mentioned 
,165  it  in  1694.  Cronftedt  was  the  firft  chemift  who  exa- 
iDifcovery  with  accuracy.  He  concluded  from  his  expe- 

o  me  e,  which  were  publifhed  in  the  Stockholm  Tran f- 

adlionsfor  1751  and  1754,  that  it  contained  a  new  me¬ 
tal,  to  wffiich  he  gave  the  name  of  nickel. 

Some  chemifts,  particularly  Mr  Sage,  affirmed,  that 
it  contained  no  new  metal,  but  merely  a  compound  of 
various  known  metals,  which  could  be  feparated  from 
each  other  by  the  ufual  procefles.  Thefe  affertioiis  in¬ 
duced  Bergman  to  undertake,  a  very  laborious  courfe  of 
experiments,  in  order  if  poffible  to  obtain  nickel  in  a 
Hate  of  purity :  for  Cronftedt  had  not  been  able  to  fe- 
parate  a  quantity  of  arfenic,  cobalt,  and  iron,  which 
adhered  to  it  with  much  obftinacy.  Thefe  experiments 
have  been  very  fully  detailed  in  the  article  Chemistry, 
in  the  Encycl.  to  which  be  beg  leave  to  refer.  Berg¬ 
man  has  ffiewn,  that  nickel  poffefTes  peculiar  properties, 
and  that  it  can  neither  be  reduced  to  any  other  metal, 
nor  formed  artificially  by  any  combination  of  metals. 
It  mull  therefore  be  confidered  as  a  peculiar  metal.  It 
may  poffibly  be  a  compound,  and  fo  may  likewife  many 
other  metals  ;  but  we  mull  admit  every  thing  to  be  a 
peculiar  body  which  has  peculiar  properties,  and  we 
muft  admit  every  body  to  be  fimple  till  fome  proof  be 
actually  produced  that  it  is  a  compound  ;  otherwife  we 
forfake  the  road  of  fcience,  and  get  into  the  regions  of 
fancy  and  romance. 


S  T  R  y.  Parti. 

Nickel  is  of  a  greyiffi  white  colour,  and  when  left  Nickel, 
pure  inclines  a  little  to  red. 

It  is  both  du6lile  and  malleable.  Its  hardnefs 
Its  fpecific  gravity  9,000  f.  It  requires  for  fufion  a  ties, 
temperature  at  leaft  equal  to  150°  Wedgewood  J.  *  Kinvafi 
It  is  powerfully  at  traded  by  the  magnet,  and  is  even 
pofleffed  of  the  property  of  attrading  iron.  This  in-^  Bergman^ 
duced  Bergman  to  fuppofe  that  nickel,  when  pureft,  i;.  * 

was  ftill  contaminated  with  about  one-third  of  iron  :  \  Ibid, 
but  as  this  is  the  only  proof  of  its  containing  iron, 

Klaproth,  with  reafon,  deems  it  an  iiifufficient  one,  and 
confiders  attradion  by  the  magnet  as  a  property  of 
nickel 

When  expofed  to  a  flrong  heat,  nickel  is  oxidated  Chim,  i. 
flowly.  Its  oxide  is  of  a  brown  colour  ;  if  impure, 
is  greenijlo.  The  oxide  of  nickel,  according  to  Klaproth,  Oxides, 
is  compofed  of  77  parts  of  nickel  and  23  of  oxygen  Kimvant 
Its  affinities,  according  to  Bergman,  are  as  follows :  Miner,  u. 
Oxalic  acid, 

Muriatic, 

Sulphuric, 

Tartarous, 

Nitric, 

Sebacic, 

Phofphoric,  ** 

Fluoric, 

Saccholadic, 

Succinic, 

Citric, 

Formic, 

Tadic, 

Acetous, 

Arfenic, 

Boracic, 

Fruffic, 

Carbonic, 

Ammonia, 

Fotafs  ? 

Soda  ?  ^  ^ 

Cronftedt  found  that  nickel  combined  readily  with  Sulphuret, 
fulphur  by  fufion.  The  fulphuret  which  he  obtained 
was  yellow  and  hard,  with  fmall  fparkling  facets  ;  but 
the  nickel  which  he  employed  was  impure. 

Nickel  combines  very  readily  with  phofphorus,  either  p^ofp^u^ 
by  fufing  it  along  with  phofphoric  glafs,  or  by  drop- ret, 
ping  phofphorus  into  it  while  red  hot.  The  pliofphu- 
ret  of  nickel  is  of  a  white  colour,  and  when  broke  ex¬ 
hibits  the  appearance  of  very  flender  prifms  colleded 
together.  When  heated,  the  phofphorus  burns,  and  the 
metal  is  oxidated.  It  is  compofed  of  83  parts  of  nickel 
and  17  of  phofphorus*.  The  nickel,  however,  on*  PeUethrt 
which  this  experiment  was  made,  was  not  pure.  _ 

Little  is  known  concerning  the  alloys  oi  nickel  with 
other  metals.  Equal  parts  of  filver  and  nickel  form  a 
white  dudile  alloy.  Equal  parts  of  copper  and  nickel  Alloys, 
form  a  red  dudile  alloy.  The  compounds  which  this 
metal  forms  with  tin  and  zinc  are  brittle.  It  docs  not 
combine  with  mercury  f.  It  has  a  very  ftrong  affinity  f  Bergman^ 
for  iron,  cobalt,  and  arfenic,  and  is  fcarcely  ever  found h.  ^3*- 
except  combined  with  fome  of  them. 

Its  affinities,  according  to  Bergman,  are  as  follows :  And  affini- 
Iroa,  ties. 

Cobalt, 

Arfenic, 


Copper, 


part  I. 

Man^aiiefe, 
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Dilcovery  The  dark  grey  mineral  called  tnanganefe,  m  Latin 
ofmaij'tja-  magnefta  (according  to  Boyle,  from  its  refemblance  to 
iidc.  magnet)^  has  been  long  known  and  ufed  in  making 

glafs.  A  mine  of  it  was  difcovered  in  England  by  Mr 
Boyle.  It  was  long  fuppofed  to  be  an  ore  of  iron  ;  but 
Port  and  Croniledt  having  demonftrated  that  it  contain¬ 
ed  very  little  of  that  metal,  the  latter  referred  it  in  his 
Mineralogy  to  a  diftind  order  of  earths,  which  he  call¬ 
ed  terra  magnefta.  Bergman,  from  its  fpecific  gravity, 
and  feveral  other  qualities,  fufpeded  that  it  was  a  me¬ 
tallic  oxide ;  he  accordingly  made  feveral  attempts  to 
reduce  it,  but  without  fuccefs  ;  the  whole  mafs  either 
affuming  the  form  of  fcorise,  or  yielding  only  fmall  fe- 
parate  globules  attraded  by  the  magnet.  This  difficul¬ 
ty  of  fufion  led  him  to  fufped  that  the  metal  he  was  in 
quell  of  bore  a  ftrong  analogy  to  platinum.  In  the 
mean  time.  Dr  Gabn,  who  was  making  experiments  on 
jthe  fame  mineral,  adually  fucceeded  in  reducing  it  by 
the  following  procefsi  He  lined  a  crucible  with  char¬ 
coal  powder  moiftened  with  water,  put  into  it  fome  of 
the  mineral  formed  into  a  ball  by  means  of  oil,  then 
hlled  up  the  crucible  with  charcoal  powder,  luted  ano¬ 
ther  crucible  over  it,  and  expofed  the  whole  for  about 
an  hour  to  a  very  intenfe  heat.  At  the  bottom  of  the 
crucible  was  found  a  metallic  button,  or  rather  a  num¬ 
ber  of  fmall  metallic  globules,  equal  in  weight  to  one- 
*  Bergman,  third  of  the  mineral  employed  *.  It  is  eafy  to  fee  by 
u.  ai  I.  what  means  this  redudion  was  aecomplifhed.  The  char¬ 
coal  attraded  the  oxygen  from  the  oxide,  and  the  me- 
tal  remained  behind.  This  metal  is  called  manganefe. 

Its  proper-  Manganefe  is  of  a  greyifh  white  colour.  It  is  not 
tie?,  malleable,  and  yet  not  fo  brittle  as  to  be  eafily  broken, 

t  Kirtvans  hardncfs  is  8  f .  Its  fpecific  gravity  is  7,000  J. 

11.  fufion  requires  fo  great  a  heat,  that  it  has  been  very 
I  Hielm.  feldom  aecomplifhed. 

When  reduced  to  powder,  it  is  attraded  by  the 
171  magnet. 

Oxide?,  When  expofed  to  the  air,  it  very  foon  tarniflies,  and 
affumes  a  darker  colour,  till  at  lafl  it  becomes  black  and 
friable.  This  change  is  produced  by  the  abforption  of 
•oxygen.  It  takes  place  much  more  rapidly  if  heat  be 
applied  to  the  metal.  The  fubflance  thus  obtained  is 
the  black  oxide  of  manganefe.  This  oxide  is  found  in 
great  abundance  in  nature,  though  fcarcely  ever  in  a 
Hate  of  purity.  It  is  compofed  of  75  parts  of  manga- 
5  nefe  and  25  of  oxygen 

ii.  %7S. 


Copper, 

Gold, 

Tin, 

Antimony, 

Platinum, 

Bifmuth, 

Lead, 

Silver, 

Zinc, 

Sulphuret  of  alkali, 
Sulphur, 

Popfphorus  ? 

Sect.  XV.  Of  Manganefe, 


S  T  R  Y.  ^47 

If  a  quantity  of  mutiatic  acid  be  poured  upon 
oxide,  and  heat  applied,  part  of  the  acid  combines  wu'th 
fome  of  the  oxygen  of  the  oxide,  and  flies  off  in  yellow 
fumes.  The  oxide  is  diffolved  in  the  refl.  If  potais  be 
added  to  this  folution,  a  white  powder  is  precipitated. 

This  is  the  white  oxide  of  manganefe.  It  contains,  ac¬ 
cording  to  Bergman,  about  8o  parts' of  manganefe  and 
20  of  oxygen.  ItToon  attradls  more  oxygen  when  ex¬ 
posed  to  the  air,  and  is  converted  into  black  oxide. 

The  affinities  of  the  wdiite  oxide,  according  to  Berg¬ 
man,  are  as  follows  : 

Oxalic  acid. 

Citric, 

Phofphoric, 

Tartarous, 

Fluoric, 

Muriatic, 

Sulphuric, 

Nitric, 

Saccholadlic, 

Succinic, 

Sebacic, 

Tartaric, 

Formic, 

Ladllc, 

Acetous, 

Pruffic, 

Carbonic. 

The  fulphuret  of  manganefe  is  unknown.  1J4 

Phofphorus  may  be  combined  with  manganefe  byPhorphu- 
melting  together  equal  parts  of  the  metal  and  of  phof-^^h 
phoric  glafs  ;  or  by  dropping  phofphorus  upon  red  hot 
manganefe.  The  phofpliuret  of  manganefe  is  of  a  white 
colour,  brittle,  granulated,  difpofed  to  ciyftallize,  not 
altered  by  expofure  to  the  air,  and  more  fufible  than 
manganefe.  When  heated,  the  phofphorus  burns  and 
the  metal  becomes  oxidated  *  VdletUry 

Mang-anefe  combines  readily  with  carbon  by 
fion  (i)  Ci6/w.  xiii. 

Little  is  known  concerning  the  alloys  of  manganefe. 

It  combines  readily  with  copper.  The  compound,  ac- Carburet, 
cording  to  Bergman,  is  very  malleable,  its  colour  is  red, 
and  it  fometimes  becomes  green  by  age.  Gmelin  made  ^ 
a  number  of  experiments  to  fee  whether  this  alloy  could 
be  formed  by  fufing  the  black  oxide  of  manganefe  along 
with  copper.  Fle  partly  fucceeded,  and  propofed  to 
fubftitute  this  alloy  inflead  of  the  alloy  of  copper  and 
arfeuic,  which  is  ufed  in  the  artsf.  We  believe,  how-f  Annfe 

ever,  that  upon  trial  the  new  alloy  has  been  found  not 

r  ^  303* 

to  anlwer. 

Manganefe  combines  readily  with  iron  ;  indeed  It  has 
fcarcely  ever  been  found  quite  free  from  fome  mixture 
of  that  metal.  It  combines  alfo  very  eafily  with  arfe- 
nic  and  tin,  not  eafily  with  zinc,  and  not  at  all  with 
mercury  J.  t  Bergman j 

The  affinities  of  manganefe,  according  to  Bergman,”* 

are  as  follows  :  Anilsini. 

Copper, 

Iron, 

Gold, 

Silver, 


(1)  Bergman.,  III.  379 _ Sometimes  inanganefe  is  very  fpeedily  oxidated  by  expofure  to  the  air  j-  fometimes 

fcarcely  aftered  by  it,  as  Klaproth  and  Pelletier  have  obferved.  Mr  Kirwan  fuppofes  that  the  manganefe 
which  is  foon  altered  contains  carbon,  and.  that  this  is  the  caufe  of.the  difference.  See-  II.  288. 
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Siivcjr, 

Tin, 

Sulphuret  of  alkali, 

Phofphorus  ? 

Carbon  ? 

The  three  metal?,  cobalt^  nickel^  and  manganeje^  refem- 
ible  iron  in  feveral  particulars  :  Like  it,  they  are  mag¬ 
netic,  very  hard,  and  very  difficult  to  fufe  :  but  they 
differ  from  it  in  fpccific  gravity,  malleability,  and  in 
the  properties  of  all  their  combinations  with  other  fub- 
ffances  ;  the  oxides,  for  inllance,  of  iron,  cobalt,  nickel* 
and  mangancfe,  poffefs  very  different  qualities. 

Sect.  XVI.  OfTnngstzn, 

There  is  a  mineral  found  in  Sweden  of  an  opaque 
.white  colour  and  great  weight ;  from  which  laft  cir- 
cumllance  it  got  the  name  of  tungsten^  or  ponderous  Jlone, 
Some  mineralogifts  confidered  it  as  an  ore  of  tin,  others 
fuppofed  that  it  contained  iron.  Sclieele  analyfed  it  in 
J781,  and  found  that  it  was  compofed  of  lime  and  a 
peculiar  earthy-like  fubftance,  which  he  called  from 
its  properties  tungstic  acid,  Bergman  conjectured  that 
the  bails  of  this  acid  was  a  metal  ;  and  this  conjedlure 
was  foon  after  fully  confirmed  by  the  experiments  of 
Meffrs  D’EIhnyart,  who  obtained  the  fame  fubffance 
from  a  mineral  of  a  browniih  black  colour,  called  by 
the  Germans  wolfrcm^  which  is  fometimes  found  in  tin 
mines.  This  mineral  they  found  to  contain  of 
tiingftic  acid  ;  the  reft  of  it  coiififted  of  itianganefe, 
iron,  and  tin.  This  acid  fubftance  they  mixed  with 
charcoal  powder,  and  heated  violently  in  a  crucible. 
On  opening  the  crucible  after  it  had  cooled,  they  found 
in  it  a  button  of  metal,  of  a  dark  brown  colour,  which 
crumbled  to  powder  between  the  fingers.  On  viewing 
it  with  a  glafs,  they  found  it  to  confift  of  a  congeries 
of  metallic  globules,  fome  of  which  were  as  large  as  a 
pin-head.  The  metal  thus  obtained  is  called  tungsten, 
'i^he  manner  in  which  it  was  produced  is  evident ;  tung 
flic  acid  is  comp.ofed  of  oxygen  and  tungften  :  the  oxy¬ 
gen  combined  with  the  carbon,  and  left  the  metal  in  a 
ftate  of  purity. 

Tungften  is  externally  of  a  brown  colour,  internally 
of  a  fteel  grey 

Its  fpecific  gravity  is  17,600  f.  It  is  more  infufible 
than  mangancfe  J. 

When  heat  is  applied  to  tungften  it  is  converted  in* 
to  a  yellow  powder,  compofed  of  80  parts  of  tungften 
and  zo  of  oxygen  §,  This  is  the  yellow  oxide  of  tungsten 
or  tungstic  acid. 

The  fulphuret  of  tungften  is  of  abluiffiblack  colour, 
hard,  and  capable  of  cryftallizing. 

Phofphorus  is  capable  of  combining  with  tungften  ||. 
Of  the  alloys  of  tungften  we  know  nothing,  except 
Jrom  the  experiments  of  Elhiiyarts,  which  have  been 
tranferibed  into  the  article  Chemistry  in  the  Encyclo¬ 
pedia  ;  to  which,  therefore,  wc  beg  leave  to  refer. 

Sect.  XVII.  Of  Molybdenum, 

Difcovery  The  Greek  word  molybdena^  and  its  Latin  tranflation 
r.f  molyb-  plumbago^  feem  to  have  been  employed  by  the  ancients 
deiium.  to  denote  various  oxides  of  lead  ;  but  by  the  moderns 
they  were  applied  indiferiminately  to  all  fiib^lanccs  pof- 
feffed  of  the  following  properties  :  Light,  friable,  and 
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^  Luyart, 


H  'PellHier, 
yititi,  de 
Chim,  xiii. 
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foft,  of  a  dark  colour  and  greafy  feel,  and  which  leave  Ivlolybde- 
a  ftain  upon  the  fingers.  Sclieele  firft  examined  thefe  , 
minerals  with  attention.  He  found  that  two  very  dif*  '  ^ 

ferent  fubftances  had  been  confounded  together.  To 
one  of  thefe,  which  is  compofed  of  carbon  and  iron, 
and  which  has  been  already  deferibed,  he  appropriated 
the  word  plumbago  ;  the  other  he  called  molybdena, 

Molydbena  is  compofed  of  fcaly  particles  adhering 
nightly  to  each  other.  Its  colour  is  bluifh,  very  much 
refembling  that  of  lead.  Scheele  analyfed  it,  and  ob¬ 
tained  fulphur  and  a  whitifh  powder,  which  poffeffed 
the  properties  of  an  acid,  and  v/hich,  therefore,  he  call¬ 
ed  acid  of  molybdena,  Bergman  firft  fufpe£led  that  the 
bafis  of  this  acid  was  a  metal.  It  was  at  the  requeft  of 
Bergman  and  Scheele  that  Mr  Hielm  began  the  labo¬ 
rious  courfe  of  experiments  by  which  he  fucceeded  in 
obtaining  a  metal  from  this  acid.  His  method  was  to 
form  it  into  a  pafte  with  linfeed  oil,  and  then  to  apply 
a  very  ftrong  heat.  This  procefs  he  repeated  feveral 
times  fucceffively.  Klaproth  and  Pelletier  alfo  attempt¬ 
ed  to  reduce  it,  and  with  equal  fuccefs.  The  metal  is 
molybdenum  (k).  ^ 

Molybdenum  is  externally  of  a  whitifh  yellow  colour,  its  proper^ 
but  its  fradlure  is  a  whitifh  grey.  ties. 

Hitherto  it  has  only  been  procured  in  fmall  grains, 
agglutinated  together  in  brittle  maffes. 

Its  fpecific  gravity  is  7*500.  It  is  almoft  infufible 
in  our  fires. 

When  expofed  to  a  ftrong  heat,  it  is  gradually  con¬ 
verted  into  a  whitifh-coloured  oxide When  nitric*  Pelletier^ 
acid  is  poured  upon  it,  molybdenum  att raffs  oxygen,  and  "joum,  de 
is  converted  into  a  wldte  oxide^  which  poffcffes  the  pro- 
perties  of  an  acid  f.  This  is  the  molybdic  acid,  I  Hid, 

Molybdenum  combines  readily  with  fulphur;  and  the 
compound  has  exaffly  the  properties  of  molybdena,  the 
fubftance  which  Scheele  decompounded  J.  Molybdena  t  Uid. 
is  therefore  fulphuret  of  molybdenum.  The  reafon  that 
Scheele  obtained  from  it  molybdic  acid  was,  that  the 
metal  combined  with  oxygen  during  his  procefs. 

Molybdenum  is  alfo  capable  of  combining  wnth  phof- 
phoi  US  §,  §  PiUetuTp 

Few  of  the  alloys  of  this  metal  have  been  hitherto 
examined. 


The  alloy  is 


Chim,  xiii. 

137. 


It  feems  capable  of  uniting  with  gold, 
probably  of  a  white  colour  [j.  '  ||  Rupredt; 

It  combines  readily  with  platinum  while  in  the  ftate 
of  an  oxide.  The  compound  is  fufible.  Its  fpecific 
gravity  is  20,00  ijf.  ^  ^  %  Hielm, 

The  alloys  of  molybdenum  with  filver,  iron,  and  Ann,  de 

per,  are  metallic  and  friable  ;  thofe  with  lead  and  tin  Chim,  iv. 
are  powders  which  cannot  be  fufed  17* 

^  *  Pelletier, 

Sect.  XVIir.  Of  Uranium. 

Phyftque, 

There  is  a  mineral  found  in  the  George  Wagsfort 
mine  at  Johann>Georgenftadt  in  Saxony,  partly  in  a 
pure  or  unmixed  ftate,  and  partly  ftratified  with  other  rf  urani- 
kinds  of  ftoncs  and  earths.  The  firft  variety  is  of  ann:. 
blackifh  colour  inclining  to  a  dark  iron  grey,  of  a  mo¬ 
derate  fplendor,  a  clofe  texture,  and  when  broken  pre- 
fents  a  foinewhat  uneven,  and,  in  the  fmalleft  particles, 
a  conchoidal  furface.  It  is  quite  opaque,  tolerably 
hard,  and  on  being  pounded  yields  a  black  powder.  Its 
fpecific  gravity  is  about  7,500.  The  fecond  fort  is 

diftinguiffied 


(k)  This  name  was  given  it  by  Hielm, 
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♦  yUaprotht 
QrelV  s'J  our  > 
ruily  Bng. 
Tranfl. 
i.  126. 


}  md. 
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ties. 

t  Ibtd.  133, 
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(liftingulflicd  by  a  finer  black  colour,  with  here  and  there 
a  reddifh  caft  ;  by  a  ftronger  luftre,  not  unlike  that  of 
pit  coal;  by  an  inferior  hardnefs;  and  by  a  fhade  of  green, 
which  tinges  its  black  colour  when  it  is  reduced  to 
powder 

This  folhl  was  called  pechhlende  ;  and  mineralogifts, 
mifled  by  the  name  (l),  had  taken  it  for  an  ore  of 
zinc,  till  the  celebrated  Werner,  convinced  from  its 
texture,  hardnefs,  and  fpecific  gravity,  that  it  was  not 
a  blendey  placed  it  among  the  ores  of  iron.  Afterwards 
he  fufpedled  that  it  contained  tungsten;  and  this  con- 
jedure  was  feemingly  confirmed  by  the  experiments  of 
fome  German  mineralogifts,  publifhed  in  the  Miners 
Journal  f.  But  Klaproth,  whofe  analyfes  always  dif- 
play  the  moft  confummate  fltill,  joined  with  the  moft 
rigid  accuracy,  examined  this  mineral  about  the  year 
1 7 89,  and  found  that  it  confifted  chiefly  of  fulphur 
combined  with  a  peculiar  metal,  to  which  he  gave  the 
name  of  uranium  (m). 

Uranium  is  of  a  dark  grey  colour  ;  internally  it  is 
fomewhat  Inclined  to  brown 

Its  malleability  is  unknown.  Its  hardnefs  is  about 
6.  It  requires  a  ftronger  heat  for  fufion  than  manga- 
nefe.  Indeed  Klaproth  only  obtained  it  in  very  fmall 
conglutinated  metallic  grains,  forming  altogether  a  po¬ 
rous  and  fpongy  mafs. — Its  fpecific  gravity  is  6,440  §. 

When  expofed  for  fome  time  to  a  red  heat,  it  fuffers 
no  change.  By  means  of  nitric  acid,  however,  it  may 
be  converted  Into  a  yellow  powder.  This  Is  the  yellonv 
oxide  of  uranium.  This  oxide  Is  found  native  mixed 
with  the  mineral  above  defcribed.  Its  affinities  have  not 
yet  been  determined. 

Uranium  is  capable  of  combining  with  fulphur.  The 
mineral  from  which  Mr  Klaproth  firft  obtained  It  Is  a 
native  fulphuret  of  uranium. 

Nothing  is  known  concerning  the  alloys  or  affinities 
of  uranium. 

Sect.  XTX.  Of  Titanium, 

Bifeovery  .  is  a  mineral  found  in  Hungary  which,  from 

of  titanium,  its  external  appearance,  has  been  called  red Jhorl ;  but 
Klaproth,  who  examined  it  about  the  year  1795,  dlf- 
covered  that  it  confifted  chiefly  of  a  peculiar  metal,  to 
which  he  gave  the  name  of  titanium, 

Itspmpcr-  "l^itanium  is  of  a  brownifh  red  colour,  and  confider- 
^  ‘  able  luftre.  It  is  brittle.  Its  hardnefs  is  9  ;  its  fpecific 
gravity  4,18. 

When  expofed  to  a  ftrong  heat  in  a  clay  crucible,  It 
fuflered  no  alteration,  except  that  its  colour  became 
browner  ;  but  In  a  coal  crucible  it  loft  its  luftre  and 
broke  to  pieces. 

It  Is  found  naturally  cryftalllzed  In  right-angled  qua¬ 
drangular  prifms,  longitudinally  furrowed,  and  about 
half  an  inch  in  length. 

No  acid  had  any  efFe<ft  in  oxidating  It ;  but  when 
mixed  with  five  times  its  weight  of  potafs,  and  heated 
in  a  porcelain  furnace,  it  melted,  and  formed  when  cold 
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a  denfe  greyifli  mafs,  the  furface  of  which  was  cryftal-  Tellurium 
lized.  When  dlftblved  In  bailing  water,  It  foon  let  fall 
a  white  powder,  weighing  about  one-third  more  than 
the  titanium  employed.  This  is  the  oxide  of  titanium. 

Fifty  grains  of  it  were  reduced  by  ignition  to  38. 

While  hot  it  was  yellowifh,  but,  like  oxide  of  zinc,  be¬ 
came  white  as  It  cooled.  When  heated  on  charcoal, 
it  aflumes  firft  a  rofy  redy  and  afterwards  a  flats  blue  co¬ 
lour,  and  at  laft  melts  into  an  imperfetl  bead  with  a 
finely  ftriated  furface.  Mr  Klaproth  did  not  fucceed 
In  reducing  it  to  the  metallic  ftate. 

Titanium  does  not  feem  to  have  any  affinity  for  ful¬ 
phur  *.  ^M^Grrgor, 

There  was  a  fubftance  dlfcovered  by  Mr  McGregor  In 
the  valley  of  Menachan  in  Cornwall,  and  hence  called 
menachamte.  Upon  this  fubftance  Mr  M‘Gregor  made 
a  very  interefting  fet  of  experiments,  which  were  pub- 
llflied  In  the  Journal  de  Phyfique  for  1791.  He  fiif- 
peded  it  to  contain  a  new  metal.  From  its  properties, 

Mr  Kirwan  conjedured  that  it  was  the  fame  with  tita¬ 
nium  f;  and  this  conjedure  has  been  very  lately  con- 1 
firmed  by  Mr  Klaproth,  who  analyfed  menachanite,  and^^*^^^* 
found  it  to  be  an  ore  of  that  n^etal. 


Sect.  XX.  Of  Tellurium, 


187 


In  the  mountains  of  Fatzbay,  near  Zalethna  in  Tran- Difeovery 
fylvania,  there  is  amine  called  Marlahllf ;  the  ore  of^f 
which  Is  wrought  for  the  gold  that  it  contains.  Mr“”'* 
Muller  of  ReichenfteIn  examined  It  In  1782,  and  fufpec- 
ted  that  It  contained  a  new  metal ;  and  Bergman,  to 
whom  he  had  fent  fome  of  the  ore,  was  of  the  fame  opi¬ 
nion  :  but  the  quantity  of  the  mineral  which  thefe  che- 
mlfts  had  examined  was  too  inconfiderable  to  enable 
them  to  decide  with  certainty.  Klaproth  analyfed  a 
larger  quantity  of  it  about  the  year  1797,  and  found 
that  1000  parts  of  It  confifted  of  72  parts  of  iron, 
of  gold,  and  925,5  of  a  new  metal,  to  which  he  has 
given  the  name  of  tellurium  (n).  188 

Tellurium  is  of  a  white  colour  like  tin,  approaching^:®  proper- 
fomewhat  to  the  grey  colour  of  lead  \^Kla  roth 

It  Is  very  brittle  and  friable.  Its  fradure  Is  laminated,  ^rhilofoplicll 
Its  fpecific  gravity  Is  6,1 15.  _  M.!gaziney 

It  is  as  eafily  melted  as  lead.  When  fuffered  to  cool*- 
quietly  and  gradually,  it  readily  affumes  a  cryftalllzed 
furface  §,  §  Muller, 

When  heated  by  the  blowpipe  upon  charcoal.  It  burns 
with  a  very  lively  flame  of  a  blue  colour,  inclining  at  the 
edges  to  green.  It  is  fo  volatile  as  to  rife  entirely  in  a 
whitlfh  grey  fmoke  ;  at  the  fame  time  it  exhales  a  dlf- 
agreeable  odour  like  that  of  radlfhes.  This  fmoke  is 
the  nvhtte  oxide  of  tellurium,  which  may  be  formed  alfo 
by  diflblving  the  metal  in  iiltro- muriatic  acid,  and  pour¬ 
ing  into  the  fatiirated  folution  a  quantity  of  water :  a 
white  powder  precipitates,  which  is  the  oxide  ||.  II  Ki‘^proth, 

When  this  oxide  is  heated  for  fome  time  in  a  retort, 
it  melts,  and  appears,  after  cooling,  of  a  yellow  Itravv 
colour,  having  acquired  a  fort  of  radiated  texture*  When 
I  1  formed 


(l)  Blende  is  the  name  given  to  ores  of  zinc. 

(m)  From  Uranus  (ou^av^?),  the  name  given  by  Mr  Bode  to  the  new  planet  dlfcovered  by  Herfchel ;  which 
name  the  German  aftronomers  have  adopted.  Mr  Klaproth  called  the  metal  at  firft  ur anile  ;  but  he  afterwards 
changed  that  name  for  uranium, 

(n)  Mr  Kirwan,  In  the  new  edition  of  his  Mineralogy,  which  was  publifhed  before  Mr  Klaproth’s  experi¬ 
ments  were  known,  gives  this  metal  the  name  of  Syhanlte, — Tellurium  exifts  in  fcveral  other  mines  in  the  fame 
mountains. 
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Tellurium,  formed  into  a  pafte  with  any  fat  oil,  and  diftiUed  in  a 

- - ^ - -  red  heat,  brilliant  metallic  drops  are  observed  to  cover 

the  upper  part  of  the  retort,  which  at  intervals  fall  to 
the  bottom  of  the  veffel,  and  are  immediately  replaced 
by  others.  After  cooling,  metallic  fixed  drops  are 
found  adhering  to  the  fides  and  at  the  bottom  of  the 
veffel ;  the  remainder  of  the  metal  is  reduced.  It  s  lur- 
face  is  brilliant  and  almoft  always  cryftallized.  When 
this  oxide  Is  expofed  to  heat  on  charcoal,  it  is  reduced 
*  JiT/afro/i.wIth  a  rapidity  that  refembles  detonation 

Tellurium  combines  with  fulphur.  The  fulphuret  of 


CHEMISTRY.  Part  I. 

When  placed  on  red  hot  charcoal,  the  metal  burns  as  Tellurium, 
well  as  the  fulphur  with  a  blue  flame.  ' ' 

Tellurium  amalgamates  with  mercury  by  flmple  tritu¬ 
ration*)’.— The  other  properties  ofthis  metal  are  unknown,  f  MulUr* 


A  NEW  metal  has  lately  been  difcovered  by  Vauquelin  Chromum. 
in  the  red  lead  ore  of  Siberia.  It  is  grey,  very  hard, 
brittle,  and  eafily  cryftallizes  in  fm all  needles NicUlfont 
has  given  it  the  name  of  chromum  (o). 

We  have  now  defcribed  all  the  metals  at  prefent 
known.  The  following  table  will  exhibit  in  one  view 
their  principal  properties. 


Metals. 

Colour. 

:ard.  S 
lefs.  g 

pecific 

ravity 

Fufing  J 

Point. 

Mallea-  p 
bility. 

>u6lility 

Gold. 

Yellow. 

6  1 

9,300  ^ 

;iw.(p) 

1298  F. 

,82000 

500 

Silver. 

White. 

61  I 

0,510 

28  W.  1 
1044  F. 

60000 

270 

Platinum. 

White. 

7i  f 

13,000 

150  W.? 

above 

500 

Mercury. 

White. 

|] 

[3>568 

—  39  r. 

Copper. 

Red. 

8 

8,870 

27  W. 
1449  F. 

299i 

Iron. 

Blue-grey. 

9 

7,788 

150  w. 
20577  F. 

450 

Magnetic. 

Tin. 

White. 

6 

7*299 

410  F. 

2000 

49 

Lead. 

Blue-white. 

5 

[i‘.352 

540  F. 

295 

Zinc. 

White. 

6 

|7.»9o 

700  F. 

0 

Antimony. 

Grey. 

61 

6,860 

700  F. 

0 

0 

Bifmuth. 

Yellow- white. 

6 

9,822 

460  F. 

0 

0 

Arfenic. 

White. 

7 

8,310 

400  F.  ? 

0 

0 

Cobalt. 

White. 

8 

8,150 

130  w. 

17977 F. 

Magnetic. 

Nickel. 

White. 

8 

9,000 

150  W. 
20577  F, 

Magnetic. 

Manganefe. 

White. 

8 

1  7)000 

ijoW. 
20577  F 

0 

0 

Magnetic. 

Tungften. 

Brown, 

6 

17,60c 

) 

0 

0 

Molybdenur 

n  Grey. 

1 7.50': 

) 

0 

0 

Uranium. 

Grey. 

6 

6.44c 

) 

Titanium, 

Red. 

9 

4,18c 

3 

0 

0 

Tellurium. 

White. 

6,iij 

5  540  r. 

0 

0 

Chromum. 

Grey. 

0 

0 
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General 
tabic  of  the 
properticj 
of  the  me¬ 
tals. 


(o’)  Prom  became  it  poueues  tne  property  ux  givxs.g 

(p)  W.  Wedgewood^s  pyrometer.  F.  Fahrenheit  s  thermometer. 


We 


Part  I.  C  H  E  M 

Tellurium.  We  have  feen  that  all  the  metals  arc  capable  of  com- 
V— '  bininsr  with  oxygen  ;  that  almoft  every  one  forms  va- 
‘9'  rious'^oxides,  containing  different  quantities  of  oxygen, 
on  mSailic  and  varying  in  colour  and  other  properties  according  to 


I  oxides. 


cholfons 

'Journ 
453- 


the  proportion  of  oxygen  which  they  contain.  No  part 
of  chemiftry  has  more  engaged  the  attention  of  philo- 
ifophers  than  the  metallic  oxides;  and  yet  fuch  is  the 
dilHculty  of  the  fubjed,  that  fcarcely  any  part  of  che- 
iniltry  is  more  imperfedlly  underftood. 

We  neither  know  how  many  oxides  every  particular 
metal  is  capable  of  forming,  nor  the  manner  in  which 
they  are  formed  :  neither  have  the  differences  between 
oxides  of  the  fame  metallic  bafe  been  inquired  into  ; 
though  there  cannot  be  a  doubt  that  they  differ,  not 
only  in  their  affinities,  but  in  many  of  their  other  pro¬ 
perties.  The  nvhlte  oxide  of  ihanganefe,  for  iiiftance, 
combines  readily  with  acids,  but  the  black  is  incapable 

of  uniting  with  any.  i  •  i  i  i  i 

Mr  Proufl,  in  a  very  valuable  paper  which  he  lately 
^  Ann.de  publiffied  concerning  the  oxides  of  iron  hints  that 
Cto.  xxiii.  capable  of  two  degrees  of  oxidation,  or, 

which  is  the  fame  thing,  that  only  two  different  oxides 
can  be  produced  from  the  fame  metal.  We  think  he 
has  proved  this  completely  as  far  as  iron  is  concerned  ; 
and  probably  the  obfervation  holds  good  with  relpect 
to  many  other  metals.  Arfenic,  copper,  tin,  molybde¬ 
num,  and  perhaps  even  mercury,  feem  to  be  capable  ot 
only  two  degrees  of  oxidation  ;  but  it  would  lequire  a 
very  numerous  and  accurate  fet  of  experiments  to  be 
able  to  determine  the  matter,  or  even  to  form  a  pro¬ 
bable  conjedure.  Analogy  is  certainly  againft  the  fup- 
pofition  ;  for  it  has  been  demonftrated  that  fome  fub- 
ftances  at  leaft  are  capable  of  combining  with  three  dif¬ 
ferent  dofes  of  oxygen  (q^)>  and  why  may  not  this  be 
the  cafe  alfo  with  the  metals  ? 

There  is  one  obfervation,  however,  which  we  owe  to 
Mr  Proull,  the  truth  of  which  cannot  be  doubted,  and 
which  is  certainly  of  the  highefl  importance  — that  me¬ 
tals  are  not  capable  of  indefinite  degrees  of  oxidation, 
but  only  of  a  certain  number  ;  and  that  every  particular 
oxide  confifts  of  a  determinate  quantity  of  the  metal 
and  of  oxygen  chemically  combined.  Iron,  for  inftance, 
is  not  capable,  as  has  been  fuppofed,  of  uniting  with 
oxygen  in  all  the  intermediate  degrees  between  tVcj 

and  confequently  of  forming  20  or  30  different 
oxides  ;  it  can  only  combine  with  precifely  parts, 
or  parts,  and  with  no  other  proportions  ;  and  there¬ 
fore  is  only  capable  of  forming  two  oxides,  the  green 
and  the  bro^wn.  In  like  manner,  every  other  metal  com¬ 
bines  with  certain  proportions  of  oxygen,  and  forms 
either  two  oxides  or  more  according  to  its  nature.  To 
talk  therefore  of  oxidating  a  metal  indefinitely  is  not 
accurate,  except  it  be  intended  to  fignify  the  combi¬ 
ning  of  part  of  it  with  oxygen,  while  the  reft  remains  m 
its  natural  ftate.  If  iron  be  oxidated  at  all,  it  muft  be 
combined  with  of  oxygen  ;  if  it  be  oxidated  more 
than  this,  it  muft  be  combined  with  01 

We  beg  leave  to  add  another  obfervation,  which  we 
confider  as  of  no  lefs  importance,  and  which  will  ftrve 
in  fome  meafure  to  modify  and  explain  vyhat  has  been 
juft  now  faid.  Oxygen  is  capable  of  uniting  with  me- 


I  S  T  R  Y.  251 

tals,  or  with  any  other  fubftance  for  which  it  has  an  Tellurium.^ 
affinity,  only  in  one  determinate  proportion.  Iron,  for  in¬ 
ftance,  and  oxygen  can  only  combine  in  the  proportion 
of  73  parts  of  iron  and  27  of  oxygen,  Theie  two  quan¬ 
tities  faturate  each  other,  and  form  a  compound  which 
is  incapable  of  receiving  into  it  any  more^  oxygen  or 
iron  :  this  compound  is  the  green  oxide  of  iron.  How 
comes  it  then,  it  will  be  alked,  that  there  is  another 
oxide  of  iron,  the  brown  oxide,,  which  contains  52  parts 
of  iron  and  48  of  oxygen,  proportions  certainly  very 
different  from  73  and  27  ?  We  anfwer,  there  is  an  af¬ 
finity  between  the  green  oxide  of  iron  and  oxygen  ;  they 
are  capable  of  combining  together,  and  of  faturating 
each  other  in  the  proportion  of  about  71,5  parts  of 
green  oxide  and  28,5  of  oxygen  ;  and  the  compound 
which  they  form  is  the  brown  oxide^  which  of  courfe 
contains  52  parts  of  iron  and  48  of  oxygen  ;  But  then 
it  is  not  formed  by  the  combination  of  thefe  two  fub- 
ftances  diredly,  but  by  the  combination  of  the  green 
oxide  and  oxygen.  In  like  manner,  the  arfenic  acid  is 
not  compofed  of  arfenic  and  oxygen  combined  diredlly, 
but  of  white  oxide  of  arfenic  combined  with  oxygen. 

The  very  fame  thing  takes  place  in  all  the  other  metals. 

We  cannot  at  prefent  prove  the  truth  of  this  obferva- 
tion  in  a  fatisfadfory  manner,  becaufe  it  would  be  ne- 
ceffary  to  draw  our  proofs  from  combinations  which  are 
yet  undefcribed  ;  but  we  will  have  occafioii  to  confidei 
it  afterwards. 

We  have  feen  that  all  the  metals  hitherto  tried  are 
capable  of  combining  with  fulphur,  except  gold  and 
titanium  ;  that  all  of  them  on  which  the  experiments 
have  been  made  can  be  united  with  phofphorus  ;  and 
that  three  of  them,  iron,  zinc,  and  manganefe,  united 
with  carbon  ;  and  perhaps  many  more  of  them  may 
hereafter  be  found  capable  of  affuniing  the  form  of  car¬ 
burets. 

We  have  feen,  too,  that  they  are  capable  of  uniting 
with  one  another  and  forming  alloys.  This  was  long  rec¬ 
koned  peculiar  to  metals,  and  it  is  at  prefent  one  of  the 
beft  criterions  ffir  determining  the  metallic  nature  of 
any  fubftance.  Much  is  wanting  to  render  the  che- 
miftry  of  alloys  complete.  Many  of  them  have  never 
been  examined  ;  and  tlie  proportions  of  almoft  all  of 
them  are  unknown.  Neither  has  any  accurate  method 
been  yet  difeovered  of  determining  the  affinities  of  me¬ 
tals  for  each  other.  The  order  of  affinities  which  we 
have  given  for  each  metal  was  determined  by  Bergman  5 
but  he  acknowledged  himfelf  that  he  wanted  the  pro¬ 
per  data  to  enfure  accuracy. 


Chap.  IV.  Of  Earths. 

The  word  earthy  in  common  language,  has  two  mean¬ 
ings  ;  it  fometimes  fignifies  the  globe  which  we  inhabit, 
and  fometimes  the  mould  on  which  vegetables  grow. 
Chemifts  have  examined  this  mould,  and  have  found 
that  it  confifts  of  a  variety  of  fubftances  mixed  together 
without  order  or  regularity.  The  great  eft  part  of  it, 
however,  as  well  as  of  the  ftones,  which  form  apparently 
fo  large  a  proportion  of  the  globe,  confifts  of  a  fmall 
number  of  bodies,  which  have  a  variety  of  commmon  pro- 
I  i  2  *  perties. 


(ct.)  We  ftiall  fee  afterwards  that  azot  is  one  of  thefe. 
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pertles.  Thefe  bodies  chemifts  have  agreed  to  clafs  to¬ 
gether,  and  to  denominate  earths. 

Every  body  which  pofTeffes  the  following  properties 
is  an  earth : 

1.  Infoluble  in  water,  or  nearly  fo  ;  or  at  leaft  be¬ 
coming  infoluble  when  combined  with  carbonic  acid. 

2.  Little  or  no  tafte  or  fmell ;  at  leall  when  com¬ 
bined  with  carbonic  acid. 

Incombuflible,  and  incapable  while  pure  of  being 
altered  by  the  fire. 

4.  A  fpeclfic  gravity  not  exceeding  4,9. 

5.  When  pure,  capable  of  affuming  the  form  of  a 
white  powder. 

The  earths  at  prefent  known  amount  to  ten  ;  the 
names  of  which  are,  lime,  magnefia,  barytes,  ftrontites, 
alumina,  filica,  jargonia,  glucina,  y  ttria,  aguflina. 

Every  one  of  the  above  charaderiflics  is  not  perhaps 
rigoroufly  appliciable  to  each  of  thefe  bodies  ;  but  all  of 
them  pofleTs  a  fufEcient  number  of  common  properties 
to  render  it  iifeful  to  arrange  them  under  one  clafs. 

Sect.  I.  Of  Lime* 

Lime  has  been  known  from  the  earliefl  ages.  The 
ancients  employed  it  in  medicine  ;  it  was  the  chief  in¬ 
gredient  in  their  mortar  ;  and  they  ufed  it  as  a  manure 
to  fertilize  their  fields. 

Method  of  It  abounds  in  many  parts  of  the  world,  or  perhaps 
procuring  we  fhould  rather  fay,  that  there  is  no  part  of  thy  world 
litiiC,  where  it  does  not  exift.  It  is  found  pureft  in  lime- 
* '  ftones,  and  marbles  and  chalk.  None  of  thefe  fubftances, 
however,  is,  finally  fpeaking,  lime  ;  but  they  are  all 
capable  of  becoming  lime  by  a  well-known  procefs,  by 
.  keeping  them  for  fome  time  in  a  white  heat:  this  procefs 
is  called  the  burning  of  lime  ;  the  produ6I  is  denominated 
194  quicklime,  ^  This  laft  fubflance  is  what  we  call  lime. 
Properties  Pure  lime  is  of  a  white  colour,  moderately  hard,  but 
ofhme.  eafily  reduced  to  a  pow'der. 

It  has  a  hot  burning  tafte,  and  in  fome  mcafure  cor¬ 
rodes  and  deftroys  the  texture  of  thofe  animal  bodies  to 
which  it  is  applied.  It  has  no  fmell.  Its  fpecific  gra- 

«  IS  2,3  *. 

Jb^ner.  i.  5.  Xf  water  be  poured  on  newly  burnt  lime,  it  fwells 
and  hills  to  pieces,  and  is  foon  reduced  to  a  very  fine 
powder.  In  the  mean  time,  fo  much  heat  is  produced, 
that  part  of  the  water  flies  of  in  vapour.  If  the  quan¬ 
tity  of  lime  flacked  (as  this  procefs  is  termed)  be  great, 
the  heat  produced  is  fufficient  to  fet  fire  to  combuftibles. 
In  this  manner  veflels  loaded  with  lime  have  fometimes 
been  burnt.  When  great  quantities  of  lime  are  flacked 
in  a  dark  place,  not  only  heat,  but  light  alfo  is  emitted, 
\youf>.(k  as  Mr  Pelletier  has  obferved  f-  When  flacked  lime  is 
JPbvf.  t.  weighed,  it  is  found  to  be  heavier  than  it  was  before. 

This  additional  weight  is  owing  to  the  combination  of 
part  of  the  water  with  the  lime  ;  which  water  may  be 
Separated  again  by  the  application  of  a  red  heat  ;  and 
by  this  procefs  the  lime  becomes  juft  what  it  was  before 
J  DrWittL  bein^  flacked  J . 

195  Six  hundred  parts  of  water,  at  the  temperature  of 

liime-wa-  ^  diflblve  about  one  part  of  lime  ;  boiling  hot  water 
X^Kirwans  about  double  that  quantity  §.  This  folution 

i.5.  is  called  It  is  limpid,  has  an  acrid  tafte, 

and  changes  vegetable  blue  colours  to  green.  One 
ounce  troy  of  linae-water  contains  about  one  grain  of 
lime. 
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One  thoufand  parts  of  lime  are  capable  of  abforbing,  Lime, 
and  retaining,  at  a  heat  of  600®,  228  parts  of  water*.  ^ — v*— w 

Lime  has  never  yet  been  obtained  in  the  ftate  of 
cryftals. 

It  is  incapable  of  being  fufed  by  the  moft  violent 
heat  that  can  be  produced  in  furnaces,  or  even  by  the 
moft  powerful  burniug-glafles.  156 

Lime  unites  readily  with  fulphur,  and  forms  fulphuret^nl'^hurcly 
of  lime.  This  compound  may  be  obtained  by  mixing 
unflacked  lime  and  flowers  of  fulphur  together,  and 
adding  a  little  water.  The  heat  produced  by  the  flack¬ 
ing  of  the  lime  is  fufficient  to  make  the  fulphur  and 
the  lime  unite.  This  fulphuret  is  of  a  red  colour. 

When  water  is  poured  on  it,  fulphurated  hydrogen  gas 
is  emitted.  The  fulphur  is  gradually  converted  into 
fulphuric  acid  by  uniting  with  the  oxygen  of  the  water, 
the  hydrogen  of  which  flies  off  in  the  form  of  gas,  dif- 
folving  at  the  fame  time  a  part  of  the  fulphur. 

It  is  capable  alfo  of  combining  with  phofphorus.—  Phofphurct 
The  phufphuret  of  lime  decompofes  water  by  the  affift-of  lime, 
ance  of  a  moderate  heat,  and  gives  out  phofphurated 
hydrogen  gas.  ,^,3 

Limeftone  and  chalk,  though  they  are  capable  of  be-  Caufe  of 
ing  converted  into  lime  by  burnings  poffefs  hardly  any  the  differ 
of  the  properties  of  that  adlive  fubftance.  They 
taftelefs,  fcarcely  foluble  in  water,  and  do  not  P^^'cep- 
tibly  a6l  on  animal  bodies.  Now,  to  what  are  the  new  lime, 
properties  of  lime  owing  ?  What  alteration  does  it  un¬ 
dergo  in  the  fire  ? 

It  had  been  long  known  that  limeftone  lofes  a  good 
deal  of  weight  by  being  burned  or  calcined.  It  was  na¬ 
tural  to  fuppofe,  therefore,  that  fomething  was  fepara- 
ted  from  it  during  calcination.  Accordingly,  Van  Hel* 
mont,  Ludovicus,  and  Macquer,  made  experiments  in 
fucceffion,  in  order  to  difeover  what  that  fomething 
and  they  concluded  from  them  that  it  was  pure  nvater^ 
which  the  lime  recovered  again  when  expofed  to  the 
atmofphere.  As  the  new  properties  of  lime  could 
hardly  be  aferibed  to  this  lofs,  but  to  fome  other  caufe,  Accoming 
StahPs  opinion,  like  all  the  other  chemical  theories  of  to  Stahl;, 
that  wonderful  man,  was  generally  acceded  to.  He 
fuppofed  that  the  new  properties  which  lime  acquired 
by  calcination,  were  owing  entirely  to  the  more  minute 
divifion  of  its  particles  by  the  adtion  of  the  fire.  Boyle 
indeed  had  endeavoured  to  prove,  that  thefe  properties 
were  owing  to  the  fixation  of  fire  in  the  lime  :  a  theory 
which  was  embraced  by  Newton  and  illuftrated  by 
Hales,  and  which  Meyer  new  modelled,  and  explained 
with  fo  much  ingenuity  and  acutenefs  as  to  draw  the 
attention  of  the  moft  diftinguifhed  chemifts.  But  while 
Meyer  was  thus  employed  in  Germany,  Dr  Black,  of 
Edinburgh,  publlftied  thofe  celebrated  experiments  which 
form  fo  brilliant  an  era  in  the  hiftory  of  chemiftry,  jqq 

He  firft  afeertained  that  the  quantity  of  water  fepa- Explained 
rated  from  limeftone  during  its  calcination  was  not  near-byl^^^^^ck* 
ly  equal  to  the  weight  which  it  loft.  He  concluded  in 
confequence  that  it  muft  have  loft  fomething  elfe  than 
mere  water.  What  this  could  be,  he  was  at  firft  at  a 
lofs  to  conceive  ;  but  recolledling  that  Dr  Hales  had 
proved,  that  limeftone,  during  its  folution  in  acids, 
emitted  a  great  quantity  of  a/r,  he  conjectured  that  this 
might  probably  be  what  it  loft  during  calcination.  He 
calcined  it  accordingly,  and  applied  a  pneumatic  appa¬ 
ratus  to  receive  the  produCt.  He  found  his  conjedure 

verified ; 
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,  and  that  the  mr  and  the  ^ivater  which  fepara- 
ted  from  the  lime,  were  together  precifely  equal  to  the 
lofs  of  weight  which  it  had  fuftained.  Lime  therefore 
owes  its  new  properties  to  the  lofs  of  air;  andlimeftone 
differs  from  lime  merely  In  being  combined  with  a  certain 
quantity  of  air  :  for  he  found  that,  by  reftoring  again 
the  fame  quantity  of  air  to  lime,  it  was  converted  into 
limettone.  This  air,  becaufe  it  exifted  in  lime  in  a  fix¬ 
ed  ftate,  he  called  Jixed  air.  It  was  afterwards  exami¬ 
ned  by  Dr  Prieftley  and  other  phllofophers,  found  to 
poffefs  peculiar  properties,  and  to  be  that  fpecies  of  gas 
now  known  by  the  name  of  carbonic  acid  gas.  Lime 
then  is  a  fimple  fubflance,  that  is  to  fay,  it  has  never 
yet  been  decompounded  ;  and  limeftone  is  compofed  of 
carbonic  acid  and  lime.  Heat  feparates  the  carbonic 
acid,  and  leaves  the  lime  in  a  ftate  of  purity. 

The  affinities  of  lime,  according  to  Bergman,  are  as 
follows ; 

Oxalic  acid. 

Suberic  (r)  ? 

Sulphuric, 

^artarous, 

Succinic, 

Phofphoric, 

Saccholadlic, 

Nitric, 

Muriatic, 

Sebacic, 

Fluoric, 

Arfenic, 

Formic, 

LaAic, 

Citric, 

Benzoic, 

Sulphurous, 

Acetous, 

Boracic, 

Nitrous, 

Carbonic, 

Pruffic, 

Sulphur, 

Phofphorus,. 

Water, 

Fixed  oil. 

Sect.  II.  Of  Magnefa, 

About  the  beginning  of  the  eighteenth  century,  a 
Difcovery  canon  expofed  a  white  powder  to  fale  at  Rome 

fia”'  ^  ^  as  a  cure  for  all  difeafes.  This  powder  he  called  mag-^ 
nefta  alba.  He  kept  the  manner  of  preparing  it  a  pro¬ 
found  fecret  ;  but  m  1707  Valentin!  informed  the  pub¬ 
lic  that  it  might  be  obtained  by  calcining  the  lixivium 
which  remains  after  the  preparation  of  nitre  ;  and  two 


S  T  R  Y,  253 

years  after,  Slevogt  difeovered  that  it  might  be  precl-  Magnelia.^ 
pitated  by  potafs  from  the  mother  ley  ( s  )  of  common 
fait.  This  powder  was  generally  fuppofed  to  be  limey 
till  Frederic  Hoffman  obierved  that  it  formed  very  dif¬ 
ferent  combinations  with  other  bodies  *.  But  little  was  #  Bergman j 
known  concerning  its  nature  till  Dr  Black  publifhed  his  i.  365. 
celebrated  experiments  in  1755*  Margraf  publifhed  a 
dlffertation  on  it  in  1759,  and  Bergman  another  In 
177J,  in  which  he  colle<fted  the  obfervatlons  of  thefe 
two  philofophers,  and  which  he  enriched  alfo  with  many 
additions  of  his  own.  ^  ^  203 

As  magnefia  has  never  yet  been  found  native  in  a  Method  oF' 
ftate  of  purity,  it  may  be  prepared  in  the  following  procuring 
manner;  Sulphat  of  magnefiay  a  fait  compofed  of  thls^^* 
earth  and  fulphuric  acid,  exitts  in  fea- water,  and  in  ma¬ 
ny  fprlngs,  particularly  Ibme  about  Epfom,  from  which 
circumftance  it  was  formerly  called  Epfom  fait,  ^  This 
fait  is  to  be  diffolved  in  water,  and  half  its  weight  of 
potafs  added.  The  magnefia  Is  Immediately  precipita¬ 
ted,  becaufe  potafs  has  a  ftronger  affinity  for  fulphuric 
acid.  It  is  then  to  be  walhed  with  a  fufficient  quantity 
of  water,  and  dried.  ^ 

Magnefia  thus  obtained  is  a  very  foft  white  powder,  p^oper- 
which  has  very  little  tafte,  and  is  totally  deftitute  of  ties, 
fmell.  Its  fpecific  gravity  is  about  2,3 f.  f  Kirwan  t 

It  is  foluble  in  about  7900  times  its  own  weight  Q^ Miner, 
water  at  the  temperature  of  60^ 

Even  when  combined  with  carbonic  acid  (for  which  it 
has  a  ftrong  affinity)  it  is  capable  of  abforbing  and  re¬ 
taining  li  times  its  own  weight  of  water,  without  let- 
ting  go  a  drop  ;  but  on  expofure  to  the  air,  this  water 
evaporates,  though  more  flowly  than  it  would  from  lime. 

Magnefia  has  never  yet  been  obtained  in  a  cryftalli- 
zed  form. 

It  tinges  vegetable  blues  of  an  exeedingly  flight 
green. 

It  is  not  melted  by  the  ftrongeft  heat  which  it  has 
been  poffible  to  apply;  but  Mr  D’ Arcet  obferved  th^t, 
ill  a  very  high  temperature,  it  became  fomewhat  agglu- 
tinated. 

When  magnefia  and  fulphur  are  put  into  a  veffel  of 
water,  and  kept  for  fome  time  expofed  to  a  moderate 
heat,  they  combine,  and  form  fiilphuret  of  magnefia  ; . 
which,  according  to  Fourcroy,  is  capable  of  cryftalli-.- 
zing. 

The  phofpliuret  of  magnefia  has  never  been  examined- 
Equal  parts  of  lime  and  magnefia  mixed  together,  Effedl  of 
and  expofed  by  Lavoifier  to  a  very  vickiit  heat,  did  not^eat  on 
melt;  neither  did  they  melt  when. Mr  Kirwan  Placed 
them  in  the  temperature  of  150"^  AVedgewood.  The  ,, 

following  Table,  drawn  up  by  Mr  Kirwan  from  his  own 
experiments,  fhews  the  effeft  of  heat  on  thefe  two  earths 
mixed  together  in  different  proportions. 

Pmnortions. 


(e)  The  affinity  of  this  acid  for  lime  is  inferior  to  the  oxalic,  which  decompofes  the  fuberat  of  lime.  Ja- 

tnefoti’i  Mineral,  of  Shetland  and  Arran,  p.  l68.  r  u  u  u  u.  •  .4  f 

(s)  The  mother  ley  is  the  liquid  that  remains  after  as  much,  as  poffible  of  any  fait  has  been  obtained  horn 
it.  Common  fait,  for  inttance,  is  obtained  by  evaporating  fea-water.  After  as  much  fait  has  been  extraaed. 
from  a  quantity  of  fea-water  as  wiU  cryftalUze,  there  is  ftill  a  portion  of  liquid  remaining.  This  portion  is  the  . 

mother  lev* 
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IPfoportions. 

Heat. 

80  Lime 
20  Mag. 

150°  Wedg. 

Went  through  the  crucible. 

75  Lime 
25  Mag. 

160 

Went  through  the'crucible. 

66  Lime 
33  Mag. 

Went  through  the  crucible. 

20  Lime 
80  Mag. 

165 

Did  not  melt. 

33  Lime 
66  Mag. 

138 

Did  not  melt. 

30  Lime 
10  Mag. 

156 

Melted  into  a  fine  greenifli 
yellow  glafs ;  but  the  crucible 
was  corroded  throughout. 

Difcovery 
of  barytes. 


The  affinities  of  magnefia,  according  to  Bergman,  are 
as  follows  : 

Oxalic  acid, 

Phofphoric, 

Sulphuric, 

Fluoric, 

•  Sebacic, 

Arfenic, 

Saccholadic, 

Succinic, 

Nrtric, 

Muriatic, 

Tartarous, 

Citric, 

Formic, 

La6lic, 

Benzoic, 

Acetous, 

Boracic, 

Sulphurous, 

Nitrous, 

Carbonic, 

Pruffic, 

Sulphur, 

Phofphorus  \ 

Water. 

Sect.  III.  Of  Barytes, 

A  VERY  heavy  mineral  is  found  in  Sweden,  Germa¬ 
ny,  and  Britain,  which  Margraf  confidered  as  a  com¬ 
pound  of  fulphuric  acid  and  lime.  But  Scheele  and 
Gahn  analyfed  it  in  177^,  and  found  that  it  confifled 
of  fulphuric  acid  combined  with  a  peculiar  fpecies  of 
earth.  This  analyfis  was  foon  after  confirmed  and  ex¬ 
tended  by  Bergman.  The  earth  was  at  firll  called  terra 
ponderofa^  heavy  earthy  on  account  of  the  great  fpecific 
gravity  of  the  fubllance  from  which  it  was  obtained. 
Morveau  called  it  harote  (from  heavy),  which 

Bergman  changed  into  barytes;  and  this  laft  term  is  now 
univerfally  adopted. 
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Barytes  is  generally  found  confined  either  v.'ith  ful-  Barytes, 
phuric  or  carbonic  acid.  From  the  firfi;  of  thefe  com- 
pounds,  which  is  by  far  the  moil  common,  it  may  be  of 

obtained  by  the  following  procefs :  obtaining 

Reduce  the  mineral  to  a  powder  and  mix  it  with  2^iu 
its  weight  of  carbonat  of  foda  (t),  previoufly  deprived 
of  all  its  water.  Expofe  the  mixture  to  a  red  heat  for 
an  hour  and  a  half,  avoiding  fufion,  and  a  double  de- 
compofition  takes  place  ;  the  fulphuric  acid  unites  with 
the  foda,  while  the  carbonic  acid  combines  with  the  ba¬ 
rytes.  Wafh  it  in  a  fufficient  quantity  of  water  to  dif- 
folve  the  compound  of  fulphuric  acid  and  foda,  the  car¬ 
bonat  of  barytes,  which  is  almoft  infoluble,  remains  be¬ 
hind.  Left  it  fliould  be  mixed  with  fome  other  earths, 
which  is  generally  the  cafe,  boil  it  for  three  hours  in 
ten  times  its  weight  of  diftilled  vinegar,  the  fpecific  gra¬ 
vity  of  which  is  1,033  ;  by  which  the  barytes  will  be 
diffolved,  and  like  wife  the  lime  and  magnefia,  if  there 
happen  to  be  any;  but  every  other  earth  (u)  remains 
untouched.  Pour  off  the  folution,  and  add  to  it  ful¬ 
phuric  acid  as  long  as  any  precipitate  is  formed.  This 
precipitate  conlifts  of  the  whole  barytes  and  the  lime 
(if  there  be  any)  combined  with  fulphuric  acid.  Wafii 
it  in  50  times  its  weight  of  water,  and  all  the  lime  will 
be  diffolved.  There  will  now  remain  nothing  but  bary¬ 
tes  combined  with  fulphuric  acid,  which  may  be  decom- 
pofed  as  before  by  carbonat  of  foda  The  carbonic  * Afsti  eliuj, 
acid  may  then  be  feparated  by  applying  a  very  violent^”."* 
heat  f  ;  or,  what  is  better,  nitric  acid  may  be  poured  ^ 
upon  it,  which  will  feparate  the  carbonic  acid  and  com-  Edin.Tranf, 
bine  with  the  barytes  ;  and  then  the  nitric  acid  may  beiv.  3^. 
driven  off  by  a  moderate  heat  %. 

Barytes  thus  obtained  is  a  light,  fpongy,  porous  bo-^” 
dy,  which  may  be  very  eafily  reduced  to  powder.  It  xxi. 
has  a  harfti  and  more  cauftic  tafte  than  lime;  and  when 276. 
taken  into  the  ftomach,  proves  a  moft  violent  poifon. 

It  has  no  perceptible  fmell. 

Its  fpecific  gravity  has  not  yet  been  afeertained. 

It  imbibes  water  with  a  hiffing  noife,  but,  according 
to  Dr  Hope,  without  fwelling  or  fplitting  as  lime 
does  §,  However,  when  expofed  to  the  air,  as  Four-§  Editt, 
croy  and  Vaiiquelin  inform  us,  it  efflorefees,  cracks, 
burfts,  fwells  up,  heats,  and  becomes  white,  by  abforb- 
ing  moifture  [|.  K  Ann.de 

Cold  water  diffolves  about  ,*-j-th  part  of  its  weight 
barytes,  and  boiling  water  more  than  half  its  weight.y^^,^ 

As  the  water  cools,  the  barytes  is  depofited  in  cryftals,^^/^  1.335, 
the  fhape  of  which  varies  according  to  the  rapidity  with 
which  they  have  been  formed.  When  moft  regular,  they 
are  flat  hexagonal  prifms,  having  two  broad  fides,  with 
two  intervening  narrow  ones,  and  terminated  at  each 
end  by  a  four-fided  pyramid,  which  in  fome  inftances 
conftitutes  the  larger  part  of  the  cryftal.  When  formed 
flowly,  they  are  diftindl  and  large  ;  but  when  the  water 
is  faturated  with  barytes,  they  are  depofited  rapidly. 


Its  proper¬ 
ties. 


and  are  generally  more  flender  and  delicate.  Then,  too, 
they  are  attached  to  one  another  in  fuch  a  manner  as  to 
aflame  a  beautiful  foliacious  appearance,  not  unlike  the 
leaf  of  a  fern  ^  Hojfe, 

Thefe  cryftals  are  tranfparent  and  colourlefs,  and  ap¬ 
pear  to  be  compofed  of  about  53  parts  of  water  and  47 

of 


(t)  Soda  is  an  alkali,  which  fliall  be  afterwards  deferibed.  Carbonat  of  foda  is  foda  combined  with  carbonic 
acid,  the  common  ftate  in  which  it  is  obtained ;  potafs  might  alfo  be  ufed. 

(u)  Except  ftrontites,  which  Pelletier  has  detefted  in  this  mineral. 
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of  barytes.  When  cspofed  to  the  heat  of  boiling  wa¬ 
ter,  they  undergo  the  watery  fujton,  or,  which  is  the 
fame  thing,  they  melt  without  lofing  any  of  the  water 
which  they  contain.  A  ftronger  heat  makes  the  water 
fly  off.  When  expofed  to  the  air,  they  attratl;  carbo¬ 
nic  acid,  anl  crumble  into  duff.  They  are  foluble  in 
1 74  parts  of  water  at  the  temperature  of  6o°  ;  but  boil¬ 
ing  water  diffolves  any  quantity  whatever :  the  reafon 
of  which  is  evident ;  at  that  temperature  their  own  wa¬ 
ter  of  crytlallization  is  fufficient  to  keep  them  in  folu- 
tion 

Water  fatiirated  with  barytes  is  called  barytic  <zvaier. 

It  has  the  property  of  converting  vegetable  blues  to  a 


green. 

When  barytes  is  expofed  to  the  blowpipe  on  a  piece 
of  charcoal,  it  fufes,  bubbles  up,  and  runs  into  globules, 
which  quickly  penetrate  the  charcoal  f.  This  is  pro- 
andXX-bably  in  confequence  of  containing  water;  for  Lavoifier 
lin.ihU,  found  barytes  not  affected  by  the  ftrongeft  heat  which 

he  could  produce.  r  n 

c  Barytes  combines  readily  with  fulphur.  1  he  ealieit 

bames  way  of  forming  fulphuret  of  barytes  is  to  mix  eight 
parts  of  fulphat  of  barytes  with  one  part  of  pounded 
charcoal,  and  to  apply  a  ftrong  heat.  The  charcoal 
combines  with  the  oxygen  of  the  fulphuric  acid,  and 
the  compound  flies  off  in  the  form  of  carbonic  acid  gas. 
There  remains  behind  fulphur  combined  with  barytes. 
Sulphuret  of  barytes  is  foluble  in  water  :  It  is  of  a  yel¬ 
low  colour.  It  is  capable  of  cryftallizing  ;  and  then 
alTumes  a  yellowifli  white  colour 

The  phofphuret  of  barytes  has  not  been  examined. 
No  mixture  of  barytes  and  lime,  nor  of  barytes  and 
magnefia,  is  fufible  in  the  ftrongeft  heat  which  it  has 
been  polTible  to  apply  §. 

'  The  afiinities  of  barytes,  according  to  Bergman,  are 
as  follows  : 

Sulphuric  acid, 

Oxalic, 

Succinic^ 

Fluoric, 

Phofphoric, 

Saccholadlic, 

Suberic  (v)  ? 

Nitric, 

Muriatic, 

Sebacic, 

Citric, 

Tartarous,. 

Arfenic, 

Fluoric, 

F.a61ic, 

Benzoic, 

Acetous, 

Boracic, 

Sulphurous, 

Nitrous, 

Carbonic, 

Prufiic, 

Sulphur, 

Phofphorus, 

Water, 

Fixed  oils. 


^  j^ourerdy. 


5  Lavoi/Ier, 
^ead.  I^ar, 
1782. 
ail 

Its  aflini* 


S  T  R  Y. 


Sect.  IV.  Of  Strontiies. 
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Strontites. 

- » 


About  the  year  1787,  a  mineral  was  brought  to  p^fcovery 
Edinburgh,  by  a  dealer  in  foflils,  from  the  lead  mine  of  of  ftron- 
Strontian  in  Argylefliire,  where  it  is  found  imbedded  tites. 
in  the  ore,  mixed  with  feveral  other  fubftances.  It  is 
fometimes  tranfparent  and  colourlefs,  but  generally  has 
a  tinge  of  yellow  or  green.  Its  hardnefs  is  5.  Its  fpe- 
cific  gravity  varies  from  3,4  to  3,726.  Its  texture  is 
generally  fibrous;  and  fometimes  it  is  found  cryftallized 
in  flender  prifmatic  columns  of  various  lengths*.  *  Eope^  JY- 

This  mineral  was  generally  confideved  as  a  carbonat^/«. 
of  barytes;  but  Dr  Crawford  having  obferved  fome^^*44* 
differences  between  its  folution  in  muriatic  acid  and  that 
of  barytes,  mentioned  in  his  treatife  on  Muriat  of  Bary-^ 
tes^  publiflied  in  1790,  that  it  probably  contains  a  new 
earth,  and  fent  a  fpecimen  to  Mr  Kirwan  that  he  might 
examine  its  properties.  Dr  Hope  had  alfo  fufpec^ted 
that  its  bafis  differed  from  barytes;  and  accordingly  he 
made  a  fet  of  experiments  on  it  in  1791,  which  were 
read  to  the  Royal  Society  of  Edinburgh  in  1792. 

Thefe  experiments  fully  proved  that  it  contained  a  pe¬ 
culiar  earth.  .Mr  Kirwan  likewife  analyfed  the  ftron- 
tian  mineral,  and  drew  precifely  the  fame  conchifions. 

It  has  been  analyfed  alfo  by  Mr  Klaproth  of  Berlin, 
and  Mr  Pelletier  of  Paris.  It  confifts  of  carbonic  acid 
combined  with  a  peculiar  earth,  to  which  Dr  Hope  gave 
the  name  of  Jirontites.  This  appellation  we  fhall  adopt. 

The  carbonic  acid  may  be  feparated  by  a  heat  of 
140*^  Wedgewood,  and  then  the  ftrontites  remains  be¬ 
hind  f .  f  Klrivans 

Strontites  has  been  found  in  Argylefhire  in  Scot--^^^^^''*  ^ 
land,  near  Briftol  in  England,  and  in  Pennfylvania  ^ 

has  been  found  alfo  in  France  and  in  Sicily.  It  is  of  ajj,  fea.  39.* 
white  colour.  It  has  a  pungent  acrid  tafte.  When  213 

pounded  in  a  mortar,  the  powder  that  rifes  is  offenfive  proper- 

to  the  noftrils  and  lungs  §.  It  is  not  poifonous  |1.  Tnope,  ibid. 

One  hundred  and  fixty-two  parts  of  water,  at  the  | 
temperature  of  6c®,  diffolve  nearly  one  part  of  it.  'I'he 
folution  is  clear  and  tranfparent,  and  converts  vegetable 
blues  to  a  green.  Hot  water  diffolves  it  in  much  lar¬ 
ger  quantities;  and  as  it  cools  the  ftrontites  is  depofited 
in  colourlefs  tranfparent  cryftals.  Thefe  are  in  the  form 
of  thin  quadrangular  plates,  generally  parallelograms, 
the  largeft  of  which  feldom  exceeds  one-fourth  of  an 
inch  in  length.  Sometimes  their  edges  are  plain,  but 
they  oftener  confift  of  two  facets,  meeting  together  aiid 
forming  an  angle  like  the  roof  of  a  houfs.  Thefe  cry¬ 
ftals  generally  adhere  to  each  other  in  fuch  a  manner  as 
to  form  a  thin  plate  of  an  inch  or  more  in  length  and 
half  an  inch  in  breadth.  Sometimes  they  affume  a  cu¬ 
bic  form.  They  contain  about  68  parts  in  100  of  wa¬ 
ter.  They  are  foluble  in  51,4  parts  of  water,  at  the 
temperature  of  60®.  Boiling  water  diffolves  nearly  half 
its  weight  of  them.  When  expofed  to  the  air,  they  lofe 
their  water,  attract  carbonic  acid,  and  fall  into  pow¬ 
der  ^  ^Hope^ilido- 

When  ftrontites  is  thrown  into  w^ater,  it  attracts 
with  a  hifling  noife,  much  heat  is  produced,  and  it  falls 
into  powder  much  more  rapidly  than  lime 

It  combines  with  fulphur  either  by  fufion  in  a  cru¬ 
cible,  or  by  being  boiled  with  it  in  water.  The  ful- 
_ _  _  phuret. 


( v)  Suberic  acid  decorftpofes  muriat  and  nitrat  of  barytes.  Jamefon's  Mineral,  of  Shetland  and  Arram- 
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phuret  1$  of  a  dark  yellowidi  brown  colour.  It  is  fo- 
luble  in  water*. 

The  affinities  of  flrontites,  as  afcertained  by  Dr  Hope, 
are  as  follows  ; 

Sulphuric  acid, 

Oxalic, 

Tartaroiis, 

Fluoric, 

Hitric, 

Muriatic, 

Succinic, 

Pbofphorie, 

Acetous, 

Arfenic, 

Boracic, 

Carbonic. 

Sect.  V.  Of  Si/ica, 

If  one  part  of  powdered  flints  or  fand,  mixed  with 
three  parts  of  potafs,  be  put  into  a  crucible,  and  kept 
in  a  flate  of  fufion  for  half  an  hour,  a  brittle  mafs  will 
be  formed  almoft  as  tranfparent  as  glafs,  which  quickly 
attrafls  moillure  from  the  atmofphere,  and  is  entirely 
foluble  in  water.  This  folutioii  is  called  liquor filicum^ 
or  liquor  of  flints.  It  was  firft  accurately  deferibed  by 
Glauber,  a  chemift  who  lived  about  the  middle  of  the 
17th  century. 

If  an  acid  be  poured  into  this  liquor,  a  white  fpongy 
fubftance  is  precipitated,  which  may  be  purified  from 
every  accidental  mixture  by  wafhing  it  in  acids,  muria¬ 
tic  acid  for  inllance.  This  fubftance  is  called  ftliceous 
earth  or  Jilica,  It  was  firft  diftinguifhed  as  a  peculiar 
earth  by  Pott  in  1746,  though  it  had  been  knowui  long 
before  ;  and  Cartheufer,  Scheele,  and  Bergman,  proved 
in  fucceffion  that  it  could  not,  as  fome  chemifts  had  fup- 
pofed,  be  reduced  to  any  other  earth. 

Silica,  when  dried,  is  a  foft  white  powder,  without 
either  tafte  or  fmell. 

Its  fpecific  gravity  is  2,66  f . 

It  is  infoluble  in  water  except  when  newly  precipita- 
ted  from  the  liquor  filicum,  and  then  one  part  of  it  is 
foluble  in  1000  parts  of  water  It  has  no  effcdl  on 
vegetable  colours. 

It  is  capable  of  abforbing  about  one-fourth  of  its 
weight  of  water,  without  letting  any  drop  from  it  ; 
but  on  expofure  to  the  air,  the  water  evaporates  very 
readily 

Silica  may  be  formed  into  a  pafte  with  a  fmall  quan¬ 
tity  of  water  ;  this  pafte  has  not  the  fmalleft  dudility, 
and  when  dried  forms  a  loofe,  friable,  and  incoherent 
mafs  II . 

Silica  is  capable  of  afluming  a  cryftalline  form.  Cry- 
ftals  of  it  are  found  in  many  parts  of  the  world.  They 
are  known  by  the  name  of  roeh  cr^al.  When  pure 
they  are  tranfparent  and  colourlefs  hke  glafs  :  they  af- 
fume  various  forms ;  the  moft  ufual  is  a  hexagonal 
prifm,  furmounted  with  hexagonal  pyramids  on  one  or 
both  ends,  the  angles  of  the  prifm  correfponding  with 
thofe  of  the  pyramids.  Their  hardnefs  is  very  great, 
amounting  to  eleven.  Their  fpecific  gravity  is  2,653 
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There  are  two  methods  of  imitating  tbefe  cryftals  by  Silka. 
art.  The  firft  method  was  difeovered  by  Bergman.  He 
diffolved  filica  in  fluoric  acid,  the  only  acid  in  which  it 
is  foluble,  and  allowed  the  folution  to  remain  undifturb- 
ed  for  two  years.  A  number  of  cryftals  were  then 
found  at  the  bottom  of  the  veflfel,  moftly  of  irregular 
figures,  but  fome  of  them  cubes  with  their  angles  trun¬ 
cated.  They  were  hard,  hut  not  to  be  compared  in 
this  refpeft  with  rock  cryftal  *.  Bergman^ 

The  other  method  was  difeovered  by  accident.  Pro-^^sa. 
feflbr  Seigling  of  Erfurt  had  prepared  a  liquor  filicum, 
which  was  more  than  ufually  diluted  with  water,  and 
contained  a  luperabundance  of  alkali.  It  lay  undifturb- 
ed  for  eight  years  in  a  glafs  veflel,  the  mouth  of  which 
was  only  covered  with  paper.  Happening  to  look  to 
it  by  accident,  he  obferved  it  to  contain  a  number  of 
cryftals  ;  on  w'hich  he  fent  it  to  Mr  TrommfdorfF,  pro- 
feffor  of  chemiftry  at  Erfurt,  who  examined  it.  The 
liquor  remaining  amounted  to  about  two  ounces.  Its 
furface  was  covered  by  a  tranfparent  cruft,  fo  ftrong 
that  the  veflel  might  be  inverted  without  fpilling  any 
of  the  liquid.  At  the  bottom  of  the  veflel  were  a  num¬ 
ber  of  cryftals,  which  proved  on  examination  to  be  ful- 
phat  of  potafs  and  carbonat  of  potafs  (w).  The  cruft 
on  the  top  confifted  partly  of  carbonat  of  potafs,  partly 
of  cryftallized  filica.  Thefe  laft  cryftals  had  aflumed  the 
form  of  tetrahedral  pyramids  in  groups  ;  they  were  per- 
fe£lly  tranfparent,  and  fo  hard  that  they  ftruck  fire 
withfteelf.  \  NicboU 

Silica  endures  the  moft  violent  heat  without  altera-/o«b  Jour,\, 
tion.  ^  ^  7‘ 

It  feems  incapable  of  combining  with  fulphur  or  phof- 

phorus.  .  '  .  217 

I.  The  effe<ft  of  heat  upon  lime  and  filica,  mixed  in£ffe(C^ 
various  proportions,  will  appear  from  the  following  ex*  heat  on 

periments  of  Mr  Kirwaii  t.  mixtures  of 

lime  and 
filica ; 

X  Mineral, 
i.56. 


Pro})ortions. 

Heat. 

Effed. 

50  Lime 
50  Silica 

150“  Wedg. 

Melted  into  a  mafs  of  a  white 
colour, femitranfparent  at  the 
edges,  and  ftriking  fire,  tho’ 
feebly, withfteel:  itwasfome- 
what  between  porcelain  and 
enamel. 

80  Lime 
2C  Silica 

156 

A  yellowifti  white  loofe  pow¬ 
der. 

2  0  Lime 
80  Silica 

156 

Not  melted,  formed  a  brittle 
mafs. 

7,  Equal  part  of  magnefia  and  filica  melt  with  g^'cat 
difficulty  into  a  white  enamel  when  expofed  to  the  moft  and  filica : 
violent  heat  which  can  be  produced  §,  They  are  infu-§  Lavofery 
Able  in  inferior  heats  in  whatever  proportion  they  are 
mixed  ||.  ^  ^  jpg. 

3.  The  effe6l  of  heat  on  various  mixtures  of  barytes  219 
and  filica  will  appear  from  the  following  experiments  of  Barytes  and 
MrKirwanH.  . 

proportions. 

1780,  p.  33. 


^  Mineral, 

(w)  Potafs,  combined  with  fulphuric  acid  and  with  carbonic  acid.  ^  <57’ 
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Proportions. 

Heat. 

Hffedt. 

80  Silica 

20  Barytes 

155^  Wedg. 

A  white  brittle  mafs. 

75  Silica 

20  Barytes 

150 

A  brittle  hard  mafs,  femi- 
tranfparent  at  the  edges. 

66  Silica 

33  Barytes 

150 

Melted  into  a  hard  fome* 
w’hat  porous  porcelain 
mafs. 

50  Silica 

50  Barytes 

148 

A  hard  mafs  not  melted. 

20  Silica 

80  Barytes 

148 

The  edges  were  melted 
into  a  pale  greenifh  mat¬ 
ter  between  a  porcelain 
and  enamel. 

25  Silica 

75  Barytes 

150 

Melted  into  a  fomewhat 
porous  porcelain  mafs. 

33  Silica 

66  Barytes 

>50  i 

Melted  into  a  yellowifli 
rind  partly  greenifh  white 
porous  porcelain. 

'17,0 

And  lime, 
magnefia, 
;iiid  lilica. 


4.  The  effedl  of  heat  on  mixtures  of  ftrontites  and 
(illca  is  not  known. 

5.  It  follows  from  the  experiments  of  Achard,  that 
equal  parts  of  lime,  magnefia,  and  filica,  may  be  melted 
into  a  greenifn-coloured  glafs,  hard  enough  to  (trike 
fire  with  fteel ;  that  when  the  magnefia  exceeds  either 
of  the  other  two,  the  mixture  will  not  melt;  that  when 
the  filica  exceeds,  the  mixture  feldom  melts,  only  indeed 
with  him  in  the  following  proportions ;  three  filica,  two 
lime,  one  magnefia,  which  formed  a  porcelain  j  and  that 
when  the  lime  exceeds,  the  mixture  is  generally  fu- 
fible 

The  affinities  of  filica  are  as  follows  : 

Fluoric  acid. 

Fixed  alkali. 

Sect.  VI.  OJ’  Alumina. 

-  -  Dissolve  alum  in  hot  water,  and  add  to  the  folu- 

obfa?nin2^  tion  potafs  as  long  as  any  precipitate  is  formed.  De- 
’  ■  ^  cant  off  the  fluid  part,  and  waih  the  precipitate  in  a 

fufficient  quantity  of  water,  and  then  allow  it  to  dry. 
The  fubftance  thus  obtained  is  called  alumina.  Its  pro¬ 
perties  were  firfl.  afeertained  with  accuracy  by  Mar- 
graf. 

Alumina  thus  obtained  is  a  very  white  fpongy  pow¬ 
der,  without  any  fmell  or  tafte. 

Its  fpecific  gravity  is  2,00  f.  It  is  fcarcely  foluble  in 
water,  but  may  be  diffufed  through  it  with  great  faci- 
lity. 

SuppL.  VoL.  I.  Part  I. 


•  Idem. 

Berl.  ihid. 
and  your,  de 
JPbyf,  xxiv. 
7,21 

Affinities 
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With  a  fmall  quantity  of  water  it  forms  a  very  tough  Alumiua.^ 
dudile  pafte,  and  does  not  readily  mix  with  more.  u— 

In  its  ufual  ftate  of  drynefs  it  is  capable  of  abforbing 
2I  times  its  weight  of  water,  without  fuffering  any  to 
drop  out.  It  retains  this  water  more  obftinately  than 
any  of  the  earths  hitherto  deferibed.  In  a  freezing  cold 
it  contrails  more,  and  parts  with  more  of  its  water  than 
any  other  earth  ;  a  circumflance  which  is  of  fome  im¬ 
portance  in  agriculture  ^  Jitd. 

Alumina  has  never  yet  been  obtained  in  a  cryftalli- 
zed  form.  It  has  no  effeft  whatever  on  vegetable  co¬ 
lours. 

The  moft:  intenfe  heat  does  not  fufe  it,  but  it  has  the 
Angular  property  of  dimiiiifhing  in  bulk  in  proportion 
to  the  intenfity  of  the  fire  to  which  it  is  expofed.  It 
becomes  at  the  fame  time  exceedingly  hard:  Mr  Lavoi- 
fler  rendered  it  capable  of  cutting  glafs  ;  and  Mr  Boyle 
had  long  before  done  the  fame  thing  f.  f  Shaiv*t 

Wedgewood  took  advantage  of  this  property  of'alu-  BoyleyWi. 
mina,  and  by  means  of  it  conilrudfed  an  inftrument  for^^^* 
meafuring  high  degrees  of  heat.  Tt  confifts  of  pieces 
of  clay  of  a  determinate  fize,  and  an  apparatus  for  mea- wood’s 
Turing  their  bulk  with  accuracy  ;  One  of  thefe  pieces  istbermome- 
put  into  the  fire,  and  the  temperature  is  eftimated 
the  contradlion  of  the  piece.  For  a  more  complete  de¬ 
fer!  Jftioii  of  this  important  inftrument,  we  refer  to  the 
article  Thermometer  in  the  Encycl. 

Alumina  is  hardly  fufceptible  of  combining  with  fnl- 
phur  or  phofphorus  ;  but  from  the  experiments  of  La 
Grange,  it  appears  to  have  an  affinity  for  carbon  t  NichoU 

I.  The  etfedl  of  heat  on  various  mixtures  of  lime  and/?'^  -' 
alumina  will  appear  from  the  following  table  J  : 


Propoitions. 

Heat. 

Effca. 

75  Lime 

25  Alumina 

150^  Wedg. 

Not  melted. 

66  Lime 

33  Alumina 

150 

Remained  a  powder. 

33  Lime 

66  Alumina 

(-) 

Melted. 

25  Lime 

75  Alumina 

(^) 

Melted. 

20  Lime 

80  Alumina 

(-) 

Melted. 

u.  lor. 

§  K  'trivany 

i.  56. 

27$ 

Effedl  of 
heat  on 
mixtures  of 
lime  and 
alumina; 
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2.  Magnefia  and  alumina  have  no  aiEIion  whatever  on  Magnefia 
each  other,  even  when  expofed  to  a  heat  of  150^^  Wedge- alumi- 
wood  II .  ? 

The  effe6l  of  heat  on  different  mixtures  of  barytes 


and  alumina  will  appear  from  the  following  experiments  Barytes  and 
of  Mr  Kirwarn  t[.  alumina; 

K  k  Proportions.^ 


(x)  Thefe  three  experiments  were  made  by  Ehrman  :  The  heat  was  produced  by  diredling  a  ftream  of  oxygen 
gas  on  burning  charcoal,  and  is  the  moft  intenfe  which  it  has  been  hitherto  polfible  to  produce, 


Proportions. 

Heat. 

Effea. 

80  Alumina 
.20  Barytes 

150'’  Wedg. 

Scarcely  hardened. 

yy  Alumina 

25  Barytes 

156 

No  fign  of  fufion,  a 
loofe  powder. 

66  Alumina 

33  Barytes 

152 

As  the  former. 

50  Alumina 
50  Barytes 

150 

As  the  former. 

20  Alumina 
80  Barytes 

148 

Somewhat  harder,  but 
no  fign  of  fufion. 

25  Alumina 
75  Barytes 

*50 

Harder,  but  no  fign 
of  fufion. 

4.  Nothing  Is  known  concerning  the  efFedl  of  heat 
on  mixtures  of  llrontites  and  alumina. 

c.  Equal  parts  of  alumina  and  lilica  harden  in  the 
temperature  of  l6o®  Wedge  wood,  but  do  not  fufe  • 
Achard  found  them  infuhble  in  all  proportions  in  a  heat 
probably  little  inferior  to  150®  Wedgewood.  Mixtures 
of  thefe  two  earths  in  various  proportions  form  clays^ 
but  thefe  are  feldom  uncontaminated  with  fome  other 

ingredients,  . 

6.  From  the  experiments  of  Achard,  it  appears  that 
no  mixture  of  lime,  magnefia,  and  alumina,  in  which  the 
lime  predominates,  is  vitrifiable,  except  they  be  nearly 
in  the'proportlons  of  three  lime,  two  magnefia,  one  alu¬ 
mina  ;  that  no  mixture  in  which  magnefia  predominates 
will  melt  in  a  heat  below  166^  ;  that  mixtures  in  which 
the  alumina  exceeds  are  generally  fufible,  as  will  appear 
\  Ihld.  i.  7a.  from  the  following  table  t« 


*  Uid.  i. 
a3i 

Magnefia, 
filica,  and 
alumina ; 


f  Ibid.  i.  71, 

And  lime, 
magn.fia, 
filica,  and 
alumina. 
^33 

Affinities  of 
alumina. 


aaS 

Alumina 
and  filica ; 

*  KifivarCs 

Min,  i,  58. 


aap 
Lime,  mag¬ 
nefia,  and 
alumina ; 


3  Alumina 

2  Lime 
i  Magnefia 

A  porcelain. 

3  Alumina 

1  Lime 

2  Magnefia 

A  porcelain. 

3  Alumina 

I  Lime 

3  Magnefia 

Porous  porcelain. 

3  Alumina 

2  Lime 

3  Magnefia 

Porous  porcelain. 

3  Alumina 

2  Lime 

2  Magnefia 

Porcelain. 

7.  rrom  the  fame  experiments,  and  thofe  of  Kirwan, 
al'u-we  learn,  that  in  mixtures  of  lime,  filica,  and  alumina, 
mina  r  when  the  lime  exceeds,  the  mixture  is  generally  fufible 


CHEMISTRY.  Vart  I. 

either  into  a  glafs  or  a  porcelain,  according  to  the  pro-  Alumina.^ 
portions.  The  only  infufible  proportions  were,  .  '  ' 

2  3  Lime 

1  I  Silica 

2  2  Alumina. 

That  if  the  filica  exceeds,  the  mixture  is  frequently  fu- 
fible  into  an  enamel  or  porcelain,  and  perhaps  a  glafs  f 
and  that  when  the  alumina  exceeds,  a  porcelain  may 
often  be  attained,  but  not  a  glafs  ^  ^ 

8.  As  to  the  mixtures  of  magnefia,  filica,  and  alumina, 
when  the  magnefia  exceeds,  no  fiifion  takes  place  at 
150^.  When  the  filica  exceeds,  a  porcelain  may  often 
be  attained  ;  and  three  parts  filica,  two  magnefia,  and 
one  alumina,  formed  a  glafs.  When  the  alumina  exceeds, 
nothing  more  than  a  porcelain  can  be  produced  f. 

9.  Achard  found  that  equal  parts  of  lime,  magnefia, 
filica,  and  alumina,  melted  into  a  glafs.  They  b^fed  al- 
fo  in  various  other  proportions,  efpecially  when  the  fill- 
ca  predominated. 

The  affinities  of  alumina  as  as  folbws  ; 

Sulphuric  acid, 

Nitric, 

Muriatic, 

Oxalic, 

Arfenic, 

Fluoric, 

Sebacic, 

Tartaroiis, 

Succinic, 

Saccholadic, 

Citric, 

Phofphoric, 

Formic, 

»  La6lic, 

Benzoic, 

Acetous, 

Boracic, 

Sulphurous, 

Nitrous, 

Carbonic, 

Pruffic. 

Sect.  VII.  Of  fargonta. 

Among  the  precious  ftones  which  come  from  the x),*fcovery 
iiland  of  Ceylon,  there  is  one  called  jargon,  which  is  of  jargoius. 
poffeffed  of  the  following  properties. 

Its  colour  is  various,  grey,  greeniflt  white,  yellowilh, 
reddifh  browu,  and  violet.  It  is  often  cryftallized,  ei- 
ther  in  right  angular  quadrangular  prifms  furmounted 
with  pyramids,  or  oftahedrals  confifting  of  double  qua- 
drangular  pyramids.  It  has  generally  a  good  deal  of 
luare,  at  leaft  internally.  It  is  moftly  femitranfparent. 

Its  hardnefs  is  from  lo  to  i6  :  Its  fpecific  gravity  from 

It  lofes  fcarcely  any  of  its  weight  in  a  melting  heat ;  333- 
for  Klaproth  found  that  300  grains,  ^ter  remaining  in 
it  for  an  hour  and  a  half,  were  only  one-fourth  of  a  gram 
lighter  than  at  firft  §.  Neither  was  it  attacked  either 
by  muriatic  or  fulphuric  acid,  even  when  afiifted  by  heat.  3  • 
At  laft,  by  calcining  it  with  a  large  quantity  of  foda, 
he  diffolved  it  in  muriatic  acid,  and  found  that  100  parts 
of  it  contained  31,5  of  filica,  five  of  a  mixture  of  nick¬ 
el, 
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Criucina, 

Its  proper¬ 
ties. 


Kirivan. 

Mineral. 

i.  p.  14. 
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Bifcovery 
of  glucina. 
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cl  and  Iron,  and  68  of  an  earth  poflefled  of  peculiar  pro« 
perties.  This  earth  has  been  called  jargonm, 

Jargonia  has  a  ftrong  refemblance  to  alumina.  It  is 
of  a  white  colour.  Its  fpecific  gravity  probably  exceeds 
4,000. 

It  differs  from  alumina  In  the  compounds  which  it 
forms  with  other  bodies,  in  being  infoluble  in  a  boiling 
folution  of  pure  potafs  or  foda,  and  in  being  infuiibh."  by 
heat  when  mixed  with  thefe  fubftances  in  a  llate  of  dry- 
nefs 

No  more  of  its  properties  are  yet  known. 


^37 

Its  \  roper, 
ties. 


Sect.  VIII.  Of  Glucina* 

In  the  beryl  was  difeovered,  fome  time  ago  by  Vau- 
queliii,  a  new  earth,  to  which  he  gave  tlie  name  of  g/u~ 
cina.  To  obtain  it  pure,  the  beryl,  reduced  to  powder, 
is  to  be  fufed  with  thrice  its  weight  of  potafs.  The 
mafs  is  to  be  diluted  with  water,  diffolved  in  muriatic 
acid,  and  the  folution  evaporated  to  drynefs.  The  re- 
fidimni  is  to  be  mixed  with  a  large  quantity  of  water, 
and  the  whole  thrown  on  a  filter.  The  filica,  which 
conflitutes  more  than  half  the  weight  of  the  ftone,  re¬ 
mains  behind  ;  while  the  glucina  and  the  other  earths, 
combined  with  muriatic  acid,  remain  in  folution.  They 
are  to  be  precipitated  by  means  of  carbonat  of  potafs  ; 
the  precipitate  is  to  be  waflted,  and  then  diflolved  in  ful- 
phuric  acid.  When  the  folution,  after  potafs  has  been 
added  to  it,  has  been  evaporated  to  the  proper  con- 
fiftency,  alum  cryftals  are  gradually  formed.  When  as 
many  of  thefe  have  been  obtained  as  poffible,  carbonat 
of  ammonia  in  excefs  is  to  be  poured  into  the  liquid, 
which  is  firft  to  be  filtered  and  then  boiled  for  fome 
time,  when  a  white  powder  gradually  appears.  This 
powder  is  glucina^ 

It  is  a  foft  light  powder,  without  either  tafte  or 
fmell,  but  has  the  property  of  adhering  ftrongly  to  the 
tongue.  It  has  no  adfion  on  vegetable  colours,  is  alto¬ 
gether  infufible  by  heat,  and  neither  hardens  nor  con¬ 
trails  in  its  dimenfions.  It  is  infoluble  in  water,  but 
forms  with  a  fmall  quantity  of  that  liquid  a  pafte  to  a 
certain  degree  dudlile.  It  does  not  combine  with  oxy¬ 
gen,  nor  w  ith  any  of  the  fimple  combuftibles  ;  but  ful- 
phurated  hydrogen  diffolves  it,  and  forms  with  it  a  hy- 
drofulphuret,  fimilar  in  its  properties  to  other  hydro- 
‘  fulphurets.  Glucina  is  foluble  in  the  liquid  fixed  alka¬ 
lies  ;  infoluble  in  ammonia,  but  foluble  in  carbonat  of 
ammonia.  It  combines  with  all  the  acids,  and  forms 
with  them  fweet  tafted  falts  ;  a\’u  hence  its  name,  from 
Its  other  properties  have  not  been  exa¬ 
mined. 

Sect.  IX.  Of  Tttria  and  Aguflna* 

DllVoLry  Some  time  before  1788  was  difeovered,  in  the  quar- 
and  proper- ry  ofYtterby  in  Sw^eden,  a  peculiar  mineral,  called 
ties  of  j't-  from  ProfefTor  Gadolin,  who  firft  analyfed  it,  gadoUnite. 

Its  colour  is  black,  and  its  fradlure  like  that  of  glafs. 
It  is  magnetic,  and  foft  enough  to  be  fcratched  by  a 
knife,  and  fometimes  even  by  the  nail.  In  this  mine¬ 
ral  a  new  earth  has  been  difeovered  by  various  chemifts, 
who  have  agreed  to  give  it  the  name  of  yttria.  When 
feparated  from  the  other  fubftances  with  which  it  is 
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combined,  viz.  the  oxides  of  iron  and  manganefe,  a 
little  lime,  and  a  conliderable  quantity  of  filica,  it  has 
the  appearance  of  a  fine  white  pow^der,  and  has  neither 
tafte  nor  fmell.  It  is  not  melted  by  the  application  of 
heat,  has  no  adlion  on  vegetable  blues,  and  is  not  fo¬ 
luble  in  water.  It  is  likewife  infoluble  in  pure  alka¬ 
lies  ;  but  it  diflblves  readily  in  carbonat  of  ammonia.  It 
combines  with  acids,  and  forms  wn'th  them  falts,  which 
have  a  fw^eet  tafte,  and  at  the  fame  time  a  certain  de¬ 
gree  of  aufterity.  ^39 

Trommfdorf  has  lately  difeovered  in  the  Saxon  beryl BKcovery 
a  new  earth,  to  wdiich  he  has  given  the  name  of  AguJIi-oi  aguftina. 
na,  becaufe  the  falts  which  it  forms  have  little  or  no 
tafte.  As  TrommfdorPs  experiments  have  not  hither¬ 
to  been  repeated,  the  cxiftence  of  this  earth  mull  con¬ 
tinue  doubtful  till  the  conclufions  of  the  difeoverer  be 
confirmed  by  other  philofophers. 
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These  are  all  the  fimple  earths  that  have  yet  been  Remarks  on 
difeovered;  and  the  firft  four  of  them  have  a  great  ma-the  earth;?, 
ny  common  properties.  They  tinge  vegetable  blues 
green,  they  have  a  ftrong  afEnity  for  carbonic  acid,  and 
combine  readily  witii  all  acids.  They  have  fometimes 
been  called  alho.ltne  earths. 

None  of  the  earths  have  been  hitherto  decompound¬ 
ed,  nor  has  the  finallcft  proof  ever  been  brought  that 
they  are  compounds,  Wc  rauft  therefore,  in  -he  pre- 
fent  ftate  of  chemiftry,  confider  them  as  fimple  bodies. 

Many  attempts,  indeed,  have  been  made  to  Ihevv  that 
there  w’’as  but  one  earth  in  nature,  and  that  all  others 
were  derived  from  it.  The  earth  gen'^rally  made  choice 
of  as  the  fimpleft  was  filica  (y).  But  none  of  thefe  at¬ 
tempts,  notwuthftanding  the  ingenuity  of  feveral  of  the 
authors,  has  been  attended  with  the  fmallcft  fhadow  of 
fuccefs. 

We  have  mentioned  formerly,  that  it  was  almoft  the 
univerfal  opinion  of  chemifts  that  metals  were  compofed 
of  fome  of  the  earths  united  to  phlogifton ;  but  of  late 
an  attempt  has  been  made  to  prove  that  all  the  earths 
are  metallic  oxides,  and  that  they  can  adlually  be  redu¬ 
ced  to  the  ftate  of  metals. 

Baron  had  long  ago  fufpe<5led  that  alumina  hadfome- 
what  of  a  metallic  nature  ;  and  Bergman  had  been  in¬ 
duced,  by  its  great  weight  and  feveral  other  appearan¬ 
ces,  to  conjeAure  that  barytes  was  a  metallic  oxide  ; 

But  the  firft  chemift:  who  ventured  to  hint  that  all 
earths  might  be  metallic  oxides  was  Mr  Lavoifier 
About  the  year  1790,  foon  after  the  publication  of 
Lavoifier^s  book,  Mr  Tondi  and  Profeffbr  Ruprecht, 
both  of  Scheranitz,  announced,  that  they  had  obtained 
from  barytes,  by  the  application  of  a  ftrong  heat,  a  me¬ 
tal  of  the  colour  of  iron,  and  attradled  by  the  magnet,  - 
which  they  called  horhonium ;  from  magnefia  another, 
which  they  called  aujlrum ;  a  third  from  lime,  alfo 
called  auflrum  ;  and  a  fourth  from  alumina,  which  they 
denominated  apulum.  Their  method  of  proceeding  was 
to  apply  a  violent  heat  to  the  earths,  which  were  fur- 
rounded  with  charcoal  in  a  Hefiian  crucible,  and  co¬ 
vered  with  calcined  bones  In  powder. 

But  their  experiments  were  foon  after  repeated  by 
Klaproth,  Savorefi,  and  Tihaufki ;  and  thefe  accurate 
K  k  2  chemifts 


(y)  Mr  Sage,  however,  pitched  upon  lime. 
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Ca^orL'.  chemifls.  foon  proved,  that  the  pretended  metals  were  all 
— y — of  th-m  phofpLurets  of  iron.  The  iron,  by  the  violence 
of  the  heat,  had  been  extraded  from  the  crucible,  and 
the  phofphorus  from  the  bones.  The  earths  therefore 
muil  flili  continue  a  diftindf  clafs  of  bodies:  and,  as  Kla¬ 
proth  has  obferved,  their  properties  ate  fo  exceedingly 
different  from  thofe  of  metallic  oxides,  that  the  fuppo- 
fition  of  their  being  compofed  of  the  fame  ingredients  is 
contrary  to  every  fadt,  and  to  every  analogy  with  which 
vve  are  acquainted. 

Chap.  V.  0/ Caloric. 

N^othing  is  more  ft^miliar  to  ns  than  heat  i  to  at¬ 
tempt  to  define  it  therefore  would  be  unnecefTary.  When 
we  lay  that  a  perfon  feels  heat,  that  a  Jlone  is  hot,  the  ex- 
preflions  caufe  no  difficulty;  every  one  underftands  them 
j.eifedtiy:  yet  in  each  of  tbefe  propolitlons  the  word 
heat  has' a  ditlindf  meaning.  In  the  one,  it  fignifies  the 
fenfation  of  heat ;  in  the  other,  the  caufe  of  that  fenfation. 
*T[’his  ambiguity,  though  of  little  confequence  in  common 
life,  leads  unavoidably  in  philofophical  difcuflions  to  con- 
fufion  and  perplexity.  It  was  to  prevent  this  that  the 
French  chemlits  made  choice  of  the  word  caloric  to  fig- 
nify  the  enufe  of  heat.  When  I  put  my  hand  on  a  hot 
{tone,  I  experience  a  certain  fenfation,  which  I  call  the 
^  fenfation  of  heal ;  the  caufe  of  this  fenfation  is  caloric. 
Whe-her  Concerning  the  nature  of  caloric,  there  are  two  opi- 
cal'iric  beajjjQj^s  v/hich  have  divided  philofophers  ever  fince  they 
Cubftance.  their  attention  to  the  fubjea.  Some  fiippofe 

that  caloric,  like  gravity,  is  merely  a  property  of  mat- 
‘  ter,  and  that  it  confifts,  fome  how  or  other,  in  a  pecu¬ 
liar  vibration  of  its  particles  ;  others,  on  the  contrary, 
think  that  it  is  a  diftina  fubftance.  Each  of  thefe  opi¬ 
nions  has  been  fupported  by  the  greatefl  philofophers  ; 
and  the  obfeurity  of  the  fubjea  is  fuch,  that  both  fides 
have  been  able  to  produce  exceedingly  plaufible  and  for- 
^ible  arguments.  The  recent  difcoveries,  however,  in 
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this  branch  of  chemiflry,  have  rendered  the  latter  opi¬ 
nion  much  more  probable  than  the  former.  Indeed  we 
do  not  fee  how^  It  is  pofiible  to  account  for  many  of  the 
phenomena  of  nature,  unlefs  caloric  be  confidered  as  a 
fubftance,  as  we  truft  (hall  appear  from  the  invefliga- 
tion  into  which  w^e  are  about  to  enter.  We  mean,  then. 
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with  the  generality  of  modern  chemifts,  to  take  it  for 
granted  that  caloric  is  a  fubflance,  without  pretending 
to  be  able  to  demonftrate  the  truth  of  our  opinion,  but  j 

merely  becaufe  we  confider  it  as  infinitely  more  plau¬ 
fible  than  the  other.  If  the  receiver  of  an  air-pump, 
while  it  contains  a  thermometer,  be  fuddenly  exhaufted 
of  air,  the  thermometer  finks  fevcral  degrees,  and  then 
gradually  rifes  again  to  its  former  height.  Now  if  heat 
be  owdng  to  vibration,  how  comes  it  that  the  fmall  quan¬ 
tity  of  matter  remaining  in  the  receiver  is  firft  infuffi- 
cient,  and  afterwards  fulficient  to  maintain  the  tempe¬ 
rature  ?  Is  it  not  more  probable  that  part  of  the  calo¬ 
ric  was  carried  off  w  ith  the  air,  and  that  it  gradually 
returned  through  the  glafs,  which  it  is  capable  of  per¬ 
vading,  though  with  difficulty  *.  When  air  is  let  into  *  See  Pic^ 
an  exhaufted  receiver,  the  thermometer,  as  Lambert  firft  U 
obferved,  rifes  feveral  degrees.  Is  not  this  owing  to  an 
additional  quantity  of  caloric  introduced  by  the  air  I 
The  thermometer  then  finks  flovvly.  Is  not  this  becaufe 
the  fuperabundant  caloric  gradually  pervades  the  glafs 
and  flies  off?  Taking  it  for  granted  then  that  caloric  ia 
a  fubftance,  we  proceed  to  examine  its  propertis.  145 

I.  When  bodies  become  hot,  or,  which  is  the  fame  Caloric  cr*  , 
thing,  when  caloric  enters  into  them,  they  expand  | 

every  diredf  ion ;  and  this  expanfion  is  proportional  to  the 
accumulation  of  caloric.  The  firfl  and  moft  obvious 
property  of  caloric  then  is  the  power  of  expanding  bo-  1 

dies.  It  does  not,  however,  expand  all  fubftances  equal-  '  | 

ly,  and  we  are  ftill  ignorant  of  the  law  which  it  follows.  ! 

All  that  ean  be  done  therefore  is  to  colle6f  fa<fts  till 
this  law  be  difeovered.  A  number  of  thefe  may  be  feen 
in  the  following  Table  : 


#  Plagden. 
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^ABLE  of  the  Expanfion  of  various  Bodies  at  different  temperatures. 


Tempe¬ 

rature. 

Water 

Mercury. 

Linfeed 

oilf. 

Alcohol  *•. 

Tempe¬ 

rature. 

Water  *. 

Mercury. 

Linfeed 
oilf . 

Alcohol 

32 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

lOOCOO 

99997 

100005 

100023 

100053 

100091 

1 00 1 41 

1 00 1 97 
100261 
100332 
10041 I 
100694 
100790 

1  00000,0 
100030,0 
100081,0 
100131,9 

100182.8 
100253,7 
100304,6 
ioo355»5 
100406,4 
100457,3 
100508,2 
100559,1 
100610,0 

100660.9 

I 00000 

102560 

1 00000 

100267 

100539 

101818 

IOIIO5 

IQI4OI 

IOI688 

101984 

102281 

102583 

102890 

103202 

103517 

103840 

100® 

105 

110 

120 

130 

140 

150 

160 

167 

170 

180 

190 

200 

212 

408 

100908 

‘  IOI404 

102017 

102753 

103617 

104577 

10071 1,8 

100762.7 

100813.6 
100915,4 

101017.2 
101119,0 

101220.8 

101322.6 

101424,4" 

101526.2 
101628,0 
101729,8 
101835,0 

107250 

115160 

104162 

^  ’Blagdtaa 
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Table  of  the  Exparfwn  of  various  Bodies  at  different  Temper atures^  continued. 
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*  Kir^an, 
I  De  Luc, 


Tcmpe* 

rature 

Sulph, 

acid 

Nitric 

acid^. 

Glafsf. 

Air. 

Oxygen 

gajj. 

Azotic 

gas§. 

Hydrogen 

gas 

Nitrous 

gas§. 

Carb.  acid 

gas  §• 

Ammonia- 
cal  gas  § 

3  2° 

_ 

— 

I 00000 

lOCOOO 

100000 

ICOOOO 

100000 

100000 

ICOOOO 

I 00000 

40 

— 

— 

— 

lOI 790 

45 

— 

100005 

— 

— 

50 

100149 

IOOI49 

— 

I04I40 

55 

100263 

101074 

100006 

— 

60 

100382 

101389 

— 

106560 

65 

100615 

101767 

— 

— 

70 

100751 

102096 

— 

108950 

75 

77 

,  ,  , 

ICOOI4 

..... 

104520 

103400 

108390 

ic652a 

11 1050 

127910 

80 

...... 

— 

— 

III300 

-  90 

— 

— 

— 

. II3590 

100 

— 

— 

100023 

— 

1 10 

122 

— 

100033 

117580 

124830 

I2IS60 

122830 

117630 

130660 

184870 

130 

,1-  t 

— 

— 

121870 

150 

167 

— 

100044 

100056 

126030 

190180 

176640 

137420^ 

144370 

173850 

358780 

170 

— 

— 

130090 

190 
^  212 

— 

— 

100069 

100083 

133970 

134890 

1 

694120 

139120$ 

160290I 

200940$ 

:  680090:!; 

1  (A) 

§  Du  Ver^ 
fwhy  Encyc, 
MetLod,  arC» 
Air, 


Table  of  the  Expan/lon  of  Metals  from  to  212^ 


Tempera¬ 

ture. 

Antimony. 

Steel. 

Iron. 

Caft  Iron. 

Bifmuth. 

Copper. 

Cad 

Brafs. 

Brafs  Wire. 

32° 

212 

White  1 
heat  1 

120000 

1 20 1  30 

I 20000 

I20I47 

123428* 

I 20000 

I  20 15 1 

12 1500* 

I  20000 

122571* 

I 20C0O 

120167 

I  20000 

120204 

I  20000 

120225 

120000 

120232 

Tin. 

Lead. 

Harnniered 

1  Zinc. 

Zinc  8 
Tin  I 

Lead  % 
Tin  I 

Brafs  ^ 
Zinc  I 

T’ewter. 

Copper  3 

Tin  (b)  I 

32° 

212 

120000 

120298 

120000 

120344 

120000  1  I20COO 

120355  1  220373 

I  20000 

120323 

1 20000 

I  20301 

I  20000 

120247 

1 20000 

I  20274 

120000 

120218 

f  Smeaion, 
Pbil.  Tranj 
xlviii.  612^.' 


Rminau 


From 


(a)  This  mark  implies  thati  owing  to  fome  inaccuracy  in  making  the  experiments,  the  numbers  to  which  it 

is  att^hed  are  not  to  be  depended  _on.  r  ,  •  c  .u  .  r  j  r.- 

fs)  The  metal  whofe  expanfion  is  here  given  was  an. alloy  compoied  ot  three  parts  ot  copper  and  one  of  tin. 
The  figures  in  fome  of  the  preceding  columns  are- to  be  underllood  in  the  fame  manner.  Thus  in  the  lafl  column  > 
But  tw^,  the  metal  conlifted  of  two  parts  of  brafs  alloyed -w4h  one  of  zinc. 
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Caloric.  From  this  table,  it  appears  that  the  gafes  are  more 
*'■"  '  *  expanded  by  caloric  than  fluids^  and  fluids  more  than 

Excemion  ;  and  that  the  expanfion  of  all  bodies  hitherto  ex- 

^  amined,  mercury  alone  excepted,  goes  on  in  an  increa- 
fing  feries.  To  the  expanding  power  of  caloric  there 
is  one  fingular  exception  :  From  30^  to  40^  Fahrenheit, 
•water i  iiiftead  of  being  expanded,  fuffers  a  remarkabk 
contradlion,  as  is  evident  from  the  following  table  of 
its  bulk  for  every  degree  between  30*^  and  40^ 

Bulk. 

30®  -  -  -  100074 


»44 

Thermo¬ 

meter. 


3« 

32 

33 

34 

35 

-36 

37 

38 

39 

40 


100070 
10C066 
j 0006 3 
iooc6o 
100058 
100036 
10005 j 
100054 
100054 
100054 


No  body 
without 
caloric. 


146 

Equilibri- 
nm  of  ca¬ 
loric. 
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-  From  400  it  expands  like  other  fubftances  on  being 
heated  (b). 

The  expanfion  of  bodies  by  caloric  has  furnifhed  us 
with  an  inftrument  for  rneafuring  the  various  degrees  of 
it  in  different  lubflances,  we  mean  the  thermometer ; 
and  as  mercury  is  the  only  fluid  which  expands  equably, 
it  is  obvioufly  the  only  proper  one  for  thermoineters. 
The  thermometer  uniformly  ufed  in  this  article  is  that 
of  Fahrenheit,  except  when  fomc  other  is  particularly 
mentioned. 

2.  By  means  of  the  thermometer,  we  learn  that  there 
is  no  body  which  does  not  contain  coloric,  becaufe  there 
is  none  fo  cold  that  it  cannot  be  made  colder:  and  cool¬ 
ing  a  body  is  nothing  elfe  but  abfiradling  a  part  of  the 
caloric  which  it  contains. 

3.  Caloric  cannot  be  confined  in  any  body  while 
thofe  in  its  neighbourhood  are  colder,  but  continues  to 
rulh  out  till  every  thing  is  reduced  to  the  fame  tempe¬ 
rature.  This  does  not  proceed  from  the  attradlion  of 
the  colder  bodies,  but  from  the  tendency  of  caloric  to 
exift  everywhere  in  an  equal  degree  of  tenfion  :  For 
when  hot  bodies  are  placed  in  the  exhaufled  receiver  of 
an  air-pump,  as  we  learn  from  Mr  Pidlet  ■j',  or  in  the 

^Torricellian  vacuum,  as  Count  Rumford  has  fliewn  usj;, 
the  caloric  leaves  them  in  the  fame  manner,  tho’  more 
flowly,  and  they  are  equally  reduced  to  the  temperature 
of  the  furrounding  bodies.  This  property  has  been 
called  the  equilibrium  of  caloric.  The  only  way  there¬ 
fore  to  confine  or  accumulate  this  fubftance  in  a  body, 
is  to  furround  it  with  bodies  which  are  hotter  than  itfelf. 

4.  The  equilibrium  of  caloric  feeins  evidently  to  prove 
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that  its  particles  rq)el  each  other.  This  rcpulfion  will  C«lnric. 
caufe  them  when  accumulated  in  any  place  to  fly  off  in 
every  dire'dlion,  and  to  continue  to  feparate  till  they  are 
oppofed  by  caloric  in  other  bodies  of  the  fame  relative  des  of  calo- 
denfity  with  themfelves,  which,  by  repelling  them  in  itsric  repel 
turn,  compels  them  to  continue  where  they  are.  The  other, 
caloric  in  bodies  therefore  is  in  what  has  been  called  by 
Mr  Pi£let  a  ftate  of  ferfton  (c).  Its  particles  are  adlu- 
ated  by  a  force  which  would  make  them  feparate  to  an 
Indefinite  diftance,  were  they  not  confined  by  the  op- 
pofite  force  of  the  caloric  which  furrounds  them.  The 
equilibrium  therefore  depends  on  the  balancing  of  two  op- 
pofite  forces  ;  the  repulfion  between  the  particles  of  ca¬ 
loric  in  the  body,  which  tends  to  diminifh  the  tempera¬ 
ture  ;  and  the  repulfion  between  the  caloric  of  the  body 
and  the  furroundiag  caloric,  which  tends  to  raife  the 
temperature.  When  the  firft  force  is  greater  than  the 
fecond,  as  is  the  cafe  when  the  temperature  of  a  body  is 
higher  than  that  of  the  furrounding  bodies,  the  caloric 
flies  off,  and  the  body  becomes  colder.  When  the  lafl 
force  is  flronger  than  the  firll,  as  is  the  cafe  when  a 
body  is  colder  than  thofe  which  are  around  it,  the  par¬ 
ticles  of  its  caloric  are  obliged  to  approach  nearer  each 
other,  new  caloric  enters  to  occupy  the  fpace  which 
they  had  left,  and  the  body  becomes  hotter.  When 
the  two  forces  are  equal,  the  bodies  are  faid  to  be  of 
the  fame  temperature,  and  no  change  takes  place  *See  P/V- 

It  is  the  aftion  of  thefe  oppofite  forces  which  makes 
the  thermometer  a  meafure  of  temperature.  When 
plied  to  any  body,  it  continues  to  rife  or  fall  till  the  ca-’ 
loric  in  it  and  in  the  body  to  which  it  is  applied  are  of 
the  fame  tenfion,  and  then  it  remains  flationary.  The 
thermometer  therefore  merely  indicates  that  the  tempe¬ 
rature  of  the  body  to  which  it  is  applied  is  equal  to  its 
own.  It  is  obvious  that,  in  order  to  obtain  the  real 
temperature  of  bodies,  the  thermometer  fhould  be  fo 
fmall  that  the  quantity  of  caloric,  which  enters  or  leaves 
it,  may  not  materially  affe6l  the  refult. 

This  property  of  caloric  feeins  to  be  the  caufe  of  the 
claflicity  of  the  gafes,  in  which,  as  we  (hall  fliew  after- 
wards,  it  exifts  in  great  quantities.  Perhaps  it  is  the 
caufe  of  elaflicity  in  general ;  for  we  have  no  demon - 
ftrative  evidence  that  the  particles  of  elaftic  bodies  repel 
each  other  (d),  and  we  are  certain  that  all  pf  them 
contain  caloric.  Perhaps  alfo  it  is  owing  to  this  repul- 
five  property  of  caloric  that  the  particles  of  no  body 
adually  touch  each  other  ;  for  the  lefs  caloric  we  leave 
in  a  body,  the  nearer  its  particles  approach  to  one  ano- 
ther.  The  expanfion  of  bodies  by  caloric  feems  alfo  to 
depend  on  the  fame  property.  The  particles  of  caloric 
uniting  with  thofe  of  the  body,  endeavour  to  drag  them 
along  when  they  recede  from  each  other.  The  expan¬ 
fion 


(b)  There  was  a  curious  fafl  concerning  dilatation  obferved  by  Mr  de  Luc.  A  brafs  rod  which  he  ufed  as  a 
thermometer  becaine  In  fummer  habitually  longer  ;  that  is  to  fay,  that  after  being  for  feme  time  lengthened  by 
heat  it  did  not  contraft  by  the  application  of  cold  to  Its  old  length,  but  continued  fome what  longer.  In  winter 
the  contrary  phenomenon  took  place.  After  being  contraded  for  fome  time  by  cold,  it  did  not  return  to  its  old 
length  on  the  application  of  heat,  but  kept  foniewhat  fhorter.  A  leaden  rod  (hewed  thefe  effeds  in  a  greater 
degree.  Glafs  has  not  this  quality.  De  Luc  fufpeds  that  this  property  is  inverfely  as  the  elatticity  of  bodies. 
Glafs  Is  perfedly  elallic,  and  lead  is  lefs  elaftic  than  brafs.— Joarn.  de  Phyf.  xviii.  369. 

(c)  The  phrafe  was  firft  ufed  by  Mr  Volta.  ^  ^  •  v  t 

(d)  Wc  acknowledge  that  feveral  philofophers  of  the  firft  rank,  .^plnus  for  inftance>  and  Bofcovich,  have 
fuppofed  that  the  particles  of  all  bodies  both  attrad  and  repel  each  other  :  but  we  cannot  help  thinking  it  rather 
improbable  (if  it  be  poflible)  that  two  fuch  oppofite  properties  fhould  cxift  together. 
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Caloric,  fion  of  bodies  therefore  ought  to  be  inverfely  as  their 
'  coheGon,  and  diredlly  as  the  tenfion  of  the  caloric  which 
they  contain.  This  property  of  caloric  feems  likewife  to 
afford  an  explanation  of  a  very  curious  fad,  which  w^as 
firjfl,  we  believe,  mentioned  by  De  Luc  in  his  1  reatife 
on  the  Modifications  of  the  Atraofphere,  and  afterwards 
Bodies  be-  afcertained  by  Lr  OeorgC  Fordyce,  that  bodies  become 
come  light- abfolutely  lighter  by  being  heated.  He  took  a  glafs 
globe  three  inches  in  diameter,  with  a  fhort  neck,  and 
*  weighing  451  grains;  poured  into  it  1700  grains  of 
water  from  the  New  river,  London,  and  then  fealed  it 
hermetically.  The  whole  weighed  2150-4:  grains  at 
the  temperature  of  32®.  It  w'as  put  for  twenty  mi¬ 
nutes  into  a  freezing  mixture  of  fnow  and  fait  till  fome 
of  it  was  frozen  ;  it  was  then,  after  being  wiped  firll 
with  a  dry  linen  cloth,  next  with  clean  wafhed  dry  lea¬ 
ther,  immediately  weighed,  and  found  to  be  ^ 

grain  heavier  than  before.  This  was  repeated  exadly 
in  the  fame  manner  five  different  times.  At  each,  more 
of  the  water  was  frozen  and  more  weight  gained.  When 
the  w^hole  water  was  frozen,  it  was  ^  grain 

heavier  than  it  had  been  when  fluid.  A  thermometer 
applied  to  the  globe  flood  at  lO*^.  When  allowed  to 
remain  till  the  thermometer  rofe  to  32®,  it  weighed 
•y^ths  of  a  grain  more  than  it  did  at  the  fame  tempera¬ 
ture  when  fluid.  W^e  fhall  fhew  afterwards  that  ice 
contains  lefs  caloric  than  water  of  the  fame  temperature 
with  it.  The  balance  ufed  was  nice  enough  to  mark 
part  of  a  grain  *.  Morveau,  too,  found,  much 
about  the  fame  time,  that  water  put  into  vefTels  herme¬ 
tically  fealed,  weighed  more  when  frozen  than  when 
Yjsurn.  de  fluid  f  :  and  Mr  Chauffier  found,  that  two  pounds  of 
fulphuric  acid  were  three  grains  heavier  when  frozen  than 
^ Journ.de  after  they  had  recovered  their  fluidity  Now,  if  the 
particles  of  caloric  repel  each  other,  bodies  which  con¬ 
tain  it  in  great  quantities  muft  be  fomewhat  repelled  by 
each  other.  The  more  replete  therefore  that  any  body 
is  with  caloric,  the  more  it  will  be  repelled  by  the  earth, 
which  always  contains  a  great  quantity  ;  and  this  re- 
pulfion  mufl  in  fome  degree  counterad  its  gravitation. 
This  explanation  was  firfl  fuggefled,  we  believe,  by 
Dr  Black. 

The  fame  property  explains  another  curious  fad  dif- 
moyesmore by  Mr  Pidet  of  Geneva,  that  caloric  moves 
readily  vertically  upwards  than  downwards.  He 
^wnwar^took  a  tube  of  tinplate,  two  Inches  in  diameter  and  44 
in'length,  and  enclofed  in  it  a  bar  of  copper  four  lines 
in  diameter  and  33  inches  in  length,  which  was  placed 
and  fixed  exadly  in  its  axis.  This  tube  was  exhaufted 
§  See  Ma-  of  air,  by  means  of  an  air-pump,  till  the  manometer  § 
nometer  in  flood  at  the  height  of  four  lines.  It  was  Inclofed  in  aii- 
thh  Suppl.  other  tube  of  pafieboard,  except  about  two  inches,  ex¬ 
adly  in  the  middle,  to  which  place  the  fun’s  rays  were 
directed  for  half  an  hour  by  means  of  a  concave  mirror. 
The  ends  of  the  copper  bar  were  fcooped  out  into  con¬ 
cave  hemifpheres  ;  and  into  each  of  thefe  the  bulb  of  a 
very  fenfible  thermometer  was  fixed.  The  tube  was 
placed  vertically.  The  higheft  thermometer,  which  we 
fhall  call  A,  rofe  to  95",  a  hundred  and  one  feconds 
before  the  lowefl  B.  The  thermometer  B  rofe  no  high- 
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cr  than  95^  ;  but  the  thermometer  A  reached  I0I,75<>.  ^ 

To  fee  whether  this  difference  was  owing  to  the  ther¬ 
mometers,  the  tube  was  inverted,  and  coiifequently  the 
higheft  thermometer  in  the  former  experiment  was  low- 
eft  in  this.  The  thermometer  B  now  rofe  from  49°  to 
97,25"  in  2810";  the  thermometer  A  in  2763",  or  47" 
fooner  than  B.  It  was  evident  from  this  refult,  that 
the  thermometer  A  was  more  fenfible  than  the  thermo¬ 
meter  B  by  47’'.  If  this  be  fubtraded  from  101',  the 
former  difference,  it  will  leave  54",  as  the  difference  re- 
fulting  from  pofition.  Thefe  experiments  were  repeat¬ 
ed  with  only  this  difference,  that  round  the  ends  of  the 
bar  and  the  bulbs  of  the  thermometers  (but  without 
touching  the  bulbs)  fome  folds  of  oiled  paper  were 
wrapped  to  confine  the  caloric.  The  fi^erior  thermo¬ 
meter  A  rofe  from  50®  to  106,25^’  in  34  minutes, 
which  was  93  '  fooner  than  the  inferior  B  ;  it  rofe  to 
11c, 75®,  the  thermometer  B  only  to  106,25®.  The 
tube  being  reverfed,  the  thermometer  A,  which  was  now 
loweft,  rofe  from  46^  to  115,25*^  in  40'  30'',  or  forty  fe¬ 
conds  fooner  than  the  thermometer  B.  This  fubtraded 
from  93 as  formerly,  leaves  53''  for  the  difference  of 
fituation.  The  fuperior  thermometer  mounted  after  the 
burning.glafs  was  removed  0,45®,  remained  ftationary 
for  80  ^  and  after  five  minutes  had  only  defeended  0,45'’; 
the  other  did  not  afceiid  at  all ;  in  one  minute  it  defceiid- 
ed  0,225”,  and  irt  &  8 '  it  defeended  2,47*^.  In  22'  50" 
the  inferior  defeended  63,725”,  the  fuperior  ^ ^  f  ^ 

From  thefe  experiments,  it  is  obvious  that  the  particles-^^J(^p^ 
of  caloric  move  fomewhat  fafter,  and  in  fomewhat  great¬ 
er  quantity,  upwards  than  downwards ;  owing,  doubt- 
lefs,  to  the  repulfive  power  of  the  caloric  in  the  earth. 

The  fmall  quantity  of  air  that  remained  in  the  tube 
may  perhaps  be  fuppofed  fufficient  to  account  for"  the 
difference,  without  allowing  any  fuch  tendency  upwards, 
in  caloric.  But  it  is  evident  from  the  experiments  of 
the  Florentine  academicians  on  the  fame  fubjedl,  with, 
tubes  full  of  air,  that  even  when  in  great  abundance, 
that  fluid  hardly  afledled  the  rlfing  of  the  fuperior  ther¬ 
mometer  ;  furtly  tlien  its  effe£l  muft  be  altogether  im¬ 
perceptible  when  fo  little  of  it  remained  ;  and  in  the 
third  and  fourth  experiments  the  oiled  paper  prevented: 
any  of  the  heated  air  from  approaching  the  thermo¬ 
meter.  ^  ^  151 

5.  If  vve  take  a  bar  of  iron  and  a  piece  of  ftone  of  Condudling. 
equal  dimenfions,  and  putting  one  end  of  each  into  thepwer  of 
fire,  apply  either  thermometers  or  our  hands  to  the^*^*^*^** 
..^pther,  we  fhall  find  the  extremity  of  the  iron  feiifibly 
hot  long  before  that  of  the  ftone.  Calgric  therefore 
does  not  pafs  through  all  bodies  with  the  fame  celerity 
and  eafe.  The  power  that  bodies  liave  to  allow  it  a 
paffage  through  them  is  called  their  conducing  power  ; 
thofe  that  allow  it  to  pafs  with  facility,  are  called  goad 
conduBors  ;  thofe  through  which  it  pafl'es  with  difficul¬ 
ty,  are  called  bad  conduBors ;  and  thofe  which  do  not 
allow  it  to  p&fs  at  all,  non-conduBors. 

It  is  probable  that  all  follds  condud  heat  In. fome  de-of  wood  ' 
gree,  at  leaft  this  is  the  cafe  with  every  one  at  prefent  and  char- 
known.  Wood  and  charcoal  are  exceeding  bad  condu6lors  » 
of  caloric  (e).  Count  Rumford  informs  us,  that  a  piece 

of 


This  faa  merits  the  attention  of  chemifts.  It  is  obvious,  that  when  metallic  oxides  are  furrounded  with 
charcoal  powder,  their  temperature  cannot  be  raifed  near  fo  high  as  it  otherwife  would  be.  It  is  not  unlikely 
that  fome  part  of  the  difficulty  which  has  been  experienced  in  attempting  to  reduce  and  fufe  feveral  metallic  fuh- 
ftances  may  have  been  owing  to  this  caufe. 
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of  green  oak  plank  was  employed  to  flir  the  melte<f  me¬ 
tal  of  which  cannons  were  founding  at  Munich,  and  it 
was  often  allowed  to  remain  a  conlidcrable  time  in  the 
furnace  ;  yet  the  caloric  had  penetrated  to  fo  inconli- 
derable  a  depth,  that  at  the  diftance  of  ^'^th  of  an  inch 
below  the  furface,  the  wood  did  not  feem  to  have  been 
the  Icalb  alfeded  by  it  ;  the  colour  remained  unchan  - 
ged,  and  it  did  not  appear  to  have  loft  even  its  moif* 

'3?^  Rumforct s  tiire  * . 

Glafs,  when  not  tranfparent  (f),  is  alfo  a  very  bad 
coiiduftor  :  and  this  is  the  reafon  that  it  is  fo  apt  to 
crack  on  being  heated  or  cooled  fiiddenly  ;  one  part  of 
it  receiving  or  parting  with  its  caloric  before  the  reft, 
expands  or  contrails,  and  deftroys  the  cohefion. 

Metals  are  the  bell  conduclors  of  caloric  of  all  the 
folids  hitherto  examined.  The  conduaing  powers  of 
all,  however,  are  not  equal.  Dr  Ingenhoiifz  procured 
cylinders  of  feveral  metals  exadlly  of  the  fame  fize,  and 
having  coated  them  with  wax,  he  plunged  their  ends 
into  hot  water,  and  judged  of  the  conducing  power  of 
each  by  the  length  of  wax-coating  melted.  From  thefe 
experiments  he  concluded,  that  the  condu£fing  powers 
of  the  metals  which  he  examined  were  in  the  following 

f  ''journ.  Je  order  f. 

1789,  Silver, 

P  68*  Gold, 

^  nearly  equal. 

Platinum, 


a29 
^53 

•  Of  giais ; 


254 

Of  n.etal: 


255 

Of  flones 


Iron, 

Steel, 

Lead, 


►  much  inferior  to  the  others. 
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Whether 
fluids  be 


XJI  uones  Next  to  tnetals  ftone  feems  to  be  the  beft  condm^ors; 

and  folids  this  property  varies  confiderably  in  different  ftoncs. 
capable  of  are  much  worfe  conductors  than  moft  ft  ones, 

melting.  capable  of  being  melted  become  non-conduc¬ 

tors  the  moment  they  are  heated  to  the  melting  point : 
the  caloric  enters  them  eafily  enough,  but  it  remains  in 
them. 

A  queftion  has  lately  been  agitated  among  philofo- 
xiuius  DC  phers,  Whether  fluids  be  condilaors  of  caloric  ?  No 
condu<5tors  doubt  was  entertained  of  their  being  not  only  conduc- 
of  caloric,  -^ors,  but  good  conductors,  till  the  publication  of  Count 
Rumford’s  Effays,  in  which  the  author  contends,  with 
much  plaunbility  of  reafoning,  that  though  fluids  cfzrry, 
they  do  not  condua  heat  ;  or,  in  other  words,  let  it  pafs 
freely  from  one  particle  to  another. 

IV’haGed  In  a  fet  of  experiments  on  the  communication  of 
him  to  this  heat,  be  made  ufe  of  thermometers  of  an  uncommon 
opinion.  fi^e.  Having  expofed  one  of  thefe  (the  bulb  of  which 
was  near  four  inches  in  diameter)  filled  with  alcohol  to 
as  great  a  heat  as  it  could  fupport,  he  placed  it  in  a 
window  to  cool  where  the  fun  happened  to  be  fliining. 
Some  particles  of  duft  had  by  accident  been  mixed  with 
the  alcohol:  thefe  being  illuminated  by  the  fun,  becarnc 
perfe(5lly  vifible,  and  difcovered  that  the  whole  liquid  in 
the  tube  of  the  thermometer  was  in  a  moft  rapid  mo¬ 
tion,  running  fwiftly  in  oppofite  diredlions  upwards  and 
downwards  at  the  fame  time.  The  afcending  current 
occupied  the  axis,  the  defcending  current  the  fides  of  the 
tube.  When  the  fides  of  the  tube  were  cooled  by  means 


S  T  R  Y.  Part  T. 

of  ice,  the  velocity  of  both  currents  wa:i  accelerated.  Tt 
diminifhetl  as  the  liquid  cooled  ;  and  ^vhen  it  had  acqui- 
red  the  temperature  of  the  room,  the  motion  ceafed  al¬ 
together.  This  experiment  was  repeated  with  lintfecd 
oil^and  the  rcTiilt  was  precifely  the  fame.  Thefe  cur¬ 
rents  were  evidently  produced  by  the  particles  of  the  li  ¬ 
quid  going  individually  to  the  fides  of  the  tube,  and  gi¬ 
ving. out  their  caloric.  The  moment  they  did  fo,  their 
fpecific  gravity  being  increafed,  they  fell  to  the  bottom, 
and  of  conrfe  pulhed  up  the  warmer  part  of  the  fluid, 
which  was  tlius  forced  to  afeend  along  the  axis  of  the 
tube.  Having  reached  the  top  of  the  tube,  the  parti¬ 
cles  gave  out  part  of  their  caloric,  became  fpecifically 
heavier,  and  tumbled  in  their  turn  to  the  bottom. 

As  thefe  internal  motions  of  fluids  can  only  be  dif- 
covered  by  mixing  with  them  bodies  of  the  fame  fpe¬ 
cific  gravity  with  themfelves,  and  as  there  is  hardly  any 
fubftance  of  the  fame  fpecific  gravity  with  water  which 
is  not  folubie  in  it,  Count  Rumford  bad  recourfe  to  the 
following  ingenious  method  of  afeertaining  whether 
that  fluid  alfo  followed  the  fame  law.  The  fpecific 
gravity  of  water  is  increafed  confiderably  by  diffolving 
any  fait  in  it  ;  he  added,  therefo-re,  potafs  to  water  till 
its  fpecific  gravity  was  exadly  equal  to  that  of  amber, 
a  fubftance  but  very  little  heavier  than  pure  water.  A 
number  of  fmall  pieces  of  amber  were  then  mixed  with 
this  folution,  and  the  whole  put  into  a  glafs  globe  with 
a  long  neck,  which,  on  being  heated  and  expofed  to 
cool,  exhibited  exadlly  the  fame  phenomena  with  the 
other  fluids.  A  change  of  temperature,  amounting  on¬ 
ly  to  a  very  few  degrees,  was  fufficient  to  fet  the  cur¬ 
rents  a-flowMiig;  and  a  motion  might  at  any  time  be 
produced  by  applying  a  hot  or  a  cold  body  to  any  part 
of  the  veffel.  When  a  hot  body  was  applied,  that  part 
of  the  fluid  neareft  it  afeended;  but  it  defeended  on  the 
application  of  a  cold  body.  ^  *58 

If  caloric  pafs  through  water  only  by  the  internal  Proofs  of 
motion  of  its  particles,  as  this  experiment  feems 
prove,  it  is  evident  that  every  thing  which  embarrafleSp^^^_,j.  » 


—  -  ^  ^  '^•rr  j  j  power  of 

thefe  motions  miift  retard  its  tranfmiflion  :  and  accord- water, 

ingly  Count  Rumford  found  this  to  be  the  cafe.  He 
took  a  large  Hntfeed  oil  thermometer  with  a  copper 
bulb  and  glafs  tube;  the  bulb  was  placed  exaftly  in  the 
centre  of  a  brafs  cylinder,  fo  that  there  was  a  void  fpace 
between  them  all  around  0,25175  of  an  inch  thick. 

The  tbemipmeter  was  kept  in  its  place  by  means  of 
four  wooden  pins  projeding  from  the  fides  and  bottom 
of  the  cylinder,  and  by  the  tube  of  it  paffing  through 
the  cork  ftopper  of  the  cylinder.  This  cylinder  was 
filled  with  pure  water,  then  held  in  melting  fnow  till 
the  thermometer  fell  to  32°,  and  immediately  plunged 
into  a  veffel  of  boiling  water.  The  thermometer  rofe 
from  32*’  to  200°  in  597".  It  is  obvious  that  all  the 
caloric  which  ferved  to  raife  the  thermometer  muff  have 
made  its  way  through  the  water  in  the  cylinder.  The 
experiment  was  repeated  exactly  in  the  fame  manner  , 
but  the  water  in  the  cylinder,  which  amounted  to  2276 
gr.  had  192  gr.  of  ftarch  boiled  in  it,  which  rendered  it 
much  lefs  fluid.  The  thermometer  no\v  took  1 109''  to 
rife  from  32°  to  200°.  The  fame  experiment  was  again 
repeated  with  the  fame  quantity  of  pure  water,  having 

^  192 


(f)  When  tranfparent,  it  tranfmits  caloric* 
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Caloric.  ip2  gr.  of, ciflerdown  mixed  with  It,  which  would  mere* 
ly  tend  to  embarrafs  the  motion  of  the  particle’s.  A 
quantity  of  dewed  apples  were  alfo  in  another  experi¬ 
ment  put  into  the  cylinder.  The  following  Tables  ex¬ 
hibit  the  refult  of  all  thefe  experiments. 


^ime  the  Caloric  was  in  pajfing  into  the  ‘Thermometer. 


Tempera¬ 

ture. 

Through 
the  Water 
and  Starch. 

Thro’  the 
Water  and 
£ii.]erdown. 

Through 
ft  e  wed 
Apples. 

Through 

pure 

Water. 

Therm,  rofe 
from  32®  to 
200°  in 

Seconds. 

1109 

Seconds. 

949 

Seconds. 

icg6\ 

Second^. 

591 

Therm,  rofe 

from  80®  to 
160*^,  in 

34» 

269 

335 

172 

‘Time  the  Caloric  was 

in  pajjing  out  of  the  Thermometer. 

Tempera¬ 

ture. 

Through 
the  Water 
and  Starch. 

Thro’  the 
Water  and 
Eiderdown. 

Through 

ftewed 

Apples. 

^i'h  rough 
pure 
Water, 

Therm,  fell 
from  aoo^ 
to  40®  in 

Seconds. 

1548 

Seconds. 

1541 

Seconds. 

17491 

Seconds. 

1032 

Therm,  fell 
80®,  vtx, 
from  ido® 
to  80°,  in 

468 

460 

520 

277 

Now  neither  the  ftarch  nor  the  eiderdown  could  pro¬ 
duce  any  alteration  in  the  water  except  impeding  its 
internal  motions  ;  confequently  whatever  impedes  thefe 
motions  diminifhes  the  conducing  power  of  water.  But 
this  could  not  happen  unlefs  every  individual  particle 
a^ually  went  from  the  cylinder  to  the  thermometer. 
Hence  it  follows  that,  if  liquids  be  condudors,  their 
condudling  power  is  but  fmall  when  compared  with 
their  carrying  power. 

She^^n  to  .  liquids,  however,  are  capable  of  condudfing  calo* 
be  incon-  5  ^ur  when  the  fource  of  heat  is  applied  to  their  fur* 
clufivc.  face,  the  caloric  gradually  makes  its  way  downwards, 
and  the  temperature  of  every  ftratum  gradually  dimi- 
nifhes  from  the  furface  to  the  bottom  of  the  liquid. 
The  iiicreafe  of  temperature  in  this  cafe  is  not  owing 
to  the  carrying  power  of  the  liquid.  By  that  power 
caloric  may  indeed  make  its  way  upwards  through  li¬ 
quids,  but  certainly  not  downwards.  Liquids  then  are 
condudlors  of  caloric. 

Count  Rumford,  indeed,  has  drawn  a  different  con- 
clufion  from  his  experiments.  He  fixed  a  cake  of  ice 
in  the  bottom  of  a  glafs  jar,  covered  one-fourth  inch 
thick  with  cold  water.  Over  this  was  poured  gently  a 
confiderable  quantity  of  boiling  water.  Now  if  water 
were  a  non-condudlor,  no  caloric  could  pafs  through 
the  cold  water,  and  confequently  none  of  the  ice  would 
be  melted.  The  melting  of  the  ice,  then,  was  to  de¬ 
termine  whether  w^ater  be  a  condudlor  or  not.  In  two 
hours  about  half  the  ice  was  melted.  This  one  would 
think,  at  firft  fight,  a  decifive  proof  that  water  is  a  con- 
du6lor.  But  the  Count  has  fallen  upon  a  very  ingeni- 
SuppL.  VoL.  I.  Part.  I. 
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0U8  method  of  accounting  for  the  melting  of  the  ice,  Caloric, 
without  being  under  the  neceflity  (as  he  tells  us)  of  re- v— ^ 
nouncing  his  theory  that  fluids  are  non-condudors. 

It  is  well  known  that  the  fpecific  gravity  of  water  at 
40®  is  a  maximum  :  if  it  be  either  heated  above  40^,  or 
cooled  down  below  40^  its  denfity  diminifhes.  There¬ 
fore,  whenever  a  particle  of  water  arrives  at  the  tempe¬ 
rature  of  40“^,  it  will  fink  to  the  bottom  of  the  veffel. 

Now  as  the  water  next  the  ice  was  at  32^,  it  is  evident 
that  whenever  any  part  of  the  hot  water  was  cooled 
down  to  40®,  it  would  fink,  difplace  the  water  at  32^, 
come  into  conta£l  with  the  ice,  and  of  courfe  melt  it. 

The  Count’s  ingenuity,  never  without  refources,  ena¬ 
bled  him  to  prove  completely,  that  the  ice  employed  in 
his  experiment  was  adually  melted  in  that  manner  :  for 
when  he  covered  the  ice  partially  with  flips  of  wood, 
that  part  which  was  lhaded  by  the  wood  was  not  melt¬ 
ed  ;  and  when  he  covered  the  whole  of  the  ice  with  a 
thin  plate  of  tin,  having  a  circular  hole  in  the  middle, 
only  the  part  exadly  under  the  hole  was  melted.  From 
thefe  fads  it  certainly  may  be  concluded  that  the  ice 
was  melted  by  defcendiiig  currents  of  water. 

But  the  point  to  be  afeertained,  is  not  whether  there 
were  defceiiding  currents,  but  whether  water  be  a  con- 
dudor  or  not.  Now  if  water  be  a  non-condudor,  by 
what  means  was  the  hot  water  cooled  down  to  40®? 

Not  at  the  furface  ;  for  the  Count  himfelf  tells  us,  that 
there  the' temperature  was  never  under  ic8^:  not  by 
the  Tides  of  the  veffel ;  for  the  defeending  current  in  one 
experiment  was  exadly  in  the  axis  :  and  it  follows  ir- 
reliflibly,  from  the  experiment  with  the  flips  of  wood, 
that  thefe  defeending  currents  fell  equally  upon  every 
part  of  the  furface  of  the  ice ;  which  would  have  been 
impoflible  if  thefe  currents  had  been  cooled  by  the  fide 
of  the  veffel.  The  hot  water,  then,  mufl  have  been 
cooled  down  to  40°  by  the  cold  water  below  it ;  con- 
fequently  it  mufl  have  imparted  caloric  to  this  cold  wa¬ 
ter.  If  fo,  one  particle  of  water  is  capable  of  abforb- 
ing  caloric  from  another ;  that  is,  water  is  a  condudor 
of  caloric.  After  the  hot  water  has  flood  an  hour  over 
the  ice,  its  temperature  was  as  follows  : 


At  the  furface  of  the  ice  40^ 
One  inch  above  the  ice  80 

Two  inches  -  -  118 

Three  inches  -  -  128 

Four  inches  -  -  130 

Seven  inches  •  -  131 


How  is  it  poffible  to  account  for  this  gradual  diminu¬ 
tion  of  heat  as  we  approach  the  ice,  if  water  be  a  non- 
condudor  ?  The  water,  it  may  be  faid,  gives  out  calo¬ 
ric  at  its  furface,  falls  down,  and  arranges  itfelf  accord¬ 
ing  to  its  fpecific  gravity.  If  fo,  how  comes  it  that 
there  is  only  one  degree  of  difference  between  the  tem¬ 
perature  at  4  and  at  7  inches  above  the  ice  ?  Thus  it 
appears  that  the  Cojint’s  experiment,  inflead  of  demoii- 
flrating  that  water  is  a  non-condudor,  rather  favours 
the  common  opinion  that  it  is  a  condudor. 

The  Count  tried  whether  oil  and  mercury  be 
dudors  in  the  following  manner;  When  water  was  fro- an^oaTro- 
zen  in  a  glafs  jar  by  means  of  a  freezing  mixture.  Count  ved  to  be  * 
Rumford  obferved  that  the  ice  firfl  began  to  be  formed 
at  the  Tides,  and  gradually  increafed  in  thicknefs  ;  and 
that  the  water  on  the  axis  of  the  veffel,  which  retained 
its  fluidity  longefl,  being  compreffed  by  the  expanfion 
of  the  ice>  was  forced  upwards,  and  when  completely 
L 1  frozen, 
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frozen,  formed  a  pointed  projeaion  or  nipple,  which 
was  fometimes  half  an  inch  higher  than  the  reft  of  the 
ice.  Upon  ice  frozen  in  this  tnanner,  he  poured  olive 
oil,  previoiifly  cooled  down  to  32^  till  it  ftood  at  the 
height  of  three  inches  above  the  ice.  The  veftel  was 
furrounded  as  high  as  the  ice  with  a  mixture  of  pounded 
ice  and  water.  A  folid  cylinder  of  wrought  iron,  i^th 
inch  in  diameter,  and  I2  inches  long,  provided  with  a 
hollow  cylindrical  fheath  of  thick  paper,  was  heated  to 
the  temperature  of  2  10®  ill  boiling  water;  and  being 
fuddenly  introduced  into  its  fheath,  was  fufpended  from 
the  ceiling  of  the  room,  and  very  gradually  let  down 
into  the  oil,  until  the  middle  of  the  flat  furface  of  the 
hot  iron,  which  w^as  diredly  above  the  point  of  conical 
projection  of  the  ice,  was  diftant  from  it  only  rb^hs  of 
an  inch.  The  end  of  the  fheath  defeended  of  an 

inch  lower  than  the  end  of  the  hot  metallic  cylinder. 
Now  it  is  evident,  that  if  olive  oil  w'as  a  conduClor,  ca* 
loric  would  pafs  down  through  it  from  the  iron  and 
melt  the  ice.  None  of  the  ice,  how’ever,  was  melted  ; 
and  when  mercury  was  fubftituted  for  oil,  the  refult 
•  Rumford,  was  juft  the  fame  confequently  it  follows  that  nei- 

Effay'^n.  ther  oil  nor  mercury  is  a  conductor  of  heat. 

But  this  experiment  is  by  no  means  fufficiently  deli¬ 
cate  to  decide  the  point.  If  a  thermometer  be  fubfti¬ 
tuted  inftead  of  the  nipple  of  ice,  it  always  rifes  feve- 
ral  degrees  ;  whence  it  follows  that,  even  in  this  cafe, 
caloric^  pafles  downwards;  fo  that  the  experiment  is 
in  faCt  favourable  to  the  fuppofltion  that  oil  and  mer¬ 
cury  are  conductors. 

Count  Rumford  therefore  has  not  proved  that  fluids 
sre  non-conduCtors  of  caloric  ;  and  that  they  are  in 
truth  conductors,  the  author  of  this  article  afeertained 
in  the  following  manner  :  The  liquid  of  which  the  con¬ 
ducting  power  was  to  be  examined  was  poured  into  a 
rlafs  veffel  till  it  filled  it  about  half  way  ;  then  a  hot 
fiquid  of  lefs  fpecific  gravity  was  poured  over  it.  Ther- 
mometers  were  placed  at  the  furface,  in  the  centre,  and 
at  the  bottom  of  the  cold  liquid  ;  if  thefe  rofe,  it  fol¬ 
lowed  that  the  liquid  was  a  conduCtor,  becaufe  the  ca¬ 
loric  made  its  way  dowmwards.  For  inftance,  to  exa¬ 
mine  the  conducting  powder  of  mercury,  a  glafs  jar  was 
half  filled  with  that  liquid  metal,  and  boiling  water  then 
poured  over  it.  The  thermometer  at  the  furface  began 
immediately  to  rife,  then  the  thermometer  at  the  centre, 
and  laftly  that  at  the  bottom.  The  firft  rofe  to  Ii8", 
the  fecond  to  90%  and  the  third  to  86'';  the  firft  reach- 
ed  its  maximum  in  i',  the  fecond  in  15',  the  third  in 
25'.  The  conducing  power  of  water  was  tried  in  the 
fame  manner  with  hot  oil  poured  over  it  ;  and  the  re¬ 
fult  was  fimilar. 

Fluids,  then,  as  far  as  experiments  have  been  made, 
are  conductors  of  caloric  as  well  as  folids  ;  and  hence 
it  follows  that  calorie  is  capable  of  making  its  way  thro’ 
all  bodies  with  which  we  are  acquainted.  In  this  re- 
fpeCt  it  differs  from  all  other  fubftances,  even  from 
light,  which,  as  far  as  we  know,  cannot  make  its  way 
through  all  bodies. 

Tranfiuif-  motion  of  caloric  through  bodies  is  indeed  of 

fion”crca-  two  kinds :  Through  fome  it  feems  to  move  with  the 
loric  ra-  fame  rapidity  as  through  free  fpace  ;  whilft  through 
diant  heat. 


i6T 
Tranfiuif- 
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Others,  as  we  have  feen,  it  moves  ffowly.  WHien  it  Caloric, 
moves  through  a  body  with  undiminifhed  velocity,  it  is 
faid  to  be  tran/rnitted  through  it  ;  and  when  its  velocity 
is  prodlgioufly  diminiflicd,  it  is  faid  to  be  conduCled. 

Air,  and  all  tranfparent  bodies  hitherto  examined,  have 
the  property  of  tranfrnttting  caloric  through  them  ; 
though  fome  of  them,  as  glafs,  do  not  tranfmit  it  till 
after  they  have  combined  with  a  certain  proportion  of 
it  ;  and  probably  no  body  tranfniits  it  unlefs  a  greater 
quantity  enter  than  is  capable  of  combining  with  it  in 
the  ftate  in  which  the  body  is  placed.  The  phenomena 
of  the  traiifmiflion  of  caloric  are  exactly  fimilar  to  the 
tranfmifiion  of  light,  and  admit  of  precifely  the  fame 
explanation.  What  Scheele  and  feveral  other  cliemifts 
have  called  radiant  heat,  is  nothing  elfe  than  tranfmitted 
caloric  ;  as  has  been  completely  proved  by  Dr  Her- 
fchel.  See  Thermometric  Spedrum  in  this  Supplement, 

6.  If  equal  quantities  of  water  and  of  mercury  be  pla-  Specific  cs- 
ced  at  the  fame  diftance  from  a  fire,  the  mercury  will  loric  of  bo- 
become  Lot  much  fooner  than  the  water.  After  a  fuf-<l»es,  what., 
ficient  interval,  however,  both  of  them  acquire  the  fame 
temperature.  Now  caloric  flows  into  all  bodies  while 
they  continue  of  a  lower  temperature  than  thofe  around 
them,  and  it  flows  with  equal  rapidity  into  all  bodies 
of  the  fame  conducing  powers,  as  is  the  cafe  with  thefe 
two  fluids:  But  if  equal  quantities  of  caloric  werecon- 
ftantly  flowing  into  the  mercury  and  the  water,  and  yet 
the  water  took  a  longer  time  to  become  hot  than  the 
mercury,  it  muft  require  a  greater  quantity  of  caloric  to 
raife  water  to  a  given  temperature  than  it  does  to  raife 
mercury.  Bodies  that  require  a  greater  quantity  of 
caloric  to  raife  them  to  a  particular  temperature  than 
other  bodies  require,  are  faid  to  have  a  greater  capacity ^ 
for  caloric.  That  the  capacity  for  caloric  is  different 
in  different  bodies,  was  firft  obferved  by  Dr  Black. 

Dr  Irvine  afterwards  inveftigated  the  fubje6l,  and  Dr 
Crawford  publiflied  a  great  number  of  experiments  on 
it  in  his  Treatije  on  Heat,  Profeffor  Wilcke  of  Stock¬ 
holm  alfo  difeovered  the  fame  property  of  bodies.  He 
called  the  quantity  of  caloric  necefihry  to  raife  the  tern- 
peraturc  of  fubftances  a  given  number  of  degrees,  their 
jpecife  caloric  ;  a  term  which  we  fhall  alfo  employ,  be¬ 
caufe  the  phrafe  capacity  for  caloric  is  liable  to  a  great 
deal  of  ambiguity,  and  has  introduced  confufion  into 
this  fubje(ft(F).  If  two  fubftances  of  unequal  tempe¬ 
ratures,  as  water  at  100°  and  alcohol  at  be  mixed 

together,  the  mixture  will  be  of  a  temperature  different 
both  from  that  of  the  water  and  the  alcohol,  the  water 
will  become  colder  and  the  alcohol  hotter ;  the  water 
will  give  out  caloric  to  the  alcohol  till  both  are  reduced 
to  the  fame  temperature.  Now  if  it  requires  juft  as 
much  caloric  to  raife  alcohol  a  certain  number  of  de¬ 
grees  as  it  does  to  raife  water  the  fame  number,  that  is, 
if  thefe  two  fluids  are  of  the  fame  fpecific  caloric,  it  is 
evident  that  the  temperature  of  the  mixture  will  be  juft 
nf  ;  for  as  foon  as  the  water  has  given  out  25®  of  ca- 
loric,  the  alcohol  has  acquired  25®,  confequently  both 
will  be  reduced  to  the  fame  temperature,  and  will  re- 
main  ftationary  ;  but  if  the  fpecific  caloric  of  the  wa. 
ter  be  greater  than  that  of  the  alcohol,  the  tempera¬ 
ture  of  the  mixture  will  be  higher  than  75° ;  for  25^ 

01 


(f)  The  term  /pacific  caloric  has  been  ufed  in  a  different  fenfe  by  Seguin* 
which  a  body  contains. 


He  ufed  it  for  the  •whole  caloric 
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of  caloric  in  that  cafe  would  raife  alcohol  more  than 
25*^.  If  the  fpecific-caloric  of  water  be  fo  much  great¬ 


er  than  that  of  alcohol,  that  what  raifes  water  20^  will 
raife  alcohol  30^  ;  then  the  temperature  after  mixture 
will  be  80°,  becaufe  when  the  water  has  given  out  20^, 
the  alcohol  will  have  rifen  30"^,  and  of  courfe  both  will 
be  of  the  fame  temperature.  On  the  contrary,  if  the 
fpecific  caloric  of  alcohol  were  greater  than  that  of  wa¬ 
ter,  the  temperature  of  the  mixture  would  be  under  75°. 
If  the  fame  quantity  of  caloric  that  raifed  alcohol  20® 
railed  water  30°,  then  the  temperature  of  the  mixture 
would  be  Thus  the  ratios  of  the  fpecific  caloric 

of  bodies  may  be  difcovered  by  mixing  them  together 
at  different  temperatures. 

The  firft  fet  of  experiments  on  this  fubjeft,  in  point 
of  time,  were  probably  thofe  of  Mr  Wilcke.  They 
were  firft  publifhed  in  the  Stockholm  Tranfadlions  for 
1781,  but  had  been  made  long  before.  The  manner  in 
which  they  were  conduced  is  exceedingly  ingenious, 
and  they  furnifh  us  with  the  fpecific  caloric  of  many  of 
the  metals.  The  metal  on  which  the  experiment  was 
to  be  made  was  firft  weighed  accurately  (generally  one 
pound  was  taken),  and  then  being  fufpended  by  a 
thread,  was  plunged  into  a  large  veffel  of  tinplate,  filled 
with  boiling  water,  and  kept  there  till  it  acquired  a  cer¬ 
tain  temperature,  which  was  afcertained  by  a  thermo¬ 
meter.  Into  another  fmall  box  of  tinplate  exa611y  as 
much  water  at  32®  was  put  as  equalled  the  weight  of 
the  metal.  Into  this  veffel  the  metal  was  plunged,  and 
fufpended  in  it  fo  as  not  to  touch  its  Tides  or  bottom  ; 
and  the  degree  of  heat,  the  moment  the  metal  and  wa¬ 
ter  were  reduced  to  the  fame  temperature,  was  marked 
by  a  very  accurate  thermometer.  He  then  calculated 
what  the  temperature  would  have  been  if  a  quantity  of 
water  equal  in  weight  to  the  metal,  and  of  the  fame  tem¬ 
perature  with  it,  had  been  added  to  the  ice-cold  water 
inftead  of  the  metal. 

Let  M  be  a  quantity  of  water  at  the  temperature  C, 
m  another  quantity  at  the  temperature  c,  and  let  their 
common  temperature  after  mixture  be  x  ;  according  to 

n  1  I  1  T»  •  1 

a  rule  demonitrated  long  ago  by  Richman,  ^  ^  ^ 

In  the  prefent  cafe  the  quantities  of  water  are  equal, 
therefore  M  and  m  are  each  =  i  ;  C,  the  temperature 

r  V  •  ij  1-  r  +mc 

of  the  ice-cold  water  zz  32  :  therefore  - - 
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ties.  Therefore  the  volume  of  iee-cold  water  is  to 
a  quantity  of  hot  water  equal  in  volume  to  the  me¬ 
tal,  as  the  fpecific  gravity  of  the  metal  to  that  of  the 
water.  Let  M  =  volume  of  cold  water,  m  zz  volume 
of  hot  water,  g  zz  fpecific  gravity  of  the  metal,  i  zz 
fpecific  gravity  of  water  ;  then  w  :  M  :  :  i  :  ^ ;  hence 
M  .  .  f 

wi  zz  —  zz  (M  being  made  =1)  — .  Subflituting 


M  “b  m 

Now  c  is  the  temperature  of  the  metal. 


Therefore  if  32  be  added  to  the  temperature  of  the  me¬ 
tal,  and  the  whole  be  divided  by  2,  the  quotient  will  ex- 
prefs  the  temperature  of  the  mixture,  if  an  equal  weight 
of  water  with  the  metal,  and  of  the  fame  temperature 
with  it,  had  been  added  to  the  ice-cold  water  inftead  of 
the  metal. 

He  then  calculated  what  the  temperature  of  the  mix- 
lure  would  have  been,  if,  inftead  of  the  metal,  a  quantity 
of  water  of  the  fame  temperature  with  it,  and  equal  to 
the  metal  in  bulk,  had  been  added  to  the  ice-cold  water. 
As  the  weights  of  the  ice-cold  water  and  the  metal  are 
equal,  their  volumes  are  inverfely  as  their  fpecific  gravi- 


g 

this  value  of  m  in  the  formula. 


g 

MC  + me 
M-bw 


zz  X,  in 


which  M  =1:  I  and  C 


32. 


g  +  I 

Therefore  if  the  fpecific  gravity  of  the  metal  be  multi¬ 
plied  by  32,  and  the  temperature  of  the  metal  be  add¬ 
ed,  and  the  fum  be  divided  by  the  fpecific  gravity  of 
the  metal  -b  i,  the  quotient  will  exprefs  the  tempera¬ 
ture  to  which  the  ice-cold  water  would  be  raifed  by 
adding  to  it  a  volume  of  water  equal  to  that  of  the  me¬ 
tal,  and  of  the  fame  temperature  with  it. 

He  then  calculated  how  much  water  at  the  tempera¬ 
ture  of  the  metal  it  would  take  to  raife  the  ice-cold  wa¬ 
ter  the  fame  number  of  degrees  which  the  metal  had 
raifed  it.  Let  the  temperature  to  which  the  metal  had 
raifed  the  ice-cold  water  be  zz  N,  if  in  the  formula 

MC  +  mC  XT  %/r  ^ 

X  be  made  =  N,  M  =  i,C=:32,  m 


Therefore  if  from  the  temperature 


M  +  w  " 

N  —  32 

wull  be  =  - 

c  —  N 

to  which  the  ice-cold  water  was  raifed  by  the  metal  32 
be  fubtra£led,  and  if  from  the  temperature  of  the  metal 
be  fubtra(f^ed  the  temperature  to  which  it  raifed  the  wa¬ 
ter,  and  the  firft  remainder  be  divided  by  the  laft,  the 
quotient  will  exprefs  the  quantity  of  water  of  the  tempe¬ 
rature  of  the  metal  which  would  have  raifed  the  ice-cold 
water  the  fame  number  of  degrees  that  the  metal  did. 

N  —  32 

Now  ^  ^  expreffes  the  fpecific  caloric  of  the  me¬ 

tal,  that  of  water  being  zz  i.  For  (negledling  the 
fmall  difference  occafioned  by  the  difference  of  tempera¬ 
ture)  the  weight  and  volume  of  the  ice-cold  water  are 
to  the  weight  and  volume  of  the  hot  water  as  i  to 
N-—  32 

— - and  the  number  of  particles  of  water  in  each 

are  in  the  fame  proportion.  But  the  metal  is  equal  in 
weight  to  the  ice-cold  water ;  it  muft  therefore  contain 
as  many  particles  of  matter  ;  therefore  the  quantity  of 
matter  in  the  metal  muft  be  to  that  in  the  hot  water  as 

I  to  - - 1^.  But  they  give  out  the  fame  quantity  of 

caloric  ;  which,  being  divided  equally  among  their  par¬ 
ticles,  gives  to  each  particle  a  quantity  of  caloric  in¬ 
verfely  as  the  bulks  of  the  metal  and  water  ;  that  is,  the 
fpecific  caloric  of  the  water  is  to  that  of  the  metal  as  i 

-7^ 

We  (hall  now  give  a  fpecimen  or  two  of  his  experi¬ 
ments,  and  the  calculations  founded  on  them,  as  above 
deferibed. 

L  1  2  Gold 


(g)  We  have  altered  all  thefe  formulas  to  make  them  correfpond  with  Fahrenheit's  thermometer.  They  are  a 
good  deal  fimpler  when  the  experiments  are  made  with  Celfius’s  thermometer,  as  Mr  Wilcke  did.  In  it  the 
freezing  point  is  zero  ;  and  confequently  inftead  of  32  in  the  formula,  0  is  always  fubftituted. 
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Gold.  Specific  Gravity  19,040. 


Num- 
her  of 
experi* 
merits. 

Tempe¬ 
rature  of 
the  me¬ 
tal. 

Tempe- 
racure  to 
which 
the  me¬ 
tal  raifed 
the  water 
at  32“. 

Temper,  to 
which  it 
would  have 
been  raifed 
by  a  quan¬ 
tity  of  water 
equal  in 
weiy^ht  and 
heat  to  the 
metal. 

Tempera- 
-  tureto 
which  it 
would  have 
been  raifed 
by  water  e 
qual  in  bulk 
and  tempe- 
ratureto  the 
metal. 

Denomina¬ 
tor  of  the 
f radii  on 

N— 32 

the  numera¬ 
tor  being  i . 

I 

163.4° 

38.3° 

91^1"' 

38.555° 

19.857 

2 

H4>5 

37»4 

88,25 

37.58 

19.833 

3 

127,4 

36.3 

79>7 

36,68 

20,500 

4 

00 

4- 

36.05 

75.2 

36.15 

20,333 

5 

103,1 

35.6 

65.75 

35.42 

18,750 

6 

9S 

34.45 

63.5 

35,06 

19,000 

Mean  19,712 


Lead.  Specific  Gravity  11,456. 


Num. 
her  of 
experi¬ 
ments. 

Tempe¬ 
rature  of 
the  me¬ 
tal. 

Tempe¬ 
rature  to 
which 
the  me¬ 
tal  raifed 
thewater 
at  3a^ 

Tempera¬ 
ture  to 
which  the 
water  would 
have  been 
raifed  by  a 
quantity  t)f 
water  equal 
in  w'eight 
and  heat  to 
the  metal. 

Tempera¬ 
ture  to 
which  the 
waterwould 
have  been 
raifed  by 
water  equal 
in  bulk  and 
temper  ature 
to  the  me¬ 
tal. 

Denomina¬ 
tor  of  the 
fradllon 

I 

r— N 

N— 

I 

t86,8 

38,3 

109,4 

44,425 

23*571 

2 

181,40 

37,85 

106,7 

43-473 

24,538 

3 

165,2 

37>4 

98,6 

42,692 

23,666 

4 

163,4 

37>4 

97»7 

42,548 

23*333 

5  ■ 

136,4 

36,5 

84,2 

40,344 

22,200 

6 

36,05 

00  1 

39,947 

24,700 

7 

126,5 

36,05 

79.25 

39.585 

22,333 

8 

107,6 

69,8 

38,339 

23,000 

9* 

94.1 

34»7 

63.05 

36.985 

22,000 

Mean  23,515 


It  IS  needlefs  to  add,  that  the  lall  column  marks  the 
denominator  of  the  fpecific  c''aloric  of  the  metal, ^  the 
numerator  being  always  i ,  and  the  fpecific  caloric  of 
water  being  i.  Thus  the  fpecific  caloric  of  gold  is 

- ^ - .  In  exadly  the  fame  manner,  and  by  taking 

19,712 

a  mean  of  a  number  of  experiments  at  different  tempe¬ 
ratures,  did  Mr  Wilcke  afcertain  the  fpecific  caloric  of 
a  number  of  other  bodies.  He  afcertained  at  the  fame 
time,  that  the  fpecific  caloric  of  a  body  did  not  vary 
with  the  temperature,  but  continued  always  the  fame. 
This  will  appear  evident  from  the  experiments  on  gold 


and  lead  above  exhibited. 

Next,  in  point  of  time,  and  not  inferior  in  ingenious 
contrivances  to  enfure  accuracy,  were  the  experiments 
of  Hr  Crawford,  made  by  mixing  together  bodies  of 
different  temperatures.  Thefe  were  publifned  in  his 
T reatife  on  Heat, 

Several  experimients  on  the  fpecific  caloric  of  bodies 
were  made  alfo  b^  Lavoifier  and  De  la  Place,  which, 
from  the  well-known  accuracy  of  thefe  philofophers, 
cannot  but  be  very  valuable. 

Their  method  was  exceedingly  Ample  and  ingenious; 


it  was  firft  fuggefted  by  De  la  Place,  An  inftrument  Caloric, 
was  contrived,  to  which  Lavoifier  gave  the  name  of  ca- 
lorimeter.  It  confifls  of  three  circular  veffels  nearly  in- 
fcribed  into  each  other,  fo  as  to  form  three  different  a- 
partments,  one  within  the  other.  Thefe  three  we  fhall 
call  the  Interior y  middle^  and  external  cavities.  The  in- 
terior  cavity  ffff  (fee  fedion  of  the  iiiftrument  fig.  4.), 
into  which  the  fubftances  fubmitted  to  experiment  are 
put,  is  compofed  of  a  grating  or  cage  of  iron  wire,  fup-  v 
ported  by  feveral  iron  bars.  Its  opening  or  mouth  LM 
is  covered  by  the  lid  HG,  which  is  compofed  of  the 
fame  materials.  The  middle  cavity  hhbh  is  filled  with 
ice.  This  ice  is  fupported  by  the  grate  m  niy  and  un¬ 
der  the  grate  is  placed  a  fieve.  The  external  cavity 
a  aaa  is  alfo  filled  with  ice.  We  have  mentioned  al- 
ready,  that  no  caloric  can  pafs  through  ice.  It  can  en- 
ter  ice,  indeed,  but  it  remains  in  it,  and  is  employed  in 
melting  it.  The  quantity  of  ice  melted,  then,  is  a  mea- 
fure  of  the  caloric  which  has  entered  into  the  ice.  The 
exterior  and  middle  cavities  being  filled  with  ice,  all  the 
water  is  allowed  to  drain  away,  and  the  temperature  of 
the  interior  cavity  to  come  down  to  3  2®.  Then  the 
fubftance,  the  fpecific  caloric  of  which  is  to  be  afcer¬ 
tained,  is  heated  a  certain  number  of  degrees,  fuppofe 
to  2 1 2^  and  then  put  into  the  interior  cavity  enclofed 
in  a  thin  veffel.  As  it  cools,  it  melts  the  ice  in  the  mid¬ 
dle  cavity.  In  proportion  as  it  melts,  the  water  runs 
through  the  grate  and  fieve,  and  falls  through  the  co¬ 
nical  funnel  cc  d  and  the  tube  xy  into  a  veffel  placed 
below  to  receive  it.  The  external  cavity  is  filled  with 
ice,  in  order  to  prevent  the  external  air  from  approach¬ 
ing  the  ice  in  the  middle  cavity  and  melting  part  of  it. 

The  water  produced  from  it  is  carried  off  through  the 
pipe  ST.  The  external  air  ought  never  to  be  below 
32^  nor  above  41^  In  the  firft  cafe,  the  ice  in  the 
middle  cavity  might  be  cooled  too  low  ;  in  the  laft,  a 
current  of  air  flows  through  the  machine  and  carries 
off  fome  of  the  caloric.  By  putting  various  fubftances 
at  the  fame  temperature  into  this  machine,  and  obser¬ 
ving  how  much  ice  each  of  them  melted  in  cooling 
down  to  320;  it  was  eafy  to  afcertain  the  fpecific  calo¬ 
ric  of  each.  Thus,  if  water,  in  cooling  from  212  to 
32,  melted  one  pound  of  ice,  and  mercury  ,029  of  a 
pound  ;  the  fpecific  caloric  of  water  was  one,  and  that 
of  mercury  ,029.  This  appears  by  far  the  fimpleft 
method  of  making  experiments  on  this  fubjed  ;  and 
muft  alfo  be  the  moft  accurate,  provided  we  can  be  cer¬ 
tain  that  all  the  melted  fnow  flows  into  the  receiver. 

But  from  an  experiment  of  Mr  Wedgewood,  one  would 
be  apt  to  conclude  that  this  does  not  happen.  He 
found  that  the  melted  ice,  fo  far  from  flowing  out,  ac¬ 
tually  fro%e  again,  and  choaked  up  the  paffage.  ^ 

A  table  of  the  fpecific  caloric  of  various  bodies  was 
likewife  drawn  up  by  Mr  Kirwan,  andpubliihed  by  Ma-wan. 
gellan  in  his  Treatife  on  Heat.  ^57 

From  all  thefe  fources  we  have  drawn  up  the  follow- Refult  of 
ing  table,  which  exhibits  at  one  view  the  fpecific  calo- thefe  expc- 
ri<?of  thofe  bodies  on  which  experiments  have  hitherto 
been  made. 

We  have  added  to  it  a  column,  exprelfing  the  fpeci¬ 
fic  caloric  of  equal  bulks  of  the  fame  bodies  ;  which 
feems  to  be  a  more  accurate  way  of  confidering 
fuhjed,  and  indeed  the  only  way  in  which  the  phrafe 
capacity  for  caloric  is  intelligible.  This  column  was 
formed  by  multiplying  the  fpecific  caloric  of  equal 
weights  of  the  various  fubftances  into  their  refpedive 
fpecific  gravities. 
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Table  Specific  Caloric  of  Various  Eddies^  that  of  Water  being 
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Specific 

Caloric 

Specific 

Caloric 

Bodies. 

Specific 

of  equal 

of  equal 

Bodies* 

Specific 

of  equal 

of  equal 

Gravity. 

Weight. 

Volumes. 

Gravity. 

Weight, 

Volumes. 

I,  Gases*. 

III.  Solids. 

Hydrogen  gas 

0,000094 

2 1 ,4000 

0,00214 

Ice  f  ----- 

0,9000 

Oxygen  gas  -  - 

0,0034 

4,7490 

0,0064 1 1 

Ox*  hide  with  the  hair  * 

0,787 

Common  air  -  - 

0,00122 

1,7900 

0,002183 

Lungs  of  a  fheep* 

0,769 

Carbonic  acid  gas 

0,00183 

1,0459 

0,001930 

Lcctn  of  ox-beef  * 

* 

0,7400 

Steam  -  -  -  - 

1,5500 

Rice 

*0,5050 

Azotic  gas  -  - 

0,00120 

0,7036 

0,00095  2 

Horfe  beans  *  -  ,  - 

0,5020 

II.  Liquids. 

Dull  of  the  pine  tree  * 
Peafe  *----- 

0,5000 

0,4920 

Water  -  .  -  - 

1,0000 

1,0000 

1,0000 

Wheat  *  •  .  •  - 

0,4770 

Carbonat  of  ammonia f 

1,851 

Barley  *  -  -  •  - 

0,4210 

Arterial  blood* 

- 

1,030 

Oats*  -  -  •  -  - 

0,4160 

Cows  milk*  -  - 

- 

i>0324 

0,9999 

1,0322 

Pitcoal  *  -  •  -  . 

0,2777 

Sulphuret  of  ammoniaf 

0,818 

0,9940 

0,8130 

Charcoal  *  -  -  -  - 

0,2631 

Venous  blood’^^ 

- 

0,8928 

Chalk*  .  -  -  .  : 

0,2564 

Solution  of  brown  fugarf 

0,8600 

Raft  of  iron  *  -  - 

0,2500 

Nitric  acidf  -  - 

0,844 

White  oxide  of  antimony 

Sulphat  of  magnefia  i 

li 

0,844 

waHied  *  -  .  , 

0,2270 

Water  8 

Oxide  of  copper  nearly 

Common  fait  J  1 

t 

0,832 

freed  from  air*  - 

0,2272 

Water  8j 

Quicklime  (^)  -  - 

0,2199 

Nitre  1 1  + 

0,8167 

Stoneware  f  -  -  . 

Agate**  -  -  -  - 

o>i95 

Water  8  5  ^ 

2,648 

0,195 

o>5i7 

Muriat  of  ammonia  i " 

lx 

o>779 

Cryftal  f  .  -  -  - 

3.189? 

0,1929 

0,6151 

Water  1,5^ 

1  + 

Cinders  *  -  -  -  - 

0,1923 

Tartar  i  1  ' 

0,765 

Swedifh  glafs**  -  - 

2,386 

0,187 

0,448 

Water  237,3  3 
Solution  of  potafs  f 

" 

Alhes  of  cinders  * 

0,1885 

. 

1,346 

o»759 

1,2216 

Sulphur  f  -  -  .  - 

'.99 

0,183 

0,3680 

Sulphat  of  iron  I  1 

4* 

Flint  glafs  f  -  -  - 

3.3293 

0,174 

0,5792 

Water  2  >5  3 

’  T 

o>734 

Ruft  of  iron  nearly  freed 

0,1666 

Sulphat  of  foda  i  ) 

t 

0,728 

from  air  *  -  -  - 

Water  2,pJ 

White  oxide  of  antimo¬ 

Oil  of  olives  f 

- 

0.9 '53 

01710 

0,6498 

ny  ditto  *  -  -  . 

o,t666 

Ammoniaf  -  - 

- 

0.997 

0,7080 

0,7041 

Alhes  of  the  elm  * 

0,1402 

Muriatic  acidf 

- 

1,122 

0,6800 

©>763 

Oxide  of  zinc  nearly  free 

Sulphuric  acid  4!  ^ 
Water  5  3^ 

0,6631 

from  air  *  -  -  - 

0,1369 

Iron  (d)  -  -  -  - 

7.876 

0,1264 

o>993 

Alum  1  7  j. 

Water  4,453  * 

- 

0,649 

Brars(^/)  -  -  -  . 

Copper  ( J)  -  -  - 

8.358 

8.784 

0,1 141 
0, 1 1 2 1 

0,971 

1,027 

Nitric  acid  9fl  x 

0,6181 

Sheet  iron  f  J-  -  - 

0,1099 

Lime  ^  3  ^ 

Oxide  of  lead  and  tin  * 

0,102 

^1+  .  . 

Water  33 

0,646 

Gun-mctal  1|  -  *  * 

White  oxide  of  tin  nearly 

0,1 100 

Alcohol  *  -  - 

0,^*3  7 1 

0,6021 

0,4993 

free  from  air  *  • 

0,0990 

Sulphuric  acid  { 

1,840 

0,5968 

1,120 

0,780 

Zinc  {d)  -  -  - 

7.154 

0,0981 

o>735 

Nitrous  acidf 

1.355 

0,576 

flies  of  charcoal* 

0,0909 

Linfeed  oilf  -  - 

0,9403 

0,528 

0,4964 

Silver  - 

10,001 

0,082 

0.833 

Spermaceti  oil  * 

0,5000 

Yellow  oxide  of  lead  near¬ 

Oil  of  turpentine  f 

0,9910 

0,472 

0,4132 

ly  freed  from  air  * 

7.380 

0,0680 

Vinegar  f  -  -  - 

0,3870 

0,3966 

Tin  CO . 

o,c66i 

0,444 

Lime  97  + 

0.334*5 

Antimony  ( J)  -  - 

6,107 

0.0637 

0,390 

Water  163+  '  ' 

Gold**  .  -  -  - 

1 9,040 

0,030 

0,966 

Mercury  ^  -  - 

- 

13.5*58 

0,3100 

4,123 

Lead  (<?)  -  -  -  - 

1  t,4s6 

0,0424 

0,487 

Diftilled  vinegar  f 

- 

0,1030 

P>io39 

Bifmuth  **  .  -  . 

9>86i 

0,043 

0,427 

7.  If 


(h)  The  fpecific  caloric  of  the  fubftances  marked*  was  afcertained  by  Dr  Crawford,  thofe  marked  f  by  Mr 
Kirwan,  1[,  by  Lavoifier  and  La  Place,  **  by  Wilcke,  (|  by  Count  Rumford.  ^  Is  the  mean  of  Crawford,  Kir- 
wan,  and  Lavoifier ;  ^  mean  of  Lavoifier  and  Kirwan;  (c)  mean  of  Crawford  and  Lavoifier ;  mean  ofc 
Wilcke  and  Crawford;  (<?)  mean  of  Wilcke,  Crawford,  and  Kirwan, 
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7.  If  a  quantity  of  ice,  at  a  low  temperature,  fup- 
pofe  at  2C^  be  fufpended  in  a  warm  room,  it  will  be¬ 
come  gradually  lefs  cold,  as  may  be  difcovered  by  means 
of  a  thermometer,  till  it  reaches  the  temperature  of 
;  but  there  it  flops.  'Vhc  icc,  however,  difTolves 
llowly  ;  and  at  the  end  of  feveral  hours,  when  it  is  all 
jufl  melted,  the  thermometer  flill  Hands  at  32^.  Af¬ 
ter  this  it  begins  to  rife,  and  foon  reaches  the  tempera¬ 
ture  of  the  room.  Here  the  ice  continues  for  feveral 
hours  colder  than  the  air  around  it.  Caloric  mull  then 
be  continually  flowing  into  it  ;  yet  it  does  not  become 
hotter  :  it  is  changed,  however,  into  water.  Ice,  there¬ 
fore,  is  converted  into  water  by  a  quantity  of  caloric, 
uniting  with  it.  This  caloric  has  been  called  latent  ca¬ 
loric,  bccaufe  its  prefence  is  not  indicated  by  the  ther¬ 
mometer.  It  might,  perhaps  with  more  propriety,  as 
ProfefTor  PiAet  obferves*,  be  called  caloric  of  fluidity; 

there  are  other  cafes  in  which  caloric  exifts  in  bo¬ 
dies  without  raifing  their  temperature.  This  very  im¬ 
portant  difeovery  was  made  by  Dr  Black  as  early  as 
1757,  and  feems  to  have  led  the  way  to  all  the  fubfe- 
quent  difeoveries  in  this  part  of  chemiflry,  which  have 
almofl:  completely  changed  the  appearance  of  the  fcience: 
for  the  difeovery  that  caloric  may  exift  in  bodies  while 
the  thermometer  cannot  indicate  its  prefence,  is  one  of 
the  ftrongefl  links  in  the  chain  of  fads  by  which  the 
nature  of  combuflion  was  afeertained. 

The  caloric  which  unites  with  ice,  and  renders  it 
fluid,  appears  again'  during  the  ad  of  freezing.  If  a 
quantity  of  water  be  carried  into  a  room  where  the 
temperature  is  belov/  the  freezing  point,  fuppofe  at  20S 
it  cools  gradually  down  to  32^^;  but  it  becomes  no 
colder  till  it  is  all  frozen,  which  takes  up  fome  time. 
The  moment  it  is  all  converted  into  ice,  it  begins 
again  to  cool,  and  foon  reaches  the  temperature  of  the 
room.  In  this  cafe,  the  water  is  furrounded  by  a 
cold  atmofphere  ;  it  muft  therefore  be  giving  out  ca- 
loric  conftantly  ;  yet  it  does  not  become  colder  till  it 
io  all  frozen,  that  is  to  fay,  till  it  has  loft,  all  its  ca^ 
lark  of  fluidity. 

Dr  Black  proved,  by  a  very  accurate  experiment, 
that  the  quantity  of  caloric  of  fluidity  is  furticient  to 
raife  the  fame  quantity  of  water  1 40^ 

All  folids  become  fluid  by  abforbing  a  quantity  of 
caloric.  Landriani  proved  that  this  is  the  cafe  with 
^  Jour.de ^  fulphur,  alum,  nitre,  and  feveral  of  the  metals  f;  and 
xxvi.  ^qth  every  fubftance 

hitherto  examined.  Fluidity,  therefore,  is  owing  to  a 
union  between  the  folid  and  a  certain  quantity  of  ca¬ 
loric.' 

The  late  Dr  Irvine  of  Glafgow  advanced  a  theory  on 
this  fubjed  different  from  that  of  Dr  Black.  The  fpe- 
cific  caloric  of  water  being  greater  than  that  of  ice,  it 
requires  a  greater  quantity  of  caloric  to  raife  it  to  a 
given  temperature  than  it  does  to  raife  ice.  The  calo¬ 
ric  does  not  therefore  become  latent ;  it  only  feems  to 
do.fo  from  the  greater  fpecilic  caloric  of  water.  This 
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theory  was  zealoufly  adopted  by  Dr  Crawford.  Dr  Caloric. 
Black  obferved  very  juftly,  that  it  did  not  account  for 
the  prociudion  of  fluidity  at  all.  The  fpecific  caloric 
of  water  is  indeed  greater  than  that  of  ice  ;  but  how  is 
the  ice  coiivered  into  water  ?  This  is  an  objedion 
which  the  advocates  for  Dr  Irvine’s,  or  Dr  Crawford’?, 
theory  (as  it  has  been  improperly  called)  will  not  eafily 
anfwer.  Det  us  now  examine  whether  this  theory  ac¬ 
counts  for  the  apparent  lofs  of  caloric.  It  follows  from 
Mr  Kirwan’s  experiments,  that  the  fpeciftc  caloric  of 
water  is  to  that  of  ice  as  10  to  9(1)'  Black 

proved,  that  as  much  caloric  entered  the  ice  as  would 
have  raifed  it,  had  it  been  water,  140®.  Let  us  fup¬ 
pofe  that  it  would  only  have  raifed  the  ice»t40'^;  in 
that  cafe  the  melted  ice  ought  to  have  been  of  the  tem¬ 
perature  of  158^^,  for  IO  :  9  :  :  140  :  126;  but  it  was 
only  32*^:  Therefore  12 6*^  of  caloric  have  difappear- 
ed,  and  cannot  be  accounted  for  by  the  change  oi  fpe- 
cific  caloric.  Nor  can  the  accuracy  of  Dr  Black’s  ex¬ 
periment  be  fufpeded  :  it  has  been  repeated  in  every 
part  of  the  world,  and  varied  in  every  poffible  way. 

We  cannot  doubt,  therefore,  that  caloric  unites  with 
fubftances,  and  caufes  them  to  become  fluid,  or  that 
there  is  infaB  a  caloric  of  fluidity  different  from  fpecific 
caloric.  ^  ...  ^7® 

Water  alfo  is  converted  into  fleam  by  uniting  with  Caloric  of 
caloric.  Dr  Black  put  an  iron  veffel,  containing  fourevaporatioa 
ounces  of  water  at  the  temperature  of  53^,  upon  a  caft- 
iron  table  which  was  red  hot.  The  water  rofe  to  the 
boiling  point  in  three  minutes  ;  but  it  did  not  after¬ 
wards  become  any  hotter.  It  evaporated,  however,  in 
18  minutes ;  and  the  fteam  was  precifely  at  the  tempe¬ 
rature  of  212^.  During  the  firft  three  minutes,  it  re¬ 
ceived  159'^  of  caloric,  and  as  much  muft  have  been  en¬ 
tering  it  during  every  three  minutes  while  the  evapo¬ 
ration  continued,  as  the  temperature  was  always  much 
lower  than  that  of  the  table.  This  caloric,  inftead  of 
railing  the  temperature  of  the  water,  was  employed  in 
converting  it  into  fteam.  There  is  alfo,  therefore,  a 
quantity  of  latent  caloric  in  fteam.  It  might,  as  Mr 
Pidet  obferves,  be  called,  with  propriety,  caloric  of  eva- 
poration.  This  caloric  appears  again  if  the  fteam  be 
condenfed.  If  it  be  made  to  pafs,  for  inftance,  through 
a  pipe  furrounded  with  cold  water,  it  is  condenfed  in 
the  pipe,  and  drops  out  from  it  in  the  form  of  water. 

The  caloric  of  the  fteam  enters  into  the  water  around 
the  pipe,  and  the  quantity  of  it  in  degrees  may  be  dif- 
covered  by  the  number  of  degrees  which  it  raifes  that 
water.  By  an  experiment  of  this  kind,  it  was  proved, 
that  the  caloric  of  evaporation  would  be  fufficient  to 
heat  water  red  hot,  were  it  employed  only  in  raifing  its 
temperature,  inftead  of  converting  it  into  fteam.  It  is 
therefore  at  leaft  equal  to  boo^  Mr  Watt  (hewed  af- 
terwards  that  it  was  920^. 

Even  fpontaneous  evaporation,  as  Dr  Black  firft  ob¬ 
ferved,  is  owing  to  the  fame  caufe  :  and  this  explains 
why  bodies  cool  when  water  is  evaporated  from  their 

fur face  ; 


^  Ann  de 
Chini.  xi« 


(1)  We  do  not  know  how  this  was  afeertained  :  Not  by  mixing  water  and  ice  furely ;  becaufe  that  would 
be  taking  for  granted  the  thing  to  be  proved;  becaufe  it  would  give  a  very  different  refult;  and  what  is  ftill  worie. 
the  fpecific  caToric  in  that  cafe  would  differ  according  to  the  temperature  and  the  quantity  of  water.  To  gwe 
an  inftance  :  Mr  Gadolin  concludes,  from  l8o  experiments  made  by  mixing  hot  water  and  ice,  that  the  Ipecihc 
caloric  of  ice  is  to  that  of  water  only  as  1  to  2  *  }  and  had  he  varied  the  quantities  and  the  temperatures,  i.. 
might  have  obtained  feveral  other  ratios. 
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Caloric,  furface  ;  a  fa£l  which  has  been  long  known, ^  and  which 
has  been  employed  in  warm  countries  to  diminifh  the 
temperature  of  liquids,  and  even  to  convert  them  into 
ice  (k).  That  water  is  evaporated  by  uniting  with  ca¬ 
loric,  and  not  by  folution  in  air,  has  been  proved  very 
completely  by  De  Luc  in  hisTreatife  on  Meteorology. 

The  evaporation  of  alcohol,  ether,  and  every  other 
fubftance  on  which  experiments  have  been  made,  has 
been  found  owing  to  the  fame  caufe.  Bodies,  there¬ 
fore,  are  converted  into  vapour  by  uniting  with  caloric. 
Real  zero  caloric,  as  has  been  fhewn,  exifts  in  bodies  at 

vrhat.  *  lowed  temperature  which  we  are  able  to  procure, 
and  If  it  exids  In  them  while  the  thermometer  cannot 
difcover  its  prefence — is  there  any  method  of  afcertain- 
ing  its  abfolute  quantity  in  bodies?  At  what  degree 
would  a  thermometer  dand  (fuppodng  the  thermome¬ 
ter  capable  of  meafuring  fo  low)  were  the  body  to  which 
it  is  applied  totally  deprived  of  caloric  ?  or  what  degree 
©f  the  thermometer  correfponds  to  the  real  zero  ? 

The  fird  perfoii  (as  far  as  we  know),  at  lead  fince 
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men  began  to  think  accurately  on  the  fubjedl,  who  con-  ,  Caloric.  ^ 
celved  the  pofiibility  of  determining  this  quedion,  was 
Dr  Irvine  of  Glafgow.  He  invented  a  theorem,  in  or-jj.vine*s 
der  to  afcertain  the  real  zero,  which  has,  we  know  not  theorem  to 
for  what  reafon,  been  afcribed  by  fevcral  writers  to  Mr  difcover  it. 
Kirwan.  He  took  it  for  granted  (and  the  fa£f  Is  pro¬ 
ved  by  all  the  experiments  hitherto  made)  that  the  fpe- 
cific  caloric  of  bodies  continued  the  fame  in  every  de¬ 
gree  of  temperature,  as  long  as  they  remained  in  the 
fame  date,  that  is  to  fay,  as  long  as  they  continued  ei¬ 
ther  folid  or  fluid  or  in  a  date  of  vapour ;  but  that  the 
fpecific  caloric  of  the  fame  body  while  folid  was  lefs 
than  while  fluid,  and  lefs  while  fluid  than  while  in  a 
date  of  vapour.  He  took  it  for  granted,  too,  that  the 
140  degrees  of  caloric  which  entered  ice  during  its  fo¬ 
lution  without  raifing  its  temperature,  entered  merely 
in  confequence  of  the  increafed  fpecific  caloric  of  the 
water,  and  that  they  were  exai^ly  proportional  to  this 
increafed  fpecific  caloric.  He  took  it  for  granted,  like- 
wife,  that  the  fpecific  caloric  of  bodies  was  proportional 

to 


(k)  Galen  informs  us,  that  the  ancient  Egyptians  were  accuftomed  to  put  water  previoufly  boiled  Into  earthen 
jars,  and  expofe  them  all  night  on  the  upper  part  of  their  houfes  to  the  air.  Before  funrife  thefe  veffels  were  put 
into  the  ground,  moiftened  on  the  outlide  with  water,  and  then  furrounded  with  frelh  plants  ;  by  which  means  the 
water  was  preferved  cool  during  the  whole  day.  Comment,  in  lib.  vi.  Hippoc.  de  morbis  -vulgar.  4.  10.  p.  396. 

By  a  fimi'lar  procefs,  water,  in  the  Eaft  Indies,  is  converted  into  ice.  ,  in 

The  following  Angular  palTage,  which  has  been  pointed  out  to  us  by  the  ingenious  Dr  Barclay,  le^urer  on 
anatomy  in  Edinburgh,  furnifhes  a  llriking  proof  that  the  ancients  were  led,  by  a  very  different  method  of 
reafoning,  to  deduce,  from  their  philofophical  theory  of  the  four  elements,  conclulions  concerning  the  nature  of 

heat  not  very  different  from  thofe  of  the  moderns.  ^  ,  *  .  ,  . 

‘‘  Sic  enim  res  fe  habet,  ut  omnia,  quae  alantur  et  quae  crefcant,  contineant  m  fe  vim  caloris ;  fine  qua  neque 
ali  poffent  nec  crefcere.  Nam  omne,  quod  eft  calidum  et  igneum,  cietur  et  agftur  motu  fuo  :  quod  aiitem  alitur 
et  crefcit,  motu  quodam  utitur  certo  et  aequabili ;  qui  quandiu  remaiiet  in  nobis,  tamdiu  fenfus  et  vita  remanet : 
refrigerate  autem  et  extinfio  calore,  occidiinus  ipfr  et  exftinguimur.  Quod  quidem  Cleanthes  his  etiam  argu- 
mentis  docet,  quanta  vis  infit  caloris  in  omni  corpore  ;  negat  enim  ullum  effe  cibum  tarn  gravcm,-  quin  is  no6le 
et  die  concoqiiatur  ;  cujUs  etiam  in  reliquils  ineft  calor  his  quas  natura  refpuerit.  Jam  vero  venae  et  arteriae  mi- 
care  non  definunt,  quafi  quodam  igneo  motu  ;  animadvcrl unique  faepe  eft,  cum  cor  aiiimantis  allcujus  cvolfutn  ita 
mobiliter  palpitaret,  ut  imitaretur  igneam  celeritatem.  Omne  igitur  quod  vivit,  five  animal  five  terra  editiim,  id 
vivit  propter  inclufum  in  eo  calorem.  Ex  quo  intellegi  debet,  earn  caloris  naturam,  vim  habere  in  fe  vitalem  per 
omnern.mundum  pertinentem.  Atque  id  facilius  cernemus,  toto  genere  hoc  igneo,  quod  tranat  omnia,  fubtilius 
explicate.  Omnes  igitur  partes  mundi  (tangam  autem  maxumas)  calore  fultae  fuftinentur.  Quod  pri-muin  ia ' 
terrena  natura  perfpici  poteft..  Nam  et  lapidum  confliflu  atque  tritu  elici  ignem  videmus ;  et  lecciiti  foflione 
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ataue  etiam  ex  putels  iugibus  aquam  calldam  trahi,  et  id  maxume  fieri  temporibus  hibernis,  quod  magna  vis  ca.r- 
loHs,  terrse  coiittiieatur  cavernis  ;.eaque  hleme  fit  denfior  ;  ob'eamque  cauiTain,  calorem  infitum  in  terns  co.itmeat 

^"“"Loneaeftoratio,  multseque  ratlones,  quibus  docevi  poffit,  omnia,  qua:  terra  concipiat,  femina,  quxque  Ipfa  ex 
fe  irenerafa  llir'plbus  infixa  contineat,  ea  temperatione  caloris  et  oriri  et  augefeere.  Atque  aqu*  etiam  admixtum 
efle  calorem,  primum  ipfe  liquor,  turn  aquiu  declarat  effufio  :  qme  neque  co.iglac.aret  fngonbiis,  iieqi,e  nive  prun 
naoue  co.ic^Lret,  nifi  eadem  fe  admixto  calore  liquefaaa  et  dllapfa  diffunderet.  Itaque  et  aquilombus  reliquif- 
que  frifforibus  diirefcit  humor  :  et  idem  viciffim  molHtur  tepefadus  et  tab^cit  calore.  Atque  eUam  mana  agita¬ 
ta  ventis  ita  tepefeunt,  ut  intellegi  facile  poflit,  in  tantis  illis  humonbus  elfe  inclulum  calorem.  Nec  enim  ille  ex- 
ternus  et  adve.iticius  habendus  ell  tepor,  fed  ex  Intimis  maris  partibus  ag.tatione  exc.tatus  :  quod  nollns  quoque 
corporibus  continget,  cum  motu  atque  exercitatione  recalefcunt.  Ipfe  vero  aet,  qui  natura  eft  maxume  frigidus, 
minLe  eft-  expers  caloris.  Ille  verb  et  multo  quidem  calore  ad.nixtus  eft  :  ipfe  enim  oritur  ex_refpiratione  aqua- 
rum  :  earum  enim  quafi  vapor  quidam  aer  habendus  eft.  Is  autem  exiftit  motu  ejus  caloris,  qu.  aquis  contiiietur. 
Guam  fimllitudinem  cernere  poffumus  in  his  aquis,  qux  effervefeunt  fubditis  ignibus.  _  Jam  vero  re  iqua  quarta 
^s  mundi,  ea  et  ipfa  tota  natura.  fervida  eft,  et  ceteris  naturis  ommbijs  falutarem  inpertit  et  vitalem  calorem. 
Ex  quo  concluditur;  efim  omnes  mundi  partes  fuftineantur  calore,  mundum  etiam  ipfum  fim.li  panqqe  natura  in 
tanta  diuturnitate  fervarl eoque  magis»  quod  intellegi  debet,  calidum  illud  atque  igneum  14a  lu  omi.i  fufum  elfe- 
natura,  ut  in  eo  infit  procreandi  vis  et  cauffa  gignendi,  a  quo  et  an.mant.a  omnia,  et  ett quorum  ftirpes  terra  con- 
tinentur,  et  nafei  fit  Ireceffc  et  augefeere.  Cicero  de  natura  Deorum,  lib.  a.  c.  ^  et  10- 
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Caloric,  to  their  ahfolute  caloric^  or  to  all  the  caloric  which  exlil- 
ed  in  each. 

On  thefe  data  he  reafoned  in  the  following  manner : 
Let  A  be  a  body  in  a  ftate  of  fluidity  ;  B  the  fame  bo¬ 
dy  in  a  ftate  of  folidity.  If  the  fpecific  caloric  of  A  and 
of  B  be  known,  and  if  It  be  known  how  many  degrees 
the  caloric,  difengaged  during  the  change  of  B  into  A, 
would  raife  the  temperature  of  A,  it  may  be  found  by 
an  eafy  procefs  how  many  degrees  all  the  caloric  con¬ 
tained  in  B  would  raife  the  temperature  of  A  ;  and  the 
fum  of  thefe  two  numbers  v/ill  reprefent  in  degrees  the 
whole  quantity  of  caloric  in  A  :  for  the  quantity  of 
caloric  in  A  muft  be  juft  equal  to  the  caloric  in  B,  to¬ 
gether  with  what  entered  into  it  in  palling  from  the 
ftate  of  B  to  that  of  A.  Let  the  fpecific  caloric  of  A 
be  6,  that  of  B  i  ;  and  let  the  quantity  of  caloric  dif- 
engaged  during  the  change  of  A  into  B  be  fufiicient  to 
raife  the  temperature  of  A  500*^.  If  the  fpecific  calo¬ 
ric  be  proportional  to  the  abfolute  caloric,  it  muft  coa- 
tain  exadly  6  times  as  much  caloric  as  B.  The  500® 
which  entered  into  A  when  it  changed  its  ftate,  muft 
be  juft  5  times  as  great  as  all  the  caloric  of  B  ;  becaufe 
when  added  to  the  caloric  of  B,  it  formed  the  caloric 
in  A,  which  is  juft  6  times  as  great  as  the  caloric  in  B. 
Therefore  to  difeover  the  caloric  in  B,  we  have  only  to 
divide  500  by  5,  or,  which  is  the  fame  thing,  to  ftate 
this  proportion  6 — 1  :  ^QO  :  :  i  :  100.  The  caloric  in 
B,  therefore,  in  this  cafe  is  jiift  as  much  as  would  raife 
the  temperature  of  A  loo^  Therefore,  if  to  100®,  the 
caloric  of  B,  be  added  500^  =  caloric  difengagedin  the 
paflage  of  A  to  B,  this  will  give  600^,  =  to  all  the  ca¬ 
loric  in  A.  Therefore,  in  all  cafes,  the  difference  be¬ 
tween  the  numbers  exprefting  the  fpecific  caloric  of  the 
folid  and  fluid,  is  to  the  number  exprefting  the  fpecific 
caloric  of  the  folid,  as  the  qua:^tity  of  caloric  difengaged 
during  the  paflage  of  the  fluid  into  a  folid  is  to  the 
quantity  of  caloric  in  the  fluid. 

Dr  Crawford  embraced  this  theorem  ;  and  concluded, 
from  a  number  of  experiments  made  on  purpofe  to  af- 
certain  the  fa<ft,  that  the  real  zero  was  i  268"^  below  o, 
or  1300'’  below  the  freezing  point. 

This  fubjed  deferves  to  be  confidered  with  attention. 
If  this  theorem  in  fad  furnifhes  us  with  the  real  zero, 
it  is  one  of  the  moft  important  difeoveries  which  has 
ever  been  made  in  chemiftry  ;  but  if  it  proceeds  on  er¬ 
roneous  principles,  it  will  only  involve  us  in  endlefs 
mazes  of  error  and  abfurdity. 

In  the  firft  place,  if  the  real  zero  has  any  meaning 
at  all,  it  muft  fignify  the  degree  to  which  the  thermo¬ 
meter  (fuppofing  it  could  be  ufed)  would  fink  on  being 
applied  to  a  body  which  contained  no  heat.  It  muft 
therefore  be  a  fixed  point ;  and  were  the  theorem 
which  we  are  examining  well  founded,  experiments  upon 
every  different  fubftance,  if  conduded  with  accuracy, 
would  lead  to  the  fame  refult.  Let  us  fee  whether  this 
be  the  cafe. 

From  Dr  Crawford’s  experiments,  it  follows,  as  we 
have  feen,  that  the  real  zero  is  1268^  below  o. 

Mr  Kirwan,  from  comparing  the  fpecific  caloric  of 
v/ater  and  ice,  fixed  the  real  zero  at  1048®  below  o. 

From  the  experiments  of  Lavolfier  and  La  Place  on 
a  mixture  of  water  and  quicklime,  in  the  proportion  of 
p  to  16,  it  folio w^s,  that  the  real  zero  is  2736°  below  o. 

From  their  experiments  on  a  mixture  of  4  parts  of 
fiilphuric  acid  and  3  parts  of  water,  it  follows,  that  the 
real  zero  is  5803,4®  below  o. 
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Their  experiments  on  a  mixture  of  4  parts  of  ful-  Caloric, 
phuric  acid  and  5  of  water,  place  it  at  2073,3®  below  o. 

Their  experiments  on  py  parts  of  nitric  acid  and  1  of 
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lime,  place  it  at  — - below  22^ 

f  —.0,01783 

Thefe  refults  differ  from  one  another  fo  enormoufly,j^ 
and  the  laft  of  them,  v/hicli  makes  the  real  zero  a  ne¬ 
gative  quantity,  is  fo  abfiird,  that  they  are  alone  fufiicient 
to  convince  us  that  the  data  on  which  they  are  founded 
are  not  true.  Should  it  be  faid  that  their  difference  is 
not  owing  to  any  defed  in  the  theorem,  but  to  inac¬ 
curacies  in  making  the  experiments — wc  anfwer,  that 
the  theorem  itfelf  is  founded  on  fimilar  experiments ; 
and  if  experiments  of  this  nature,  even  in  the  hands  of 
the  moft  accurate  chemifts,  cannot  be  freed  from  fuch 
enormous  errors,  how  can  w’^e  depend  on  any  confe- 
quences  deduced  from  them  ?  and  where,  then,  is  our 
evidence  for  the  truth  of  the  theorem  ? 

But,  farther,  there  is  no  proof  w^hatever  that  the 
fpecific  caloric  of  bodies  is  proportional  to  their  abfo¬ 
lute  caloric.  The  fpecific  caloric  of  iron  is  greater  than 
that  of  water,  or  even  azotic  gas  ;  yet  furely  it  is  very 
improbable  that  iron  contains  more  abfolute  caloric  than 
cither  of  thefe  fiibftances. 

If  the  fpecific  caloric  of  bodies  has  any  meaning  at 
all,  it  can  only  be,  that  the  fame  quantity  of  caloric 
raifes  the  temperature  of  one  body  a  greater  number  of 
degrees  than  it  does  another.  When  we  fay  that  the 
fpecific  caloric  of  A  is  =  6,  and  that  of  B  =  i,  what 
do  we  mean,  unlefs  that  the  quantity  of  caloric  which 
raifes  B  6^  raifes  A  only  i'’,  or  that  what  raifes  B  60® 
or  600s  raifes  A  only  10®  or  ico®?  When  we  fay  that 
the  fpecific  caloric  of  water  is  10,  and  that  of  ice  9,  do 
w'e  not  mean,  that  the. quantity  of  caloric  which  raifes 
the  ice  lo®  or  100*^,  raifes  water  only  9*^  or  90®?  Yet 
during  the  change  of  ice  into  water,  140®  of  caloric  en¬ 
ter  it  without  raifing  its  temperature ;  a  quantity  greater 
than  what  can  be  accounted  for  by  the  difference  of 
fpecific  caloric  by  126®.  The  quantity  that  difappears, 
therefore,  is  not  proportional  to  the  difi'erence  of  fpeci¬ 
fic  caloric  ;  and  therefore  any  theory  which  depends 
on  that  fuppofition  cannot  be  well  founded.  When 
water  is  converted  into  fteam,  800®  of  caloric  difappear, 
yet  the  fpecific  caloric  of  fteam  is  to  that  of  water,  ac¬ 
cording  to  Dr  Crawford’s  own  experiments,  only  as 
155  to  100:  fo  that  no  lefs  than  283®  difappear,  which 
cannot  be  accounted  for  according  to  this  theory, 

Dr  Irvine’s  theorem,  therefore,  is  Infufiiclent  for  af- And  found 
certaining  the  real  zero  ;  and  hitherto  no  method  hasinfufficient, 
been  difeovered  which  can  folve  this  problem. 

9.  If  there  be  no  body  without  caloric,  if  it  exifts  in  Calouc  ex- 
different  quantities  in  different  bodies,  even  when  their  ids  ir  bo- 
temperatures  are  the  fame,  and  while  the  thermometer 
cannot  indicate  Its  prefence — in  what  ftate  does  it  exift 
ill  them?  We  cannot  furely  fuppofe  that  It  Is  contained 
by  them  juft  as  water  is  contained  by  a  veffel  of  wood 
or  metal,  or  that  they  are  filled  with  it  in  the  fame 
manner  that  a  hollow  globe  of  tinplate  perforated  with 
holes  is  filled  with  water  when  it  is  plunged  into  a 
quantity  of  that  liquid  ;  or  that  bodies  are  filled  with 
caloric  merely  becaufe  they  are  immerfed  in  an  ocean  of 
caloric.  Were  that  the  cafe,  the  fpecific  and  abfolute 
caloric  of  bodies  would  always  be  proportional ;  and 
they  would  of  necefiity  be  inverfely  as  the  fpecific  gra¬ 
vity  of  the  refpeiftive  bodies  ;  becaufe  the  lefs  the  fpeci¬ 
fic  gravity,  the  more  room  would  be  left  for  the  par¬ 
ticles 
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tides  of  cdoric*  But  this  is  by  no  means  the  cafe : 
the  fpecific  gravity  of  iron,  for  inftance,  is  greater  than 
that  of  tin,  yet  the  fpecific  caloric  of  iron  is  more  than 
double  that  of  tin  :  the  fpecific  gravity  of  oxygen  gas 
is  greater  than  that  of  common  air,  yet  the  fpecific  ca¬ 
loric  of  the  firll  of  tliefe  fubftances  is  more  than  three 
times  as  great  as  that  of  the  other.  There  mult  be 
fomething,  therefore,  in  bodies  themfelves  quite  diffe¬ 
rent  from,  and  unconnedted  with,  the  vacuities  between 
their  particles,  which  dilpofes  fome  to  admit  more  calo¬ 
ric  than  others.  And  what  can  that  be  but  a  difpofi- 
tion  in  different  bodies  to  unite  with  a  greater  or  a 
fmaller  quantity  of  caloric,  and  to  retain  it  with  more 
or  lefs  firmnefs  according  to  their  affinity  for  it  ?  Dr 
Black  pointed  out,  long  ago,  by  difcoveiing  latent  heat, 
that  caloric  unites  with  bodies  ;  and  this  feems  to  be 
the  only  real  key  for  unfolding  the  adlions  of  this  ex¬ 
traordinary  fubftance.  If  caloric  be  matter,  can  it  be 
deftitute  of  that  property  which  all  other  matter  pof- 
In  a  ftateoffeffes,  we  mean  attradlion?  And  if  it  poffeffes  attraction, 
j  chemical  muff  it  not  combine  with  thofe  bodies  that  attradl  it 
combina-  other  bodies  combine  with  each  other  ^  Muff 

there  not  be  formed  a  chemical  union  between  caloric 
and  other  fubrtances,  which  can  only  be  broken  by  che- 
,  mical  means,  by  prefenting  a  third  body  which  has  a 

'  greater  affinity  either  for  the  caloric  or  the  body  to 

which  it  is  united,  than  they  have  for  each  other  ? 
j  Proved  to  That  it  unites  chemically  with  fome  bodies,  afleaff, 
be  the  cafe  cannot  be  doubted,  as  we  have  fhewn  already,  that  when- 
in  liquids,  ^^er  a  folid  is  converted  into  a  liquid,  a  quantity  of  ca- 
I  vapours^  enters,  and  remains  in  it ;  and  that  both  the  folid 

I  and  the  caloric  lofe  their  charaCleriftic  properties.  This 

is  precifely  what  takes  place  in  every  chemical  union. 
All  liquids,  therefore,  confift  of  folids  combined  with 
caloric.  Wc  have  feen,  too,  that  liquids  are  converted 
into  vapours  by  the  very  fame  procefs.  There  are  there¬ 
fore,  at  leaft,  two  very  large  claffes  of  bodies,  liquids  and 
vapours,  in  which  we  are  certain  that  caloric  exifts  in  a 
178  ftate  of  chemical  combination. 

Andgafes;  There  is  another  clafs  of  bodies  which  refembles  va¬ 
pours  in  almoft  all  their  properties;  thefe  are  the  gafes. 
Like  them,  they  are  invifiblc  and  elaftic,  and  capable 
of  indefinite  expanfion.  Is  it  not  probable,  then,  that 
the  gafes  alfo,  as  w'ell  as  the  vapours,  owe  their  proper¬ 
ties  to  caloric  ?  that  they  alfo  confift  of  their  refpe<ftive 
bafes  combined  with  that  fubtile  fubftance  ?  This  pro¬ 
bability  has  been  reduced  to  certainty  by  an  experiment 
of  Lavoifier.  By  adding  twm  tubes  to  the  calorimeter 
formerly  defcribed,  he  contrived  to  make  known  quan¬ 
tities  of  air  to  pafs  through  the  interior  cavity,  and  to 
fupport  combuftion.  He  found,  that  when  a  pound 
of  oxygen  gas  was  made  to  combine  in  this  manner 
W'ith  phofphorus,  as  much  caloric  was  difengaged  as 
•  Lavoi/ier,  melted  87 t  pounds  of  ice*.  Now  every  pound  of  ice 
pAch,  9.  abforbs  as  much  caloric  in  the  a6l  of  melting  as  is  fuf- 
ficient  to  raife  a  pound  of  water  140®.  Therefore  the 
whole  caloric  difengaged  was  fufficient  to  raife  a  pound 
of  water  12250®.  All  this  could  not  have  come  from 
the  phofphorus,  becaufe  it  had  been  converted  into  a 
liquid,  and  muft  therefore  have  abforbed  inftead  of  part¬ 
ed  with  caloric,  and  becaufe  the  quantity  of  caloric  dif- 
engaged  in  all  cafes  of  combuftion  is  proportional,  not 
to  the  combuftible,  but  to  the  oxygen  abforbed.  Oxy¬ 
gen  gas,  then,  is  compofed  of  oxygen  and  caloric  :  and 
if  this  be  the  cafe  with  one  gas,  why  not  with  all  ? 
SuPEx.  Vol.L  Part  I. 
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We  may  conclude,  therefore,  that  the  gafes,  as  well 
as  liquids  and  vapours,  owe  their  form  to  the  caloric  ’ 
which  they  contain.  The  only  difference  between  them 
and  vapours  is,  that  the  latter  return  to  their  liquid 
ftate  by  the  mere  adion  of  cold  ;  whereas  moft  of  the 
gafes  refill  the  loweft  temperature  which  it  has  been 
poffible  to  apply.  It  was  natural  to  exped,  that  if  ca¬ 
loric  combined  chemically  with  bodies,  its  alfinity  would 
be  different  for  different  fubftances,  and  that  its  affinity 
for  fome  bodies  w^ould  be  fo  great  that  it  would  not  leave 
them  to  combine  with  any  other.  It  was  natural  to  ex- 
pe6l  this,  becaufe  it  is  the  cafe  with  every  other  fubftance 
with  which  we  are  acquainted.  The  difference,  then, 
between  the  gafes  and  vapours  is  not  furprifing.  The 
affinity  of  the  former  for  caloric  is  not  only  much  great¬ 
er  than  that  of  the  latter,  but  much  greater  than  that  of 
any  other  fubftances. 

It  is  owing  to  this  ftrong  affinity  between  oxygen,  And^to  be 
hydrogen,  and  azot  and  caloric,  that  they  cannot  bethecaufeof 
obtained  except  in  a  gafeous  form  :  and  we  fhall  defcribe 
feveral  other  lubftances  afterwards  exadlly  in  the  fame 
circumftances.  Had  we  any  fubftance  poffeffed  of  a 
greater  affinity  for  caloric  than  they  have,  we  fhould  be 
able,  by  prefenting  it,  to  deprive  them  of  their  gafeous 
form.  Doubtlefs  there  is  a  difference  in  the  affinity 
between  thefe  bodies  themfelves  and  caloric ;  but  as  all 
of  them  are  already  faturated,  this  difference  cannot  be 
difeovered.  If  w'e  could  obtain  them  uncombined  with 
caloric,  that  is  to  fay,  in  a  concrete  ftate,  it  would  be 
eafy  to  afeertain  this  point.  Suppofe,  for  inftance,  that 
hydrogen  had  the  ftrongeft  affinity  for  caloric,  and  that 
we  poffeffed  it  in  a  concrete  ftate— it  would  be  eafy,  by 
prefenting  it  to  the  other  gafes,  to  deprive  their  bafes 
of  the  caloric  with  which  they  are  united,  and  thus  to 
obtain  them  alfo  uncombined  with  any  other  fubftance. 

But  though  w^e  are  acquainted  with  no  fubftance  that  Why  calo 
has  a  greater  affinity  for  Caloric  than  the  bafes  of  the  ric  appearl 
gafes,  there  are  many  fubftances  which  have  a  greater 
affinity  for  thefe  bales  than  caloric  has.  When  any 
fuch  fubftance  is  prefented,  the  bafe  combines  with  it, 
and  the  caloric  is  left  at  liberty.  Thus,  when  phofpho¬ 
rus  is  prefented  to  oxygen  gas,  the  phofphorus  and  oxy¬ 
gen  unite  together,  and  the  caloric  flies  off.  We  are 
now,  therefore,  able  to  anfwer  one  of  the  queftions  pro- 
pofed  at  the  end  of  the  fecond  chapter.  Whence  comes 
the  caloric  which  appears  during  combuftion  ?  It  is  fe* 
parated  from  the  oxygen,  which  leaves  it  in  order  to  en¬ 
ter  into  a  new  combination, 

The  caloric  alfo,  which  fometimes  appears  wffien  twQ  And  during 
bodies  combine  together,  is  fet  at  liberty  exadly  in  the  niany  che-^ 
fame  manner.  When  fulphuric  acid  and  water,  for 
fiance,  are  mixed  together,  a  very  confiderable  heat 
produced;  a  good  deal  of  caloric,  therefore,  becom’es 
fenfible.  In  this  cafe,  the  water  combines  with  the 
acid,  and  at  the  fame  time  lets  go  the  caloric  with 
which  it  was  formerly  combined,  and  becomes  denfer. 

In  the  fame  manner,  to  give  another  inftance,  when 
water  is  poured  upon  quicklime,  a  very  great  quantity 
of  caloric  becomes  manifeft.  The  water  in  this  cafe 
combines  with  the  quicklime,  and  affumes  a  concrete 
form,  and  of  courfe  lets  go  the  caloric  with  which  it 
was  previoufly  united. 

10.  It  is  no  uncommon  thing  in  nature  to  obferve  Why  cer- 
two  bodies,  after  combining  together,  manifefting  a 
much  ftropgcr  affinity  for  a  third  body  than  cither  of 
Mm 
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them  had  while  feparate.  Thus,  filver  has  no  percep¬ 
tible  affir.ity  for  fulphuric  acid,  neither  has  oxygen  ; 
but  unite  them  together,  and  they  combine  with  that 
acid  very  readily.  A  great  many  inllances  of  the  fame 
kind  might  be  produced.  Were  there  fubftances,  then, 
which,  after  combining  together,  have  a  greater  affinity 
for  caloric  than  any  of  them  bad  while  feparate,  this 
ought  not  to  furprife  us,  becaufe  the  fame  phenomenon 
is  often  obferved  in  other  bodies.  Now  this  is  addually 
the  cafe  with  regard  to  caloric.  Mix  together,  for  in- 
llance,  common  fait  and  fnow,  the  mixture  inftantly  be¬ 
comes  liquid,  and  fo  cold,  that  it  hnks  the  thermometer 
down  to  zero.  In  this  cafe,  the  fnow  and  fait  united 
have  a  much  ftronger  affinity  for  caloric  than  either  of 
them  had  while  feparate  ;  they  attrad  it  therefore  from 
other  bodies  with  which  they  happen  to  be  in  contad, 
till  they  have  obtained  a  dofe  fufficient  for  their  fatura- 

tion;  and  thisfaturatlon  they  manifeft  by  becoming  liquid. 

It  Is  for  this  reafon  that  all  falts  produce  cold  during  their 
folutlon  in  water,  when  the  freezing  point  of  the  folutlon 
formed  is  below  that  of  water.  All  fuch  folutions  have 
a  ftiong  affinity  for  caloric  ;  they  therefore  attrad  it  till 
they  are  faturated,  which  appears  by  their  becoming 
fluid.  A  number  of  experiments  have  been  lately  made 
in  order  to  procure  artificial  cold  by  means  of  fuch 
combinations.  The  moft  complete  fet  of  experiments 
of  that  nature  with  which  we  are  acquainted,  is  thofe 
of  Mr  Walker,  publiffied  in  the  Philofophical  Tranf- 
adions  for  1795.  We  (hall  prefent  the  relult  of  his 
experiments  in  the  following  Table  : 

Table  of  Freezing  Mixtures. 
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Mixtures. 

Thermometer  finks. 

Muriat  of  ammonia  3  parts. 

Nitre  -  5 

Water  -  -  16 

From  50®  to  10'’. 

'  Muriat  of  ammonia  5 

Nitre  -  *  5 

Sulphat  of  foda  8 

Water  -  -  16 

From  30  to  4. 

'Nitrat  of  ammonia  l 

Water  -  -  i 

From  50  to  4. 

Nitrat  of  ammonia  i 

'  Carbonat  of  foda  i 

Water  -  -  i 

From  50  to  7. 

Sulphat  of  foda  3 

Diluted  nitric  acid  2 

From  50  to  3. 

Sulphat  of  foda  6 

Muriat  of  ammonia  4 

Nitre  -  '  2 

V  Diluted  nitric  acid  4 

From  50  to  lO. 

Sulphat  of  foda  6 

Nitrat  of  ammonia  5 

Diluted  nitric  acid  4 

From  50  to  14. 

Phofphat  of  foda  9 

Diluted  nitric  acid  4 

From  50  to  12. 

Mixtures. 

I  hermometer  finks. 

Phofphat  of  foda  9  parts. 

Nitrat  of  ammonia  6 

Diluted  nitric  acid  4 

From  to  2i^ 

Sulphat  of  foda  8 

Muriatic  acid  -  5 

From  50  to  0. 

Sulphat  of  foda  5 

Diluted  fulphuric  acid  4 

From  50  to  3. 

Snow  -  -  I 

Common  fait  -  I 

From  32  to  0. 

Snow  or  pounded  ice  2 
Common  fait  -  I 

From  0  to  — 5. 

Snow  or  pounded  icc  i 
Common  fait  -  5 

Muriat  of  ammonia  and 

Nitre  -  -  5 

From— 3  to  — 18. 

Snow  or  pounded  ice  1 2 
Common  fait  -  5 

Nitrat  of  ammonia  5 

From — 18  to— 25. 

Snow  and  diluted  nitric  acid 

From  0  to  — 46. 

Snow  -  "  .  .  ^ 

Diluted  fulphuric  acid '  1 
Diluted  nitric  acid  i 

From  — 10  to  —56. 

Snow  -  -  I 

Diluted  fulphuric  acid  i 

From  20  to  — 60. 
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In  order  to  produce  thefe  effeds,  the  falts  employed 
mull  be  freffi  cryftallized,  and  newly  reduced  to  a  very 
fine  powder.  The  veffels  in  which  the  freezing  mix- 
ture  is  made  ffiould  be  very  thin,  and  juft  large  enough 
to  hold  it,  and  the  materials  ffiould  be  mixed  together 
as  quickly  as  poffible.  The  materials  to  be  employed 
in  order  to  produce  great  cold  ought  to  be  firft  redu¬ 
ced  to  the  temperature  marked  in  the  table,  by  placing 
them  In  fome  of  the  other  freezing  mixtures;  and  then 
they  are  to  be  mixed  together  in  a  fimilar  freezing  mix¬ 
ture.  If,  for  inftance,  we  wiffi  to  produce  a  cold 
.  46,  the  fnow  and  diluted  nitric  acid  ought  to  be 
cooled  down  to  o,  by  putting  the  veffel  which  contains 
each  of  them  into  the  12th  freezing  mixture  in  tfie 
above  table,  before  they  are  mixed  together.  If  a.ftill 
greater  cold  is  required,  the  materials  to  produce  it  are 
to  be  brought  to  the  proper  temperature,  by  being^pre- 
vioufly  placed  in  the  fecond  freezing  mixture.  This 
procefs  is  to  be  continued  till  the  required  degree  of 
cold  has  been  procured  *.  #  WalUr, 

II.  From  the  fads  already  known,  we  may  conclude, 
that  the  particles  of  caloric  have  two  properties,  that  1 795- 
of  repelling  each  other,  and  of  attrading  and  being  at- 
traded  by  other  fubftances.  As  there  is  no  body 
nature  which  does  not  contain  caloric,  we  may  fafely  tain  moft 
conclude,  that  there  is  no  body  in  nature  which  has  not  caloric, 
an  affinity  for  it.  When  it  unites  with  bodies,  though 
the  repulfion  of  its  particles  may  be  overcome  by  their 
atlradion  for  the  particles  of  the  body,  and  by  the  at- 
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traAion  of  thefe  particles  for  each  other — we  cannot 
fuppofe  it  annihilated  :  It  muft  therefore  be  the  more 
powerful  the  greater  the  quantity  of  caloric  combined 
in  any  body  is.  Probably,  then,  there  is  moft  caloric 
combined  with  gafes,  lefs  with  fluids,  and  lead  with  fo- 
lids.  It  does  not  follow,  however,  from  this,  that  the 
quantity  of  caloric  combined  with  any  body  is  propor¬ 
tional  to  the  diftance  between  its  particles,  becaufe  that 
may  depend  on  other  caufes.  Thus,  though  hydrogen 
gas  is  much  rarer  than  oxygen  gas,  it  does  not  follow 
that  hydrogen  is  combined  with  more  caloric  than  oxy¬ 
gen,  becaufe  the  rarity  may  be  owing  to  the  fmall- 
cr  cohefive  force  of  the  particles  of  hydrogen  allow¬ 
ing  a  fmaller  quantity  of  caloric  to  produce  a  greater 
effed. 

If  caloric  unites  only  chemically  with  bodies,  there 
ought  to  be  a  certain  point  of  faturation  between  it  and 
the  fubftances  with  which  it  combines,  becaufe  this  takes 
place  in  all  other  chemical  combinations.  Oxygen  gas, 
for  inftance,  confifts  of  a  certain  quantity  of  oxygen 
united  with  caloric.  Now  if  this  gas  be  a  chemical 
compound,  the  two  ingredients  ought  to  faturate  each 
other  in  fuch  a  manner,  that  no  more  of  either  could  be 
admitted.  But  it  cannot  be  denied,  that  more  caloric 
can  ftill  be  added  to  oxygen  gas,  for  its  temperature 
may  be  raifed  at  pleafure  as  high  as  we  think  proper. 
This,  at  firft  fight,  feems  to  be  an  iiifuperable  objedion 
to  the  theory,  that  caloric  only  combines  chemically 
with  bodies.  It  ought  to  be  remembered,  however, 
that  caloric  is  not  fingular  in  this  refped.  There  are 
other  bodies  in  nature,  and  bodies  too  which  certainly 
combine  with  other  fubftances  only  by  affinity,  which 
exhibit  the  very  fame  phenomenon.  Water  is  capable 
of  combining  with  fulphurlc  acid  and  many  other  falts 
almoft  in  any  proportion,  at  leaft  no  limits  have  hither¬ 
to  been  obferved.  Oxygen,  too,  combines  with  almoft 
every  body  in  various  proportions  ;  We  have  feen,  that 
with  almoft  every  metal  it  forms  at  leaft  two  diffe¬ 
rent  oxides.  Why  then  may  not  caloric  be  capable  of 
uniting  in  the  fame  manner?  Allowing,  therefore,  that 
it  were  impoffible  to  explain  why  bodies  are  capable  of 
combining  with  caloric  after  faturation,  this  could  be 
no  objedion  to  the  theory  that  it  only  unites  chemical¬ 
ly  with  bodies,  becaufe  the  fame  phenomenon  is  exhi¬ 
bited  by  other  bodies  which  it  cannot  be  doubted  com¬ 
bine  only  by  means  of  affinity. 

The  manner  in  which  thefe  other  combinations  are 
formed  has  been  already  hinted,  and  ftjall  be  coniidered 
more  fully  afterwards;  at  prefent  we  fna’l  only  attempt 
to  explain  the  adion  of  caloric.  Let  us  fuppofe,  then, 
that  caloric  is  prefented  to  oxygen;  that  they  combine 
together  in  a  certain  proportion,  and  faturate  each  other. 
The  produd  of  this  combination  is  oxygen  gas;  a  fub- 
ftance  poflefted  of  properties  very  different  from  thofe 
of  caloric  or  oxygen  in  a  concrete  ftate;  it  is  incapable 
of  being  decompofed  by  any  merely  mechanical  method, 
and  exhibits  all  the  appearances  of  a  iimple  fubftance. 
Let  ns  therefore  coniider  this  compound  for  a  moment 
as  a  fimple  fubftance.  May  it  not  ftill  have  an  affinity 
for  caloric.^  and  will  it  not,  in  that  cafe,  unite  with  it 
Oxygen  gas  and  caloric  have  an  affinity  for  each  other; 
accordingly  when  prefented  to  one  another  they  combine 
in  a  certain  proportion,  and  form  a  new  compound,  differ¬ 
ing  from  oxygen  gas,  properly  fo  called,  in  elafticlty, 
fpecific  gravity,  and  feveral  other  particulars.  The  af¬ 
finity,  however,  between  oxygen  gas  and  caloric  is  much 
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feebler  than  that  between  oxygen  and  caloric  ;  for  the 
new  compound  is  eafily  broken,  and  the  caloric  abforbed 
by  many  other  fubftances.  We  can  even  conceive  this 
new  compound  ftill  to  have  an  affinity  for  caloric,  to 
unite  with  it,  and  to  form  another  compound,  the  affi¬ 
nity  between  the  ingredients  of  which  is  ftill  feebler. 

And  in  this  manner  may  the  indefinite  increafe  of  tem¬ 
perature  be  accounted  for. 

Subftances  may  be  conceived  to  be  condu(!ftors  of  ca-  Caufb^of 
loric  inverfely  as  their  affinity  for  it.  Good  condudorsthe  diffe- 
may  have  very  little  affinity  for  caloric  ;  and  for  that 
reafon  it  may  be  eafily  forced  through  them  by  the 
pulfion  of  its  own  particles.  But  thofe  fubftances  different 
which  have  a  great  affinity  for  caloric,  combine  with  it  bodies, 
the  moment  it  is  prefented  to  them  ;  and  confequently 
it  cannot  pafs  through  them.  Thus,  when  it  is  pre¬ 
fented  to  ice,  the  affinity  between  the  two  fubftances  is 
fo  great,  that  the  caloric  unites  with  the  very  firft  par¬ 
ticles  of  ice  which  it  meets  with.  The  particles  behind 
thefe  cannot  receive  any  caloric,  except  by  attradling  it 
from  the  particles  with  which  it  has  already  combined. 

But  the  affinity  of  one  particle  of  ice  for  caloric  cannot 
be  greater  than  that  of  another  particle  of  ice:  and  the 
union  of  two  bodies  cannot  be  broken  by  a  force  not 
greater  than  that  which  unites  them  ;  therefore  the  ca¬ 
loric  cannot  pafs  from  one  particle  to  another.  Confe¬ 
quently,  fuppofing  all  the  particles  to  keep  their  places, 
no  new  caloric  could  enter.  Juft  as  when  a  piece  of 
marble  is  put  into  fulphuric  acid,  the  cruft  of  fulphat 
of  lime  which  very  foon  covers  it  prevents  the  acid  from 
getting  to  the  particles  of  marble  within.  But  as  foon 
as  a  particle  of  ice  unites  with  caloric,  water,  the  new 
compound,  leaves  its  ftation,  and  allows  the  caloric  a 
paftage  to  the  other  particles. 

In  the  fame  manner,  when  caloric  is  prefented  to  wa¬ 
ter,  it  combines  with  the  outermoft  ftratum  of  parti¬ 
cles,  and. forms  with  them  a  compound  which  cannot 
be  decompofed  by  the  other  particles  of  the  water,  be¬ 
caufe  their  affinity  for  caloric  is  no  greater  than  that 
of  the  particles  already  united  with  it.  No  more  ca¬ 
loric,  then,  could  gain  admiffion,  were  it  not  that  (the 
fpecific  gravity  of  the  new  compound  being  inferior  to 
that  of  the  uncombined  water)  it  immediately  changes 
its  place,  and  allows  another  ftratum  of  particles  to  oc¬ 
cupy  its  room.  Thefe  unite  with  caloric,  and  are  dif- 
placed  in  their  turn.  And  in  this  manner  the  procefs 
goes  on,  till  all  the  particles  have  combined  with  calo¬ 
ric  ;  or,  which  is  the  fame  thing,  till  the  whole  of  the 
water  is  heated. 

But  fuppofing  the  firft  ftratum  of  particles  to  remain  „ 
in  their  place  after  their  union  with  caloric,  we  can 
conceive  an  affinity  ftill  to  fubfift  between  the  new  com- 
pound,  thus  formed,  and  caloric.  In  that  cafe  the 
new  compound,  which  we  fiiall  call  A,  would  com¬ 
bine  with  an  additional  dofe  of  caloric,  and  form  a 
fecond  compound  B,  differing  in  feveral  refpe^fs  from 
the  firft.  We  can  conceive  alfo  the  affinity  between 
the  firft  compound  A  and  caloric  to  be  inferior  to  that 
between  water  and  caloric.  In  that  cafe,  the  fecond 
ftratum  of  particles  of  water  would  feparate  the  addi-. 
tional  dofe  with  which  the  firft  ftratum  had  united.  In 
this  manner  would  two  ftratums  of  particles  combine 
with  caloric.  The  firft  ftratum  of  particles  would  com¬ 
bine  wkh  another  dofe  of  caloric,  and  form  a  fecond 
compound  B  as  before.  But  this  compound  could  not 
now  be  decompofed  by  the  fecond  ftratum  of  parcicles,‘ 
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becaufe  they  had  already  united  with  a  dofe  of  caloric  ; 
and  therefore  their  affinity  for  a  new  dofe  could  be  no 
greater  than  that  of  the  firft  ftratum  of  particles.  The 
procefs  of  heating  could  go  on  no  farther.  But  we 
can  conceive  the  fecond  compound  B,  into  which  the 
firft  ftratum  has  entered,  ftill  to- have  an  affinity  for  ca- 
loric,  to  combine  with  a  dofe  of  it,  and  to  form  with  it 
a  third  compound  C.  We  can  conceive,  at  the  fame 
time,  the  affinity  between  the  fecond  compound  B  and 
caloric  to  be  lefs  than  that  between  the  firft  compound 
A  and  caloric.  In  that  cafe,  the  fecond  ftratum  of  par¬ 
ticles  would  take  this  laft  dofe  from  the  firft  ftratum, 
and  form  with  it  a  fecond  compound  B.  The  mrd 
ftratum  of  particles,  which  is  ftill  uiicombined^with  ca¬ 
loric,  would  now  attraa  this  new  dofe  from  the  fecond 
ftratum,  and  combine  with  it.  And,  fuppofing  the  ca- 
loric  ftill  flowing  towards  the  water,  the  firft  ftratum 
would  again  form  the  third  compound  C,  by  uniting 
with  a  frefli  dofe  :  this  new  dofe  would  be  again  at- 
trafted  by  the  fecond  ftratum,  and  the  firft  ftratum 
would  again  form  the  third  compound  C,  by  uniting 
with  another  dofe  of  caloric.  Thus  three  Aratums  of 
particles  would  be  combined  with  caloric;  the  hril  lira- 
turn  would  contain  three  dofes,  the  fecond  ftratum  two, 
and  the  third  one.  The  procefs  of  heating  would  again 
ftop ;  becaufe  now  the  affinity  of  the  fecond  ftratum  is 
no  greater  than  that  of  the  firft,  nor  the  affinity  of  the 
third  ftratum  greater  than  that  of  the  fecond,  nor  that 
of  the  fourth  than  that  of  the  third.  But  we  can  con- 
celve  an  affinity  ftill  to  fubfift  between. caloric  and  the 
third  compound  C,  into  which  the  firft  ftraturn  has  en- 
tered,  and  this  affinity,  at  the  fame  time  weaker  than 
that  between  the  fecond  compound  B  and  caloric.  Jn 
that  cafe  they  would  combine  and  form  a  ^urth  com- 
pound  D.  This  new  dofe  would  be  attraded  by  the 
fecond  ftratum  of  particles,  which  would  combine  with 
it  and  form  the  third  compound  C  ;  the  third  ftratum 
would  attraa  it  from  the  fecond,  and  form  with  it  the 
fecond  compound  B  ;  and  the  fourth  ftratum  would  at- 
traa  it  from  the  third,  and  enter  into  the  firft  com¬ 
pound  A.  The  firft  ftratum  would  again  enter  into 
the  fourth  compound  D  ;  which  would  be  again  de- 
compofed  by  the  fecond  ftratum  ;  and  the  compound 
fornfed  by  the  fecond  ftratum,  by  the  third  A^tum. 
The  fourth  compound  D  would  be  again  formed  by 
the  firft  ftratum,  and  again  deconipofed  by  the  fecond 
ftratum.  It  would  be  formed  a  third  time,  and  could  not 
now  be  decompofed.  Four  ftratums  of  part«c  es  would 
now  have  combined  with  caloric  ;  the  fo-A  Aratum  w.  h 
four  dofes;  the  fecond,  with  three  dofes;  the  third,  with 
two;  and  the  fourth,  with  one.  We  can  oon^ve  this 
procefs  to  go  on  exaftly  in  the  fame  manner,  till  all  the 
particles  of  water  have  combined  with  a  dofe  of  caloric. 
In  that  cafe,  the  quantity  of  caloric  combined  with 
every  ftratum  of  particles  would  form  a  regular  decrea- 
finff  feries  from  that  part  of  the  water  at  which  the  ca¬ 
loric  enters  to  that  part  which  is  fartheft  diftant  from 
it.  The  procefs  of  heating  would  go  on  very  llowly  ; 
and  the  heat  of  that  part  of  the  water  which  is  far- 
theft  diftant  from  the  fource  of  caloric  could  never  be 
nearly  equal  to  that  of  the  part  which  is  neareft  to  that 
fource.  This  feems  in  fad  to  be  the  manner  m  which 
all  thofe  folids  are  heated  which  are  bad  condudors  of 
caloric  :  in  all  probability  it  is  the  way  in  which  all  lo- 
lids  are  heated* 
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of  affinity,  feems  at  firft  fight  contrary  to  fad;  for' 
there  is  no  fubftance  whatever  v»^hlch  may  not  be  cooled  Bodies  cool 
indefinitely  merely  by  furrounding  it  with  other  bodies  each  other 
which  are  colder  than  itfelf.  Place  a  piece  of  hot  iron,f«cipiocaU 
for  iiiftance,  in  cold  water.  It  is  very  foon  cooled  down^^» 
to  the  temperature  of  that  liquid.  This  feems  plain 
enough  ;  the  attradion  of  water  for  caloric  is  greater 
than  that  of  Iron  :  but  reverfe  the  experiment ;  put 
hot  water  within  cold  iron,  and  the  water  Is  cooled  in 
its  turn  down  to  the  temperature  of  the  iron  :  fo  that 
the  iron  alfo  has  a  greater  affinity  for  caloric,  as  well  as 
the  water;  which  Is  abfurd.  C1S9 

But  it  ought  to  be  remembered,  that  caloric  not  on- And  why. 
ly  polfefTes  affinity,  but  that  it  has  another  property  al¬ 
fo,  of  which  every  other  fpecies  of  matter,  except  per¬ 
haps  light,  feems  to  be  deftitute,  a  repulfion  between 
its  own  particles.  It  is  neceffary  for  all  organifed 
bodies,  and  probably  for  all  bodies,  that  they  fhould 
poffefs  a  certain  quantity  of  caloric  ;  and  on  this  ac¬ 
count  the  greateft  care  has  been  taken  to  fecure  its 
equal  diftribution.  This  feems  to  be  one  ufe  at  leaft  of 
its  repulfive  power  ;  a  power  which  is  never  deftroyed, 
however  clofely  caloric  is  united  with  other  bodies.  We 
have  fhewn  already,  that  this  power  is  increafed  by  di* 
minifhing  the  quantity  of  furrounding  caloric ;  and 
when  thus  increafed  to  a  certain  degree,  It  may  at  laft 
equal,  and  even  exceed,  the  affinity  between  the  caloric 
and  the  bodies  to  which  It  Is  united  ;  and  in  that  cafe 
part  of  the  caloric  would  neceffarily  fly  off.  It  feems 
to  be  in  this  manner  that  bodies  reciprocally  cool  each 
other,  and  that  they  have  always  a  tendency  to  an  equi¬ 
librium  of  temperature.  Thus  fleam  by  cold  is  con¬ 
verted  into  water,  and  water  into  Ice.  And  the  affini¬ 
ty  between  bodies  and  that  caloric  which  is  employed 
in  regulating  the  temperature  feems  to  be  fo  weak,  that 
the  repulfion  between  the  particles  of  caloric  eafily  over¬ 
comes  it,  and  reftores  the  equilibrium.  But  the  affini¬ 
ty  between  fome  fubllances  and  caloric  is  fo  great,  that 
no  diminution  of  temperature  has  been  found  fufficient 
to  overcome  it.  This  is  the  cafe,  as  we  have  already 
feen,  with  oxygen  gas.  ^ 

The  fpecific  caloric  of  bodies  feems  to  depend  onCaufeof 
two  things;  their  affinity  for  caloric,  and  the  diftancetlie  diffe- 
bet ween  their  particles.  For  what  Is  temperature  but 
the  difpofition  of  a  body  to  part  with  caloric?  The of 
more  caloric  a  body  is  difpofed  to  part  with,  we  call  its  bodies, 
temperature  the  higher  ;  the  lefs  it  parts  with  when  a 
colder  body  is  applied,  its  temperature  is  faid  to  be  the 
lower.  If  oxygen  gas  parts  with  no  caloric  to  a  ther¬ 
mometer  which  (lands  at  — lo^  we  fay  its  ternperature 

is _ 10  ;  yet  we  know  that  even  then  it  contains,  in  all 

probability,  much  more  caloric  than  the  mercury  In  the 
thermometer  does.  Now  the  ftronger  the  affinity  be¬ 
tween  any  fubftance  and  caloric,  the  greater  quantity 
of  caloric  will  be  required  before  the  repulfion  between 
its  particles  is  fufficient  to  overcome  this  attradion  ; 
confequeiitly  the  more  caloric  is  neceffary  to  raife  it  a 
given  number  of  degrees.  And  the  farther  diftant  the 
particles  of  bodies  are,  the  farther  from  one  another 
mud  the  particles  of  caloric  be  to  which  they  are  united; 
and  confequently  the  weaker  muft  be  the  repulfion  be¬ 
tween  them. 

We  cannot  deny  how  new  this  theory  of  the  adlion 
of  caloric  will  appear  to  thofe  who  have  been  accuftom- 

ed 
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ed  to  look  upon  Dr  Crawford’s  opinions  on  this  fubje£i 
as  fully  proved  ;  nor  do  we  pretend  that  it  can  be  re¬ 
conciled  with  thefe  opinions.  But  this,  vve  hope,  is 
no  proof  of  its  falfehood.  We  think  it  can  be  fairly 
deduced  from  Dr  Black’s  do6lrine  of  latent  heat ;  we 
know,  too,  that  Bergman  believed  caloric  capable  of 
combining  chemically  with  bodies;  and  Morveau  has 
not  only  embraced  the  fame  opinion,  but  feems  to  af¬ 
firm,  that  all  the  combinations  into  which  caloric  eii* 
ters  are  chemical*.  And  were  this  queftion  to  be  de¬ 
cided  by  authority,  we  appeal  to  all  the  w^orld,  whether 
other  three  men  could  be  produced  to  whofe  decifions 
one  would  more  willingly  fubmit  (i).  We  do  not,  how¬ 
ever,  mean  to  reft  its  evidence  on  authority  ;  let  it  be 
compared  with  fadts,  and  put  to  the  tell  of  experiment ; 
and  by  its  correfpondence  with  thefe  let  it  Hand  or  fall. 

12.  Caloric  both  haflens  the,  foliition  of  falts  in  wa¬ 
ter,  and  increafes  the  folvent  power  of  the  water  ;  for 
water  diflblves  a  much  greater  quantity  of  almoft  every 

^  fait  wdien  hot  than  when  cold.  The  reafon  that  calo- 
^ow^r  produces  thefe  effedls  is  obvious  from  thofe  proper- 

ties  of  it  which  have  been  defcribed.  It  haftens  foiu- 
tion  by  putting  the  particles  of  the  fluid  in  motion,  and 
thus  bringing  all  of  them  in  their  turn  into  contact  with 
the  fait ;  for  only  thofe  particles  can  a 61  as  fol vents 
which  are  in  contaA  with  the  fait.  It  increafes  the  fol¬ 
vent  power  of  the  fluid  by  combining  with  it,  and  form¬ 
ing  a  compound  which  has  a  greater  affinity  for  the  fait, 
and  which  therefore  diflblves  more  ot  it  than  the  fluid 
alone  would  have  done.  This  new  compound  is  de- 
ftroyed  by  cooling  ;  and  then  the  additional  dofe  of  the 
fait  which  had  been  diflblved  is  precipitated. 

13.  We  fhould  come  now  to  the  confideration  of  the 
two  remaining  queftions  propofed  at  the  end  of  the  fecond 
chapter,  Why  do  bodies  combine  with  oxygen  at  one 
temperature  and  not  at  another  ?  And  why  is  caloric 
necefiary  to  produce  this  union  ?  But  as  the  difficulty 
of  thefe  queftions  is  not  inferior  to  their  importance, 
we  fhall  delay  any  attempt  to  anfwer  them  till  we  come 
to  treat  of  affinity. 

Methods  of  14.  It  now  only  remains  to  confider  the  methods  by 
obtaining  caloric  may  be  obtained  in  a  fenlible  llate.  Thefe 

methods  may  be  reduced  to  four  ;  combuftion,  percuf- 
fion,  fridion,  and  light :  the  laft  of  which  fhall  be  con- 
fidered  afterwards. 

We  have  feen  already,  that  the  combuftion  of  fimple 
combujlibles  and  metals  is  merely  their  combination  with 
oxygen,  during  which  the  oxygen  parts  with  the  calo¬ 
ric  with  which  it  was  formerly  united.  Now  the  very 
fame  thing  takes  place  in  other  combuftions.  The  com- 
buftible  unites  with  oxygen,  which  at  the  fame  time 
gives  out  its  caloric.  The  change  then  which  the 
combuftible  body  fuflers  is  not  owing  to  the  adlion  of 
caloric  on  it,  but  to  its  combining  with  oxygen.  The 
very  fame  change  can  be  brought  about  without  any  of 
the  ufual  phenomena  which  attend  combuftion,  fimply 
by  prefenting  the  oxygen  combined  with  fome  other 
body  inftead  of  caloric.  Nitric  acid,  for  inftance,  is 
a  body  which  contains  in  it  a  good  deal  of  oxygen  : 
If  phofphorus  be  mixed  with  this  acid,  it  attradls  part 
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of  the  oxygen,  and,  without  any  of  the  ufual  phenome-  ^  Caloric.  ^ 
na  which  attend  combuftion,  is  converted  into  phofpho- 
ric  acid.  Stridfly  fpeaking,  then,  combuftion  is  nothing 
elfe  but  the  combination  of  oxygen  with  the  burning 
body,  and  the  term  might  therefore  be  ufed  in  every  cafe 
where  fuch  an  union  takes  place ;  and  in  this  fenfe  indeed  2^4 
it  is  now  employed  by  feveral  writers.  But  the  term  Whether  it 
comhujiion  is  in  common  language  confined  to  thofe 
where  the  oxygen  was  previoufly  combined  with  calo-^^y^^-j^ 
ric,  and  where  a  quantity  of  heat  and  light  become  fen-  pot  prefcnc. 
Able  ;  and  perhaps  it  would  be  better,  in  order  to  pre¬ 
vent  ambiguity,  never  to  employ  it  in  any  other  fenfe. 

We  are  not  yet  abfolutely  certain  that  caloric  and  light 
may  not  become  fenfible  in  other  combinations  befides 
thofe  into  which  oxygen  enters.  There  are  other  fub- 
ftances  befides  oxygen  capable  of  combining  with  calo¬ 
ric  ;  for  inftance,  hydrogen  and  azot  ;  and  unlefs  their 
affinity  for  caloric  be  greater  than  for  any  other  fub- 
ftance,  they  may  be  capable  of  combining  with  other 
fubftances,  and  feparating  from  caloric,  at  leaft  the  im- 
poffibility  of  this  has  never  yet  been  demonftrated.  It 
is  improper,  therefore,  to  appropriate  the  word  comhiiffi 
tion  to  the  combinations  of  oxygen,  till  it  can  be  (hewn 
that  the  phenomena  ufually  denoted  by  that  name  are 
never  owing  to  any  other  caufe.  There  is  even  one 
cafe  in  which  thefe  phenomena  prefent  themfelves,  in 
which  we  are  next  to  certain  that  oxygen  has  no  (hare. 

There  is  an  affinity  between  fulphur  and  iron,  and  a 
high  temperature  promotes  their  union.  When  thefe 
fubftances  are  mixed  together,  and  heated  till  they  juft 
begin  to  appear  red  hot,  they  combine  together,  and 
at  the  fame  time,  as  the  Dutch  chemifts  firft  ubferved, 
a  good  deal  of  caloric  and  light  is  evolved.  The  very 
fame  phenomena  appear  in  a  vacuum,  or  in  any  kind 
of  air  whatever.  The  explanation  of  them  is  very 
fimple  and  obvious.  The  fulphur  or  the  iron,  or  per¬ 
haps  both,  had  previoufly  been  combined  with  a  quan¬ 
tity  of  caloric ;  and  when  they  united  together,  this  ca¬ 
loric  of  courfe  feparated  from  them.  ^  195 

The  theory  of  combuftion  adopted  by  the  earlier  Stahl’s  the- 
chemifts  was  very  diflevent  from  the  preceding. 
as  has  been  already  explained,  confidered  combuftion 
in  every  inftance  as  owing  to  the  feparation  of  phlogif- tionofphlo- 
ton  ;  and  this  opinion  foon  became  univerfal.  He  coii-giflon, 
fidered  plilogifton  as  the  fame  thing  with  the  element 
of  fire  j  which  was  capable  both  of  becoming  fixed  in 
bodies,  and  of  exifting  in  a  Hate  of  liberty.^  Two  of 
its  properties  In  this  laft  ftate  were  heat  and  light.  The 
heat  and  the  light,  then,  which  became  fenfible  during, 
combuftion,  were  nothing  elfe,  according  to  Stahl,  but 
two  properties  of  pblogifton  or’  the  element  of  fire.  ^^5 
Macquer,  to  whofe  iiluftrious  labours  feveral  of  the  moft  Improved 
important  branches  of  chemiftry  owe  their  exiftence,hy  Mac- 
wai,  we  believe,  the  firft  perfon  who  perceived  a  ftri-fl^®^> 
king  defe6l  in  this  theory  of  Stahl.  Sir  Ifaac  Newton 
had  proved  that  light  is  a  body  ;  it  was  abfurd,  there¬ 
fore,  to  make  it  a  mere  property  of  pblogifton  or  the 
element  of  fire.  Macquer  accordingly  confidered  phlo- 
glfton  as  nothing  elfe  but  light  fixed  in  bodies.  This 
opinion  was  embraced  by  a  great  number  of  the  moft 

diftin- 


(0  The  fame  opinion  has  been  embraced  by  Seguin,  Piaet,  Gadolin,  and  feveral  other  philofophers.  We 
did  not  mention  them,  becaufe  the  theory  given  above  differs  in  a  few  particulars  from  theirs..  But  we  have  de- 
rived  much  inftruaion  from  their  ingenious  writings;  and  many  of  the  fads  which  we  have  given  were  obtained: 
from  them. 
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diflinguifhed  chemifts ;  and  many  Ingenious  arguments 
were  brought  forward  to  prove  its  truth.  But  if  phlo- 
giflon  be  only  light  fixed  in  bodies,  whence  comes  the 
heat  that  manifefis  itfelf  during  combuftlon  ?  Is  this 
heat  merely  a  property  of  light  ?  Dr  Black  proved 
that  heat  is  capable  of  combining  with,  or  becoming 
fixed  in  bodies  which  are  not  combuftible,  as  in  ice 
and  water ;  and  concluded  of  courfe,  that  it  is  not  a 
property  but  a  body.  From  that  time  heat  or  caloric 
was  confidered  by  the  greateft  number  of  chemifts  as  a 
diftinfl  fubftance  from  phlogifton. 

Soon  after  this,  a  phenomenon,  which  had  been  ob- 
ferved  from  the  earlieft  ages,  and  which  probably,  for 
that  very  reafon,  had  been  negle6led,  began  to  be  at¬ 
tended  to  ;  that  combuftibles  would  not  burn  except  in 
conta£l  with  air.  Dr  Prieftley  obferved,  that  the  air  in 
which  combuftibles  had  been  fuffered  to  burn  till  they 
were  extinguiftied,  had  undergone  a  very  remarkable 
change  ;  for  no  combuftible  would  afterwards  burn  in 
it,  and  no  annimal  could  breathe  it  without  fuftb- 
cation  (k).  He  concluded,  as  Dr  Rutherford  had  done 
before  him,  that  this  change  was  owing  to  phlogif¬ 
ton  ;  that  the  air  had  combined  with  that  fubftance ; 
and  that  air  was  neceffary  to  combuftion,  by  at- 
tradling  the  phlogifton,  for  which  it  had  a  ftrong  af¬ 
finity.  If  fo,  phlogifton  could  not  be  light  any  more 
than  caloric  ;  for  if  it  feparated  from  the  combuftible 
merely  by  combining  with  air,  it  could  not  furely  dif- 
play  itfelf  in  the  form  of  light.  The  queftion  then  re¬ 
curred  with  double  force,  What  is  phlogifton  ?  Dr 
Ci'awford,  of  whofe  ingenious  experiments  on  the  fpe- 
cific  caloric  of  bodies  we  have  already  given  an  account, 
without  attempting  to  anfwer  this  queftion,  made  a  con- 
fiderable  improvement  in  the  theory  of  combuftion,  by 
fuppofing  that  the  phlogifton  of  the  combuftible  com¬ 
bined  with  the  air,  and  at  the  fame  time  feparated  the 
caloric  and  light  with  which  that  fluid  had  been  previ- 
oufly  united.  The  heat  and  the  light,  then,  which 
appeared  during  combuftion,  exifted  previoufly  in  the 
air.  This  theory  was  very  different  from  StahPs,  and 
certainly  a  great  deal  more  fatisfadlory.  But  ftill 
the  queftion.  What  is  phlogifton  ?  remained  to  be  an- 
fwered.  Mr  Kirwan,  who  had  already  raifed  himfelf 
to  the  firft  rank  among  chemical  philofophers  by  many 
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important  difeoveries,  and  many  ingenious  inveftiga-  CaloHc. 
tions  of  fome  of  the  moll  difficult  parts  of  chemiftry, 
attempted  to  anfwer  this  queftion,  and  to  prove  that 
phlogifton  was  the  fame  with  hydrogen*”.  The  fub- *  In  hh 
je6l  was  now  brought  to  a  ftate  capable  of  the  moft^^^"^^^®^ 
complete  decifion.  Does  hydrogen  a6lually  exift  in  all 
combuftible  fubftances  ?  and  is  it  feparated  from  them  Refuted, 
during  every  combuftion  ?  The  French  chemifts  who 
anfwered  his  treatife,  fhewed  that  this  is  by  no  means 
the  cafe  ;  and  that  therefore  there  was  no  proof  what¬ 
ever  of  the  identity  of  phlogifton  and  hydrogen.  And 
Mr  Kirwan  in  confequence,  with  that  candour  which 
diftinguifhes  fuperior  minds,  gave  up  his  opinion  as  un¬ 
tenable.  301 

Mr  Lavoifier  had  already  put  the  queftion,  What 
proof  is  there  of  the  exiftence  of  phlogifton  at  all  .\orfdi%ro- 
There  is  only  this  Angle  proof,  that  fubftances  after  ved. 
combuftion  are  different  from  what  they  formerly  were. 

That  this  difference  takes  place  is  certainly  true  ;  but 
it  is  owing,  not  to  the  feparation  of  any  fubftance,  but 
to  the  combination  of  one.  It  follows,  therefore,  that 
there  is  no  proof  whatever  of  the  exiftence  of  any  fuch 
fubftance  as  phlogijlon  in  nature  ;  and  of  courfe  we  muft 
conclude  that  no  fuch  fubftance  exifts  (l}.  $0% 

15.  It  is  well  known  that  heat  is  produced  by  the 
percuffion  of  hard  bodies  againft  each  other.  When  p^ercuf- 
piece  of  iron  is  fmartly  and  quickly  ftruck  with  a  ham.(jon, 
mer,  it  becomes  red  hot ;  and  the  produdlion  of  fparks 
by  the  collifion  of  flint  and  fteel  is  too  familiar  a  fa£l  to 
require  being  mentioned.  No  heat,  however,  has  ever 
been  obferved  to  follow  the  percuffion  of  liquids,  nor  of 
foft  bodies  which  eafily  yield  to  the  ftroke. 

It  has  long  been  known,  that  hammering  increafes Owing 
the  denfity  of  metals.  The  fpecific  gravity  of  iron  be-P^*'^ly 
fore  hammering  is  7,788;  after  being  hammered,  7)840: 
that  of  platinum  before  hammering  is  19,50;  after  it,  * 
23,00.  Now  condenfation  diminilhes  the  fpecific  calo¬ 
ric  of  bodies.  After  one  of  the  clay  pieces  ufed  in 
Wedgewood’s  thermometer  has  been  heated  to  120%  it 
is  reduced  to  one  half  of  its  former  bulk,  though  it  has 
loft  only  two  grains  of  its  w  eight,  and  its  fpecific  calo¬ 
ric  is  at  the  fame  time  diminiflied  one  third  f.  But*^*^'^^^ 
we  cannot  conceive  the  fpecific  caloric  of  a  body  to  ^  * 

diminiflied  without  its  giving  out  at  the  fame  time  a 

quantity 


(k.)  Thefe  very  xjbfervations  had  been  made  almoft  a  century  before  by  Mayow’ ;  but  chemiftry  was  then  in 
Its  infancy  ;  little  attention  was  paid  to  them,  and  they  had  been  forgotten. 

(l)  Mr  Lavoifier  was  therefore  the  author  of  what  is  called  the  antiphlogtjltc  theory  in  chemiftry,  or  the  theory 
which  accounts  for  the  phenomena  of  chemiftry  without  the  affiftance  of  phlogifton.  It  has  been  fo  called  in 
oppofition  to  the  theory  of  Stahl,  which  explained  every  thing  by  means  of  phlogifton^  and  which  is  therefore 
called  the  phlngijlic  theory » 

Some  chemifts  have  affe<fted  to  omit  I^avoifier’s  name  altogether,  when  they  fpoke  of  the  antiphlogiftic  theoiy. 
According  to  them,  that  theory  was  founded  upon  the  experiments  and  difeoveries  of  other  chemifts,  and  Lavoi¬ 
fier  had  no  other  merit  but  that  of  bringing  it  into  public  notice. 

That  Mr  I^avoifier,  virtually  at  leaft,  claimed  feveral  of  the  difeoveries  of  others,  we  are  forry  to  be  under  the 
neceffity  of  acknowledging  ;  and  that  many  of  the  experiments,  brought  forward  to  difprove  the  exiftence  of 
phlogifton,  were  ffrft  made  by  others,  is  known  to  all  the  w'orld  :  but  it  is  equally  evident,  that  the  firft  perfon 
who  afliially  formed  tlie  theory  was  Lavoifier  ;  and  furely  tine  merit  lies  in  that.  It  is  not  thofe  who  collc6l 
the  ftones,  and  the  timber,  and  the  mortar,  but  he  who  lays  the  plan,  and  fliews  how  to  put  the  materials  toge¬ 
ther,  ^that  is  in  reality  the  builder  of  the  houfe.  Who  did  not  know,  as  w^ell  as  Newton,  that  a  ftone  fell  to  the 
ground,  and  that  the  planets  revolved  round  the  fun  ?  and  yet,  who  but  Newton  could  have  formed  the  theory 
of  gravitation  We  would  not  be  underftood  to  detradl  any  thing  from  the  merit  of  the  other  illuftrlous  philofo¬ 
phers  who  have  adorned  the  prefent  age,  many  of  whom  are  at  leaft  equal,  and  fome  of  them  fuperior  to  Lavoi¬ 
fier  :  But  we  are  afraid  that  envy,  or  feme  worfe  motive,  guided  the  pen  of  one  at  leaft  of  the  moft  atlive  and  vi¬ 
rulent  antagonifts  of  that  illuftrious  and  unfortunate  philofopher.  It  muft  not,  however,  be  concealed,  that  his 
theory  of  combuftion  is  incomplete.  See  Combustion  in  this  Supplement, 
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Caloric,  quantity  of  caloric  ;  and  we  know  for  certain  that  ca- 
loric  is  evolved  dvring  condenfation.  A  thermometer 
placed  within  a  condenfer  rifes  feveral  degrees  every 
»  T>arivln,  time  air  is  thrown  in  *.  We  can  even  fee  a  reafon  for 
Fhil.  Tra^/this.  When  the  particles  of  a  body  are  forced  nearer 
each  other,  the  repulfive  power  of  the  caloric  combined 
with  them  is  increafed,  and  confequently  a  part  of  it 
will  be  apt  to  fly  off.  Now,  after  a  bar  of  iron  has 
been  heated  by  the  hammer,  it  is  much  harder  and  brit- 
tler  than  before.  It  muft  then  have  become  denfer, 
and  confequently  muft  have  parted  with  caloric.  It  is 
an  additional  confirmation  of  this,  that  the  fame  bar 
cannot  be  heated  a  fecond  time  by  perculfion  until  it  has 
been  expofed  for  fome  time  to  a  red  heat.  It  is  too 
brittle,  and  flies  to  pieces  under  the  hammer.  Now 
brittlenefs  feems  in  moft  cafes  owing  to  the  abfence  of 
the  ufual  quantity  of  caloric.  Glafs  utiannealed,  or,  which 
is  the  fame  thing,  that  has  been  cooled  very  quickly,  is 
always  extremely  brittle.  When  glafs  is  in  a  ftate  of 
fufion,  there  is  a  vaft  quantity  of  caloric  accumulated  in 
it,  the  repulfion  between  the  particles  of  which  muft  of 
courfe  be  very  great  ;  fo  great  indeed,  that  they  would 
be  difpofed  to  fly  off  in  every  diredlion  with  inconcei¬ 
vable  velocity,  were  they  not  confined  by  an  unufually 
great  quantity  of  caloric  in  the  furrounding  bodies  ; 
confequently  if  this  furrounding  caloric  be  removed,  the 
caloric  of  the  glafs  flies  off  at  once,  and  more  caloric  will 
leave  the  glafs  than  otherwife  would  leave  it,  becaufe 
the  velocity  of  the  particles  muft  be  greatly  increafed. 
Probably  then  the  brittlenefs  of  glafs  is  owing  to  the 
deficiency  of  caloric ;  and  we  can  fcarcely  doubt  that 
the  brittlenefs  of  iron  is  owing  to  the  fame  caufe,  if  we 
recolle<ft  that  it  is  removed  by  the  application  of  new 
caloric.  Part  therefore  of  the  caloric  which  appears  in 
confequence  of  perenflion  feems  to  proceed  from  the 
body  ftruck  ;  and  this  is  doubtlefs  the  reafon  why  thofe 
bodies,  the  deiifity  of  which  is  not  increafed  by  percuf- 
fion,  as  liquids  and  foft  fubftances,  are  not  heated  at 
all. 

And^parely  caloric,  becaufe,  often  at  leaft, 

combuf-  patt  of  it  is  probably  ov/ing  to  another  caufe.  By  con- 
tion.  denfation,  as  much  caloric  is  evolved  as  is  fuffieient  to 
raife  the  temperature  of  fome  of  the  particles  (3f  the 
body  high  enough  to  enable  it  to  combine  with  the 
oxygen  of  the  atmofpherc.  The  combination  adfualiy 
takes  place,  and  a  great  quantity  of  additional  caloric  is 
feparated  by  the  decompofition  of  the  gas.  That  this 
happens  during  the  collifion  of  flint  and  ftcel  cannot  be 
doubted  ;  for  the  fparks  produced  are  merely  fmall 
pieces  of  iron  heated  red  hot  by  uniting  with  oxygen 
during  their  paffage  through  the  air,  as  any  one  may 
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convince  himfelf  by  a6lually  examining  them.  Mr  Lane  Caloric, 
has  fticwn  that  iron  produces  no  fparks  in  the  vacuum 
of  an  air.pump;  but  Mr  Kirwan  has  obferved  that  they 
are  produced  under  common  fpring  water;  and  we  know 
that  iron  at  a  certain  temperature  is  capable  of  decom- 
pofing  water.  305 

When  quartz,  rock-cryftal  (m),  or  other  very  hard ‘Sparks e- 
ftones,  are  ftruck  againft  one  another  they  emit  fparks. 

If  they  be  often  made  to  emit  fparks  above  a  fheet 
white  paper,  there  are  found  upon  it  a  number  of  fmall  elifioii. 
black  bodies,  not  very  unlike  the  eggs  of  flies.  Thefc 
bodies  are  hard  but  friable,  and  when  rubbed  on  the 
paper  leave  a  black  ftain.  When  viewed  with  a  mi- 
crofeope,  they  feem  to  have  been  melted.  Muriatic 
acid  changes  their  colour  to  a  green,  as  it  does  that  of 
lavas  *.  Thefe  fubftances  evidently  produced  the  fparks  *  Lamanon^. 
by  being  heated  red  hot.  Lamanori  (n)  fuppofes  t\\2ii  Jcurn.  de 
they  are  particles  of  quartz  combined  with  oxygen.  ^7^5’ 
Were  that  the  cafe,  the  phenomenon  would  be  pre- 
cifely  fimilar  to  that  which  is  produced  by  the  collifion 
of  flint  and  fteel.  That  they  are  particles  of  quartz 
cannot  be  doubted;  but  to  fuppofe  them  combined  with 
oxygen  is  contrary  to  all  experience  :  for  thefe  ftones 
never  fhew  any  difpofition  to  combine  with  oxygen  even 
when  expofed  to  the  moft  violent  heat.  La  Methcrie 
made  experiments  on  purpofe  to  fee  whether  Lamaiion’s 
opinion  was  well  founded;  but  they  all  turned  out  unfa¬ 
vourable  to  it.  And  Monge  afeertained,  that  the  par¬ 
ticles  deferibed  by  Lamanon  were  pure  cryftal  unalter¬ 
ed,  with  a  quantity  of  black  powder  adhering  to  them;  306  ' 

He  concludes  accordingly,  that  thefe  fragments 
been  raifed  to  fo  high  a  temperature  during  their  paf-^y,Q^”* 
fage  through  the  air,  that  they  fet  fire  to  all  the  mi¬ 
nute  bodies  that  came  in  their  way  f .  We  muft  there- 1 
fore  either  fuppofe  that  all  the  caloric  was  produced  hy 
mere  condenfation,  which  is  not  probable,  or  acknow¬ 
ledge  that  we  cannot  explain  the  phenomenon. 

16.  Caloric  is  not  only  produced  by  percuffion,  butEmiffion 
alfo  by  fridlion.  Fires  are  often  kindled  by  rubbing  of  caloric 
pieces  of  dry  wood  fmartly  againft  one  another.  It 
well  known  that  heavy  loaded  carts  fometimes  take  fire 
by  the  fridlion  between  the  axle-tree  and  the  wheel, 

Now  in  what  manner  is  the  caloric  evolved  or  accurnu-Not  owing 
lated  by  fridlion  ?  Not  by  increafiug  the  den  fit  y  of  the 
bodics  rubbed  againft  each  other,  as  happens  in  cafes 
percuffion  ;  for  heat  is  produced  by  rubbing  foft  bodies 
againft  each  other,  the  denfity  of  which  therefore  can¬ 
not  be  increafed  by  that  means,  as  any  one  may  con¬ 
vince  himfelf  by  rubbing  his  hand  fmartly  againft  his 
coat.  It  is  true,  indeed,  that  heat  is  not  produced  by 
the  friction  of  liquids,  but  then  they  are  too  yielding 

to 
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(m)  Thefe  ftones  are  compofed  of  almoft  pure  filica. 

(n)  This  ingenious  and  unfortunate  young  man,  to  whom  we  are  indebted  for  thefe  fafts,  fell  a  viAim  to  his 
ardour  for  knowledge.  He  accompanied  La  Peroiife.in  his  laft  voyage,  and  was  murdered  with  the  moft  favage  ‘ 
cruelty,  together  with  La  Langle  and  feveral  others,  by  the  natives  of  the  ifland  of  Maouna.  When  a  man  of 
genius,  anxious  to  acquire  honeft  fame,  and  a  man  too  fo  nobly  difinterefted  as  Lamanon,  thus  falls  prematurely 
before  he  has  attained  the  objeift  of  his  wiflies. 

Cut  off  from  nature’s  and  from  glory’s  courfe  ! 

Which  never  mortal  was  fo  fond  to  run,” 

who  can  withhold  the  tribute  of  regret  and  admiration,  when  they 

- Conjedlure  what  he  might  have  proved, 

“  And  think  life  only  wanting  to  his  fame.” 


ii.  io6. 
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Calor?c.  to  be  fubjeded  to  ftrong  friaibn,  It  is  not  owing  to 

-  the  fpecific  caloric  of  the  rubbed  bodies  decreafing;  for 

Norto  de-  Count  Rumford  found  that  there  was  no  fenfible  de- 
creafe^of  *  creafe  nor,  if  there  were  a  decreafe,  would  it  be  fuf- 
fpecific  ca-  ficient  to  account  for  the  vaft  quantity  of  heat  which  is 
loric,  fometimes  produced  by  friaion. 

*  Count  Rumford  took  a  cannon  call  folid  and  rough 

/on  S  /ourn.  foundery  ;  he  caufed  its  extremity 

to  be  cut  off,  and  formed,  in  that  part,  a  folid  cy¬ 
linder  attached  to  the  cannon  7^  inches  in  diameter 
and  9  f  5  inches  long.  It  remained  joined  to  the  reft 
of  the  metal  by  a  fmall  cylindrical  neck.  In  this  cy¬ 
linder  a  hole  was  bored  3,7  inches  in  diameter  and  7,2 
inches  in  length.  Into  this  hole  was  put  a  blunt  fteel 
borer,  which  by  means  of  horfes  was  made  to  rub  again  ft 
its  bottom  ;  at  the  fame  time  a  fmall  hole  was  made  in 
the  cylinder  perpendicular  to  the  bore,  and  ending  in 
the  folid  part  a  little  beyond  the  end  of  the  bore.  This 
was  for  introducing  a  thermometer  to  meafure  the  heat 
of  the  cylinder.  The  cylinder  was  wrapt  round  with 
flannel  to  keep  in  the  heat.  The  borer  preffed  againft 
the  bottom  of  the  hole  with  a  force  equal  to  about 
10,000  lb.  avoirdupois,  and  the  cylinder  was  turned 
round  at  the  rate  of  32  times  in  a  minute.  At  the  be- 
ginning  of  the  experiment  the  temperature  of  the  cy¬ 
linder  was  60^  ;  at  the  end  of  30  minutes,  when  it  had 
made  960  revolutions,  its  temperature  was  130°.  The 
quantity  of  metallic  duff  or  fcales  produced  by  this  fric¬ 
tion  amounted  to  837  grains.  Now,  if  we  were  to 
fuppofe  that  all  the  caloric  was  evolved  from  thefe 
fcales,  as  they  amounted  to  juft  part  of  the  cylin¬ 
der,  they  muft  have  given  out  948^  to  raife  the  cylinder 
and  confequently  66360°  to  raife  it  70®  or  to  130'^, 

which  is  certainly  incredible  f. 

Neither  is  the  caloric  evolved  during  friaion  owing  to 
the  combination  of  oxygen  with  the  bodies  tliemfelves  or 
any  part  of  them.  By  means  of  a  piece  of  clock-work, 
Mr  Piaet  made  fmall  cups  (fixed  on  the  axis  of  one  of 
the  wheels)  to  move  round  with  confiderable  rapidity, 
and  he  made  various  fubftances  rub  againft  the  outfides 
of  thefe  cups,  while  the  bulb  of  a  very  delicate  thermome¬ 
ter  placed  within  them  marked  the  heat  produced.  The 
whole  machine  was  of  a  fize  fufficiently  fmall  to  be  in¬ 
troduced  into  the  receiver  of  an  air-pump.  By  means 
of  this  machine  a  piece  of  adamantine  fpar  was  made 
to  rub  againft  a  fteel  cup  in  air  ;  fparks  were  produced 
in  great  abundance  during  the  whole  time,  but  the  ther¬ 
mometer  did  not  rife.  The  fame  experiment  was  re¬ 
peated  in  the  exhaufted  receiver  of  an  air-pump  (the  ma¬ 
nometer  ftanding  at  four  lines);  no  fparks  vvere  produ¬ 
ced,  but  a  kind  of  phofphoric  light  was  vifible  in  the 
dark.  The  thermometer  did  not  rife.  A  piece  of  brafs 
being  made  to  rub  in  the  fame  manner  againft  a  much 
fmaller  brafs  cup  in  air,  the  thermometer  (which  almoft 
*  filled  the  cup)  rofe  0,3°,  but  did  not  begin  to  rife  till  the 
fri6fion  was  over.  This  (hews  us  that  the  motion  produ¬ 
ced  in  the  air  carried  off  the  caloric  as  it  was  evolved.  In 
the  exhaufted  receiver  it  began  to  rife  the  moment  the 
fridlion  began,  and  rofe  in  all  1,2°.  When  a  bit  of  wood 
was  made  to  rub  againft  the  brafs  cup  in  the  air,  the 
thermometer  rofe  0,7°,  and  on  fubftituting  alfo  a  wood¬ 
en  cup  it  rofe  2,1®,  and  in  the  exhaufted  receiver  2,4®, 
mpisietrur  and  in  air  condenfed  to  i|  atmofpheres  it  rofe  0,5°*. 
HeFeVith.^.  If  thefe  experiments  be  not  thought  conclufive,  we 
*  have  others  to  relate,  which  will  not  leave  a  doubt  that 
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the  heat  produced  by  friftion  Is  not  conne61:ed  with  the  Caloric, 


con- 


f  Ibid. 
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decompofition  of  oxygen  gas,  Cc.mt  Rumford  v-w,,- 
trived,  with  his  ufual  Ingenuity,  to  enclofe  the  cylinder 
above  deferibed  in  a  w'ooden  box  filled  with  water,  which 
effcdlually  excluded  all  air,  as  the  cylinder  itfelf  and  the  * 
borer  were  furrounded  with  water,  and  at  the  fame  time 
did  not  impede  the  motion  of  the  inftrument.  The 
quantity  of  water  amounted  to  18,77  lbs,  avoirdupois, 
and  at  the  beginning  of  the  experiment  was  at  the  tem¬ 
perature  of  to^.  After  the  cylinder  had  revolved  for 
an  hour  at  the  rate  of  32  times  in  a  minute,  the  tempe¬ 
rature  of  the  water  was  107°;  in  30  minutes  more  it 
was  178®  ;  and  in  2  hours  and  30  minutes  after  the  ex¬ 
periment  began,  the  water  aBually  boiled.  According 
to  the  computation  of  Count  Rumford,  the  caloric  pro¬ 
duced  would  have  been  fuflicient  to  heat  26,58  lbs; 
avoirdupois  of  ice-cold  water  boiling  hot ;  and  it  would 
have  i*equired  9  wax  candles  of  a  moderate  fize,  burning 
with  a  clear  flame  all  the  time  the  experiment  lafted,  to 
have  produced  as  much  heat.  In  this  experiment  all  ac- 
cefs  of  water  into  the  hole  in  the  cylinder  where  the 
friiftion  took  place  was  prevented.  But  in  another  ex¬ 
periment,  the  refult  of  which  was  precifely  the  fame,  the 
water  was  allowed  free  accefs  *  NkUlfon^ 

The  caloric,  then,  which  appears  In  confequence  of/^/V. 
fri(ftion,  is  neither  produced  by  an  increafe  of  the 
fity,  nor  by  an  alteration  in  the  fpecific  caloric  of  the  at 

fubftances  expofed  to  fndlion,  nor  is  it  owing  to  the  de-prefent  in- 
compofition  of  the  oxygen  of  the  atmofphere. — ^Whence  explicable* 
then  is  it  derived  ?  This  queftion  we  arc  altogether  un¬ 
able  to  anfwer.  We  cannot,  however,  think  that  the  coii- 
clufion  which  Count  Rumford  is  difpofed  to  draw  from 
his  experiments  is  warranted  by  the  premifes.  He  fup-xhis  no 
pofes,  that  becaufe  we  cannot  explain  the  manner  that  proof  that 
caloric  is  accumulated  by  fridion,  there  is  no  fuch  fub- caloric  is 
ftance  as  caloric  at  all,  but  that  it  is  merely  a  peculiar^'^^  ^  I* 
hind  of  motion.  We  would  beg  leave  to  aflc,  how  the 
fadls  mentioned  in  the  former  part  of  this  chapter,  ma¬ 
ny  of  which  were  furnifhed  by  this  ingenious  philofo- 
pher  himfelf,  and  all  of  which  combine  to  render  the 
exiftence  of  caloric  as  a  fubftance  probable,  can  be  de- 
ftroyed  and  fet  afide,  merely  becaufe  there  are  other  phe¬ 
nomena  in  nature  connected  with  caloric  which  cannot 
be  accounted  for  ?  Were  it  poffible  to  prove  that  the 
accumulation  of  caloric  by  fri(ftion  is  incompatible  with 
its  being  a  fubftance,  in  that  cafe  Count  Rumford’s 
conclufion  would  be  a  fair  one  ;  but  this  furely  has  not 
been  done.  We  are  certainly  not  yet  fufficiently  ac¬ 
quainted  with  the  laws  <?f  the  motion  of  caloric  (allow¬ 
ing  it  to  be  a  fubftance)  to  be  able  to  affirm  with  cer¬ 
tainty  that  fridion  could  not  caufe  it  to  accumulate  in 
the  bodies  rubbed.  This  we  know  at  leaft  to  be  the 
cafe  with  eledricity.  Nobody  has  been  hitherto  able 
to  demonftrate,  in  what  manner  it  is  accumulated  by 
fridion  ;  and  yet  this  has  not  been  thought  a  fuflicient 
reafop  to  deny  its  exiftence.  313 

Indeed  there  feems  to  be  a  very  clofe  analogy  between  Analogy 
caloric  and  eledric  matter.  Both  of  them  tend  to  and 

themfelves  equally,  both  of  them  dilate  bodies,  both 
them  fufe  metals,  and  both  of  them  kindle  combuftible 
fubftances.  Mr  Achard  has  proved,  that  eledricity  can 
be  fubftituted  for  caloric  even  in  thofe  cafes  where  its 
agency  feems  peculiarly  neceffary  ;  for  he  found  that, 
by  conftantly  fupplying  a  certain  quantity  of  the  elec¬ 
tric  fluid,  eggs  could  be  hatched  juft  as  when  they  are 

kept 


Part  I.  CHE  M 

Caloric,  kept  at  the  temperature  of  103^  An  accident  indeed 
prevented  the  chickens  from  actually  coming  out  ;  but 
they  were  formed  and  living,  and  within  two  days  of 
burfling  their  fhell.  Ele6fricity  has  alfo  a  great  deal  of 
influence  on  the  heating  and  cooling  of  bodies.  Mr 
Pi£let  exhaufted  a  glafs  globe,  the  capacity  of  which 
was  1200,199  cubic  inches,  till  the  manometer  within 
it  flood  at  t,75  lines.  In  ihe'middle  of  this  globe  w^as 

I  fufpended  a  thermometer  which  hung  from  the  top  of  a 

glafs  rod  fixed  at  the  bottom  of  the  globe,  and  going 
almofl  to  its  top.  Oppofite  to  the  bulb  of  this  ther¬ 
mometer  two  lighted  candles  were  placed,  the  rays  of 
which,  by  means  of  two  concave  mirrors,  were  concen¬ 
trated  on  the  bulb  The  candles  and  the  globe  were 
placed  on  the  fame  board,  which  was  fupported  by  a 
non-condudor  of  eledlricity.  Two  feet  and  a  half  from 
j  the  globe  there  was  an'el^drifying  machine,  which 

communicated  with  a  brafs  ring  at  the  mouth  of  the 
globe  by  means  of  a  metallic  condudor.  This  machine 
was  kept  working  during  the  whole  time  of  the  experi- 
Client  ;  and  confequently  a  quantity  of  eledric  matter 
was  conftantly  palTing  into  the  globe,  which  formed  an 
atmofphere  not  only  within  it,  but  at  fome  diftance 
round,  as  was  evident  from  the  imperfed  manner  in 
which  the  candles  burned.  When  the  experiment  be¬ 
gan  the  thermometer  ftood  at  49,8^.  It  rofe  to  70,2^^ 
in  732".  The  fame  expenment  was  repeated,  but  no 
dedric  matter  thrown  in  ;  the  thermometer  rofe  from 
49,8"  to  70, 2^^  in  1050"  ;  fo  that  the  eledricity  haften- 
ed  the  heating  almofl  a  third.  In  the  firft  experiment 
the  thermometer  rofe  only  to  71,3°,  but  in  the  fecond 
it  rofe  to  77*’.  This  difference  was  doubtlefs  owing  to 
the  candles  burning  better  in  the  fecond  than  the  firft 
experiment ;  for  in  other  two  ej^penments  made  exad- 
ly  in  the  fame  manner,  the  maximum  was  equal  both 
I  when  there  was  and  was  not  eledric  matter  prefent. 

Thefe  experiments  were  repeated  with  this  di&rence, 
that  the  candles  were  now  infulated,  by  placing  their 
candlefticks  in  difhes  of  varnifhed  glafs.  The  thermo¬ 
meter  rofe  in  the  eledrical  vacuum  from  52,2®  to  74,7° 
in  T050";  in  the  fimple  vacuum  in  965".  In  the  elec¬ 
trical  vacuum  the  thermometer  rofe  to  77®  ;  in  the 
fimple  vacuum  to  86°.  It  follows  from  thefe  experi¬ 
ments,  that  when  the  globe  and  the  candles  communica¬ 
ted  with  each  other,  eledricity  haftened  the  heating  of 
the  thermometer ;  but  that  when  they  wer^  infulated 
*Piaetfur  feparately,  it  retarded  it*.  One  wmuld  be  apt  to  fuf- 
^f^Fftf.ch.6.ped  thevagency  of  eledricity  in  the  following  experi¬ 
ment  of  Mr  Pidet :  Into  one  of  the  brafs  cups  former¬ 
ly  deferibed,  a  fmall  quantity  of  cotton  was  put, to  pre¬ 
vent  the  bulb  of  the  thermometer  from  being  broken. 
As  the  cup  turned  round,  two  or  three  fibres  of  the 
cotton  rubbed  againft  the  bulb,  and  without  any  other 
fridion  the  thermometer  rofe  five  or  fix'  degrees.  A 
greater  quantity  of  cotton  being  made  to  rub  againft 
tlifiV.ch.  p.the  bulb,  the  thermometer  rofe  15  degrees  f. 

3 14  We  do  not  mean  to  draw  any  other  conclufion  from 

fads,  than  that  eledricity  is  very  often  concerned 
j  agent  in  the  the  heating  of  bodies’,  and  that  probably  fome  fuch 
Hheatingof  agent  is  employed  in  accumulating  the  heat  produced 
■(odies  by  ijy  fHdion.  Suppofing  that  eledricity  is  adually  a  fub- 
rnndm.  SuPPL.  VoL.  I.  Part  I. 
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ftance,  and  taking  it  for  granted  that  it  is  diiferent  Light, 
from  caloric,  does  it  not  in  all  probability  contain  ca-  * 

ioric  as  well  as  all  other  bodies  ?  Has  it  not  a  tendency^ 
to  accuiii’date  in  all  bodies  on  fridion,  whether  conduc¬ 
tors  or  non-condudors  ?  May  it  not  then  be  accumu¬ 
lated  in  thofe  bodies  which  are  rubbed  againft:  one  ano¬ 
ther  ?  or,  if  they  are  good  condudors,  may  it  not  pafs 
through  them  during  the  fridion  in  great^  quantities  ? 

May  it  not  part  with  fome  of  its  caloric  to  thefe  bodies, 
either  on  account  of  their  greater  affinity  or  fome  other 
caufe  ?  and  may  not  this  be  the  fource  of  the  caloric 
which  appears  during  fridion  ? 

Chap,  VI.  OfLiour. 

By  means  of  light  bodies  are  rendered  vifible.  Light  Newtonian, 
has  been  confidered  as  a  fubftance  cornpofed  of  fmall  theory  of 
particles  moving  in  ftraight  lines  from  luminous  bodits^'^l^^* 
with  inconceivable  rapidity.  The  difeoveries  of  New¬ 
ton  eftabliftied  this  opinion  on  the  firm  bafis  of  mathe¬ 
matical  demonftration  ;  and  fince  his  time  it  has  been 
generally  embraced.  liiiyghens,  indeed,  and-Euler,  ad¬ 
vanced  another  (o).  They  confidered  light  as  a  fubtile 
fiuid,  filling  all  (pace,  which  rendered  bodies  vifible  by 
its  undulations.  But  they  fupported  their  hypothefis 
rather  by  ftarting  objedlions  to  the  theory  of  Newton, 
than  by  bringing  forward  dired  proofs.  Their  objec¬ 
tions,  even  if  valid,  inftead  of  eftablifhmg  their  own  opi¬ 
nions,  would  prove  only  that  the  phenomena  of  light 
are  not  completely  underttood  ;  a  truth  which  no  man 
will  refufe  to  acknowledge,  whatever  fide  of  the  quef- 
tion  he  adopts.  Newton  and  his  difciples,  on  the  con¬ 
trary,  have  ftiewn  that  the  known  phenomena  of  light 
are  inconjiftent  with  the  undulations  of  a  fiuid,  and  have 
brought  forward  a  great  number  of  dired  arguments, 
which  It  has  been  impoffible  to  anfwer,  in  fupport  of 
their  theory.  It  can  hardly  be  doubted,  therefore,  that 
the  Newtonian  theory  of  light  is  the  true  one. 

Dr  Bradley,  who,  by  a  number  of  very  accurate  ex- Velocity  of 
periments,  and  a  procefs  of  reafoning  peculiarly  ingeni.  light, 
ous,  dticovered  the  aberration  of  light  of  the  fixed  ftar^^ 
has  (hewn  from  it  that  the  velocity  of  light  is  to  tl  -t 
of  the  earth  in  its  orbit  as  103  13  to  i.  Light  there¬ 
fore  moves  at  the  rate  of  195218  miles  in  a  fecond. 

Light,  by  means  of  a  prifm,  maybe  feparated  into  Di4rible 
feven  rays,  differing  from  each  other  in  colour;  red,  into  feven 
orange,  yellow,  green,  blue,  indigo,  violet.  None  of^^f^* 
thefe  are  capable  of  farther  decompofition.  Marat,  in- 
deed,  pretended  that  he  had  reduced  them  to  three; 
but  his  experiments  are  now  known  to  have  been  mere- 
ly  philofophical  frauds. 

^  When  light  pafles  obliquely  into  a  denfer  medium,  it  Dilering 
is  refraded  towards  the  perpendicular;  when  into  a  ra-i^^  refran- 
xax,  from  the  perpendicular.  Sir  Ifaac  Newton  difeo-S'^^^^^f* 
vered  that  the  rays  differed  in  their  refrangibility  in  the 
order  in  which  they  have  been  named,  the  red  being 
the  leaft,  the  violet  the  mofl  refrangible.  Mr  Blair  has 
obferved,  that  the  ratios  of  the  refrangibility  of  the 
different  rays,  though  not  their  order,  vary  fomewhat  in 
difierent  mediums  *.  ^  r 

When  light  paffes  within  a  certain  diftance  of  a  body, 

N  n  parallel 


(o)  Dr  Franklin  did  the  fame,  without  taking  any  notice  0/  thefe  philofophcrs,  of  whofe  opinions  perhaps 
he  was  ignorant.  See  Tranf  Fhilad,  III.  5.  r  l 
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Light,  parallel  to  which  It  h  moving,  it  is  bent  towards  it  ; 

*— V - 'when  it  paffes  at  a  greater  diftance,  it  is  bent  /row  it. 

,  The  fil'd  of  thefe  properties  is  called  tnfeaton,  the  iecond 

dSon.  dejleai-on.  Now  the  rays  differ  in  thefe  properties  in  the 
order  in  which  they  were  named  ;  the  red  being  wo/?, 
the  violet  leajl.  Inflexible  and  deflexible.  This  was  fuf- 
*  Tran/,  peded  by  David  Rittenhoufe  * ,  but  was  firfl  demonftra- 
FhUail.  ii.  ted  by  the  ingenious  experiments  of  Mr  Brougham  f. 

^  '  When  light  falls  upon  a  vifible  body,  fome  of  it  is  re 

^  1.1  _ _ +Vi#i  iirViitpr  nni 

3^0 


+  Phil.  Wlien  light  tans  upon  a  viiioic  uuuy,  - 

back  *,  and  the  more  polifhed  or  the  whiter  any 
Anf  °efl«.furface  is,  the  more  light  it  refleds.  The  rays  of  light 
ity.  difter  alfo  in  reflexity,  the  red  being  the  moft,  the  vio¬ 

let  the  leaft  reflexlble.  This  difcovcry  we  owe  to  the 

1  Phlt.  fame  ingenious  gentleman  J.  v,  r  u-  A  ..f 

Tran/.fjge.  Thefe  properties  of  light  conflitute  the  fubjed  of 
Optics;  to  which  we  refer  thofe  who  wifh  to  fee 
them  inveftigated.  We  mention  them  here  becaufe  they 
prove  that  light  is  aded  on  by  other  bodies  that  it  is 
fubjeded  to  the  laws  of  attradion,  and  confequently 
that  it  poffeffcs  ,  r  r 

2.  The  particles  of  light  feem  alfo,  like  thofe  of  ca¬ 
loric,  to  poffefs  the  property  of  repelling  one  another  ; 
at  lead  their  rapid  motion,  in  all  diredions,  from  lumi¬ 
nous  bodies,  fee  ms  to  be  owing  to  fome  fuch  property. 

,  Liffht  is  capable  of  entering  into  bodies,  and  re- 

pallcof  e'n.maining  in  them,  and  of  being  afterwards  extricated 
tering  bo-  without  anV  alteration.  Father  Beccaria,  and  feveral 
other  philofophers,  have  (hewn  us  by  their  pperiments, 
that  there  are  a  great  many  fubdances  which  become  lu- 
minous  after  being  expofed  to  the  light.  This  property 
was  difcovered  by  carrying  them  inftantly  from  the 
light  into  a  dark  place,  or  by  darkening  the  chamber  in 
which  they  were  expofed.  Moft  of  thefe  fubftanccs, 
indeed,  lofe  this  property  in  a  very  ftiort  tune,  but  they 
recover  it  again  on  being  expofed  to  the  light;  and  this 
may  be  repeated  as  often  as  we  pleafe.  We  are  indebt¬ 
ed  to  Mr  Canton  for  fome  very  interefting  experiments 
on  this  fubjed,  and  for  difcovering  a  compofitioi^hich 
poffeffes  this  property  in  a  remarkable  degree.  He  cal¬ 
cined  fome  common  oyfter  Ihells  in  a  good  coal  hre  for 
half  an  hour,  and  then  pounded  and  fifted  the  purett 
T,'  t  of  them.  Three  parts  of  this  powder  were  mixed 
with  one  part  of  the  flowers  of  fulphur,  and  rammed 
into  a  crucible  which  was  kept  red  hot  for  an  hour. 
The  brighteft  parts  of  the  mixture  were  then  fcraped 
off,  and  kept  for  ufe  in  a  dry  phial  well  flopped.  When 
this  compofition  is  expofed  for  a  few  feconds  to  the 

light,  it  becomes  fufficiently  luminous  to  enable  a  per- 

fon  to  diftinguilh  the  hour  on  a  watch  by  it.  Alter 
fome  time  it  ceafes  to  (hine,  but  recovers  this  property 
on  being  again  expofed  to  the  light.  Light  then  is 
not  only  aded  upon  by  other  bodies,  but  it  is  capable 
of  uniting  with  them,  and  afterwards  leaving  them  with- 

out  any  ebange.  ,  ,  ,  . 

It  is  well  known  that  light  is  emitted  during  com- 
buftion  ;  and  it  has  been  objeaed  to  this  conclulion, 
that  thefe  bodies  are  luminous  only  from  a  flow  and 
imperceptible  combultion.  But  furely  combuftioii  can¬ 
not  be  fufpeaed  in  many  of  Father  Beccana’s  experi¬ 
ments,  when  we  reflea  that  one  of  the  bodies  on  which 
they  were  made  was  his  own  hand,  and  that  many  of 
the  others  were  altogether  incombuflible ;  and  the  phe¬ 
nomena  obferved  by  Mr  Canton  are  alfo  incomp^ible 
with  the  notion  of  eombuftion.  His  pyrophorus  ftone 
only  in  confequence  of  being  expofed  to  light,  and  loii 
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that  property  by  being  kept  in  the  dark.  It  is  not  hight. 
expofiire  to  ligbt  which  caufes  fubftances  capable  of  *  ■ 
combuflion  at  the  temperature  of  the  atmofphere  to  be¬ 
come  luminous,  but  expofure  to  air.  If  the  fame  tem¬ 
perature  continues,  they  do  not  ceafe  to  fhine  till  they 
are  confumed  ;  and  if  they  ceafe,  it  is  not  the  applica¬ 
tion  of  light,  but  of  caloric,  which  renders  them  again 
luminous  :  but  Canton’s  pyrophorus,  on  the  contrary, 
when  it  had  loft  its  property  of  fhining,  did  not  recover 
it  by  the  application  of  heat,  except  it  was  accompa¬ 
nied  by  light.  The  only  effed  which  heat  had  was  to 
increafe  the  feparation  of  light  from  the  pyrophorus, 
and  of  courfe  to  (horten  the  duration  of  its  luminouf- 
nefs.  Two  glafs  globes,  hermetically  fealed,  containing 
each  fome  of  this  pyrophorus,  were  expofed  to  the  light 
and  carried  into  a  dark  room.  One  of  them,  on  being 
immerfed  in  a  bafon  of  boiling  water,  became,  much 
brighter  than  the  other,  but  in  ten  minutes  it  ceafed 
to  give  out  ligbt  ;  the  other  remained  vifible  for  more 
than  two  hours.  After  having  been  kept  in  the  d'ark 
for  two  days,  they  were  both  plunged  into  a  bafon  of 
hot  watei*  ;  the  pyrophorus  which  had  been  in  the  wa¬ 
ter  formerly  did  not  ihine,  but  the  other  became  luiiu* 
nous,  and  continued  to  give  out  light  for  a  confiderable 
time.  Neither  of  them  afterwards  flione  by  the  appli¬ 
cation  of  hot  winter  ;  but  when  brought  near  to  an  iron 
heated  fo  as  fcarcely  to  be  vifible  in  the  dark,  they  fud- 
denly  gave  out  their  remaining  light,  and  never  (hone 
more  by  the  fame  treatment  :  but  when  expofed  a  fe- 
cond  time  to  the  light,  they  exhibited  over  again  pre- 
cifely  the  fame  phenomena  ;  even  a  lighted  candle  and 
eleftricity  communicated  fome  light  to  them.  Surely 
thefe  fads  are  altogether  incompatible  with  combuftion, 
and  fully  fufficient  to  convince  us  that  light  alone  was 
the  agent,  and  that  it  had  adually  entered  into  the  lu¬ 
minous  bodies.  1  ,•  1 

It  has  been  queftioned,  indeed,  whether  the  light 
emitted  by  pyrophori  be  the  fame  with  that  to  which 
they  are  expofed.  Mr  Wilfon  has  proved,  that  in  ma¬ 
ny  c^ks  at  leaft  it  is  different,  and  in  particular  that 
on  many  pyrophori  the  blue  rays  have  a  greater  effed 
than  any  other,  and  , that  they  caufe  an  extrication  of 
red  light.  Mr  de  Groffer  has  (hewn  the  fame  thing 
with  regard  to  the  diamond,  which  is  a  natural  pyro¬ 
phorus  Still,  however,  it  cannot  be  queftioned  that  * 
the  luminoufnefs  of  thefe  bodies  is  owing  to  expofure 
to  ligbt,  and  that  the  phenomenon  is  not  conneded  with 

But  light  appears  capable,  not  only  of  «tenng  _.ntoAndof  k- 
bodies.  but  of  combining  with  them  chemically.  Hie 
phenomena  of  the  phofphori  feem  to  be  inftances  ^ftiieni, 
this,  and  a  great  many  fafts  concur  to  prove  that  light 
enters  into  the  compofition  of  oxygen  gas.  When  ve- 
eetables  grow  in  the  light,  they  give  out  oxygen  gas; 
but  no  oxygen  is  extricated  in  the  dark,  even  though 
heat  be  applied  f.  From  this  it  is  evident,  that  the 
paration  of  this  gas  from  plants,  or  perhaps  the  decom-^^^y^, 
pofition  of  the  water  which  they  contain,  depends  upon 
the  aaioii  of  light ;  and  that  as  this  decompofition  is  che¬ 
mical,  the  light  to  produce  it  muft  either  combine  with 
the  oxygen  or  the  hydrogen,  or  at  leaft  contribute  to 
the  combination  of  fome  other  fubftance  with  one  or 
other  of  them.  When  the  oxides  of  gold  or  filver  are 
expofed  to  light,  they  are  reduced  to  the  metallic  ftate  J,t 

and  at  the  fame  time  a  quantity  of  oxygen  gas  is  extri- 

cated. 
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tight,  cated  In  this  cafe,  It  is  evident  that  the  light  muft 
either  combine  with  the  oxygen  or  the  metals.  If  a 
#  quantity  of  nitric  acid  be  expofed  for  fome  time  to  the 

light,  it  becomes  yellow,  as  is  well  known,  and  a  quan¬ 
tity  of  oxygen  gas  is  found  floating  on  its  top.  If  it 
he  now  carried  to  a  dark  place,  the  oxygen  js  gradually 
abforbed,  and  the  acid  becomes  colourlefs.  In  this  cafe, 
nitric  acid  is  decompofed  by  means  of  light,  and  refol- 
ved  into  nitrous  acid  and  oxygen  gas.  The  light  muft 
therefore  have  combined  either  with  the  nitrous  acid  or 
the  oxygen.  But  no  change  whatever  appears  to  have 
been  produced  in  the  nitrous  acid  j  for  if  it  be  obtained 
in  the  dark  by  any  other  pvocefs,  it  has  precifely  the 
fan\e  properties.  The  oxygen,  on  the  contrary,  is  con¬ 
verted  into  ?Lgas,  It  is  more  probable,  then,  that  the 
light  has  combined  with  the  oxygen  than  with  the  acid. 
Hence  there  is  reafon  to  fufpedl  that  light  makes  one 
of  the  ingredients  of  oxygen  gas.  Caloric  has  already 
.  been  fhewn  to  make  another  ingredient. 

Llcht  ^  During  combuftion,  a  quantity  of  light  as  well  as  ca- 
which  ap-  loric  is  almoft  always  evolved.  We  muft  conclude,  there- 
pears  du-  t^at  light  makes  a  part  of  the  compofition  either 

buftiorfup.  combullibles  themfelves,  or  of  the  oxygen  gas 

pofed  com-  with  which  they  unite.  We  have  already  fliewn  that 
Dined  with  oxygen  gas  probably  contains  light ;  and  this  probabi- 
oxygen  gas.  ijty  jg  confirmed  by  another  fad.  Subftances  may  be 
combined  with  oxygen  without  the  emiflion  of  any 
light,  provided  the  oxygen  be  not  in  the  Hate  of  a  gas. 
If  phofphorus,  for  inftance,  be  put  into  nitric  acid,  it 
attrads  oxygen,  and  is  converted  into  phofphoric  acid 
without  the  emiflion  of  any  light.  Now  if  the  light 
which  appears  during  combuftion  had  been  combined 
with  the  combuftlble,  it  ought  to  appear  in  all  cafes 
when  that  combuftible  is  united  with  oxygen,  whether 
the  oxygen  has  previoufly  been  in  the  ftate  of  a  gas  or 
not.  But  as  this  is  not  the  cafe,  we  may  certainly  in¬ 
fer,  that  the  light  which  appears  during  combuftion  is 
extricated,  not  from  the  combuftible,  but  from  the  oxy¬ 
gen  gas.  And  this  feems  at  prefent  to  be  the  opinion 
of  the  greater  number  of  philofophers. 

But  we  muft  acknowledge,  that  this  concluflon  is 
not  without  its  difficulties,  and  difficulties,  too,  which, 
in  the  prefent  ftate  of  chemiftry ,  it  does  not  feeni  poflible 
to  furmount. 

Difficulties  In  the  ftrft  place,  it  is  evident,  that  light  may  be  pro- 
attending  duced  during  combuftion,  though  the  oxygen  be  not  in 
thisopi-  Qp  ^  gag  ;  I'or  if  nitric  acid  be  poured  upon 

oil  of  turpentine,  the  oil  takes  fire,  and  burns  with  the 
greateft  rapidity,  and  a  great  deal  of  light  is  emitted. 
This  combuftion  is  occalioned  by  the  oxygen  of  the 
acid  combining  with  the  ingredients  of  the  oil.  It  fol¬ 
lows,  therefore,  if  the  light  emitted  was  previoufly  com¬ 
bined  with  the  oxygen,  that  oxygen  muft  contain  light 
when  not  in  the  ftate  of  a  gas.  Mr  Prouft  has  fliewn 
that  a  great  variety  of  fimilar  combuftions  may  be  pro¬ 
duced.  But  what  is  very  remarkable,  by  proper  cau¬ 
tion  the  very  fame  combinations  may  be  made  to  take 
place  without  the  vlfible  emiflion  of  any  light.  In  that 
cafe  they  take  place  very  flowly,  as  happens  alfo  when 
phofphorus  decompofes  nitric  acid  ;  fo  that  the  emlf- 
fibn  or  non-emiffion  of  light  feems  to  depend  not  upon 
the  ftate  of  the  oxygen,  fo  much  as  upon  the  rapidity  or 
flovvnefs  of  the  combination.  It  is  true.  Indeed,  as  the 
late  Dr  Hutton  of  Edinburgh  obferved,  that  light  may 
be  emitted  ia  thefe  flow  combinations  though  it  bc’not 
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vlfible  ;  and  this  is  very  probably  the  cafe :  but  then  the 
proof  is  deftroyed  that  light  exifts  In  oxygen  gas,  from 
its  not  appearing  during  combinations  in  which  the 
oxygen  did  not  exlft  previoufly  in  a  gaieoiis  ftate. 

In  the  fecoiul  place,  the  colour  of  the  light  emitted 
during  combuftion  differs  almoft  always  according  to 
the  combuftible.  During  the  combuftion  of  phofpho- 
riis,  tin,  and  zinc,  the  light  emitted  is  wdilte  *,  during 
that  of  fulpliur  and  bifmuth,  blue.  Now  if  this  light 
were  united  with  the  oxygen,  why  does  it  not  appear  al¬ 
ways  of  the  fame  colour,  wdiatever  be  the  combuftible  ? 

Ill  the  laft  place,  the  phenomena  of  phofpliorl  fhew 
that  light  is  capable  of  entering  into  other  bodies  as  well 
as  oxygen  gas ;  and  the  emiflion  of  light  on  the  colli- 
fion  of  two  flint  ftones,  when  no  oxygen  gas  can  be  de¬ 
compofed,  is  a  proof  of  the  fame  kind,  which  cannot  be 
got  over. 

In  the  prefent  ftate  of  chemiftry,  therefore,  it  cannot 
be  concluded,  that  the  light  emitted  during  combuftion 
does  not  exift  in  the  combullibles  as  well  as  in  the 
oxygen.  .^25 

4.  Light  has  the  property  of  heating  bodies.  All ; 
bodies,  however,  are  not  heated  by  it.  Thofi?  which 
are  perfedlly  tranfparent,  or  wdiich  allow  ail  the  light 
to  pafs  throw  them,  fuffer  no  alteration  in  their  tem¬ 
perature.  Thus  light  may  be  concentrated  upon  wa¬ 
ter  or  glafs  without  producing  any  efiebl.  Neither 
does  it  produce  much  change  upon  thofe  bodies  (mir¬ 
rors  for  inftance)  that  refledl  all  or  nearly  all  the  light 
which  falls  upon  them.  And  the  fmallnefs  of  the  altcr- 
•ation  of  temperature  is  always  proportional  to  the  fine- 
nefs  of  the  polifh,  or,  which  is  the  fame  thing,  to  the 
quantity  of  light  which  is  refle6led.  So  that  we  have 
reafon  to  conclude,  that  If  a  fubftance  could  be  procu¬ 
red  which  refledled  all  the  light  that  fell  upon  it,  the 
temperature  of  fuch  a  fubftance  would  not  be  at  all  af* 
fe6led  by  light  falling  upon  It.  Dr  Franklin  expofed 
upon  fnow  pieces  of  cloth  of  different  colours  (white, 
red,  blue,  black)  to  the  light  of  the  fun,  and  found 
that  they  funk  deeper,  and  confequently  acquired  heat, 
in  proportion  to  the  darknefs  of  their  colour.  Now  it 
is  well  known  that  dark-coloured  bodies,  even  when 
equally  expofed  to  the  light,  refle6l  lefs  of  it  than  thofe 
which  are  light-coloured.  But  fince  the  fame  quantity 
falls  upon  each,  it  is  evident  that  dark-coloured  bodies 
muft  abforb  and  retain  more  of  it  than  thofe  which  are 
light-coloured.  That  fuch  an  abforption  ablually  takes 
place  is  evident  from  the  following  experiment.  Mr 
Thomas  Wedgewood  placed  two  lumps  of  luminous  or 
phofphorefcent  marble  on  a  piece  of  iron  heated  juft 
under  rednefs.  One  of  the  lumps  of  marble  which  was 
blackened  over  gave  out  no  light  ;  the  other  gave  out 
a  great  deal.  On  being  expofed  a  fecond  time  in  the 
fame  manner,  a  faint  light  was  feen  to  proceed  front 
the  clean  marble,  but  none  at  all  could  be  perceived  to 
come  from  the  other.  The  black  was  now  wiped  off, 
and  both  the  lumps  of  marble  were  again  placed  on  the 
hot  Iron  :  The  one  that  had  been  blackened  gave  out 
juft  as  little  light  as  the  other In  this  cafe,  the*P^V. 
light  which  ought  to  have  proceeded  from  the  lumi- 
nous  marble  difappeared  :  it  muft  therefore  have  been 
ftopped  in  its  palfage  out,  and  retained  by  the  black 
paint.  Now  black  fubftances  are  thofe  which  abforb 
the  moft  light,  and  they  are  the  bodies  which  are  moft 
heated  by  expofure  to  light.  Cavallo  obferved,  that  a 
N  n  2  thermometer 
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Light,  thermometer  with  its  bulb  blackened  ftands  higher  than 

^  one  v/hich  has  its  bulb  clean,  when  expofed  to  the  light 

^  Fhih  of  the  fun,  the4ight  of  day,  or  the  light  of  a  lamp 
Jranf,i'jlo,yir  Pidlet  made  the  fame  obfervation;  and  took  care  to 
afeertain,  that  when  the  two  thermometers  w^ere  allowed 
to  remain  for  fome  time  in  a  dark  place,  thby  acquired 
precifely  the  fame  height.  He  obferved,  too,  that  when 
both  thermometers  had  been  raifed  a  certain  number  of 
degrees,  the  clean  one  fell  a  good  deal  faller  than  the 
\  Sur  !e  other  f.  But  it  is  not  a  fmall  degree  of  heat  alone 

JFtrrf,  cb.  4‘  -which  can  be  produced  by  means  of  light.  When  its 

rays  are  concentrated  by  a  burning-glafs,  they  are  ca¬ 
pable  of  fetting  fire  to  confibuftibles  with  eafe,  and  even 
of  producing  a  temperature  at  lead:  as  great,  if  not 
greater,  than  what  can  be  procured  by  the  moll  violent 
and  bell  conducted  fires.  In  order  to  produce  tliic  ef- 
fe61,  however,  they  miift  be  diredfed  upon  fome  body 
capable  of  abforbing  and  retaining  them  ;  for  when 
they  are  concentrated  upon  tr.mfparent  bodies,  or  up(  n 
fluids,  mere  air  for  inftance,  they  produce  little  or  no 
whatever.  We  may  conclude,  therefore,  in  ge¬ 
neral,  that  in  all  cafes  when  light  produces  heat  it  is 
326  abforbed. 

Heat  ren-  All  bodies  become  luminous  when  their  tempera- 

lumin^us^^  ture  is  raifed  a  certain  number  of  degrees.  No  fadl  is 
'  more  familiar  than  this  ;  fo  w^ell  known  indeed  is  it, 
that  little  attention  has  been  paid  to  it.  V/hen  a  body 
becomes  luminous  by  being  heated  in  a  fire,  it  is  faid 
in  common  language  to  be  red  hot.  It  follows  from 
all  the  experiments  hittierto  made,  that  the  tempe¬ 
rature  at  which  they  become  red  hed  hot  is  nearly  the 
fame  in  all  bodies. —  It  feems  to  be,  pretty  near  800®, 
A  red  hot  body  continues  to  Ihine.  for  fome  time  after 
it  has  been  taken  from  the  fire  and  put  into  a  dark 
place.  The  confiant  acceffion,  then,  either  of  light  or 
heat  is  not  necefllry  for  the  fhining  of  bodies :  but  if 
a  red  hot  body  be  blown  upon  by  a  ftrong  current  of 
I  T.  Wedge-  air,  it  ceafes  to  fiiine  immediately  j;.  Confeqiiently  the 
yood,  Phil,  nioment  the  temperature  of  a  body  is  diminifhed  by  a 
certain  number  of  degrees,  it  ceafes  to  be  luminous. 

Whenever  a  body  reaches  the  proper  temperature,  it 
becomes  luminous,  independent  of  any  conta6l  of  air  ; 
for  a  piece  of  iron  wire  becomes  red  hot  while  immerfed 
§  Jd.ihtd.  melted  lead  §. 

Exifep^t  the  general  law  there  is  one  remarkable  excep- 

gsfes.  tion.  It  does  not  appear  that  the  gafes  become  lu¬ 
minous  even  at  a  much  higher  temperature.  The  fol¬ 
lowing  ingenious  experiment  of  Mr  T.  Wedgewood 
feems  to  fet  the  truth  of  this  exception  in  a  very  clear 
point  of  view.  He  took  an  earthen  ware  tube  B  (fig. 
5.),  bent  fo  in  the  middle  that  it  could  be  funk,  and 
make  feveral  turns  in  the  large  crucible  C,  which  was 
filled  with  fand.  To  one  end  of  this  tube  was  fixed  the 
pair  of  bellows  A  ;  at  the  other  end  was  the  globular 
veffel  D,  in  which  was  the  paffage  F,  furnifhed  with  a 
valve  to  allow  air  to  pafs  out,  but  none  to  enter.  There 
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was  another  opening  in  this  globular  vefTel  filled  with  la'ght. 
glafs,  that  one  might  fee  what  was  going  on  within. 

The  crucible  rvas  put  into  a  fire;  and  after  the  fand  had 
become  red  hot,  the  air  was  blown  through  the  earthen 
tube  by  means  of  the  bellows.  This  air,  after  pafiing 
through  the  red  hot  fand,  came  into  the  globular  veffel. 

It  did  not  fhine  ;  but  when  a  piece  of  gojd  wire  E 
was  hung  at  that  part  of  the  veffel  where  the  earthen 
ware  tube  entered,  it  became  faintly  luminous.  A 
proof,  that  though  the  air  was  not  luminous,  it  had  been 
hot  enough  to  raife  other  bodies  to  the  fhining  tempe¬ 
rature.  328 

6.  Thus  it  appears  that  light  and  heat  reciprocally 
produce  each  other  ;  that  the  fixation  of  light  in  bodies 
always  produces  heat,  and  that  the  application  of  a  fuf-phenomcn3i 
ficiently  ftrong  heat  always  occafions  the  extrication  of 
light.  Are  h'cat  and  light,  then,  owing  to  the  fame 
caufe?  Does  light  become  caloric  merely  by  being  fixed 
in  bodies  ?  and  does  caloric  affume  the  appearance  of 
light  whenever  it  is  extricated  from  them  ?  In  fhort, 
are  caloric  and  light  merely  names  for  the  fame  fub- 
ftance,  called  caloric  when  it  is  fixed  in  bodies,  and  light 
when  in  a  ftate  of  liberty  ? 

To  thefe  queftions  it  may  be  anfwered,  That  if  calo¬ 
ric  and  light  wvre  one  and  the  fame  fubftance,  they 
ought  to  produce  precifely  the  fame  effedls.  Now  this  is 
not  the  cafe :  a  black  body  is  not  heated  fooner  by  mere 
caloric  than  any  other,  though  the  contrary  takes  place 
when  both  are  expofed  to  the  light*.  Yltvct  cTcnnot*  T.  Wedge- 
make  growing  vegetables  exhale  oxygen  gas,  though  woo//, 
light  does  it  almoft  inftantaneoufly.  When  oxy-muriatic 
acid  (a  compound  of  oxygen  and  muriatic  acid)  is  ex¬ 
pofed  to  the  light,  a  quantity^  of  oxygen  gas  flies  off,  and 
nothing  remains  but  common  muriatic  acid.  Eight  then 
decompofes  this  acid  ;  for  if  you  wrap  up  a  bottle  in 
black  cloth,  fp  as  to  exclude  light,  and  then  expofe  it 
equally  to  the  fun,  no  fuch  decompofition  takes  place* 

Now  this  decompofition  cannot  be  produced  by  mere 
caloric.  If  the  acid  be  heated,  it  fimply  evaporates  with¬ 
out  being  altered.  Chaptal  ha-s  proved  (p),  that  the 
rays  of  light  diredled  on  certain  parts  of  glaffes,  con¬ 
taining  folutions  of  falls,  caufe  them  to  cryftallize  in 
that  part  in  preference  to  any  other  Thefe  obferva-  f  Mm. 
tions  have  been  confirmed  and  extended  by  MrDorthesJ/^‘’^'^“-^j,”**^ 
Now  caloric  produces  no  fuch  effefts,  nor  has  the  tern,  chm.  il 
perature  any  influence  on  the  phenomenon.  32. 

Thefe  fa61s  are  fufficient  to  fliew  that  light  and  calo¬ 
ric,  even  when  tliey  have  entered  into  bodies,  produce 
different  effedls,  and  that  therefore  they  have  different 
properties  (cl).  But  if  the  only  difference  between  them 
were,  that  the  one  is  in  a  ftate  of  liberty,  the  other  in  that 
of  combination,  the  moment  light  entered  a  body  it  ought 
to  be  no  longer  light  but  caloric,  and  confequently  ought 
to  produce  precifely  the  fame  effeifts  with  caloric  :  And 
fince  this  is  not  the  cafe,  we  are  warranted  furely 
to  conclude  that  light  and  caloric  are  not  the  fame, 

but 


(?)  Petit  made  the  fame  obfervations  in  1722*  See  Memoirs  of  the  Academy  of  Sciences  for  that  year,  p.  95. 
and  331. 

((L)  We  muft  acknowledge,  however,  that  the  following  ingenious  experiments  of  Profeffor  Piiftet  might  be 
adduced,  to  prove  that  light  and  caloric  poffefs  at  leaft  one  property  in  common,  that  of  moving  in  ftraight  lines; 

He  placed  two  concave  mirrors  of  tin,  of  nine  inches  focus,  at  the  diftance  of  twelve  feet  two  inches  from  one 
another.  In  the  focus  of  one  of  them  he  placed  a  ball  of  iron  two  inches  in  diameter,  heated  fo  as  not  to  be 

vifibie 
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3^9  , 
Suppofed 
owin^  to 
the  mutual 
rtpuifion 
of  light  and 
caloric. 


but  ditTtrfRt  fubflances  (r)»  How  then  does  caloric  oc- 
calion  the  appearance  of  light,  and  light  that  of  caloric? 

We  have  feen  already,  that  there  is  no  body  in  nature 
which  does  not  contain  caloric  ;  and  ligiit  has  fuch  an 
influence  upon  every, thing,  it  produces  fuch  important 
changes  upon  the  aniiUtil  and  vegetable  kingdoms,  it 
can  be  extricated  from  fuch  a  vaft  number  of  bodies, 
that  in  all  probability  we  may  conclude  with  regard  to 
it  alfo,  that  it  ex  ills  in  all,  or  in  almofl  all,  the  bodies  in 
nature.  We  have  no  means'  of  afeertaining  either  the 
quantity  of  light  or  of  caloric  that  exifls  in  bodies ; 
but  if  we  were  to  judge  from  the  quantity  which  ap¬ 
pears  during  combuftion,  we  miift  reckon  it  very  con- 
hderable.  Now,  may  there  not  exift  a  repulfion  between 
the  particles  of  caloric  and  light?  It  is  not  eafy,  at 
leaft,  to  fee  why  light  flies  off  during  combuflion  with 
fuch  rapidity,  if  this  be  not  the  ^afe.  If  fuch  a  repul- 
fion  adually  exifls,  it  \yill  follow  that  caloric  and  light 
cannot  be  accumulated  in  the  fame  body  beyond  a  cer¬ 
tain  proportion.  If  the  caloric  exceed,  it  will  tend  to 
drive  off  the  light  ;  if  the  light,  on  the  contrary,  hap- 
pens'to  prevail,  it  will  difplace  the  caloric. 

If  caloric  and  light  adfually  exifl  in  all  bodies,  there 
muff  be  an  affinity  between  them  and  all  other  bodies  ; 
and  this  affinity  muft  be  fo  great,  as  to  render  ineffec¬ 
tual  the  repulfion  which  exifts  between  light  and  caloric. 
Let  us  fuppofe  now,  that  thefe  two  fubflances  exiff  m 
all  bodies  in  certain  proportions,  it  will  follow,  that  the 


more  either  of  caloric  or  light  is  added  to  any  body,  the  ^ 
flronger  muft  the  repulfion  between  their  particles  be¬ 
come  ;  and  if  the  acc^imulation  be  flill  going  on,  this  re- 
pulfion  will  foon  become  great  enough  to  balance  their 
affinity  for  the  body  in  which  they  exift,  and  coiifequent- 
ly  will  difpofe  them  to  fly  off.  If  caloric,  for  ir.ftance, 
be  added  to  a  body,  whenever  the  body  arrives  at  a  cer¬ 
tain  temperature  it  becomes  luminous,  becaufe  of 
the  light  wdiich  w'as  formerly  combined  with  it  is  driven 
off.  This  temperature  muft  depend  partly  upon  the 
affinity  between  the  body  and  caloric,  and  partly  upon 
its  affinity  for  light.  Pyrophori,  for  inftance,  the  affi- 
nity  between  which  and  light  does  not  feem  to  be  very 
great,  become  luminous  at  a  very  moderate  temperature. 

This  is  the  cafe  with  the  pyroplioruS  of  Canton.  A 
great  many  hard  bodies  become  luminous  when  they  are 
expofed  to  a  moderate  heat ;  fluor,  for  inftance,  carbo- 
nat  of  barytes,  fpar,  fea- (hells,  and  a  great  many  others, 
which  are  enumerated  by  Mr  Thomas  Wedgwood*.  *  pm 
The  fame  ingenious  gentleinan  has  obferved,  \.hztTranf, 
gold,  filver,  copper,  and  iron,  become  luminous  wffien P- 
heated  in  times  inverfely  proportional  to  their  cfpecific 
calorics  f .  Now  the  fpecinc  calorics  of  thefe  metals  ^ 
are  in  the  following  order 


Iron, 

Copper, 

Silver, 

Gold, 


They 


viTible  In  the  dark  j  In  the  other  was  placed  the  bulb  of  a  thermometer.  In  fix  minutes  the  thermometer  rofe  front 
4®  to  14°  ( Reaumur).  A  lighted  candle,  which  was  fubftituted  for  the  ball  of  iron,  made  the  thermometer  rife  in 
one  experiment  from  4,6®  to  I4<';  in  another,  from  4,2°  to  14,3®.  In  this  cafe  both  light  and  heat  appeared  to 
aa  In  order  to  feparate  them,  he  interpofed  between  the  two  mirrors  a  plate  of  clear  glafs.  Before  the  inter- 
pofition  of  the  glafs,  the  thermometer  had  nten  from  2®  to  i2‘',  where  it  was  ftationary.  After  the  interpoli- 
tion  of  the  glafs  it  funk  in  nine  minutes  to  5,7®  ;  and  when  the  glafs  was  again  removed  it  rofe  m  feven  minutes 
to  n  1°  •  yet  the  light  which  fell  on  the  thermometer  did  not  leem  at  all  diminifhed  by  the  glafs.  Mr  Piaet 
therefore’concluded,  that  the  caloric  had  been  refleaed  by  the  mirror,  and  that  it  had  been  the  caufe  of  the  rife 
of  the  thermometer.  In  another  experiment,  a  glafs  matrafs  was  fubttituted  for  the  iron  ball,  nearly  of  the  fame 
diameter  with  it,  and  containing  2044  grains  of  boiling  water.  Two  minutes  after  a  thick  fereen  of  lilk,.wh!ch 
had  been  interpofed  between  the  two  mirrors,  was  removed,  a  Fahrenheit’s  thermometer,  which  was  in  the  other 
focus  rofe  from  47“  to  Coi  ;  and  the  moment  the  matrafs  was  removed  from  the  focus  the  themometer  again 
defeended.  On  repeating  the  experiment,  with  this  variation,  that  the  bulb  of  the  thermometer,  was  blackened. 

The  mkrore  of  tinwmre  now  placed  at  the  diflance  of  90  inches  from  each  other  ;  the  matrafs  with  the  boiling 
water  in  one  of  the  foci,  and  a  very  fenfible  air  thermometer  in  the  other,  every  degree  of  which  was  equal  to' 
,Vth  of  a  degree  of  Reaumur.  Exadlly  in  the  middle  fpace  between  the  two  mirrors,  there  was  placed  a  very  thm 
cLmon  glafX  mirror,  fufpended  in  fuch  a  manner  that  either  fide  could  be  turned  towards  the  matrafs.  Wheir 
the  Doliflied  fide  of  this  mirror  was  turned  to  the  matrafs,  the  thermometer  role  only  o,t®> ;  but  when  the  hdc 
covered  with  tinfoil,  and  which  had  been  blackened  with  ink  and  finoke,  was  turned  toward  the  matrafs,  the  ther¬ 
mometer  rofe  2,c°.  In  an.ther  experiment,  when  the  polllhed  fide  of  the  mirror  was  turned  to  the  matrafs  the  ther¬ 
mometer  rofe  V,  when  the  other  fide  9,2°.  On  rubbing  off  the  tinfoil,  and  repeating  the  experiment,  the  ther- 
mometer  rofe  1 8°  On  fubftitutiiig  for  the  glafs  mirror  a  piece  of  thin  white  paileboard  of  the  fame  dimenfions. 
with  it,  the  thermometer  rofe  10°.  On  putting  a  matrafs  full  of  fnow  into  one  of  the  foe.  (the  mirrors  in  tlnV 
exoeriment  were  loi  fret  difiant  from  each  other),  the  a.r  thermometer/i«;6  feveral  degrees,  and' rofe  again  when 
the  matrafs  was  removed.  When  nitric  acid  was  poured  on  the  Inow  the  thermometer  funk  5«  or  6Mower 

Taking  it  for  granted  that  thefe  experiments  proved  the  motion  of  caloric  in  ftraight  lines  like  light,  Mr  Pic¬ 
tet  endeavoured  to  difeover  the  velocity  of  its  motion.  For  this  purpofe  he  pladed  two  concave  mirrors  at  the 
diftance  of  69  feet  from  each  other ;  the  one  of  tin  as  before,  the  other  of  plafter  gnit,  and  18  inches  in  diame¬ 
ter  Into  the  focus  of  this  laft  mirror  he  put  the  air  thermometer,  and  the  bullet  of  iron  heated  as  before  into 
that  of  th-  other.  A  few  inches  from  the  face  of  the  tin  mirror  there  was  placed  a  thick  fereen,  which  was  re¬ 
moved  as  foon  as  the  bullet  reached  the  focus.  The  thermometer  rofe  the  i,iftant  the  fereen  was  remove.^  with¬ 
out  any  perceptible  interval :  hence  he  concluded,  tliat  the  time  caloric  takes  in  moving  69  feet  is  too  Ihort 
bemeafured.  See  Piffri/ur /e  F'rn,  chap.  lii. 

(r)  See  more  on  this  fubjeft  under  Tssrhometric  S^eSrum  in  this  ow//  emenl,. 
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They  become  luminoua,  therefore,  when  expofed  to 
the  fame  degree  of  heat,  in  the  following  order  : 

Gold, 

Silver, 

Copper, 

Iron. 

Now  the  fmaller  the  fpecihc  caloric  of  any  body  is, 
the  lefs  mud  be  the  quantity  of  caloric  necefiary  to 
Taife  it  a  given  number  of  degrees  ;  the  fooner  therefore 
mud  it  arrive  at  the  temperature  at  which  it  gives  out 
light.  It  was  natural  to  expert,  then,  if  the  emiffion  of 
light  from  a  body  by  the  application  of  heat  be  owing 
to  the  repulfion  between  caloric  and  light,  that  thofe 
bodies  fhould  become  luminous  fooned  in  which  that 
repulfion  increafes  with  the  greated  rapidity  ;  and  this 
vve  fee  is  precifely  the  cafe.  The  only  quedlon  to  be 
determined  before  drawing  this  conclufion  is,  Whether 
the  fame  quantity  of  caloric  entered  all  of  them  ?  That 
depends  upon  their  conducing  power,  which,  accord¬ 
ing  to  Ingenhoitfz,  is  in  the  following  order : 

Silver, 

Gold, 

Copper, 

Iron, 

We  fee,  then,  that  this  condudling  power  is  nearly 
in  the  order  in  which  thefe  metals  become  luminous  ; 
fo  that  the  greated  quantity  of  caloric  would  enter  thofe 
which  become  fooned  luminous.  Now  this  is  jud  what 
ought  to  happen,  provided  the  expiilfion  of  light  from  a 
luminous  body,  by  the  application  of  heat,  be  owing  to 
the  repulfion  betv^  een  the  particles  of  caloric  and  light. 

The  repulfion  between  the  different  rays  of  light  and 
caloric  does  not  feem  to  be  equal  ;  the  repulfion  be¬ 
tween  the  blue  rays  and  caloric  feems  to  be  greater  than 
that  between  the  red  rays  and  caloric;  and  the  repulfion 
between  all  the  rays  and  caloric  feems  to  be  diredlly  as 
their  refrangibility  :  accordingly,  when  heat  is  applied 
to  a  body,  the  blue  rays  efcape  fooner,  and  at  a  lower 
temperature,  than  the  red  rays  and  others  which  are 
mod  refrangible.  When  fulpliur,  for  indance,  is  burnt  at 
a  low  temperature,  the  colour  of  the  flame  is  blue  ;  and 
when  examined  by  the  prifm,  it  is  found  to  confid  of  the 
violet,  indigo,  blue,  and  fometimes  of  a  fmall  quantity  of 
^  Morpan,  the  green  rays*  ;  but  when  this  fubdance  is  burnt  at  a 
FhiL  Tranf.  high  temperature,  the  colour  of  the  dame  is  white,  all 
1785.  the  rays  feparating  together.  When  bodies  have  con¬ 
tinued  to  burn  for  fome  time,  they  may  be  fuppofed  to 
have  lod  the  greater  part  of  the  mod  refrangible  rays  ; 
hence  the  red  appearance  of  bodies,  charcoal  for  in¬ 
dance,  that  have  burnt  for  fome  time,  the  only  rays  which 
t  Ibid,  1‘emain  to  feparate  being  the  orange,  yellow,  and  redf . 

The  blue  rays  feem  not  only  to  repel  caloric  with 
greater  force,  but  llkewife  to  have  a  greater  affinity  for 
other  bodies  than  the  red  rays  have  ;  for  they  decom- 
pofe  the  oxide  of  filver  (or  rather  the  muriat  of  filver) 
much  fooner,  and  to  a  greater  extent,  than  the  red 
I  Sennebhr.  hence  we  fee  the  reafon  why  the  application  of 
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the  blue  rays  to  Mr  Wilfon^s  pyrophori  and  to  the  dia-  bight, 
mond  caufes  an  extrication  of  red  rays. 

We  have  feen  already,  that  the  gafes  are  not  heated 
red  hot  by  the  application  of  heat.  It  would  follow 
from  this,  that  the  gafes  do  not  contain  light :  but  the 
contrary  is  certain  ;  for  light  is  a6lually  extricated  du¬ 
ring  the  combudion  of  hydrogen,  and  mud  therefore 
have  exided  either  in  the  oxygen  or  hydrogen  gas,  or 
in  both.  Probably  therefore  the  reafon  that  heat  does 
not  extricate  light  from  the  gafes  Is,  that  the  affinity 
between  their  bafes  and  light  is  exceedingly  drong  :  it 
would  therefore  require  a  more  than  ufual  temperature 
to  produce  its  extrication  ;  and  on  account  of  the  great 
dilatability  of  thefe  gafes,  which  always  tends  to  dimi- 
nlfh  the  repulfion  between  the  caloric  and  light,  this 
temperature  cannot  be  applied.  It  is  eafy  to  fee,  upon 
/the  fuppofition  that  there  exids  a  repulfion  between  ca¬ 
loric  and  light,  why  the  accumulation  of  light  fhould 
produce  heat,  and  why  light  only  occftfions  heat  in 
thofe  bodies  that  abforb  it. 

Such  is  the  theory  of  the  caufe  of  the  reciprocal  ex¬ 
trication  of  light  and  caloric  by  the  application  of  thefe 
fubdances  refpedlively  to  bodies,  which  has  been  pro- 
pofed  by  feveral  ingenious  chemids  (s)  ;  and  vve  ac¬ 
knowledge  frankly,  that  it  appears  to  us  by  far  the 
mod  plaufible  of  all  the  explanations  of  this  phenome¬ 
non  with  which  we  are  acquainted.  ^  ^ 

It  is  not,  however,  beyond  the  reach  of  objeftions,  objedlioiii 
and  objeftlons  too,  we  are  afraid,  altogether  incompa- to  which 
tible  with  its  truth.  Were  the  repulfion  between  caloric 
and  light  the  only  caufe  of  the  luminoufnefs  of  hot  bo-^®  ^ 
dies,  the  continual  application  of  heat  would  furely  in 
time  feparate  the  whole  of  the  light  which  was  com¬ 
bined  with  the  body,  and  then  it  would  ceafe  to  be  lu¬ 
minous  altogether  ;  but  we  have  no  reafon  to  fuppofe 
that  bodies  ever  ceafe  to  become  luminous  by  the  con¬ 
tinued  application  of  heat.  Claveus  kept  melted,  and 
confequently  red  hot,  gold  for  months  in  a  furnace  ; 
but  he  does  not  fay  that  its  luminoufnefs  was  diminifii- 
ed,  far  lefs  dedroyed  ;  and  had  fuch  a  remarkable  phe¬ 
nomenon  taken  place,  certainly  he  would  not  have  failed 
to  inform  us ;  but  fo  far  from  that,  he  exprefsly  fays 
that  it  differed  no  alteration  (t)  ^  5  Sbawt 

Whether  light  would  continue  to  extricate  a  great  Boyle,  iiu 
deal  of  caloric  during  fo  long  a  time,  has  never  been  ^68. 
tried  :  but  we  have  no  reafon  for  fuppofing  that  its 
power  to  produce  that  effed  is  ever  exhauded ;  for  bo¬ 
dies,  after  being  expofed  to  the  fun  for  years,  and  even 
for  ages,  are  jud  as  much  heated  by  it  as  ever.  But 
thefe  effeds,  far  from  being  inexhaudible,  ought,  ac¬ 
cording  to  the  theory,  to  come  very  fpeedily  to  an  end. 

It  is  certainly  probable,  then,  as  other  phllofopliers 
have  fuppofed,  that  though  light  and  caloric  are  not 
precifely  one  and  the  fame  fubdance,  they  are  fome  how 
or  other  intimately  conneded,  and  are  either  compofed 
of  different  proportions  of  the  fame  ingredients,  or  the 
one  enters  into  the  compofition  of  the  other. 

One 


(s)  Particularly  by  Dr  Parr,  who  is  faid  to  be  the  author  of  a  paper  on  this  fubjed,  publifhed  in  the  Exeter 
Memoirs* 

(t)  a  gentleman,  to  whom  w’-e  mentioned  this  objedion,  obferved^  that  In  the  cafe  of  bodies  long  expofed  to 
heat,  the  light  which  appears  to  proceed  from  them,  might,  in  fad,  be  extricated  from  the  atmofphere  by  the  ca¬ 
loric  communicated  to  it  from  the  heated  body.  This  thought  is  new  and  ingenious,  and  might  eafily  be  put  to 
the  ted  of  experiment.  Some  of  the  fads  mentioned  in  the  text  are  rather  hodile  to  it ;  but  fhould  it  prove 
well  founded,  it  would  go  far  to  remove  mod  of  the  difficulties  in  which  the  theory  of  light  is  at  prefent  involved. 
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One  of  the  firll  theories  of  this  kind  (for  the  opinion 
of  *Stalil  has  been  already  dlfcufled)  was  formed  by  Mr 
Scheele^,  one  of  the  moft  extraordinary  men  and  great- 
eft  philofophers  that  ever  exifted.-  Without  the  afiift- 
aiice  of  education  or  of  wealth,  his  genius  burft  forth 
with  aftoniftiing  luftre  ;  and  at  an  age  when  moft  phi¬ 
lofophers  are  only  rifing  Into  notice,  he  had  flnifhed  a 
career  of  difcoveries  which  have  no  parallel  In  the  an¬ 
nals  of  chemlllry.  Whoever  wilhes  to  behold  Ingenuity 
combined  with  hmpliclty,  w^hoever  wifhes  to  fee  the  In- 
exhauftible  refourcesof  chemical  analyfts,  whoever  wifh¬ 
es  for  a  model  in  chemical  refearches — has  only  to  per- 
ufe  and  to  ftudy  the  works  of  Scheele  (t).  After  a 
vaft  number  of  experiments,  condu6icd  with  aftonilhing 
Ingenuity,  he  concluded,  that  caloric  was  compofed  of 
a  certain  quantity  of  oxygen  combined  with  phlogifton; 
that  radiant  heat,  a  fubftance  which  he  fuppofed^apa- 
ble  of  being  propagated  In  ftraight  lines  like  light,  and 
not  capable  of  combining  with  air,  was  compofed  of 
oxygen  united  with  a  greater  quantity  of  phlogifton, 
and  light  of  oxygen  united  with  a  ftill  greater  quantity. 
He  fuppofed,  too,  that  the  difference  between  the  rays 
depended  upon  the  quantity  of  phlogifton  :  the  red,  ac¬ 
cording  to  him,  contained  the  leaft  ;  the  violet,  the 
rnofl  phlogifton.  By  phlogtjlon  Mr  Scheele  feems  to 
have  meant  hydrogen*  It  is  needlefs  therefore  to  exa¬ 
mine  his  theory,  as  it  is  now  know'n  that  the  combina¬ 
tion  of  hydrogen  and  oxygen  forms  not  caloric  but  wa¬ 
ter  (u).  The  whole  fabric  therefore  has  tumbled  to  the 
ground;  but  the  importance  of  the  materials  will  always 
be  admired,  and  the  ruins  of  the  ftrufture  fhall  remain 
eternal  monuments  of  the  genius  of  the  builder. 

Mr  de  Luc,  fo  well  known  for  his  important  meteo- 
rolgical  labours,  has  advanced  another  theory  f.  Ac- 
'jdees  fur  la  to  him,  light  is  a  body  which  moves  conftantly 

MetiTo^  in  ftraight  lines,  with  fuch  rapidity  that  its  gravitation 
kgU.  towards  other  fubftances  bears  no  fenfible  proportion  to 
its  motion.  Light  has  the  property  of  combining  with 
another  unknown  fubftance,  and  the  compound  formed 
is  caloric,  which  pofTeffes  very  different  properties  from 
light.  Caloric  is  conftantly  defcribing  helicoldal  curves 
round  an  axis,  which  accounts  for  the  flownefs  of  its  ap¬ 
parent  motion.  Light  produces  or  increafes  heat,  part¬ 
ly  by’  increafing  the  cxpaiifive  power  of  caloric,  and 
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partly  by  combining  wn*th  the  tmkno’wn  fuljlance^  and 
forming  new  caloric  ;  caloric,  on  the  other  hand,  is  al-^ 
ways  decompofed  when  bodies  become  luminous.  This 
theory  is  oertainly  ingenious,  and  would  remove  many 
of  the  difficulties  which  we  at  prefent  labour  under  in 
attempting  to  explain  the  phenomena  of  caloric  and 
light.  It  is,  however,  liable  to  other  difficulties  which 
could  not  be  eafily  furmounted.  But  it  is  needlefs  to  ex¬ 
amine  thefe,  as  the  theory  itfelf  is  fupported  by  no  evi¬ 
dence  whatever,  and  cannot  therefore  be  admitted. 

Another  theoiy  has  been  advanced  by  the  late  Dr  Hutton’s 
Hutton  of  Edinburgh  (v)  ;  a  man  of  undoubted  genius, 
but  of  rather  too  fpeculative  a  turn  of  mind,  and  who 
fometimes  involved  himfelf  in  difficulties  from  his  very 
ingenuity.  All  his  writings  difplay  evident  marks  of 
the  profound  philofopher  ;  they  contain  much  inftruc- 
tion  ;  and  even  his  mlllakes  are  not  without  their  ufe  : 
but  unfortunately  his  manner  is  fo  peculiar,  that  it  is 
fcarcely  more  difficult  to  procure  the  fecrets  of  fcience 
from  Nature  herfelf,  than  to  dig  them  from  the  writings 
of  this  philofopher.  He  fuppofes  that  there  are  two 
kinds  of  matter,  gravitating  matter  and  light ;  the  laft: 
of  which  wants  gravity,  and  confequently  neither  pof- 
feffes  magnitude  (w)  nor  momentum.  Light  has  the 
power  of  being  fixed  in  bodies  ;  and  then  it  becomes 
either  caloric  or  phlogifton,  which  differs  in  fome  parti¬ 
culars  from  caloric,  but  in  what,  the  Dodfor  does  not 
precifely  tell  us. 

Part  of  this  theory  we  have  examined  already  when 
we  attempted  to  prove  that  light  and  caloric  were  dlf. 
ferent  fubftances.  The  other  part  of  the  llieoiy  feems 
to  involve  a  contradiction  ;  for  how  could  light  become 
fixed  in  a  body,  unlefs  it  were  attraCled  by  it  ?  and  if 
light  poffeffes  attraClion,  it  furely  cannot  be  deftitute* 
of  gravity  ;  for  what  is  gravity  but  altraQion  {.y*'^\ 

Thus,  notwithftanding  the  ingenuity  of  the  philofo¬ 
phers  who  have  attempted  to  inveftigate  this  part  of 
chemiftry,  the  connexion  between  light  and  caloric  is 
ftill  unknown.  We  muft  content  oiirfelves,  therefore, 
with  confidenng  them  at  prefent  as  diftinCl  fubftances,. 
and  leave  the  folution  of  the  many  difficulties  which  at 
prefent  perplex  us  to  the  more  happy  labours  of  future 
inquirers. 

Part 


(t)  This  Newton  of  chemiftry  died  in  1786,  at  the  age  of  44.  His  moral  charafter,  according  to. Mr  Er- 
hart  and  others,  who  were  the  companions  of  his  youth,  and  Melfrs  Gadolin,  Efpling,  and  tbofe  who  knew  him 
in  his  latter  days,  was  irreproachable  and  praife  worthy.  His  outward  appearance  was  not  expreffive  of  the  great 
mind  which  lay  concealed  as  it  were  under  a  veil.  He  feldom  joined  in  the  ufuah converfations  and  amufements. 
of  focietv  having  as  little  leifure  as  inclination  to  do  fo  ;  for  wliat  little  time  he  had  to  fpare  from  the  hurry  of 
his  profeffioii  (an  apothecary),  was  conftantly  filled  up  in  the  profecution  of  experiments.  It  was  only  when 
he  received  vifits  from  his  friends,  with  whom  he  could  converfe  upon  liis  favourite  fcience,  that  he  indulged  him¬ 
felf  in  a  little  relaxation.  For  fuch  friends  he  had  a  fincere  affeaion,  as  he  had  aUo  for  thofe  that  lived  at  a  di- 
ftance,  and  even  for  fuch  as  were  not  perfonally  known  to  him.  He  kept  up  a  regular  correfpondence  with, 
Meffrs  Erhavt,  Meyer,  Kirwan,  Crell,  and  feveral  other  chemifts.  See  Cre//  s  Ltfe  of  Scheele 

(v  1  This  candid  philofopher  afterwards  acknowledged,  that  the  prooft  for  the  compofition  of  water  were, 
complete  •  but  we  do  not  know  exaaiy  how  he  attempted  to  reconcile  his  theoij  of  heat  with  the  belief  that 
water  was  compofed  of  oxygen  and  hydrogen  ;  t\vo  opinions  which  are  certainly  incompauble. 

(vj  See  his  differtations  on  different  fubjeas  of  natural  philolophy.  . 

(w)  Indeed  Dr  Hutton  refufed  this  property  to  gravitating  matter  alfo  ;  followiag,  m  this  particular,  the 

theory  of  the  celebrsted  Bofcovich.  ,  ^ 

fxl  We  hone  not  to  be  accufed  of  difputing  merely  about  the  meaning  of  a  word,  till  what  is  faid  on  this? 

fubjea  in  the  chapter  of  the  prefent  article,  which  treats  of  Jj^nity,  has  been  examined. 
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r5  thofe  bodies  ^vluch  arc  compofed  of  JmpU 
j'jlfar'xes  combined  together,  for  want  of  a  better 
name  we  have  given  the  appeilatiori  of  compound  bodies^ 
They  may  be  reduced  under  five  claifes : 

I.  Water,  4.  Alkalies, 

2.  Alcohol,  5.  Acids. 

Oils, 

Thefe  fiialj  be  the  fubjedl  of  the  five  following  chap¬ 
ters;  and  we  ihall  finifh  this  part  of  the  article  withfoine 
obfervations  on  AJjintty, 

Chap.  I.  0/* Water. 

Water  is  a  well-known  liquid,  found  in  abundance 
In  every  part  of  the  world,  and  abfolutely  neceflary  for 
the  exiftence  of  animals  and  vegelables. 

When  pure,  in  which  ftate  it  can  be  obtained  only 
by  difiiliatiori,  it  is  tranfparent,  and  deilitute  of  colour, 
tafte,  and  fmell. 

A  cubic  foot  of  water,  at  the  temperature  of  55^, 
weighs,  according  to  the  experiments  of  Profeflbr  Ro- 
bifon  of  Edinburgh  (fee  ^'pecific  Gravity^  EncycL), 
Qp8,74  avoirdupois  ounces,  of  437,5  grains  troy  each, 
or  only  1,26  ounces  lefs  than  loco  avoirdupois  ounces; 
fo  that  rain  water,  at  the  fame  temperature,  will  weigh 
pretty  nearly  lOOO  ounces.  The  fpecific  gravity  of 
water  is  always  fuppofed  =:  i,coo,  and  it  is  made  the 
meafure  of  the  fpecific  gravity  of  every  other  body. 

When  water  is  cooled  down  to  32°?  it  affumes  the 
form  of  ice.  If  this  procefs  goes  on  very  flowly,  the  ice 
affumes  the  form  of  cryftalline  needles,,  croffiiig  each 
other  at  angles  either  of  60®  or  i  20S  as  Mr  de  Mairan 
has  remarked  ;  and  it  has  been  often  obferved  in  large 
cr}  dais  of  determinate  figures.  Ice,  while  kept  at  a 
temperature  confiderably  below  32^  is  very  hard,  and 
may  be  pounded  into  the  fined  duff.  It  is  elallic.  Its 
fpecific  gravity  is  lefs  than  that  of  water. 

When  water  is  heated  to  the  temperature  of  212°, 
it  boils,  and  is  gradually  converted  into  fteam.  Steam 
is  an  invifible  fluid  like  air,  but  of  a  lefs  fpecific  gravi¬ 
ty.  It  occupies  about  1  200  times  the  fpace  that  water 
does.  Its  elafticity  is  fo  great,  that  it  produces  the 
moft  violent  explofions  when  confined.  It  is  upon  this 
principle  that  the  fleam-engine  has  been  conftrudled. 
See  Steam  and  SrBAM-Engtne^  Encycl. 

The  phenomena  of  boiling  are  owing  entirely  to  the 
rapid  formation  of  fteam  at  the  bottom  of  the  veffel. 
The  boiling  point  of  water  varies  according  to  the  pref- 
fure  of  the  atmofpnere.  In  a  vacuum  water  boils  at 
90*^;  and  when  water  is  confined  in  Papin’s  digefter,  it 
may  be  almpft  heated  red  hot  without  boiling.  The 
mixture  of  various  falts  with  water  affedl  its  boiling 
point  confiderably.  Mr  Achard  made  a  number  of  ex¬ 
periments  on  that  fubje<5l  ;  the  refult  of  w’bich  may  be 
feen  in  the  following  Tables  *  : 

Class  I.  Salts  which  do  not  affeB  the  Boiling  Point* 
Sulphat  of  copper. 

Class  II.  Salts  which  ratfe  the  Boiling  Point, 

.  .  j  (  Muriat  of  foda  1  Raifes  the 
A  faturated  \  g^j 

folutionof  [  Sulphat  of  potafs  3  point 


A  faturated  I  Pf  7  f 

folution  of  j  .  f  ^ 

tCarbonat  or  loda  J  point 
This  augmentation  varies  with  the  quantity  of  fait 
dlffolved.  In  general,  it  is  the  greater  the  nearer  the 
folution  approaches  to  faturation. 

Class  III.  Salts  which  lower  the  Boiling  Point, 
r  In  a  fmall  quantity,  lowers  the  boiling 

1,350* 
0,22 
2,47 

la 
0,0 

0,0 
2,02 

0,45 

0,22 
1,24 


Water. 


1 


r  10,5 

t  c>,c 
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,6 


Borax,  <  point 

(.Saturated  folution  of, 

c  1  1  ^  r  r  f  In  a  fmall  quantity, 

Dulpliat  or  macfneiia,  -<0  j  r  ,  •  r 

^  ^  ’  (^Saturated  folution  of 

r  A  very  fmail  quantity  of, 

Alum,  <  A  greater  quantity, 

(.  A  faturated  folution  of, 

Sulphat  of  lime,  "1 

Sulphat  of  zinc,  f 

Suljhatofiron,  f  m  any  proportion, 

Acetite  of  lead,  J 

Class  IV. 

Muriat  of  V  quantity  of,  lowers  the  boil- 

ammonia,  ^  folution  of,  raifes  do.  9»79 

Carbonat  C  Small  quantity  of,  lowers  do.  ^>45 

of  potafs,  {^Saturated  folution  of,  raifes  do.  1 1,2 

Winter  was  once  fuppofed  to  be  incompreffible,  but  Water 
the  contrary  has  been  demonftrated  by  Mr  Canton.  The  compref- 
Abbe  Mongez  made  a  number  of  experiments,  long  af- 
ter  that  philofopher,  on  the  fame  fubjetl,  and  obtained 
fimilar  rcfults. 

Water  was  believed  by  the  ancients  to  be  one  of  the  Opinion 
four  elements  of  which  every  other  liody  is  compofed  ;  about  its 
and,  according  to  Hippocrates,  it  was  the  fubftance 
which  nouriflies  and  fupports  plants  and  animals.  That 
water  was  an  unchangeable  element  continued  to  be  be¬ 
lieved  till  the  time  of  Van  Helmont,  who  made  plants 
grow  for  a  long  time  in  pure  water :  From  which  ex¬ 
periment  it  was  concluded,  that  water  was  convertible 
into  all  the  fubftances  found  in  vegetables. — Mr  Boyle 
having  digefted  pure  water  in  a  glafs  veffel  hermetically 
fealed  for  above  a  year,  obtained  a  quantity  of  earthy 
fcales  ;  and  concluded,  in  confequence,  that  he  had  con¬ 
verted  it  partly  into  an  earth  *,  He  obtained  the  fame  * 
earth  by  diftilling  water  in  a  tall  glafs  veffel  over  a  Boyle,  iii. 
flow  fire  f.  Margraf  repeated  the  experiment  with  the  417*. 
fame  refult,  and  accordingly  drew  the  fame  conclufion.  I 
But  the  opinion  of  thefe  pbilofophers  was  never  very^ 
generally  received.  The  laft  perfoii  who  embraced  it 
was  probably  Mr  Wafelton,  who  publifhed  his  experi¬ 
ments  on  the  fubje(!ft  in  the  Journal  de  Phyjique  for 
lySc.  Mr  Lavoifier  had  proved,  as  early  as  1773,  that 
the  glafs  veffels  in  which  the  diftillation  was  performed 
loft  a  weight  exadlly  equal  to  the  earth  obtained.  Hence 
it  follows  irrefiftibly,  that  the  appearance  of  the  earth, 
which  was  filica,  proceeded  from  the  decompoficion  of 
the  veffels  ;  for  glafs  contains  a  large  proportion  of  fili- 
'  ca.  It  has  been  fince  fliewn  by  Dr  Priellley,-that  wa¬ 
ter  always  decompofes  glafs  when  applied  to  its  furface 
for  a  long  time  in  a  high  temperature. 

We  have  formerly  mentioned,  that  water  is  compofed 
of  oxygen  and  hydrogen.  This  great  difeovery  has 
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Water,  contributed  more  perhaps  than  any  other  to  the  advance- 
ment  of  the  fcience  of  chemiftry,  by  ftirnifhing  a  key 
Hiftory  of  explanation  of  a  prodigious  number  of  pheno- 

the  difeo-  The  evidence,  therefore,  on  which  it  refls,  and 

very  of  its  the  objeftions  which  have  been  made  to  it,  deferve  to 
compofi-  tie  examined  with  peculiar  attention. 

The  firft  per  foil  probably  who  attempted  to  difeo  ver 
what  was  produced  by  burning  hydrogen  gas  wasSclieele. 
He  concluded,  that  during  the  comburtlon  oxygen  and 
hydrogen  combined,  and  that  the  produdl  was  caloric. 

In  1776  Macquer,  afiifted  by  Sigaud  de  la  Fond,  fet 
fire  to  a  bottle  full  of  hydrogen  gas,  and  placed  a  faucer 
above  the  flame,  in  order  to  fee  whether  any  fuliginous 
fmoke  would  be  produced.  The  faucer  remained  per¬ 
fectly  clean  ;  but  it  was  moiftened  with  drops  of  a  clear 
♦  AftfrywfA liquid,  which  they  found  to  be  pure  water*. 

Distionary^  Next  year  Bucquet  and  Lavoifier  exploded  oxygen 
hydrogen  gas,  and  made  an  attempt  to  difeo  ver 
what  was  the  product ;  about  the  nature  of  which  they 
had  formed  different  conjeCtures.  Bucquet  had  fuppo- 
fed  that  it  would  be  carbonic  acid  gas  ;  Lavoifier,  on 
the  contrary,  fufpedted  that  It  would  be  fulphuric  or 
fulphurous  acid.  What  the  produCl  was  they  did  not 
difeover ;  but  they  proved  that  no  carbonic  acid  gas  was 
formed,  and  confequently  that  Mr  Bucquet^s  hypothefis 
f  Mem.  Par.^^^  founded  f. 

1781,470.  In  the  beginning  of  the  year  1781,  Mr  Warltire,  at 
the  requefi  of  Dr  Prieflley,  fired  a  mixture  of  thefe  two 
gafes  contained  in  a  copper  veffel ;  and  obferved,  that 
after  the  experiment  the  weight  of  the  whole  was  diml- 
nifhed.  Dr  PrielUey  had  previoufly,  in  the  prefence  of 
Mr  Warltire,  performed  the  fame  experiment  in  a  glafs 
veffel.  This  veffel  became  moift  in  the  infide,  and  was 
t  Priepey^  covered  with  a  footy  fubflance  if,  which  Dr  Prieflley 
V*  595*  afterwards  fuppofed  to  be  a  part  of  the  mercury  ufed  in 
$  PbiU  filling  the  veffel  f. 

fummer  of  1781,  Mr  Henry  Cavendlfli,  who 
WV.33  .  informed  of  the  experiments  of  Prieflley  and 

Warltire,  fet  fire  to  500,000  grain  meafures  of  hydrogen 
gas,  mixed  with  about  2^  times  that  quantity  of  com¬ 
mon  air.  By  this  procefs  he  obtained  135  grains  of 
pure  water.  He  alfo  exploded  19,500  grain  meafures 
of  oxygen  gas  with  37,000  of  hydrogen  gas,  and  ob¬ 
tained  30  grains  of  water,  containing  in  it  a  little  nitric 
acid.  From  thefe  experiments  he  concluded  that  water 
was  a  compound. — Mr  Cavendifh  muft  therefore  be  con- 
fidered  as  the  real  difeoverer  of  the  compofition  of  wa¬ 
ter.  He  was  the  firfl  who  afeertained  that  water  was 
produced  by  firing  oxygen  and  hydrogen  gas,  and  the 
firfl  that  drew  the  proper  conclufion  from  that  fa6l.  Mr 
Watt,  indeed,  had  alfo  drawn  the  proper  conclufion 
from  the  experiments  of  Dr  Prieflley  and  Mr  Warltire, 
and  had  even  performed  a  number  of  experiments  hlm- 
felf  to  afeertain  the  fa£l,  before  Mr  Cavendlfli  had  com¬ 
municated  his  ;  but  he  had  been  deterred  from  publifh- 
xng  his  theory  by  fome  experiments  of  Dr  Prieflley, 

B  Ixxv. which  appeared  contrary  to  it  ||.  He  has  therefore  a 
330*  claim  to  the  merit  of  the  difeovery  ;  a  claim,  however, 
which  does  not  affe(fl  Mr  Cavendifh,  who  knew  nothing 
of  the  theory  and  experiments  of  that  ingenious  philo- 
fopher. 

SuppL.  VoL,  1.  Part  1. 
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Meanwhile,  in  the  winter  1781*2,  Mr  Lavoifier,  who 
had  fufpefted  that  when  oxygen  and  hydrogen  gas  were 
exploded,  fulphuric  or  fulphurous  acid  was  produced, 
made  an  experiment  in  order. to  afeertain  the  fa£l,  at 
which  Mr  Gingembre  afilfled.  Thley  filled  a  bottle,  ca¬ 
pable  of  holding  fix  pints  (French),  with  hydrogen  gas, 
to  which  they  fet  fire,  and  then  corked  the  bottle,  after 
pouring  into  it  2  oz.  (French)  of  lime-water.  Through 
the  cork  there  paffed  a  copper  tube,  by  means  of  which 
a  flream  of  oxygen  gas  was  Introduced  to  fupport  the 
flame.  Though  this  experiment  w'hs  repeated  three 
times,  and  inllead  of  lime-w'ater  a  weak  folution  of  al¬ 
kali  and  pure  water  were  fubflituted,  they  could  not 
obferve  any  ;»<odu6l  whatever  *.  This  refult  aflonlflied  «  Mem, 
Mr  Lavoifier  exceedingly:  he  refolved,  therefore,  to  re- Par,  m;8z, 
peat  the  experiment  on  a  larger  fcale,  and  if  pofiibleP*470» 
with  more  accuracy.  By  means  of  pipes  furjiiflied  v.uth 
flop-cocks,  he  put  it  in  his  power  to  fupply  both  gafes 
as  they  fhould  be  wanted,  that  he  might  be  enabled  to 
continue  the  burning  as  long  as  he  thought  proper. 

The  experiment  was  made  by  Lavoifier  and  La  Place 
on  the  24th  of  June  1783,  in  the  prefence  of  Meffrs 
Le  Roi,  Vandermonde,  feveral  other  academicians,  and 
Sir  Charles  Blagden,  who  informed  them  that  Mr  Ca¬ 
vendifh  had  already  performed  it,  and  that  he  had  ob¬ 
tained  water  f.  They  continued  the  inflammation  tillf-^^V. 
all  their  flock  of  gafes  was  wafted,  and  obtained  about  P*  47^* 

295  grains  of  water,  which,  after  the  moft  rigid  exa¬ 
mination,  appeared  to  be  perfe6lly  pure.  From  this 
experiment  Lavoifier  concluded,  that  water  was  com- 
pofed  of  oxygen  and  hydrogen.  Mr  Mopge  foon  after 
performed  the  fame  experiment,  and  obtained  a  fimllar 
refult :  and  it  was  foon  after  repeated  again  by  Lavoi¬ 
fier  and  Meufnier  on  a  fcale  fufficiently  large  to  put  the 
fa£l  beyond  doubt  :f .  f 

The  proofs  that  water  is  a  compoiAid  are  of  two  P«  474* 
kinds  i  it  has  been  adlually  compofed,  and  it  has  been  „  „ 

d,cc»poW. 

With  regard  to  the  compofition  of  water,  we  fliallficion  of 
relate. the  celebrated  experiment  made  by  Lavoifier  and  water. 
Meufnier  in  the  month  of  February  178  s,  In  the  prefence  „  ^43 
of  a  numerous  deputation  from  the  academy  of  fc fences, 
and  fo  many  other  fpedlators,  that  it  may  be  confidered  I.avoifier 
as  having  been  performed  in  public.  Every  precaution  Meuf- 
vvas  taken  to  enfure  fuccefs.  The  gafes  had  been 
pared  with  care,  and  held  for  fome  time  over  a  folution 
of  potafs,  in  order  to  deprive  them  of  any  acidity  which 
they  might  accidentally  contain  ;  and  before  entering 
into  the  glafs  globe  where  they  were  to  be  burnt,  they 
were  made  to  pafs  over  newly  calcined  potafs,  to  de¬ 
prive  them  of  the  water  which  they  might  happen  to 
retain  in  folution.  The  hydrogen  gas  had  been  obtain¬ 
ed  by  palling  fteam  through  iron  at  a  white  heat  ;  the 
oxygen  gas  was  procured  from  the  red  oxide  of  mercu¬ 
ry.  The  combuftiou  took  place  In  a  large  glafs  globe, 
into  which  the  gafes  were  admitted  by  means  of  tubes 
furniflied  with  ftop-cocks;  and  the  moft  ingenious  con-  ' 
trivances  were  employed  to  afeertain  exadlly  the  quan¬ 
tities  of  each  which  were  confumed  (y).  The  whole 
machine  is  deferibed  at  large  by  Mr  Meufnier  in  the 
Memoirs  of  the  Academy  of  Sciences  for  1782. 

O  o  The 


( y)  A  variety  of  inftruments  have  been  invented  by  the  French  chemifts  for  that  purpofe*  Thefe  inftnlments 
they  have  denominated  Gazometert* 


C  H  E  M  I 

The  quantities  of  gas  employed,  after  deducing  the 
^432  grains  of  refiduum  which  were  not  confumed,  were 
2794,76  grains  of  oxygen  gas,  and  471,125  of  hydro¬ 
gen  gas.  After  taking  from  thefe  32,25  grains,  =  the 
humidity  of  which  the  oxygen  gas  was  deprived  by  the 
calcined  potafs,  and  44,25  grains,  =  the  weight  which 
the  hydrogen  loft  by  the  fame  procefs,  there  remains 
altogether  3188,4  grains  of  gas. 

The  quantity  of  water  obtained  amounted  to  3219 
grains;  the  fpecific  gravity  of  which  was  to  diftilled  wa¬ 
ter  as  1,0051  to  This  quantity  was  30  grains  more 
than  the  gas  employed.  The  dift'erence,  no  doubt,  was 
owing  to  a  fmall  error  in  eftimating  the  weight  of  the 
gafes;  which  indeed  it  is  extremely  diiftcuU  to  avoid,  as 
the  weight  is  altered  by  the  fmalleft  difference  of  tem¬ 
perature.  This  water  had  a  flight  fmell,  and  a  tafte 
fenftbly  acid;  it  reddened  (lightly  blue  paper,  and  effer- 
vefeed  with  the  carbonat  of  potafs.  1152  grains  of  that 
water  being  faturated  with  potafs,  and  evaporated  to  dry- 
nefs,  left  20  grains  of  a  fait  which  melted  on  the  fire  like 
nitre.  It  follows  from  this  experiment,  that  the  quantity 
of  acid  contained  in  the  whole  water  would  not  have 
been  quite  fulBcient  to  have  formed  56  grains  of  nitre. 

The  refiduum  weighed,  as  has  been  already  obferved, 
432  grains;  its  volume  was  equal  to  444  grains  of 
oxygen  gas  ;  it  was  diminifhed  by  nitrous  gas  (z) 
precifely  as  gas  would  be  which  contained  0,24  parts 
of  oxygen  ;  it  rendered  lime-water  fomewhat  turbid, 
which  indicated  the  prefence  of  carbonic  acid  gas. 

From  the  comparifon  of  the  weights,  and  volumes  of 
the  gafes  confumed,  it  was  concluded  that  water  con- 
fifts  of  0,85  parts,  by  weight,  of  oxygen,  and  0,15  of 
hydrogen. 

This  experiment  was  foon  after  repeated  by  Mr  Le 
mentofLe  Fevre  de  Gineau  upon  a  ftill  larger  fcale,  and  in  the 
Fevrt  clc  prefence  of  a  great  number  of  fpedfators.  It  continued 

performed  with  the 
moft  rigorous  exadnefs  of  which  experiments  of  that 
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Bxperi- 


Oincau. 


*  *Journ»^de 


nature  will  admit  *. 


JPbyf,  1788,  The  oxygen  gas  employed,  which  had  been  procured 
P‘457‘  from  the  black  oxide  of  manganefe,  occupied  the  fpace 
of  55085,1  cubic  inches,  and  weighed  18298,5  grains. 

The  hydrogen  gas  was  obtained  by  diffoiving  iron  in 
diluted  fulphuric  acid.  Its  volume  was  7496,7  cubio 
inches,  and  its  weight  4756>3  grains. 

Grams. 

The  two  gafes  therefore  amounted  to  -  23054,8 

From  which  taking  the  refiduum  after  com- 
bullion,  which  amounted  to  -  - 

There  remains  for  the  quantity  confumed  20223,8 
The  water  found  in  the  glafs  globe  after  the  combuf- 
tion  amounted  to  -  -  -  20139,0 

And  there  were  carried  off  by  the  refiduum  54>Q 

In  all  -  -  20193,0 

Which  is  juft  30  grains  lefs  than  the  weight  of  the  gafes 
which  difappeared,  or  ^  part  of  their  weight.  This 
ence  arofe  from  the  fame  difficulties  which  atteiid- 
the  experiment  of  Lavoifier.  As  the  errors  are  on 
xiifferent  fides,  we  are  warranted  to  conclude  that  this 
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was  the  cafe,  and  that  it  was  not  owing  to  any  real  dif-  Water, 
ference  between  the  gafes  and  the  product. 

The  water  was  examined  in  the  pre fence  of  Meffrs 
Lavoifier,  Le  Roi,  Monge,  Berthollet,  Bayen,  and  Pel- 
letier.  Its  fpecific  gravity  was  to  that  of  diftilled  wa¬ 
ter  as  1,001025  to  I.  it  contained  no  fulphuric  nor 
muriatic  acids  ;  yet  it  had  an  acid  tafte,  and  converted 
vegetable  blues  to  a  red.  6606  grains  of  it  required 
for  faturation  36  grains  of  carbonat  of  potafs,  and  fur- 
niflied  by  evaporation  26,5  grains  of  cryftals  of  nitre. 

The  whole  water,  therefore,  would  have  required  109,7 
grains  of  carbonat  of  potafs  for  faturation. 

This  water  affected  lime-water  a  little  ;  and  it  was 
found  that  the  refiduum  of  the  gas  contained  fome  car¬ 
bonic  acid  gas.  This  refiduum  formed  a  1 9th  part  of 
the  volume  of  the  two  gafes  employed,  and  an  eight  of 
their  weight.  It  contained  462  grains  of  carbonic  acid 
gas,  or  about  ^th  part ;  the  reft  was  azotic  gas,  with 
about  Ath  of  oxygen. 

This  experiment  gave  the  proportions  of  oxygen  and 
hydrogen  in  water  as  follows  : 

Oxygen  .  -  -  >848 

Hydrogen  -  -  >  ^5^ 

1,000 

This  is  fo  near  the  determination  of  Mr  Lavoifier,  that 
it  muft  be  confidered  as  a  very  ftrong  confirmation  of  it. 

In  the  year  1790,  another  fimilar  experiment  wasExp^j-i, 
performed  by  Seguin,  Fourcroy,  and  Vauquelin,  in  thement  of 
prefence  of  a  number  of  commiffioners  appointed  by  theSygum, 
Academy  of  Sciences.  Every  precaution  was  taken 
afeertain  the  quantity  of  gas  employed  with  the  iitmoft^^ejin. 
exadlnefs,  and  to  exclude  all  atmofpherical  air  as  com¬ 
pletely  as  poffible. 

The  hydrogen  gas  was  procured  by  diffoiving  zinc 
in  fulphuric  acid  diluted  with  7  parts  of  water.  The 
oxygen  gas  was  obtained  by  diftilling  oxy-muriat  of 
potafs  (a). 

The  quantity  of  hydrogen  gas  employed  amounted 
to  862,178  grains  troy.  The  quantity  of  oxygen  gas 
amounted  to  13475,198  cubic  inches  (French).  Its 
purity  was  fuch,  that  it  contained  three  cubic  inches  of 
azotic  gas  in  the  100.  The  whole  gas,  therefore,  con¬ 
tained  404,256  cubic  inches.  There  were  likewife  in 
the  glafs  veffel  in  which  the  combuftion  took  place  15 
cubic  inches  (French)  of  atmofpheric  air,  which  con¬ 
fided  of  II  cubic  inches  of  azotic  and  four  of  oxygen 
gas.  So  that  the  whole  oxygen  gas  employed  amount¬ 
ed  to  1 3074,942  cubic  inches ;  and  it  contained  be- 
fides  415,256  cubic  inches  of  azotic  gas.  They  afeer- 
tained  by  experiment,  that  a  cubic  inch  of  this  oxygen 
gas,  thus  diluted  with  7^^  of  azot,  weighed  ,4040  of 
a  grain  troy.  Now,  according  to  the  experiments  of 
Lavoifier,  a  cubic  inch  (French)  of  azotic  gas  weighs 
only  ,3646  of  a  grain  troy.  Confequently  the  weight 
of  pure  oxygen  gas  is  greater  than  ,4040  ;  and  by  cal¬ 
culation  they  (hewed  it  to  amount  to  ,405 ^  of  a  grain 
troy.  The  weight  of  the  whole  oxygen  gas  employed, 
therefore,  was  5296,659  grains  troy ;  and  that  of  the 
azotic  gas  mixed  with  it  151,402  grains  troy. 

The 


This  gas  ffiali  be  afterwards  deferibed.  It  has  the  property  of  abforbing  almoft  inftantaneoufly^the  oxy¬ 
gen  gas  with  which  it  comes  into  contact.  It  is  therefore  often  ufed,  in  order  to  difeover  how  much  oxygen 
gas  exifts  in  any  mixture. 

(a)  A  fait  coropofed  of  oxy-muriatic  acid  and  potafs. 
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Water.  TKe  combuftlon  continued  185  hours;  and  during 
all  that  time  our  philofophers  never  quitted  the  labora¬ 
tory.  The  flame  was  exceedingly  fmall,  and  the  heat 
produced  by  no  means  great.  This  was  owing  to  the 
very  fmall  ftream  of  hydrogen,  which  was  conftantly 
flowing  into  the  veflel. 

The  water  obtained  amounted  to  5943,798  grains 
troy,  or  12  oz.  7  dwts.  and  15,798  grains.  It  exhi¬ 
bited  no  mark  of  acidity,  and  appeared  in  every  refpe6l 
to  be  pure  water.  Its  fpecific  gravity  was  to  that  of 
diftilled  water  as  18671  to  18670;  or  nearly  as  1,000053 
to  I. 

The  refiduum  of  gas  in  the  veflel  after  combuftion 
amounted  to  987  cubic  inches  (French) ;  and  on  be¬ 
ing  examined,  was  found  to  conflfl:  of  the  following 
quantities  of  gafes : 

Azotic  gas,  .  -  -  -  .  467  cubic  inches. 

Carbonic  acid  gas,  -  -  -  39 

Oxygen  gas, . 465 

Hydrogen  gas,  -  -  -  -  16 


Total  -  -  987 
The  ^weight  of  which  ts  as  follows  : 


Azotic  gas, . 170,258  gr. 

Carbonic  acid  gas,  -  -  -  -  23,306 

Oxygen  gas, . i88,37i 

Hydrogen  gas, .  0,530 


troy. 


Total,  .  -  382,465 

Now  the  weight  of  the  whole  gafes 

employed  was,  -  -  -  -  6310,239  gr.  troy. 

That  of  the  water  obtained,  and 

of  the  refiduum,  -  -  -  .*  6326,263 


Or  -  --  --  --  -  16,024  grains 

more  than  had  been  employed.  This  fmall  quantity 
muft  have  been  owing  to  common  air  remaining  in  the 
tubes,  and  other  parts  of  the  apparatus,  in  fpite  of  all 
the  precautions  that  were  taken  to  prevent  it  ;  if  it  did 
not  rather  proceed  from  unavoidable  errors  in  their  va¬ 
luations.  Gr  Troy 

The  quantity  of  azotic  gas  introduced  was  151,178 
The  quantity  found  in  the  refiduum  was  170,258 

There  was  therefore  a  furplus  of  -  -  -  19,080  gr. 

As  fufficient  precautions  had  been  taken  to  prevent 
the  introduction  of  carbonic  acid  gas,  the  quantity 
found  in  the  refiduum  muft:  have  been  formed  during  the 
procefs.  There  muft  therefore  have  been  a  fmall  quan¬ 
tity  of  carbon  introduced.  Now  zinc  often  contains 
carbon,  and  hydrogen  has  the  property  of  diffolving 
carbon  :  probably,  then,  the  carbon  was  introduced  in 
this  manner.  The  carbonic  acid  found  in  the  refiduum 
amounted  to  23,306  grains,  which,  according  to  La- 
voifier’s  calculation,  is  compofed  of  8,958  grains  of  car¬ 
bon,  and  14,348  grains  of  oxygen. 

Subtracting  thefe  8,958  grains  of  carbon,  and  the 
,530  of  a  grain  of  hydrogen,  which  remained  in  the  veflel, 
from  the  total  of  hydrogen  introduced,  there  will  remain 
852,690  grains  for  the  hydrogen  that  difappeared. 

Subtracting  the  14,348  grains  of  oxygen  which  en¬ 
tered  into  the  compofition  of  the  carbonic  acid,  and  the 
refiduum  of  oxygen,  which  amounted  to  188,371  g^'^ins, 
the  quantity  of  oxygen  that  difappeared  will  amount 
to  5093,940  grains. 
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Hydrogen  that  difappeared,  -  852,690  gr.  troy.  Water. 

. 5093,940  '  ' 

Total,  ^  -  -  5946,630 

Quantity  of  water  obtained,  5943 >79  A 

Which  is  lefs  than  the  gafes 

confumed  by  -----  2,832  grains ^ 

Such  are  the  principal  experiments  upon  which  the  viii, 
opinion  is  founded  that  water  is  a  compound.  Let  usuy* 
examine  them,  and  fee  whether  they  are  fufficient  to 
eftablifli  that  opinion.  The  circumftaiices  which  chiefly 
claim  our  attention,  and  which  have  been  chiefly  infill¬ 
ed  on,  are  thefe : 

1.  The  whole  of  the  gafes  was  not  confumed.  Obfedion^ 

2.  In  the  refiduum  were  found  feveral  fubftances  to  the  com- 

which  were  not  introduced,  and  which  muft  therefore of 
have  been  formed  during  the  combuftion.  water  exa- 

3.  The  water  obtained  was  feldom  perfedly  pure,*^^^'^  * 

It  generally  contained  fome  nitric  acid. 

4.  As  only  part  of  the  gafes  were  confumed,  and  as 
all  gafes  contain  water  in  them,  might  not  the  gas 
which  difappeared  have  been  employed  in  forming  the 
other  fubftances  found  in  the  refiduum  ?  and  might  not 
the  water  obtained  have  been  merely  what  was  former¬ 
ly  diflblved  in  the  gafes,  and  which  had  been  precipi¬ 
tated  during  the  experiment  ? 

That  the  whole  of  the  gafes  was  not  confumed  will 
not  furprife  us,  if  we  recoiled  that  it  is  impoflible  for 
that  to  take  place,  allowing  them  to  be  perfedly  pure, 
except  they  be  mixed  in  precifely  the  proper  propor¬ 
tions  ;  and  not  even  then,  except  every  particle  of  them 
could  be  raifed  to  the  proper  temperature.  Now  how 
can  this  be  done  in  experiments  of  that  nature  ? 

But  hovv  is  it  pofiible  to  procure  a  large  quantity  of 
gas  completely  pure  ?  And  fuppofing  it  were  pofiible, 
how  can  every  particle  of  atmofpheric  air  be  excluded  ? 

In  the  laft  experiment,  notwithftanding  every  precau¬ 
tion,  15  cubic  inches  (French)  were  admitted  ;  and 
there  isreafon  to  believe  from  the  refults,  that  the  quan¬ 
tity  was  even  confiderably  greater  than  this.  But  if 
any  atmofpheric  air  be  admitted,  there  muft  be  a  refi¬ 
duum  of  azotic  gas. 


In  the  fir  ft  experiment,  it  had  been  previoufly  afeer- 
tained  that  the  oxygen  gas  employed  contained  ^^th 
of  azotic,  or  about  233,05  grains  ;  and  the  refiduum 
contained  at  moft  329,1  grains,  or  96,05  grains  more 
than  what  had  for  certain  pre-exifted  in  the  gafes. 

In  the  fecond  experiment,  the  azot  in  the  refiduum 
amounted  at  moft  to  -g^th  of  the  oxygen  gas  employed. 
But  the  oxygen  was  procured  from  the  black  oxide  of 
manganefe,  which  always  yields  a  quantity  of  azot  as 
well  as  of  carbonic  acid.  It  has  been  afeertained,  that 
the  azot,  mixed  with  oxygen  gas  procured  in  that  man¬ 
ner,  often  exceeds  |th. 

In  the  third  experiment,  the  azotic  gas  found  in  the 
refiduum  amounted  to  170,258  grains;  and  the  quanti¬ 
ty  contained  in  the  gafes  before  combuftion  amounted 
to  151,178  grains  :  the  furplus,  therefore,  amounted  to 
19,08  grains. 

Now,  is  it  not  much  more  probable  that  thefe  incon- 
fiderable  quantities  of  azot,  which  in  the  laft  experi¬ 
ment  amounted  to  no  more  than  y-f^  part  by  weight 
of  the  whole  gas  employed,  pre-exifted  in  the  gafes  be¬ 
fore  the  combuftion  began,  though  their  extreme  mi- 
nuteuefs  prevented  them  from  being  difeovered,  than 
that  they  were  formed  during  the  experiment  :  a  fup- 
O  o  2  pofition 
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pofitlon  wliich  is  direaiy  contradiaed  by  a  great  num¬ 
ber  of  well  afcertained  fads. 

As  to  the  carbonic  add  gas,  which  in  the  fecond  ex¬ 
periment  amounted  to  ^V^h  of  the  gafcs  employed,  it 
was  evidently  derived  from  the  manganefe,  which  al- 
moft  conftantly  contains  it.  And  when  carbonic  acid 
is  once  mixed  with  oxygen,  it  is  difficult  to  feparate  it 
by  means  of  lime-water,  except  a  large  quantity  be  ufed, 
as  Mr  Cavendiffi  has  well  obferved.  The  reafon  is,  that 
oxygen  gas  has  the  property  of  diffolving  carbonic  acid, 
as  Mr  Welter  has  remarked  *.  Mr  Ic  Fevre  de  Gineau 
afcertained  by  experiment,  that  1 870  cubic  inches  of  oxy¬ 
gen  gas,  which  did  not  afFe£f  lime-water,  loft  between 
y'^th  and  of  its  weight  when  walked  in  mill:  of 

lime  (b). 

In  a  fecond  experiment,  he  previoufly  walked  the  two 
gafes  in  milk  of  lime,  and  the  refiduum  after  combuftion 
contained  no  carbonic  acid  gas.  In  a  third  experiment 
he  walked  only  the  oxygen,  and  obtained  products  e- 
qually  free  from  carbonic  acid.  It  is  certain,  then,  that 
the  carbonic  acid  is  but  an  accidental  mixture.  As  to  the 
carbonic  acid  of  the  third  experiment  above  related, 
which  amounted  only  to  yy-y  part  of  the  gafes  employ¬ 
ed,  the  fource  of  It  has  been  already  pointed  out. 

As  to  the  nitric  acid,  the  quantity  of  nitre  obtained 
in  Mr  Lavoifier’s  experiment  was  56  grains  ;  which,  ac¬ 
cording  to  Mr  Klrwan^s  calculation,  contain  30, 156 
grains  of  nitric  acid  ;  a  quantity  confiderably  lefs  than 
T^^th  part  of  the  gafes  which  difappeared.  In  the  fe¬ 
cond  experiment,  the  nitre  obtained  amounted  to  80,7 
grains  ;  which,  according  to  KIrwan,  contain  43>45^ 
grains  of  nitric  acid,  or  lefs  than  yyyth  part  of  the  gafes 
confumed.  Now,  as  nitric  acid  is  conipofed  of  oxygen 
and  azot,  both  of  which  were  prefent  in  the  veflel,  it  is 
eafy  to  fee  how  it  was  produced.  And  that  Its  pro- 
duftlon  is  merely  accidental,  and  not  necelTary,  is  evi¬ 
dent  from  the  laft  experiment,  in  which  no  nitric  acid 
was  formed.  It  has  been  afcertained,  indeed,  that  the 
formation  of  this  acid  during  thefe  experiments  is  quite 
arbitrary.  It  never  is  formed  when  the  combuftion 
goes  on  fo  flowly  as  to  produce  but  little  heat,  as  Se- 
guln  has  afcertained  f  ;  becaufe  oxygen  and  azot^  do 
not  combine  except  at  a  high  temperature.  Nor  is  it 
formed  even  at  a  high  temperature,  as  Mr  Cavendifh 
has  proved  t,  except  there  be  a  deficiency  of  hydrogen; 
becaufe  hydrogen  has  a  ftronger  affinity  for  oxygen 
than  azot  has. 

The  quantity  of  water  obtained  in  the  firft  expe¬ 
riment  was  juft  30  grains  more  than  the  weight  of  the 
gafes  which  had  difappeared  :  the  water  obtained  In 
the  fecond  was  precifely  30  grains  lefs  than  the  gafes 
confumed  ;  and  in  the  third  experiment,  the  difference 
was  only  16  grains.  The  quantities  of  gas  operated 
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upon  were  large  ;  In  all  of  the  experiments  feveral  thou-  Water, 
fand  grains,  and  In  one  of  them  above  20  thoufand. 

Now,  how  Is  It  poflible  that  the  water  produced  Ihould 
correfpond  fo  exadlly  with  the  gafes  confumed  (for  the 
differences  are  fo  fmall  as  not  to  merit  any  attention), 
uiilefs  the  water  had  been  formed  by  the  combination 
of  thefe  gafes  ? 

Dr  Prieftley,  however,  who  made  a  great  many  ex¬ 
periments  on  this  fubjedl,  drew  from  them  a  very  diffe- 
rent  conclufion  ;  and  thought  he  had  proved,  that  du¬ 
ring  the  combuftion  the  two  gafes  combined,  and  that 
the  combination  was  nitric  acid.  This  theo;py  was  adopt¬ 
ed,  or  rather  it  was  fuggefted,  by  Mr  Keir,  who  has 
fupported  It  with  a  great  deal  of  ingenuity  *.  ^ 

Let  us  examine  thefe  experiments  of  Dr  Prieftley  f ,  Diaionary, 
and  fee  whether  they  warrant  the  conclulions  he  has  art.  Nitroue 
drawn  from  them.  The  gafes  were  exploded  in  veffels^"^*^.^ 
of  copper.  He  found  that  the  quantity  of  water 
tained  was  always  lefs  than  that  of  the  gafes  which  he  1788. 
had  ufed.  He  obtained  alfo  a  confiderable  quantity  of 
nitric  acid.  In  the  experiment  made  on  the  largeft 
quantity  of  the  gafes,  and  from  which  he  draws  his 
conclufions,  the  quantity  of  liquid  obtained  amounted 
to  442  grains.  This  liquid  was  examined  by  Mr  Keir. 

It  was  of  a  green  colour,  72  grains  of  brown  oxide  of 
copper  were  depolited  In  it,  and  It  contained  a  folution 
of  nitrat  of  copper  (copper  combined  with  nitric  acid). 

Mr  Keir  analyfed  this  liquor  :  It  confifted  of  pure  wa¬ 
ter  and  nitrat  of  copper  ;  and  Mr  Keir  concluded  that 
the  nitric  acid  formed  amounted  to  iV^h  of  the  oxygen 
gas  employed.  Mr  Berthollet,  however,  has  fhewn  that 
it  could  not  have  amounted  to  more  than  -^^th  part  if.f  Ann  de 
Let  us  fuppofe,  however,  that  it  amounted  to  iV^h.  A  hi. 
quantity  of  oxygen  and  hydrogen  gas  has  difappeared  : 

What  has  become  of  them  ?  They  have  combined,  fays 
Dr  Prieftley,  and  formed  nitric  acid.  This  nitric  acid 
is  only  Vijth  of  their  weight ;  Dr  Prieftley  fuppofes, 
however,  that  it  contains  the  whole  oxygen  and  hydro¬ 
gen  that  exifted  in  thefe  gafes,  and  that  all  the  reft  of 
the  weight  of  thefe  gafes  was  owing  to  a  quantity  of 
water  which  they  had  held  in  folution.  Oxygen  gas, 
then  (for  we  fhall  negleft  the  hydrogen,  which  Dr 
Prieftley  was  not  able  to  bring  into  view  at  all),  is  com- 
pofed  of  one  part  of  oxygen  and  19  of  water.  Where 
is  the  proof  of  this  ?  Dr  Prieftley  Informs  us,  that  he 
afcertained  by  experiment  that  half  the  weight  of  car- 
bonic  acid  gas  was  pure  water.  Suppofing  the  experi¬ 
ment  accurate  (c),  what  can  be  concluded  from  it? 

Surely  to  bring  it  forward  In  proof,  that  oxygen  gas 
confifts  of  4#th  parts,  or  almoft  wholly  of  water,  is 
downright  triding.  It  is  impoffible,  therefore,  from 
Dr  Prieftley’s  experiments,  allowing  his  fuppofitlons  and 
conjectures  their  utmoft  force,  to  account  for  the  difap- 

pearlng 


(b)  Lime  mixed  with  water  till  it  is  of  the  thicknefs  of  w/Vi,  or  rather  oi  cream,  /  1  •  -r, 

(c)  He  informs  us  that  the  carbonat  of  barytes  does  not  yield  its  carbonic  acid  by  means  of  heat  (this  Dr 
Hope  has  fhewh  to  be  a  miftake)  ;  but  that,  when  the  vapours  of  water  are  paffed  over  it,  the  gas  is  difengaged: 
and  he  determines,  by  the  water  miffing,  how  much  has  combined  with  the  gas.  According  to  him,  60  grains 
of  water  enter  into  the  compofitlon  of  147  grains  of  gas.  But,  befides  afligmng  too  fmall  a  weight  to  the  gaa, 
he  forgot  that  its  temperature  was  high,  and  that  therefore  It  was  capable  of  combining  with  much  more  water 
than  In  its  ufual  ftate  :  nor  did  he  afeertain  whether  more  of  this  water  was  depofited  on  the  veflels  J 

by  negleaing  this  precaution,  Morveau  has  ffiewn^that  Mr  Kirwan,  in  a  fimilar  experiment,  obtained  a  reluit 
nine  times  greater  than  It  ought  to  have  been.  EncycL  Method*  Chim*  art.  jiir. 
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Water,  pearlng  of  the  two  gates,  or  the  appearance  of  the  wa- 

- - V - ^ter,  without  admitting  that  this  liquid  was  adually 

compofed  of  oxygen  and  hydrogen.  If  we  add  to  this, 
that  no  oxygen  gas  has  hitherto  (as  far  as  we  know  at 
leail)  been  procured  abfolutely  free  from  fome  admix¬ 
ture  of  azot,  and  that  his  oxygen  was  always  procured 
either  from  red  oxide  of  lead,  or  from  black  oxide  of 
manganefe,  or  red  oxide  of  mercury,  all  of  which  fub- 
llances  yield  a  confiderable  proportion  of  azot ;  that  m 
one  experiment,  in  which  he  obferves  that  his  oxygen  was 
very  purcy  as  it  had  been  obtained  from  red  oxide  of  mer¬ 
cury",  Mr  Berthollet  (d)  afcertained,  by  adually  making 
the  experiment,  that  part  of  the  very  fame  oxide  which 
Dr  Prieftley  had  employed  yielded  a  gas,  -fd  of  which 
^  Ann.de  was  azot  * ;  if  we  add,  that  it  has  been  proved  beyond 
Chim.  'iiu  the  pofiibility  of  doubt,  and  to  Dr  Prieftley 's  own  fa- 
tisfadion,  that  nitric  acid  is  compofed  of  oxygen  and 
azot-— we  (hall  find  it  no  difficult  matter  to  explain  the 
origin  of  that  acid  in  Dr  Prieftley^s  experiments  :  and 
if  w'e  recoiled  that  in  Segiiin’s  experiment,  upon  a 
much  larger  fcale  indeed  than  Dr  Prieftley’s,  no  nitric 
acid  at  all  was  formed,  it  will  be  impoffible  for  us  to 
believe  for  a  moment  that  the  compound  formed  by 
oxygen  and  hydrogen  is  nitric  acid.  T.  bus  Dr  Prieft- 
ley’s  experiments  rather  confirm  than  deftroy  the  theo¬ 
ry  of  the  compofition  of  water.  We  obtain  from  them, 
however,  one  curious  piece  of  information,  that  the  pre¬ 
fence  of  copper  increafes  the  quantity  of  nitric  acid 
formed.  This  curious  fad,  with  a  variety  of  others  of 
a  fimilar  nature,  will  perhaps  afterwards  claim. our  at¬ 
tention  ;  but  at  prefent  we  muft  confider  another  theory 
which  this  phenomenon  fuggefted,  and  which  was  firft 
propofed,  we  believe,  by  Mr  de  la  Metherie  (e). 

Had  the  French  cheniifts,  it  has  been  faid,  employed 
copper  vefiels  in  their  experiments,  they  would  have  ob¬ 
tained  three  times  the  quantity  of  nitric  acid.  This 
acid,  therefore,  muft  in  their  experiments  have  been  de- 
compofed,  after  having  been  formed,  for  want  of  a  bafe 
to  combine  with  ;  and  the  azot  which  appeared  in  the 
refiduum  was  owing  to  this  decompofitiOn.  Hydrogen 
and  oxygen,  therefore,  do  not  form  water,  but  azot 
Let  us  examine  the  experiment  of  Mr  Le  Fevre  by  this 
theory,  as  the  quantity  of  azot  was  accurately  afcer¬ 
tained.  The  nitric  acid  obtained  amounted  to  43,456 
grains;  three  times  that  quantity  is  130,36^  grains, 
into  which  23054  grains  of  gas  were  converted  ;  which 
is  impoffible.  Or  even  fuppofing  that  the  decompofition 
had  been  going  on  during  the  whole  experiment,  which 
is  direaiy  contrary  to  Dr  Prieftley’s  experiments,  and 
which  there  is  no  reafon  whatever  to  fuppofe,  but  every 
reafon  againft — ftill  the  whole  azot  amounted  only  to 
4-th  of  the  quantity  of  gas  employed,  allowing  this  gas 
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to  have  contained  no  azot,  which  was  evidently  not  the 
cafe.  It  appears,  then,  that  this  hypothefis,  even  if  it 
could  be  admitted,  would  be  totally  inadequate  to  ac¬ 
count  for  the  phenomena.  But  if  we  were  to  examine 
it  by  Mr  Segiiin’s  experiment,  its  abfurdity  would  be 
ftill  more  glaring.  In  that  experiment  the  azotic  gas 
amounted  to  only  19  grains,  and  the  quantity  of  gas 
which  difappeared  was  5946  grains  :  fo  that  w^ere  the 
hypothefis  true,  oxygen  and  hydrogen  gas  would  coii- 
fift  of  one  part  of  oxygen  and  hydrogen  and  3 « 2  parts 
of  water  ;  a  fuppofition  fo  enormoufly  abfurd,  that  it  is 
impoffible  for  any  perfon  even  to  advance  it. 

It  is  impoffible,  therefore,  for  the  phenomena  which 
attend  the  combuftion  of  oxygen  and  hydrogen  gas  to 
be  accounted  for  in  any  way  confiftcnt  with  common 
fenfe,  except  we  fuppofe  that  water  is  formed. 

But  the  experiments  above  related,  conclufive  as  they  Decompo- 
appear,  are  not  the  only  ones  by  which  this  important  fition  of 
fad  has  been  afcertained.  *  Meffrs  Van  Tvooftwyk  and^^^^*’* 
Dieman,  affifted  by  Mr  Cuthbertfon,  filled  a  fmall  glafs 
tube,  4th  of  an  inch  in  diameter  and  12  inches  long, 
with  diftilled  water.  One  end  of  this  tube  was  fealed 
hermetically  ;  but,  at  the  fame  time,  a  fmall  gold  wire 
had  been  paffed  through  it.  Another  wire  pafied  thro’ 
the  open  end  of  the  tube,  and  could  be  fixed  at  greater 
or  fmaller  diftances  from  the  firft  wire.  By  means  of 
thefe  wires,  they  made  a  great  number  of  eledrical  ex- 
plofions  pafs  through  the  water.  Bubbles  of  air  ap¬ 
peared  at  every  explofion,  and  colleded  at  the  top  of 
the  tube.  When  eledric  fparks  were  paffed  through  this 
air,  it  exploded  and  difappeared  almoft  completely.  It 
muft  therefore  have  confiftcd  of  a  mixture  of  oxygen 
and  hydrogen  gas,  and  this  gas  muft  have  been  formed 
by  the  decompofition  of  the  water  :  for  they  had  taken 
care  to  deprive  the  water  before  hand  of  all  its  air,  and 
they  ufed  every  precaution  to  prevent  the  accefs  of  at- 
mofpherical  air;  and,  befides,  the  quantity  of  gas  pro¬ 
duced  did  not  diminiffi,  but  rather  increafed,  by  con¬ 
tinuing  to  operate  a  number  of  times  upon  the  fame 
water,  which  could  not  have  been  the  cafe  had  it  been 
merely  air  diffolved  in  water  :  nor  would  atmofpherical 
air  have  exploded  and  left  only  a  very  fmall  refiduum, 
not  more  than  -g-'^th  part.  They  had  taken  care  alfo 
to  prove  that  the  eledric  fpark  did  not  contribute  to 
form  hydrogen  gas  ;  for  on  paffmg  it  through  fulphu- 
ric  and  nitric  acids,  the  produd  was  not  hydrogen,  but 

oxygen  gas  *.  t-v  * 

Thefe  experiments  have  been  fince  repeated  by  Dr/^^j/xxxv, 
Pearfon,  affifted  by  Mr  Cuthbertfon.  He  produced, 
by  means  of  eledvicity,  quantities  of  gas  from  water, 
amounting  to  56,54^^  cubes  of  y^^th  of  an  inch  each  5 
on  nitrous  gas  being  added  to  which,  it  fuffered  a  dimi- 


f  Mr  Berthollet  had  fupplied  Dr  Prieftley  with  the  oxide.  He  had  received  two  ounce^of  it  from  Mr  Le 
Blanc,  one  of  which  he  fent  to  Dr  Prieftley,  and  the  other  he  referred.  j  a-,  .  f  •,  j  . 

(e)  Another  favourite  theory  of  La  Metherie  was,  that  gafes  themfelves  are  deft.tute  of  gravity,  and  that 
they  Le  their  whole  weight  to  the  water  with  which  they  are  combined  :  that  during  combuftion  the  water  of 
hL^  gifes  is  depofitedi  and  that  the  gafes  themfelves.efcape  througLthe  veffel  and  are  loft  He  complains. 
bitterTy  that  this  theory  had  neyer  been  noticed  by  bis  antagonifts  ;  as  if  it  were  neceffary  to  refute  a  hypothefts 
which  IS  not  fupported  by  any  proof  whatever,  and  as  if  it  had  not  been  proved  that  oxygen  increafes  the  weight 

'’^Tl^TC^asra^ClLnSfexplZS'  was  the  original  opinion  of  Dr  Prieftley  ;  to  which,  though  he  does 
not  2pkhihimfelf  fully,  he  evidLtly  ftill  adheres.  _  There  is  then  no  difference  between  Ins  theory  and  this,, 
except  what  relates  to  the  decompofition  of  the  nitric  acid. 
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nution  of  hulk,  and  nitrous  acid  appeared  to  have  been 
for  Died  :  It  muil  therefore  have  contained  oxygen  gas. 
When  oxygen  gas  was  added  to  the  remainder,  and 
an  electric  fpark  pafTed  through  it,  a  diminution  took 
place  piecifely  as  when  oxygen  and  hydrogen  gas  are 
mixed  :  It  mull  therefore  have  contained  hydrogen. 
When  an  eleclric  fpark  was  pafTed  through  the  gas 
thus  produced  from  water,  the  gas  difappeared,  being  no 
doubt  converted  into  water 

Such  are  the  proofs  by  w^hich  the  compound  nature 
of  water  is  afeertained  ;  and  we  do  not  believe  that  any 
phyfical  fadl  whatever  can  be  produced  which  is  fup- 
ported  by  more  complete  evidence. 

But  what  becomes  of  the  caloric  which  was  previ- 
oufly^  combined  with  thefe  gafes  ?  It  paffes  through  the 
veffel  and  is  loft,  and  its  weight  is  too  iiiconfiderable  to 
make  any  fenfible  variation  in  the  quantity  of  the  pro- 
du6l.  If  we  were  to  judge  from  analogy',  wc  would 
conclude,  that  the  oxygen  and  hydrogen,  while  in  the 
ftate  of  gas,  are  probably  fomewhat  lighter  than  after 
they  are  condenfed  into  water  ;  but  the  difference,  if  it 
exifts,  can  fcarcely  be  fenfible. 

Water  is  capable  of  combining  with  a  vaft  number  of 
fubftances  :  ail  bodies,  indeed,  which  are  foluble  in  W'a- 
ter  form  a  chemical  union  wu*th  it. 

Its  affinity  for  other  bodies  is  doubtlefs  various,  tho’ 
we  have  no  method  of  afeertaining  this  difference,  ex¬ 
cept  in  thofe  bodies  which  have  no  affinity,  or  but  a 
very  fmall  affinity,  for  each  other  ;  and  it  is  only  in 
a  few  even  of  thefe  that  this  difference  can  be  afeer- 
tained.  If  muriat  of  barytes  be  poured  into  lime-wa¬ 
ter,  the  lime  is  precipitated,  owing,  no  doubt,  to  the  fu- 
perior  affinity  of  the  muriat  for  water.  Several  very 
curious  inftances  of  the  affinity  of  different  falts  for  wa¬ 
ter  have  been  mentioned  by  Mr  Quatremcre  Dijonval. 
When  the  folutions  of  nitrat  of  lime  and  nitrat  of  mag- 
nefia  in  water  are  mixed  together,  the  nitrat  of  magne- 
fia  is  precipitated.  Muriat  of  magnefia  is  alfo  precipi¬ 
tated  by  muriat  of  lime,  and  fulphat  of  magnefia  by 
fiilphat  of  lime  :  fo  that  it  would  feem  that  the  falts 
which  have  magnefia  for  their  bafis,  have  a  lefs  affinity 
for  water  than  thofe  whofe  bafis  is  lime  f . 

Water  has  the  property  of  diffolving  oxygen  gas. 
Xf  a  quantity  of  common  air  be  confined  for  fome  time 
above  water,  the  wffiole  of  the  oxygen  is  abforbed,  and 
nothing  but  the  azotic  gas  remains.  This  fadl  was  firft 
obferved  by  Mr  Scheele. 

Chap.  II.  0/  Alcohol. 

Wine  has  been  known  from  the  earlieft  ages.  The 
Scriptures  inform  us,  that  Noah  planted  a  vineyard 
and  drank  wine;  and  the  heathen  writers  are  unanimous 
in  aferibing  the  invention  of  this  liquor  to  their  earlieft 
kings  and  heroes.  Beer,  too,  feems  to  have  been  difeo- 
vered  at  a  very  remote  period.  It  was  in  common  ufe 
in  Egypt  in  the  time  of  Herodotus  Tacitus  informs 
us,  that  it  was  the  drink  of  the  Germans^.  Whether 
the  ancients  had  any  method  of  procuring  ardent  fpirits 
from  thefe  or  any  other  liquors,  does  not  appear.  The 
Greeks  and  Romans  feem  to  have  been  ignorant  of  ar¬ 
dent  fpirits  altogether,  at  leaft  we  can  difeovef  no  tra¬ 
ces  of  any  fucli  liquor  in  their  writings.  But  among 
the  northern  nations  of  Europe,  intoxicating  liquors 
were  in  ufe  from  the  earlieft  ages.  Whether  thefe  li 
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quors  refembled  the  beer  of  the  Germans,  we  do  not  Alcohol 
know.  It  is  certain,  at  lead,  that  the  method  of  procu-  v-— 
ring  ardent  fpirits  by  dillillation  was  known  in  the  dark 
ages  ;  and  it  is  more  than  probable  that  it  waspradlifed 
in  the  north  of  Europe  much  earlier.  They  are  mention¬ 
ed  exprefsly  by  Thaddasus,  Villanovaiius,  and  Lully  4tii, 

Ardent  fpirits,  fuch  as  brandy,  for  inftance,  rum,  and^**^’ 
wliillcy,  confift  almoft  entirely  of  three  ingredients,  wa-Merh^dof 
ttYf  alcohol  ox  fpirit  of  nvincy  to  which  they  owe  their procurlig 
ftrength,  and  a  fmall  quantity  of  a  peculiar  oil,  to  which 
they  owe  their  flavour. 

The  alcohol  may  be  feparated  from  the  water  by  the 
following  procefs.  Into  the  whiftcy  or  other  ardent  fpi- 
rit  a  quantity  of  potafs  is  to  be  put,  which  has  juft  imme¬ 
diately  before  been  expofed  for  about  half  an  hour  in  a 
crucible  to  a  red  heat,  in  order  to  deprive  it  of  moifture. 

Potafs  in  this  ftate  has  a  ftrong  attradlion  for  water;  it  » 
accordingly  combines  with  the  water  of  the  fpirit,  and 
the  folution  of  potafs  thus  formed  finks  to  the  bottom  of 
the  veffel,  and  the  alcohol,  which  is  lighter^  fwims  over 
it,  and  may  eafily  be  decanted  off ;  or,  what  is  perhaps 
better,  the  folution  of  potafs  may  be  drawn  off  from  be¬ 
low  it  by  means  of  a  ffop-cock  placed  at  the  bottom  of 
the  veffel.  It  is  impoffible  to  fix  the  quantity  of  potafs 
which  ought  to  be  ufed,  becaufe  that  muff  depend  en¬ 
tirely  on  the  ftrength  of  the  fpirit  ;  but  it  is  of  no  con- 
fequence  though  the  potafs  employed  be  a  little  more 
than  enough.  The  alcohol  thus  obtained  contains  a 
little  potafs  diffolved,  which  may  be  feparated  by  diftil- 
ling  it  in  a  water  bath  with  a  very  fmall  heat.  The  al¬ 
cohol  paffes  over,  and  leaves  the  potafs  behind.  It  is 
proper  not  to  diftil  to  drynefs.  This  procefs  is  firft 
mentioned  by  Lully.  Alcohol  may  be  obtained  in  the 
fame  manner  from  wine  and  from  beer ;  which  liquids 
owe  their  ftrength  entirely  to  the  quantity  of  that  fub- 
ftance  which  they  contain. 

Alcohol  is  a  tranfparent  liquor,  colourlefs  like  water,  [ts  prJper- 
of  a  pleafant  fmell,  and  a  ftrong  penetrating  agreeabletiei 
tafte. 

It  is  exceedingly  fluid,  and  has  never  been  frozen, 
though  it  has  been  expofed  to  a  cold  fo  great  that  the 
thermomer  ftood  at  — 69*^  f .  f  At  Hud- 

Its  fpecific  gravity  when  pure  is  about  0,800.  Jon's  Bay. 

It  is  exceedingly  volatile,  boiling  at  the  temperature 
of  176'*;  in  which  heat  it  affumes  the  form  of  an  elaftic 
fluid,  capable  of  refilling  thepreffure  of  the  atmofphere, 
but  which  condenfes  again  into  alcohol  when  that  tem¬ 
perature  is  reduced.  In  a  vacuum  it  boils  at  56^  and 
exhibits  the  fame  phenomena ;  fo  that  were  it  not  for 
the  preffure  of  the  atmofphere,  alcohol  would  always 
exift  in  the  form  of  an  elaftic  fluid,  as  tranfparent  and 
invifible  as  common  air.  This  fubjed  was  firft  exa¬ 
mined  with  attention  by  Mr  Lavoifier  J.  The  Journ.dt 

however,  had  been  known  long  before,  PhJ 

Alcohol  has  a  ftrong  affinity  for  water,  and  is  mif- 
cible  with  it  in  all  proportions.  The  fpecific  gravity  of 
all  the  different  mixtures,  in  every  proportion,  and  in 
all  the  different  degrees  of  temperature,  from  '32°  to 
100  ,  has  been  lately  afeertained  with  great  accuracy  by 
Sir  Charles  Blagden  and  Mr  Gilpin.  But  as  a  very  full 
account  of  thefe  interefting  experiments  has  been  given 
in  the  Encyclopiedia  in  the  article  Spirituous  Liquors^ 
we  do  not  think  oiirfelves  at  liberty  to  repeat  it  here. 

If  alcohol  be  fet  on  fire,  it  burns  all  away  with 
a  blue  flame  without  leaving  any  refiduum.  Boerhaave 

obferved. 
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obfcrved,  that  when  the  vapour  which  efcapes  during 
this  combuftion  is  colle6led  in  proper  vefTels,  it  is  found 
to  conftft  of  nothing  but  water.  Junker  had  made  the 
fame  remark  ;  and  Dr  Black  fiifpe^led,  from  his  own 
obfervations,  that  the  quantity  of  water  obtained,  if 
properly  colledled,  exceeded  the  weight  of  the  alcohol 
confumed.  This  obfervation  was  confirmed  byLavoilier; 
who  found  that  the  water  produced  during  the  com¬ 
buftion  of  alcohol  exceeded  the  alcohol  confumed  by 
about  4th  part*. 

Different  opinions  were  entertained  by  chemifts  about 
the  nature  of  alcohol.  Stahl  thought  that  it  was  com- 
pofed  of  a  very  light  oil,  united  by  means  of  an  acid 
to  a  quantity  of  water.  According  to  Junker,  it  was 
compofed  of  phlogifton,  combined  with  water  by  means 
of  an  acid.  Cartheufer,  on  the  other  hand,  affirmed, 
that  it  contained  no  acid,  and  that  it  was  nothing  elfe 
than  pure  phlogifton  and  water.  But  thefe  hypothefes 
were  mere  affertions  fupported  by  no  proof  whatever. 
Lavoifier  was  the  firft  who  attempted  to  analyfe  it. 

He  fet  fire  to  a  quantity  of  alcohol  in  clofe  veffels, 
by  means  of  the  following  apparatus  :  BCDE  (fig.  6.) 
is  a  veffel  of  marble  filled  with  mercury.  A  is  a  ftrong 
glafs  veffel  placed  over  it,  filled  with  common  air,  and 
capable  of  containing  about  15  pints  (French).  Into 
this  veffel  is  put  the  lamp  R  filled  with  alcohol,  the 
■weight  of  which  has  been  exaftly  determined.  On  the 
wick  of  the  lamp  is  put  a  fmall  particle  of  phofphorus. 
The  mercury  is  drawn  up  by  fueftion  to  the  height  IH. 
This  glafs  communicates  by  means  of  the  pipe  LK  with 
anoth'fer  glafs  veffel  S  filled  with  oxygen  gas,  and  placed 
over  a  veffel  of  water  T.  This  communication  may  be 
fhut  up  at  pleafure  by  means  of  the  flop-cock  M, 

Things  being  thus  difpofed,  a  crooked  red-hot  iron 
wire  is  thruft  up  through  the  mercury,  and  made  to 
touch  the  phofphorus.  This  inftantly  kindles  the  wick, 
and  the  alcohol  burns.  As  foon  as  the  flame  begins  to 
grow  dim,  the  ftop-cock  is  turned,  and  a  communica¬ 
tion  opened  between  the  veffels  S  and  A ;  a  quantity  of 
oxygen  gas  rufhes  in,  and  reftores  the  brightnefs  of  the 
flame.  By  repeating  this  occafionally,  the  alcohol  may 
be  kept  burning  for  fome  time.  It  goes  out,  however, 
at  laft,  not withllan ding  the  admiffion  of  oxygen  gas. 

The  refult  of  this  experiment,  which  Mr  Lavoifier 
repeated  a  great  number  of  times,  was  as  follows  : 

The  quantity  of  alcohol  confumed  amounted  to 
76,7083  grains  troy. 

The  oxygen  gas  confumed  amounted  to  266,82  cUf 
bic  inches,  and  weighed  90,506  grains  troy. 

The  whole  weight  of  the  fubftances  confumed,  there^ 
fore,  amounted  to  167,2143  grains. 

After  the  combuftion,  there  were  found  in  the  glafs 
veffel  115)41  cubic  inches  of  carbonic  acid  gas,  the 
weight  of  which  was  78,1 192  grains  troy.  There  was 
like  wife  found  a  confiderable  quantity  of  water  in  the 
veffel,  but  it  was  not  poffible  to  colled  and  weigh  it. 
Mr  Lavoifier,  however,  eftimated  its  weight  at  89,095 1 
grains  ;  as  he  concluded,  with  reafon,  that  the  whole 
of  the  fubftances  employed  were  ftill  in  the  veffel.  Now 
the  whole  contents  of  the  veffel  confifted  of  carbonic 
acid  gas  and  water ;  therefore  the  carbonic  acid  gas 
and  water  together  muft  be  equal  to  the  oxygen  gas 
and  alcohol  which  had  been  confumed. 

But  78,1192  grains  of  carbonic  acid  gas  contain, 
according  to  Mr  Lavoifier’s  calculationf ,  55,279  grains 
of  oxygen  ;  90,506  grains,  however,  of  oxygen  gas  had 
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difappeared ;  therefore  35,227  grains  muft  have  been 
employed  in  forming  wat,er. 

35,227  grains  of  oxygen  gas  require,  in  order  to 
form  water,  6,038  grains  of  hydrogen  gas  ;  and  the 
quantity  of  water  formed  by  this  combination  is  41,265 
grains.  But  there  were  found  89,095  grains  of  water 
in  the  glafs  veffel ;  therefore  47,83  grains  of  water  muft 
have  exifted  ready  formed  in  the  alcohol. 

It  follows  from  all  thefe  data,  that  the  76,7083  grains 
of  alcohol,  confumed  during  the  combuftion,  were  com¬ 
pofed' of 

22,840  Carbon, 

6,038  Hydrogen, 

47,830  Water. 

#  Mifw. 

Such  were  the  confequences  which  Mr  Lavoifier  drew 
from  his  analyfis.  He  acknowledged,  however,  that 
there  were  two  fources  of  uncertainty,  which  rendered 
his  conclufions  not  altogether  to  be  depended  upon. 

The  firft  was,  that  he  had  no  method  of  determining  the 
quantity  of  alcohol  confumed,  except  by  the  difference 
of  weight  in  the  lamp  before  and  after  combuftion  ;  and 
that  therefore  a  quantity  might  have  evaporated  with¬ 
out  combuftion,’  which,  however,  would  be  taken  into 
the  fum  of  the  alcohobconfumed.  But  this  error  could 
not  have  been  great  j  for  if  a  confiderable  quantity  of 
alcohol  had  exifted  in  the  Rate  of  vapour  in  the  veffel, 
an  explofion  would  certainly  have  taken  place.  The 
other  fource  of  error  was,  that  the  quantity  of  water 
was  not  known  by  acftual  weight,  but  by  calculation,  354 

To  this  we  may  add,  that  Mr  Lavoifier  was  not  war- Ingredients 
ranted  to  conclude  from  his  experiment,  that  the  water 
found  in  the  veffel,  which  had  not  been  formed  by  the 
oxygen  gas  ufdd,  had  exifted  in  the  alcohol  in  the  ftate 
of  water  ;  he  was  intitled  to  conclude  from  his  data,  that 
the  ingredients  of  that  water  exifted  in  the  alcohol  be¬ 
fore  combuftion  ;  but  not  that  they  were  adlually  com¬ 
bined  in  the  ftate  of  water,  becaufe  that  combination 
might  have  taken  place,  and  in  all  probability  did  part¬ 
ly  take  place,  during  the  combuftion.  It  follows,  there¬ 
fore,  from  Mr  Lavoifier’s  experiments,  that  alcohol,^, 
fiippofing  he  ufed  it  perfedlly  pure,  which  is  not  pro-- 
bable,  is  compofed  of 

0,2988  parts  carbon, V 
0,1840  parts  hydrogen, 

0,5  I  7  2  parts  oxygen. , 

I,COOO 

But  it  gives  us  no  information  whatever  of  the  manner? 
in  which  thefe  ingredients  are  combined.  That  alcohoL 
contains  oxygen,  has  been  proved  by  a  very  ingenious 
fet  of  experiments  performed  by  Meffrs  Fourcroy  and.’ 
Vauqueliii.  When  equal  parts  of  alcohol  and  fulphuric: 
acid  are  mixed  together,  a  quantity  of  caloric  is  difen-' 
gaged,  fufficieiit  to  elevate  the  temperature  of  the  mix-- 
ture  to  190^  Bubbles  of  air  are  emitted,  the  liquor  be-- 
comes  turbid,  affumes  an  opal  colour,  and  at  the  end  of  f 
a  few  days  a  deep  red.  When  examined,  the  fulphuric 
acid  is  found  to  have  fuffered  no  change  ;  but  the  alco-- 
hoi  is  decompofed,  partly  converted  into  water  and  part¬ 
ly  into  ether,  a  fubftance  which  we  fhall  deferibe  imrne-* 
diately.  Now,  it  is  evident  that  the  alcohol  could  not 
have  been  converted  into  water . unlefs.it  had  contained: 
oxygen*.  ^-NUhoU 

When  equal  parts  of  fulphuric  acid  and  alcohol  are/®^\ 
mixed  together  and  heat  applied,  the  mixture  boils  * 

2o8^. 
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Akoho!,  208*^,  and  a  liquid  equal  to  half  the  weight  of  the  alco- 

- hoi  comes  over  into  the  receiver.  This  liquid  is  ether, 

E^her  Ether  is  obfcurely  hinted  at  in  fomc  of  the  older  che- 
^  *  mical  authors,  but  little  attentiqn  was  paid  to  it  till  a 
paper  appeared  in  the  Pliilofophical  Tranfadions  for 
written  by  a  German,  who  called  himfelf  Frohe- 
nius  (g),  containing  a  number  of  experiments  on  it. 
In  this  paper  it  firfl:  received  the  name  of  ether. 

Its  proper-  Ether  is  limpid  and  colourtefs,  of  a  very  fragrant 
tics.  fmell,  and  a  hot  pungent  tafte.  Its  fpecific  gravity  is 

c,739d.  It  is  exceedingly  volatile,  boiling  in  the  open 
air  at  98®,  and  in  a  vacuum  at  — 20®.  Were  it  not 
therefore  for  the  preffure  of  the  atmofphere,  it  would 
always  exill  in  a  gafeous  ftate.  Ether  unites  with  wa¬ 
ter  in  the  proportion  of  ten  parts  of  the  latter  to  one  of 
*  Count  de  the  former^.  It  is  exceedingly  inflammable,  and,  when 
Zauraguais,  kindled  in  the  Hate  of  vapour,  burns  with  rapidity,  or 
rather  explodes,  if  it  be  mixed  with  oxygen  gas. 

Theory  of  Chemifts  entertained  various  opinions  refpeding  the 
its  forma-  nature  of  ether.  Macquer  fuppofed  that  it  was  mere- 
tion.  ly  alcohol  deprived  by  the  acid  of  all  its  water.  But  it 
was  generally  believed  that  the  acid  entered  partly  into 
its  compofition.  Since  the  nature  of  acids  has  become 
better  known,  a  great  number  of  philofophers  have  fup¬ 
pofed  that  ether  is  merely  alcohol  combined  with  a  quan¬ 
tity  of  oxygen  furniflied  by  the  acid.  The  real  coinpo- 
fition  of  this  Angular  fubilance  has  been  lately  afcertain- 
ed  by  the  experiments  of  Fourcroy  and  Vauquelin. 

“  A  combination  (fay  they)  of  two  parts  of  fulphu- 
ric  acid  and  one  part  of  alcohol  elevates  the  tempera¬ 
ture  to  201®,  becomes  immediately  of  a  deep  red  co¬ 
lour,  which  changes  to  black  a  few  days  afterwards, 
and  emits  a  fmell  perceptibly  ethereal. 

«  When  we  carefully  obferve  what  happens  in  the 
combination  of  equal  parts  of  alcohol  and  concentrated 
iulphuvic  acid  expcfed  to  the  adlion  of  caloric  in  a  pro¬ 
per  apparatus,  the  following  phenomena  are  feen  : 

‘‘  I.  When  the  temperature  is  elevated  to  208®,  the 
fluid  boils,  and  emits  a  vapour  which  becomes  conden- 
fed  by  cold  into  a  colourlei’s,  light,  and  odorant  liquor, 
which  from  its  properties  has  received  the  name  of  ether. 
If  the  operation  be  properly  conduced,  no  permanent 
gas  is  difengaged  until  about  half  the  alcohol  has  paflcd 
over  in  the  form  of  ether.  Until  this  period  there  pafles 
abfolutely  nothing  but  ether  and  a  fmall  portion  of  wa¬ 
ter,  without  mixture  of  fulphurous  or  of  carbonic  acid. 

2.  If  the  receiver  be  changed  as  foon  as  the  fulphu¬ 
rous  acid  manifefts  itfelf,  it  is  obferved  that  no  more 
ether  is  formed,  but  the  fweet  oil  of  wine,  water,  and 
acetous  acid,  without  the  difengagement  hitherto  of  a 
Angle  bubble  of  carbonic  acid  gas.  When  the  fulphu- 
ric  acid  conllitutes  about  four-fifths  of  the  mafs  which 
reniauis  in  the  retort,  an  inflammable  gas  is  difengaged, 
which  has  the  fmell  of  ether,  and  bums  with  a  white 
oily  flame.  This  is  what  the  Dutch  chemifts  have  call¬ 
ed  carbonated  hydrogen  gas,  or  olejlant  gas,  becaufe  when 
mixed  with  the  oxy-muriatic  acid  it  forms  oil.  At  this 
period  the  temperature  of  the  fluid  contained  in  the  re¬ 
tort  is  elevated  to  230®  or  234^. 

<<  3.  When  the  fweet  oil  of  wine  ceafes  to  flow,  if  the 
receiver  be  again  changed,  it  is  found  that  nothing  more 
paffes  but  fulphurous  acid,  water,  carbonic  acid  gas ;  and 
that  the  refiduum  in  the  retort  is  a  black  mafs,  confifting 
lor  the  moft  part  of  fulphuric  acid  thickened  by  carbon. 


Part  II. 

The  feries  of  phenomena  here  expofed  will  juftify  Alcohol, 
the  following  general  induAions  : 

“  I.  A  fmall  quantity  of  ether  is  formed  fpontane- 
oufly,  and  without  the  afliftance  of  heat,  by  the  combi¬ 
nation  of  two  parts  of  concentrated  fulphuric  acid  and 
one  part  of  alcohbl. 

“  2.  As  foon  as  ether  is  formed,  there  is  a  produc¬ 
tion  of  w^ater  at  the  fame  time  ;  and  while  the  firft  of 
thefe  compofitions  takes  place,  the  fulphuric  acid  under¬ 
goes  no  change  in  its  intimate  nature. 

‘‘  3.  As  foon  as  the  fulphurous  acid  appears,  no  more 
ether  is  formed,  or  at  leaft  very  little  ;  but  then  there 
pafles  the  fweet  oil  of  wine,  together  with  water  and 
acetous  acid. 

‘‘  4.  The  fweet  oil  of  wine  having  ceafed  to  come 
over,  nothing  further  is  obtained  but  the  fulphurous  and 
carbonic  acids,  and  at  laft  fulphur,  if  the  diftillation  be 
carried  to  drynefs.  * 

“  The  operation  of  ether  is  therefore  naturally  divi¬ 
ded  into  three  periods  ;  the  firft,  in  which  a  fmall  quan¬ 
tity  of  ether  and  water  are  formed  without  the  afliftance 
of  heat  ;  the  fecond,  in  which  the  whole  of  the  ether 
which  can  be  obtained  is  difengaged  without  the  ac¬ 
companiment  of  fulphurous  acid;  and  the  third,  in  which 
the  fweet  oil  of  wine,  the  acetous  acid,  the  fulphurous 
acid,  and  the  carbonic  acid,  are  afforded.  The  three 
ftages  have  no  circumftance  common  to  all,  but  the  con¬ 
tinual  formation  of  water,  which  takes  place  during  the 
whole  of  the  operation. 

The  ether  which  is  formed  without  the  afliftance  of 
caloric,  and  the  carbon  which  is  feparated  without  de- 
compofition  of  the  fulphuric  acid,  prove  that  this  acid 
a6ls  on  alcohol  in  a  manner  totally  different  from  what 
has  hitherto  been  fuppofed.  It  cannot,  in  fa£l,  be  af¬ 
firmed,  that  the  acid  is  altered  by  the  carbon,  becaufc 
daily  experience  fliews  that  no  fenfible  attraction  takes 
place  between  thefe  two  bodies  in  the  cold;  neither  can 
it  be  affeCted  by  the  hydrogen  ;  for  in  that  cafe  fulphu¬ 
rous  acid  would  have  been  formed,  of  which  it  is  known 
that  no  trace  is  exhibited  during  this  firft  period.  We 
mull  therefore  have  recourfe  to  another  fpecies  of  ac¬ 
tion,  namely,  th^  powerful  attraClion  exercifed  by  the  fuU 
phuric  acid  upon  water.  It  is  this  which  determines  the 
union  of  the  principles  which  exift  in  the  alcohol,  and 
with  which  the  concentrated  acid  is  in  contaCl :  but  this 
aClion  is  very  limited  if  the  acid  be  fmall  in  quantity  ; 
for  an  equation  of  affinity  is  foon  eftablilhed,  the  effeCl 
of  which  is  to  maintain  the  mixture  in  a  ftate  of  repofe. 

‘‘  Since  it  is  proved  that  ether  is  formed  in  the  cold 
by  the  mixture  of  any  quantities  of  alcohol  and  fulphu¬ 
ric  acid,  it  is  evident  that  a  mafs  of  alcohol  might  be 
completely  changed  into  ether  and  vegetable  acid  by 
ufing  a  fufficient  abundance  of  fulphuric  acid.  It  is 
equally  evident  that  the  fulphuric  acid  would  not  by 
this  means  undergo  any  other  change  than  that  of  being 
diluted  with  a  certain  quantity  of  water.  This  obfer- 
vation  proves  that  alcohol  contains  oxygen,  becaufe  wa¬ 
ter  cannot  exift  without  this  principle,  which  muff  be 
afforded  by  the  alcohol  only,  fince  the  fulphuric  acid 
fuffers  no  decompofition. 

We  muft  not,  however,  imagine,  from  thefe  fa£ls, 
that  ether  is  alcohol  minus  oxygen  and  hydrogen.  Its 
properties  alone  would  contradi£l  this  ;  for  a  quantity 
of  carbon  proportionally  greater  than  that  of  the  hy¬ 
drogen 
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Alcohol,  drogen  is  at  tlie  fairiC  time  feparated.  It  may,  in  fa6I, 
""v— '  be  conceived  that  the  oxygen,  which  m  this  cafe  com¬ 
bines  with  the  hydrogen  to  form  water,  not  only  fatu- 
rated  that  hydrogen  in  the  alcohol,  but  likewife  the 
carbon.  So  that,  inftead  of  confidering  ether  as  alcohol 
minus  hydrogen  and  oxygen,  we  muft,  by  keeping  an 
account  of  the  precipitated  carbon  and  the  fmall  quan¬ 
tity  of  hydrogen  contained  in  the  water  which  is  form¬ 
ed,  regard  it  as  alcohol  plus  hydrogen  and  oxygen. 

“  The  foregoing  are  the  effedls  produced  by  a  combi¬ 
nation  of  alcohol  and  fulphuric  acid,  fpontaneoufly  pro¬ 
duced  without  foreign  heat.  Let  us,  in  the  next  place, 
obferve  how  this  combination  is  efFe6led  when  caloric 
is  added.  The  phenomena  are  then  very  dilferent,  tho’ 
fome  of  the  refiilts  are  the  fame. 

“  In  the  firil  place,  we  muft  obferve,  that  a  combina¬ 
tion  of  fulphuric  acid  and  alcohol  in  equal  parts  does  not 
boil  at  Icfs  than  207  degrees  of  temperature,  while  that 
of  alcohol  alone  boils  at  1 76.  Now  fince  ebullition  does 
not  take  place  till  the  higher  temperature,  it  is  clear 
that  the  alcohol  is  retained  by  the  affinity  of  the  ful¬ 
phuric  acid,  which  fixes  it  more  coiifiderably.  Let  us 
alfo  confider  that  organic  bodies,  or  their  immediate  pro- 
dii6ls,  expofed  to  a  lively  briflc  heat,  without  the*poffi- 
bility  of  efcaping  fpeedily  enough  from  its  a6lion,  luffer 
a  partial  or  total  decompofition,  according  to  the  degree 
of  temperature.  Alcohol  undergoes  this  laft  alteration 
when  pafted  through  an  ignited  tube  of  porcelain.  By 
this  fudden  decompofition  it  is  converted  into  water, 
carbonic  acid,  and  carbon.  The  reafon,  therefore,  why 
alcohol  is  not  decompofed  when  it  is  fubmitted  alone  to 
heat  in  the  ordinary  apparatus  for  diftillation,  is,  that 
the  temperature  at  w'hicli  it  rifes  in  vapours  is  not  ca¬ 
pable  of  effecting  the  feparation  of  its  principles  ;  but 
when  it  is  'fixed  by  the  fulphuric  acid  ov  any  other  bo¬ 
dy,  the  elevated  temperature  it  undergoes,  without  the 
poffibility  of  difengagement  from  its  combination,  is  fuf- 
licient  to  effecft  a  commencement  of  decompofition,  in 
which  ether  and  water  are  formed,  and  carbon  is  depo- 
fited.  Nothing  more  therefore  happens  to  the  alcohol 
in  thefe  circumftances  than  what  takes  place  in  the  dif¬ 
tillation  of  every  other  vegetable  matter  in  which  water, 
oil,  acid,  and  coal,  are  afforded. 

Hence  it  may  be  conceived  that  the  nature  of  the 
products  of  the  decompofition  of  alcohol  muft  vary  ac¬ 
cording  to  the  different  degrees  of  heat ;  and  this  ex¬ 
plains  why  at  a  certain  period  no  more  ether  is  formed 
but  the  fweet  oil  of  wine  and  acetous  acid.  In  fa6l, 
when  the  greateft  quantity  of  the  alcohol  has  been  chan¬ 
ged  into  ether,  the  mixture  becomes  more  denfe,  and 
the  heat  which  it  acquires  previous  to  ebullition  is  more 
confiderable.  The  affinity  of  the  acid  for  alcohol  be¬ 
ing  increafed,  the  principles  of  this  acid  become  fepa¬ 
rated  ;  fo  that,  on  the  one  hand,  its  oxygen  feizes  the 
hydrogen,  and  forms  much  water,  which  is  gradually 
volatilized  ;  while,  on  the  other,  the  ether  retaining  a 
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greater  quantity  of  carbon,  with  which  at  that  tempe- 
ratiii‘e  it  can  rife,  affords  the  fweet  oil  of  wdne.  This 
laft  ought  therefore  to  be  confidered  as  an  ether  con¬ 
taining  an  extraordinary  portion  of  carbon,  which  gives 
it  more  denfity,  lefs  volatility,  and  a  lemon  yellow  co¬ 
lour. 

,  “  During  the  formation  of  the  fweet  oil  of  wine,  the 
quantity  of  carbon  which  is  precipitated  is  no  longer  in 
the  fame  proportion  as  during  the  formation  of  ether. 

“  What  we  have  here  ftated  concerning  the  manner  in 
which  ether  is  formed  by  the  fimiiltaneous  adion  of  the 
fulphuric  acid  and  heat,  appears  fo  conformable  to  truth, 
that  nearly  the  fame  effeds  may  be  produced  by  a  cauf- 
tic  fixed  alkali.  In  this  cafe  alfo  a  kind  of  ether  and  a 
fweet  oil  of  wine  are  volatilized,  and  coal  is  precipitated. 

It  is  therefore  only  by  fixing  the  alcohol  that  the  ful¬ 
phuric  acid  permits  the  caloric  to  operate  a  fort  of  de¬ 
compofition.  It  may  alfo  be  urged  as  a  proof  of  this 
affertion,  that  the  fulphuric  acid,  which  has  ferved  to 
make  ether  as  far  as  the  period  at  which  the  fweet  oil 
of  wine  begins  to  appear,  is  capable  of  faturating  the 
fame  quantity  of  alkali  as  before  its  mixture  with  the 
alcohol 

Ether  may  alfo  be  obtained  by  means  of  feveral  otherA^’^  Journ, 
acids.  The  different  liquids  thus  formed  are  diftin-*' 
guiffied  by  prefixing  the  name  of  the  acid  ufed  in  the 
procefs.  Thus  the  ether  above  deferibed  is  called /z//- 
phuric  ether  ;  that  obtained  by  means  of  nitric  acid,  «i- 
tric  ether y  and  fo  on.  There  are  feveral  minute  ffiades 
of  difference  between  thefe  various  ethers,  which  have 
not  yet  been  properly  inquired  into.  ^58 

Alcohol  is  capable  of  diffolving  a  great  many  bodies,  ^^hftances 
A  confiderable  number  of  thefe,  with  the  quantities 
luble,  is  exhibited  in  the  following  tables.  a  co  o  . 

I.  Suhjlances  dijfolved  In  large  Quantities, 


Names  of  the  Subftances. 

Tempe¬ 

rature. 

240  parts 
of  alcohol 
diffolve 

Nitrat  of  cobalt 

J4.J° 

2  40  parts 

copper 

54o 

240 

alumina 

54.J 

240 

magnefia 

180,5 

694 

Muriat  of  zinc 

54.5 

240 

alumina 

54>5 

240 

magnefia 

180,5 

1313 

iron  -  - 

180,5 

240 

copper 

180,5 

240 

Acetite  of  lead  -  - 

“3 

copper  f 

Benzoic  acid  -  -  - 

Sulphat  of  magnefia 

Nitrat  of  zinc  decompofed 

iron  decompofed 

bifmuth  decompofed 

i 

f  Withering  y 
ThiU  Tranp 
htxii.  336. 


SuppL.  VoL.  I.  Fart  L 


Pp 
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ybil.  TranJ, 
Ixxii.  336. 
f  Maciptery 


I  Withering^ 
Ibid, 


§  IVlacquery. 
ibid. 
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II.  Suljlances  di/fched  in  /mail  ^antities. 


Names  of  the  Sabftances.  1 

24O  parts  of 
alcohol  at  the 
boiling  tempe 
rature  dilTolve 

Muriat  of  lime 

240  parts 

Nitrat  of  ammonia 

214 

Oxy- muriat  of  mercury 

2  12 

Succinic  acid 

177 

Acetite  of  foda 

I  12 

Nitrat  of  filver 

100 

Refined  fugar  ... 

59 

Boracic  acid  -  -  * 

48 

Nitrat  of  foda 

23 

Acetite  of  copper 

18 

Muriat  of  ammonia 

17 

Arfeniat  of  potafs 

9 

Acidulated  oxalat  of  potafs  - 

7 

Nitrat  of  potafs 

5 

Muriat  of  potafs 

5 

Arfeniat  of  foda 

Barytes 

Strontites 

4 

White  oxide  of  arfenic 

3 

Tartrat  of  potafs 

Phofphorus 

Nitrat  oflead  * 
lime  * 

Muriat  of  mercury  f 

Carbonat  of  ammonia  * 

I 

III.  Subjlances  infoluble  -with  Alcohol. 


Sugar  of  milk, 

Borax, 

Tartar, 

Alum, 

Sulphat  of  ammonia, 
lime, 

barytes  :j:, 

iron  (green), 

copper, 

filver, 

mercury, 

zinc, 

potafs. 


Sulphat  of  foda, 

magnefia. 
Sulphite  of  foda, 
Tartrite  of  foda  and 
potafs, 

Phofphoric  acid, 
Nitrat  of  lead, 

mercury, 
Muriat  of  lead, 

filver  J, 
Common  fait, 
Carbonat  of  potafs, 
foda. 
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in  Genefis,  and  during  the  time  of  Abraham  was  even  Oils. 


ufed  in  lamps 
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Thefe  have  been  chiefly  borrowed  from  tables  which 
Mr  de  Morveau  publilhed  in  the  Journal  de  Phyftque 
Tuly  178c,  and  which  were  drawn  up  for  the  molt  part 
from  the  experiments  deferibed  in  Wenzel’s  Treatife  on 

Affinities.  .  r  m  t 

The  affinities  of  alcohol  are  very  imperfedly  known. 

Th«>fe  ftated  by  Bergman  are  as  follows ; 

Water, 

Ether, 

Volatile  oil, 

Sulphurets  of  alkalies. 


Chap.  III.  Of  Oils. 
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Difc  every 
of  oil. 


Oil,  which  is  of  fuch  extenfive  utility  in  the  arts, 
was  known  at  a  very  remote  period.  It  is  mentioned 


_ _ _ The  olive  w^as  very  early  cultivated,^ 

and  oil  extraded  from  it  in  Egypt.  Cecrops  brought 
it  from  Sais,  a  towm  in  Lower  Egypt,  where  it  had 
been  cultivated  from  time  immemorial,  and  taught  the 
Athenians  to  extract  oil  from  it.  In  this  manner  the 
ufe  of  oil  became  known  in  Europe  f .  But  the  Greeks  f  Herodof. 
feem  to  have  been  ignorant  of  the  method  of  procuring  lib.  ii  59. 
light  by  means  of  lamps  till  after  the  fiege  of  Troy  62. 
at  leaft  Homer  never  mentions  them,  and  coiiftantly  de- 
feribes  his  heroes  as  lighted  by  torches  of  w'ood. 

Oils  are  divided  into  two  clafies,  Fixed  and  V olatile  ; 
each  of  which  is  diftinguifhed  by  peculiar  properties.  ^61 
I.  The  FIXED  OILS,  called  alfo  fat  or  exprejfed  oils.  Fixed  oilv 
are  numerous,  and  are  obtained,  partly  from  animals  and 
partly  from  vegetables,  by  fimple  expreffion.  As  in- 
ftances,  we  fhall  mention  whale  oil  or  train  oil,  obtained 
from  the  blubber  of  the  whale  ;  olive  oil,  obtained  from 
the  fruit  of  the  olive  ;  lintfeed  oil  and  almond  oil,  ob¬ 
tained  from  lintfeed  and  almond  kernels.  Fixed  oils 
may  alfo  be  obtained  from  poppy  feeds,  hemp  feeds, 
beech  mail,  and  many  other  vegetable  fubftances. 

All  thefe  oils  differ  from  each  other  in  feveral  parti¬ 
culars,  but  they  alfo  pofTefs  many  particulars  in  coni- 
mon.  Whether  the  oily  principle  in  all  the  fixed  oils  is 
the  fame,  and  whether  they  owe  their  differences  to  ac- 
cidental  ingredients,  is  not  yet  completely  afeertained, 
as  no  proper  analyfis  has  hitherto  been  made  ;  but  it  is 
exceedingly  probable,  as  all  the  oils  hitherto  tried  have 
been  found  to  yield  the  fame  produds.  In  the  prefent 
ftate  of  our  knowledge,  it  would  be  ufelefs  to  give  a 
particular  defcription  of  all  the  fixed  oils,  as  the  diffe¬ 
rences  between  them  have  not  even  been  accurately  af¬ 
eertained.  We  fhall  content  ourfelves,  therefore,  with 
giving  the  charaders  which  diftinguifh  fixed  oils  in  ge¬ 
neral,  and  an  analyfis  of  one  oil,  by  w^ay  of  fpeciinen. 

Fixed  oils  are  infoluble  in  alcohol,  which  diftinguifhesxheir 
them  from  volatile  oils.  They  are  alfo  infoluble  in  water,  perties. 

They  have  an  iinduous  feel,  are  tranfparent  while 
fluid,  are  deftitute  of  fmell,  and  have  a  mild  infipid  kind 
of  tafte. 

They  are  all  fufceptible  of  becoming  folid  by  expo- 
fure  to  a  fufficient  degree  of  cold.  Olive  oil  and  al¬ 
mond  oil  freeze  at  io4r  degrees 

They  are  capable  of  being  converted  into  vapour  by 
heat  ;  but  require  for  that  purpofe  a  temperature 
fiderably  fuperior  to  that  of  boiling  water.  Olive  oil  43, 
boils  at  6oo^  and  moft  of  the  fixed  oils  hitherto  tried 
require  nearly  the  fame  degree  of  heat. 

When  in  the  ftate  of  vapour  they  take  fire  on  the 
approach  of  an  ignited  body,  and  burn  with  a  yellowifti 
white  flame.  It  is  upon  this  principle  that  candles  and. 
lamps  burn.  The  tallow  or  oil  is  firft  converted  inta 
the  ftate  of  vapour  in  the  wick  ;  it  then  takes  fire,  and 
fiipplies  a  fufficient  quantity  of  heat  to  convert  more 
oil  into  vapour  ;  and  this  procefs  goes  on  while  any  oil 
remains.  The  wick  is  neceflary  to  prefent  a  fufficlent- 
ly  fmall  quantity  of  oil  at  once  for  the  heat  to  a6l  up¬ 
on,  If  the  heat  were  fufficiently  great  to  keep  the 
whole  oil  at  the  temperature  of  600®,  no  wick  would  be 
neceftary,  as  is  obvious  from  oil  catching  fire  fponta- 
neoufly  when  it  has  been  raifed  to  that  temperature.  363 
Mr  Lavoifier  analyfed  olive  oil  by  burning  it  in  pre- Analyfis  cf 
cifely  the  fame  apparatus  as  that  which  he  employed  forohve  oil. 
analyfing  alcohol. 
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OilF.  The  quantity  of  oil  confumed  amounted  to  15,79 
grains  troy. 

The  quantity  of  oxygen  gas  amounted  to  50,86  gr. 
troy.  The  whole  amount  therefore  of  the  fubftances 
confumed  during  the  combuftion  is  66,65  grains  troy. 

The  carbonic  acid  obtained  amounted  to  44,50  gr. 
There  was  alfo  a  confiderable  quantity  of  water,  the 
weight  of  which  could  not  be  accurately  afcertained  : 
but  as  the  whole  of  the  fubftances  confumed  were  con¬ 
verted  into  carbonic  acid  gas  and  water,  it  is  evident 
that  if  the  weight  of  the  carbonic  acid  be  fubtradfed  from 
the  weight  of  thefe  fubftances,  there  muft  remain  precife- 
ly  the  weight  of  the  water.  Mr  Lavoifier  accordingly 
concluded,  by  calculation,  that  the  weight  of  the  water 
was  22,1  5  grains.  Now  the  quantity  of  oxygen  in  44,50 
grains  of  carbonic  acid  gas  is  3  2,04  grains,  and  the  oxy¬ 
gen  In  22,15  grains  of  water  is  18,82  grains;  both  ot 
which  taken  together  amount  to  50,86  grains,  precifely 
the  weight  of  the  oxygen  gas  employed.  There  does 
not  appear  therefore  to  be  any  oxygen  in  olive  oil. 

The  quantity  of  carbon  in  44,50  grains  of  carbonic 
acid  gas  is  1  2,47  grains  ;  and  the  quantity  of  hydro¬ 
gen  in  22,15  grains  of  water  is  3,32  grains;  both^  of 
which,  when  taken  together,  amount  to  15,79 
which  is  the  weight  of  the  oil  confumed. 

It  follows,  therefore,  from  this  analyfis,  that  15,79 
grains  of  olive  oil  are  compofed  of 
12,47  Carbon, 

3,32  Hydrogen. 

Olive  oil  therefore  is  compofed  of  about 
79  Carbon, 

21  Hydrogen. 

*  Mem,  100* 

Far.  1784.  In  what  manner  thefe  fubftances  are  combined,  can- 

and  Jour.  learned  from  this  analyfis.  Whether  they  combine 

dire<ftly,  and  faturate  each  other  In  that  proportion,  as 
Is  moft  probable  -  or  whether  the  hydrogen  is  combined 
previoufty  with  a-part  of  the  carbon,  and  that  compound 
combining  with  a  certain  quantity  of  carbon,  forms  oil, 
is  altogether  uncertain.  Yet  thefe  queftions  are  of  the 
utmoft  importance  ;  and  till  the  method  of  folving  them 
be  difcovered,  we  never  can  acquire  any  precife  ideas 
about  the  conftituent  ptos  of  a  great  number  of  fub¬ 
ftances,  which,  though  formed  ultimately  of  the  fame  in¬ 
gredients,  differ  very  much  In  their  properties  from  one 
r  another;  as  wax  and  oil;  alcohol,  fugar,  and  ether. 

RaiLidity.  When  fixed  oils  are  expofed  to  the  atmofphere,  they 
become  thick,  acquire  a  brown  colour,  and  a  peculiarly 
iinpleafant  fmell :  they  are  then  faid  to  be  rancid. 
When  oil  is  poured  upon  water,  fo  as  to  form  a  thin 
layer  on  its  fiirface,  and  is  in  that  manner  expofed  to 
the  atmofphere,  thefe  changes  are  produced  much  foon- 
er,  the  oil  becomes  thicker,  and  affiimes  an  appearance 
very  much  refembling  wax.  Berthollet,  who  firft  exa¬ 
mined  thefe  phenomena  with  attention,  afcribed  them 
to  the  action  of  light:  but  Sennebier  obfervcd,  that  no 
fuch  change  was  produced  on  the  oil  though  ever  fo 
long  expofed  to  the  light,  provided  atniofpherlcal  air 
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was  excluded  ;  but  that  it  took  place  on  the  admiffion 
of  oxygen  gas,  whether  the  oil  was  expoled  to  the  light 
or  not  It  cannot  be  doubted,  then,  that  it  is  owing  *  Ann.de^ 
to  the  combination  of  oxygen.  All  fubftances  that  are 
capable  of  fupplying  that  principle,  the  metallic  oxides 
for  inftance,  and  feveral  of  the  acids,  produce  the  fame 
effedl  upon  oils  ;  and  it  is  a  known  fadl,  that  oil  is 
capable  of  reducing  many  of  the  metallic  oxides  to  the 
metallic  ftate,  and  confequently  that  it  has  a  ftronger 
affinity  for  oxygen. 

Mr  Chaptal  has  fuppofed  that  oils  become  rancid 
merely  becaufe  they  contain  a  quantity  of  mucilage, 
with  which  the  oxygen  combines  ;  and  that  when  oxy¬ 
gen  combines  with  fixed  oils,  it  produces  a  different  ef- 
fedl,  converting  them  into  what  is  called  drying  oils. 

It  is  certain  that  oils  contain  a  quantity  of  mucilage; 
but  fome  change  is  evidently  produced  on  the  oils  them- 
felves  by  rancidity;  for  no  agitation  in  water  is  capable 
of  reftoring  them  to  their  former  ftate,  although  water  365 
deprives  them  of  their  mucilage.  called 

becaufe  they  are  capable  off  completely  when  fpread 

out,  a  property  which  renders  them  ufeful  in  painting, 
feem,  as  Sennebier  obferves,  to  be  completely  deprived  of 
mucilage  ;  for,  in  order  to  render  an  oil  drying,  It  muft 
be  boiled,  which  evaporates  or  decompofes  all  the  muci¬ 
lage:  they  feem  alfo  to  lofe  part  of  their  hydrogen  f.  ^  Berthollet. 

Fixed  oils  are  capable  of  diffolving  fulphur  at  their  366 
boiling  temperature.  The  folution  is  very  fetid,  owing  Fixed  oils 
to  a  partial  decompofition  of  the  oil.  Hydrogen  gas 
flies  off,  having  a  quantity  of  fulphur  diffolved  in  it.  ^  * 

When  the  folution  cools,  the  fulphur  cryftallizes.  367 

Fixed  oils  diffolve  phofphorus.  The  folution  Is  lu-Andphof- 
minous,  from  the  flow  combuftion  of  the  phofphorus.  phorus. 

Fixed  oils  are  capable  of  combining  with  many  of 
the  metallic  oxides.  The  compound’s  are  called  metallic 
foaps.  Several  of  the  oxides  are  decompofed  by  being 
boiled  in  oils. 

Fixed  oils  combine  alfo  with  the  alkaline  earths  and 
with  alumina.  The  compounds  are  called  earthy  foaps. 


The  affinities  of  the  oils  are  as  follows : 
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Their  affi¬ 
nities. 


Lime,  Nitric  acid. 

Barytes,  Muriatic, 

Fixed  alkalies.  Sulphurous, 

Magnefia,  Sulphuric, 

Ammonia,  Acetous, 

Oxide  of  mercury,  Sulphur, 

Other  metallic  oxides  (  h  ),  Phofphorus  ( i ). 

Alumina.  369 

II.  Volatile  oils,  called  alfo  ejfential  oilsy  are  all  Volatile 
obtained  from  vegetables.  They  have  a  ftrong  aroma-  oils, 
tic  fmell,  and  a  pungent  acrid  tafte.  They  are  fo  vo¬ 
latile  that  they  may  be  diftilled  by  the  heat  of  boiling 
water.  They  are  foluble  in  alcohol,  but  not  in  water.. 

They  evaporate  on  the  application  of  heat,  without  lea¬ 
ving  any  ftain  behind  them,  which  is  not  the  cafe  with 
the  fixed  oils.  By  this  teft,  accordingly,  it  is  eafy  to 
difeover  whether  they  have  been  adulterated  with  any 
of  the  fixed  oils.  Let  a  drop  of  the  volatile  oil  fall 
upon  a  flieet  of  writing  paper,  and  then  apply  a  gentle 
P  p  2  heat 


(h)  Their  order  not  well  afcertained. 

(1)  The  firft  column  was  afcertained  by  Berthollet.  The  laft  is  to  be  confidered  as  unconnedled  with  the  firft. 
On  account  of  the  affinity  of  thefe  two  claffes  of  bodies  for  each  other,  it  has  not  been  poffible  to  difeover  which 
of  them  has  the  greateft  affinity  for  oil. 
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perties. 
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heat  to  it.  IF  it  evaporates  without  leaving  any  ftain 
upon  the  paper,  the  oil  is  pure  ;  but  if  it  leaves  a  ftain, 
it  has  been  contaminated  with  fome  fixed  oil  or  other. 

Volatile  oils  are  very  numerous,  and  differ  from  one 
another,  in  fluidity  and  weight,  in  their  freezing  point, 
and  in  ftveral  other  particulars.  Little  attention  has 
been  paid  to  the  greateft  part  of  them,  becaufe  few  of 
them  have  been  found  of  any  ufe.  The  principal  qua¬ 
lity  for  which  they  are  valued  is  their  odour.  Some  of 
them  are  obtained  by  expreffion,  as  oil  ot  bergamot,  le¬ 
mons,  oranges  ;  others  by  diftillation,  as  oil  of  pepper¬ 
mint,  thyme,  lavender,  &c.  It  would  be  ufelels,  even 
if  it  were  poflible,  to  give  a  particular  defcription  of  all 
the  volatile  oils. 

They  are  more  inflammable  than  the  fixed  oils;  a  qua¬ 
lity  which  they  owe  to  their  volatility.  As  far  as  expe¬ 
riments  have  hitherto  been  made,  they  feem  to  confift 
of  carbon  and  hydrogen  ;  but  nothing  is  )cnown  con¬ 
cerning  the  proportions  of  thefe  ingredients.  They 
thicken  when  expofed  to  the  air,  probably  by  combi¬ 
ning  with  oxygen,  and  form  rcjtns  (k). 

When  expofed  to  cold,  or  when  kept  for  a  long  time, 
fome  of  them  depofite  cryftals  refembling  the  acid  of 
benzoin  (l). 

They  diffolve  fulphur,  and  form  what  have  been  call¬ 
ed  lalfams  of  fulphur^ 

They  are  capable  of  combining  with  moft  of  the  fub- 
ftances  that  unite  with  fixed  oils.  Their  affinities,  which 
certainly  differ  from  thofe  of  fixed  oils,  have  not  yet 
been  properly  afcertalned. 

Chap.  IV.  Of  Alkalies. 

Properties  Substances  poffeffed  of  the  following  properties  are 
«f  alkalies,  called  alkalies  : 

1.  Incombuftible. 

2.  Capable  of  converting  vegetable  blues  to  a  green. 

3.  A  hot  cauftic  tafte. 

4.  VeryTolublc  in  water,  even  when  combined  with 

carbonic  acid. 

There  are  three  alkalies,  pofa/s,  Joda^  and  ammonia* 
The  two  firft  are  called  fxed  alkalies,  becaufe  a  very 
violent  heat  is  neceffary  to  volatilize  them  ;  the  laft  is 
called  volatile  alkali,  becaufe  it  very  eafily  affumes  a  ga- 
feous  form,  and  is  confequently  diffipated  by  a  very  mo¬ 
derate  degree  of  heat. 

Sect.  T.  Of  Potafs. 

Method  of  ^  fufficient  quantity  of  wood  be  burnt  to  afhes, 

pro^uJing  and  thefe  afhes  be  afterwards  wafhed  repeatedly  with 
p4>tafs,  water  till  it  comes  off  free  from  any  tafte,  and  if  this 
liquid  be  filtrated  and  evaporated  to  drynefs,  the  fub- 
ftance  which  remains  behind  is  potafs;  not,  however, 
in  a  ftate  of  purity,  for  it  is  contaminated  with  feveral 
other  fubftances  ;  but  fufficiently  pure  to  exhibit  many 
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of  its  properties.  In  this  ftate,  it  occurs  in  commerce  Alkalies, 
under  the  name  of  potafo*  It  may  be  purified  confi- 
derably,  by  putting  it  in  a  crucible,  keeping  it  red  hot 
for  fome  time  ;  then  diffolving  it  in  water,  filtrating  it, 
and  evaporating  it  again  to  drynefs.  By  the  following 
method  it  may  be  obtained  nearly  pure  :  Mix  together 
equal  quantities  of  nitre  and  carbon,  and  put  them  by 
little  and  little  into  a  red  hot  crucible.  They  burn 
with  a  vivid  flame,  and  leave  behind  them  a  quantity  of 
potafs.  This  is  to  be  diffolved  in  water,  filtrated,  and 
evaporated  to  drynefs.  Or  potafs  may  be  obtained  by 
burning  tartar  wrapt  up  in  brown  paper  and  placed  in 
a  crucible  (m ). 

The  potafs  procured  by  thefe  laft  proceffes  is  exceed- 
ingly  white  ;  it  is  not,  however,  quite  pure  ;  for  it  is 
combined  with  a  fubftance  which  blunts  all  its  properties 
confiderably.  This  fubftance  is  carbonic  acid  gas;  from 
which  it  may  be  feparated  by  diffolving  it,  and  mixing 
with  it  an  equal  quantity  of  lime  made  into  a  pafte  with 
water.  The  lime  has  a  greater  affinity  for  carbonic  acid 
gas,  and  therefore  combines  wfith  it  ;  and  the  pure  pot¬ 
afs  remains  diffolved  in  the  water,  and  may  be  feparated 
from  the  lime  by  filtrating  the  mixture  This  procefs,. 
however,  muft  be  performed  in  clofe  vcffels  ;  for  there 
is  a  little  carbonic  acid  gas  in  the  atmofphere,  which 
would  again  combine  wdth  the  potafs  if  it  were  allowed 
to  ftand  expofed  to  the  air. 

It  is  then  to  be  evaporated  till  a  thick  pellicle  appears 
on  its  furface,  and  afterwards  allowed  to  cool ;  and  all 
the  cryftals  which  have  formed  are  to  be  feparated,  for 
they  confift  of  foreign  falts.  The  evaporation  is  then 
to  be  continued  in  an  iron  pot  ;  and,  during  the  pro¬ 
cefs,  the  pellicle  which  forms  on  the  furface  is  to  be 
carefully  taken  off  with  an  iron  fl^immer.  When  no 
more  pellicle  appears,  and  when  the  matter  ceafes  to 
boil,  it  is  to  be  taken  off’  the  fire,  and  muft  be  conftant- 
ly  agitated  while  cooling  with  an  iron  fpatula.  It  is 
then  to  be  diffolved  in  double  its  owm  weight  of  cold 
water.  This  folution  is  to  be  filtered  and  evaporated 
in  a  glafs  retort  till  it  begin  to  depofite  regular  cryftals. 

If  the  mafs  confolidates  ever  fo  little  by  cooling,  a  fmall 
quantity  of  water  is  to  be  added,  and  it  muft  be  heated 
again.  When  a  fufficient  number  of  cryftals  have  been 
formed,  the  liquor  which  fwims  over  them,  and  which 
has  affumed  a  very  brown  colour,  muft  be  decanted  off, 
and  kept  in  a  well-clofed  bottle  till  the  brown  matter 
has  fubfided,  and  then  it  may  be  evaporated  as  before, 
and  more  cryftals  obtained.  The  cryftals  may  then  be 
diffolved  in  pure  w’ater.  By  this  procefs,  which  was 
invented  by  Mr  Lowitz  of  Peterfburgh  *,  potafs  may  # 
be  obtained  in  a  ftate  of  the  greateft  purity.  Tbei.  164. 
ffiape  of  its  cryftals  is  very  different,  according  to  the 
way  in  which  they  have  been  produced.  ^Vhen  allow¬ 
ed  to  form  in  the  cold,  they  are  oftahedrons  in  groups, 
and  contain  0,43  of  water  :  'When  formed  by  evapora- 


(  K )  Refins  are  concrete  vegetable  juices ;  the  diftinguilhing  property  of  which  Is  Infolubility  in  water  and  fo- 
lubility  in  alcohol.  Common  reftn,  or  rofm,  from  which  they  derive  their  name,  is  one  of  them  ;  and  fealing  wax 
confifts  almoft  entirely  of  another.  ^  ^  ^ 

(l)  See  a  paper  by  Margueron  on  this  fubjeft,  j^nn,  de  Chim.  xxi.  174* 

(m)  That  potafs  was  known  to  the  ancient  Gauls  and  Germans,  cannot  be  doubted,  as  they  were  the  inven^rs 

of  foap,  which,  Pliny  informs  us,  they  compofed  of  afhes  and  tallow.  Thefe  afhes  (for  he  mentions  the  afhes 
of  the  beech  tree  palticularly)  were  nothing  elfe  but  potafs  ;  not,  however,  in  a  ftate  of  purity.  bb.  xviii. 

c.  51.  The  1.00,  mentioned  by  Ariftophaaes  and  Plato,  appears  to  have  been  a  ley  made  of  the  fame  kind 

of  afhes. 
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Meyer’s 

theory. 


Alkalies,  tion  on  the  fire,  they  affiime  the  figure  of  very  thin  tran- 
—  {parent  blades  of  extraordinary  magnitude,  which, ^  by 
an  alfemblage  of  lines  crolfing  each  other  in  prodigious 
numbers,  prefent  an  aggregate  of  cells  or  cavity’s,  com¬ 
monly  fo  very  dofe,  that  the  vefiel  may  be  inverted  with- 
♦  NhbolfoK,out  lofing  one  drop  of  the  liquid  which  it  containsf. 
i.  164.  Pure  potafs  is  fo  exceedingly  corrofive,  that  when 

applied  to  any  part  of  the  body,  it  deitroys  it  almoll 
inftantaneoiifly.  Op  account  of  this  property,  it  has 
been  called  caujlic^  and  is  often  ufed  by  furgeons  under 
the  name  of  the  potential  cautery^  to  open  abfeeffes,  and 
dcllroy  ufelefs  or  hurtful  excrefcences. 

Black’s  dif-  As  potafs  is  never  obtained  at  firft  in  a  ftate  of  pu- 
cove  y  of  rity,  but  always  combined  vvith  carbonic  acid,  it  was 
the  caufe  Oblong  before  cliemills  underftood  to  what  the  changes 
produced  upon  it  by  lime  were  owing.  According  to 
foine,  it  was  deprived  of  a  quantity  of  ntucllage,  in 
wliich  it  had  formerly  been  enveloped  ;  while,  accord¬ 
ing  to  others,  it  was  rendered  more  active  by  being 
more  comminuted.  At  laft,  in  175 BlacX  puo- 
lilhed  the  celebrated  experiments  which  we  have  fo  ol- 
ten  meutioiied;  in  which  he  proved,  by  the  moll:  inge¬ 
nious  and  fatisfadfory  analyfis,  that  the  potafs  which  the 
world  had  confidered  as  a  fimple  fublfancc,  was  really  a 
compound,  confilling  of  potals  and  carbonic  acid  ;  that 
lime  deprived  it  of  this  acid  ;  and  that  it  became  more 
active  by  becoming  more  fimple. 

While  Dr  Black  was  thus  occupied  in  Scotland,  Mr 
Meyer  was  employed  in  Germany  in  the  fame  refearches; 
from  which,  however,  he  drew  very  different  conclu- 
fions.  His  Effays  on  Lime  appeared  in  1764.  Pour¬ 
ing  into  lime-water  a  fulution  of  potafs  {carhonat  of  pot¬ 
afs  )y  he  obtained  a  precipitate,  which  he  found  not  to 
differ  from  limeftone.  The  alkali  had  therefore  de¬ 
prived  the  lime  of  its  canflicity  and  its  adfive  properties  ; 
and  thefe  very  properties  it  had  itfelf  acquired.  From 
which  he  concluded,  that  the  caufticity  of  lime  was 
owing  to  a  particular  acid  with  which  it  had  combined 
during  its  calcination.  The  alkali  deprived  the  lime  of 
this  acid,  and  therefore  had  a  flronger  affinity  for  it. 
To  this  acid  he  gave  the  name  of  aetdum  pingus  or  eaxf- 
ticum.  It  was,  according  to  him,  a  fubtile  elaftic  inixt, 
analogous  to  fulphur,  approaching  very  nearly  to  the 
nature  of  fire,  and  adlually  compofed  of  an  acid  prin¬ 
ciple  and  fire.  It  was  expanfible,  compreffible,  volatile, 
aftringent,  capable  of  penetrating  all  veflels,  and  was 
the  caufe  of  cauflicity  in  lime,  alkalies,  and  metals. 
This  theory  was  exceedingly  ingenious,  and  it  was  fup- 
ported  by  a  vafl  number  of  new  and  important  fabts. 
But  notwithftanding  tlie  reputation  and  acknowledged 
genius  and  merit  of  its  author.  It  never  gained  many 
followers  ;  becaufe  the  true  theory  of  cauflicity,  which 
liad  been  already  publifhed  by  Dr  Black,  foon  became 
known  on  the  continent ;  and,  notwithftanding  fome 
oppofition  at  firft,  foon  carried  conviclion  into  every 
unprejudiced  mind.  Even  Mr  Meyer  liimfelf  readily 
acknowledged  Its  truth  and  importance,  though  he  did 
not  at  firft,  on  that  account,  give  up  his  own  theory. 

When  potafs  is  expofed  to  the  adion  of  fire,  it  firft 
becomes  foft,  and  melts  Into  a  tranfparent  liquid  at  the 
commencement  of  ignition. 

When  expofed  to  the  air,  it  attrads  moifture  very 
fall,  and  is  foon  converted  Into  a  liquid.  It  attrafts, 
at  the  fame  time,  carbonic  acid  gas,  for  which  it  has  a 
very  ftrpng  affinity.  It  is  impoffible,  then,  to  keep 
potafs  in  a  ftate  of  purity,  except  in  very  clofe  veffels. 
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It  unites  readily  with  fulphur,  and  forms  fulphurel  of  Alkalies.  ^ 
potafs.  Tills  compound  may  be  formed  two  ways ;  ei-  ^  " 
tlier  by  melting  the  ingredients  together,  or  by  boiling 
them  ill  water,  and  then  filtrating  the  lolution.  Sul- of  potafs. 
phuret  of  potafs  when  dry,  in  which  ftate  it  is  obtained 
by  the  firft  procefs,  is  of  a  browm  colour.  It  is  foluble 
in  water,  and  very  foon  attracts  moifture. 

While  dry  it  produces  no  change  upon  the  ai'r  of 
the  atmofpliere,  as  Meffrs  Diemaii,  Van  Trooftwyck, 
Nieuwland,  and  Bondt,  afeertained  by  experiment  *. ’tf 
But  wdien  molftened  wdth  water,  It  very  foon  abforbs  xiv» 
all  the  oxygen  gas  which  happens  to  be  in  the  veffel  in '^94* 
which  it  is  enclofed,  and  leaves  nothing  but  azotic  gas. 

This  fad  was  firft  obferved  by  Scheele,  and  induced 
him  to  ufe  fulphuret  of  potafs  for  an  eudiometery  or  in- 
ftrument  to  meafure  the  quantity  of  oxygen  contained 
in  any  given  portion  of  atmoipheric  air. 

If  fulphuret  of  potafs  be  allowed  to  remain  moift,  and 
in  con  tad  with  the  amiofpliere,  it  is  gradually  convert¬ 
ed  into  fulphat  of  potafs  by  the  fulphur  combining 
wdth  oxygen,  and  forming  fulphiiric  acid.  At  the 
fame  time  the  fulphuret  emits  a  fetid  fmell,  wdiich  is 
known  to  be  the  odour  of  fulphurated  hydrogen  gas. 

The  fulphuret  then  ilecompofes  the  water  with  which 
it  is  mixed.  Very  little  fulphurated  hydrogen  gas, 
however,  is  emitted,  except  an  acid  (the  iulphuric,^  for 
inftaiiee)  be  poured  upon  the  mixture,  and  then  it  is 
given  out  very  copioufiy.  Tlie  reafon  of  this  is,  that 
there  is  an  affinity  between  the  potafs  and  this  gas. 
Accordingly  It  is  retained  by  the  potafs  after  it  is  form¬ 
ed.  But  as  the  acids  have  a  much  ftronger  affinity  for 
potafs,  as  foon  as  any  of  them  is  poured  in  the  gas  is 
obliged  to  feparate  j*.  ^  ^  \ 

Illiquid  fulphuret  of  potafs  be  kept  in  clofe  veQels, 
it  is  not  decompofed  except  in  part ;  becaufe  as  foon 
as  the  alkali  is  faturated  with  the  fulphurated  hydrogen 
gas,  the  adlioii  of  the  fulphur  on  the  water  is  at  an  end  J.  \  uid,. 

The  explanation  of  the  a6lion  of  this  fulphuret  on 
the  atmofphere,  which  the  Dutch  cbeniifts  above-men¬ 
tioned  give  from  thefe  data,  is  as  follows ; 

Sulphuret  of  potafs  decompofes  water  ;  fulphurated 
hydrogen  gas  is  formed,  and  abforbed  by  the  alkali. 

This  gas  has  a  ftrong  affinity  for  oxygen,  which  It 
abforbs  from  the  atmofphere  :  the  hyd/ogen  combines 
with  this  oxygen,  and  forms  water;  and  the  lulphur  is 
again  precipitated,  or  rather  left  combined  with  the  pot¬ 
afs.  Water  is  again  decompofed  by  the  attra£lIon  of 
the  fulphur  for  oxygen  ;  new  fulphurated  hydrogen  gas 
is  again  formed  ;  again  abforbed  ;  again  attratls  oxy¬ 
gen  gas  ;  and  is  again  decompofed.  And  this  procefs 
goes  on  till  the  whole  of  the  fulphur  has  cojnbined  with 
oxygen,  and  confequcntly  till  the  fulphuret  is  converted 
into  a  fulphat  — The  only  part  of  this  theory  which  5  mdi 
requires  confirmation,  is  the  adlion  of  fulphurated  hy¬ 
drogen  gas  on  oxygen  gas,  and  the  confequent  forma¬ 
tion  of  water.  And  this  they  have  rendered  not  impro¬ 
bable,  by  Ihewing  that  fulphurated  hydrogen  gas  com¬ 
bined  with  alkali  has  the  property  of  abforbing  oxygen 
gas  from  the  atmofphere  ||  .  j|  Ibid,  p* 

Potafs  unites  with  phofphorus  by  fufion,  and  forms305* 
a  phofphuret  of  potafs.  Little  is  known  concerning 
its  properties,  except  that  it  produces  phofphurated  hy-^f 
drogen  gas. 

Potafs  feems  alfo  capable  of  combining  with  carbon. 

Potafs  does  not  combine  with  the  metals )  but  it 
unites  with  many  of  their  oxides. 

Whea 


C  H  E  M  I 

When  a  folutlon  of  potafs  is  boiled  upon  filica  re- 
'  ceiitly  procured,  it  diffolves  part  of  it.  As  the  folu- 
lion  cools,  it  airumes  the  appearance  of  a  jelly,  even 
though  previoufly  diluted  with  17  times  its  own  weight 
!  of  water 

When  equal  parts  of  filica  and  potafs  are  melted  to- 
Glals.  .gether,  they  combine  and  form  glafs,  A  fubftance 
which,  whether  we  confider  its  hardnefs,  beauty,  and 
tranfparcncy,  its  amazing  duftility,  while  hot,  or  the 
difficulty  of  decompofing  it,  mull  be  allow^ed  to  be  one 
of  the  moll  ufeful  compounds  ever  invented  by  man. 

When  the  quantity  of  potafs  is  double  or  triple  that 
of  the  filica,  the  glafs  is  foluble  in  water,  and  forms 
what  is  called  liquor  Jilicum. 

Potafs  feems  alfo  capable  of  combining  in  the  fame 
manner  with  barytes,  lime,  magnefia,  and  alumina  ;  but 
thefe  combinations  have  never  been  examined  with  at¬ 
tention.  Lime,  how^ever,  h  often  added  to  the  mate¬ 
rials  for  making  glafs,  and  is  fuppofed  to  increafe  its 
hardnefs  and  folidity. 

The  metallic  oxides  have  the  property  of  rendering 
glafs  more  fufible,  and  of  communicating  various  co¬ 
lours  to  it ;  they  accordingly  very  often  make  a  part 
of  its  compofition.  The  colours  communicated  by  thefe 
oxides  will  appear  from  the  following  Table  : 


Metallic  Oxides. 

Oxide  of  gold  and  tin. 
Silver,  -  - 

Iron,  -  - 

Lead,  -  - 

Zinc,  -  - 

Antimony, 
Arfenic, 
Cobalt,  -  - 

Nickel,  -  - 

Manganefe, 
Tungften,  - 
Molybdenum, 
Uranium,  - 
Titanium,  - 
Tellurium,  - 


Colour  communicated  to  Glafs. 
Purple. 

Yellow  or  golden. 

Pale  green. 

Colourlefs. 

White. 

Green  (n). 

White. 

Blue. 

Blue  (o). 

Red. 

Colourlefs. 

Colourlefs. 

Grey  (opaque). 

White  (opaque). 
White.' 

Green. 


Chromum,  - 

Soep.^^  Potafs  combines  readily  with  fixed  oils,  and  forms 
--g  the  compound  known  by  the  name  of  foap* 

Potafs,  Potafs  has  never  yet  been  decompofed.  Several  clie- 

whether  a  niifts,  indeed,  have  conjedlured,  that  it  was  a  compound 
compound.  ^^ot ;  and  fome  perfons  have  even  endeavour- 

ed  to  prove  this  by  experiment ;  but  none  of  their  proofs 
are  at  all  fatisfa^lory.  We  ought,  therefore,  in  (lri£l 
propriety,  to  have  affigned  it  a  place  in  the  firft  part  of 
this  article  :  but  this  would  have  feparated  the  alkalies 
from  each  other,  and  would  have  introduced  a  confufion 
into  the  article,  which  would  have  more  than  counterba¬ 
lanced  the  logical  exa£lnefs  of  the  arrangement.  Befides, 
we  are  certain,  from  a  variety  of  fa(Sls,  that  all  the  al¬ 
kalies  are  compounds  :  One  of  them  has  actually  been 
decompounded  ;  and  the  other  two  have  been  detedled 
in  the  a£l  of  formation,  though  the  ingredients  which 
compofe  them  have  not  hitherto  been  difcovered. 
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Whether  potafs  contains  lime  is  a  different  queflion.  Alkalies 
Were  we  to  judge  from  analogy,  we  (hould  fuppofe, ‘"v— 
that  the  four  alkaline  earths,  and  the  three  alkalies, 
pofl'efs  one  common  principle.  They  have  a  great  num¬ 
ber  of  common  properties,  and  perhaps  ought  to  be 
claffed  altogether  under  the  name  of  alkalies. 

That  azot  enters  into  the  compofition  of  all  thefe 
bodies,  as  Pourcroy  has  conjedlured,  is  far  from  impro¬ 
bable.  One  alkali,  as  we  ffiall  foon  fee,  adlually  con¬ 
tains  azot.  But  no  conclufion  can  be  drawn  till  future 
difeoveries  have  lifted  off  the  veil  which  at  prefent  ob- 
ftruds  our  view.  380 

The  affinities  of  potafs  are  as  follows  ;  Itsaffinitia 

Sulphuric  acid. 

Nitric, 

Muriatic, 

Sebacic, 

Fluoric, 

Phofphoric, 

Oxalic, 

Tartarous, 

Arfenic, 

Succinic, 

Citric, 

Formic, 

Ladlic, 

Benzoic, 

Sulphurous, 

Acetous, 

Saccbola£lic, 

Boracic, 

Nitrous, 

Carbonic, 

Pruflic, 

Oil, 

Sulphur, 

Phofphorus, 

Water. 

The  place  of  the  metallic  oxides  has  not  yet  been 
afeertained. 

Sect.  II.  Of  Soda. 

Soda,  called  mineral  alkali^  becaufe  it  is  found  in  the 
earth,  was  known  to  the  ancients  under  the  names  of 
and  nitrum  (p).  It  was  long  confounded  with  pot¬ 
afs;  and  perhaps  was  never  properly  diftiiiguifiied  from 
it  till  Du  Hamel  publiffied  a  paper  on  the  fubjed  in 
1736.  ^ 

Its  properties,  while  pure,  are  precifely  the  fame  p^opertifij 
with  thofe  of  potafs,  excepting  only  that  its  affinity  for  of  foda. 
other  bodies  is  not  fo  ftrong  ;  it  does  not,  therefore, 
require  any  particular  defeription.  W^e  ought  to  men¬ 
tion,  however,  that  it  differs  from  potafs  in  one  particu¬ 
lar  ;  potafs  attradls  moifture  in  the  air,  but  foda  parts 
with  it,  and  when  expofed  to  the  atmofphere,  foon 
crumbles  down  into  a  dry  powder. 

It  is  capable  of  combining  with  all  the  fubftances 
with  which  potafs  unites;  but  it  forms  compounds  pof- 
feffed,  in  general,  of  very  different  properties  from  thofe 
of  the  compounds  into  which  potafs  enters. 

It 


(n)  If  the  glafs  be  made  with  foda. 

(o)  But  reddiffi  if  the  glafs  be  formed  of  foda.  Klaproth. 

(pj  The  of  the  Athenians  was  evidently  the  fame  fubftance;  and  fo  was  the  of  the  Hebrews. 
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Alkalies.  It  h  reckoned  more  proper  than  potafs  for  forming 
glafs  and  foap. 

Some  chemifts  have  fuppofed  that  it  is  compofed  of 
magnefia  and  azot ;  but  their  proofs  are  infufficient. 

The  order  of  its  afhnitits  is  the  fame  with  that  of 
potafs. 

Sect.  III.  0/  Jimmonla, 

Ammonia  {qJ),  volatile  alkali,  or  hartjho 
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Difcovery 

ammo. 


f  Vriejitey  r 


as  It  IS 

called  in  commerce,  is  mentioned  as  early  as  the  15th 
century.  Both  Bafil  Valentine  and  Raymond  Lully 
defcribed  the  methods  of  procuring  it.  Dr  Black  was 
the  firft  who  diftiriguiihed  pure  ammonia  from  the  car- 
bonat  of  ammonia,  or  ammonia  combined  with  carbo¬ 
nic  acid  ;  and  Dr  Priellley  hrfl  difcovered  the  method 
of  obtaining  it  in  a  ftate  of  complete  purity. 

To  obtain  pure  ammonia,  mix  common  dal  ammoniac 
with  three  parts  of  flacked  lime  ;  apply  heat  ;  and  re¬ 
ceive  the  produdl  in  a  vefTel  filled  with  mercury  (laud¬ 
ing  in  a  bafon  of  mercury.  A  gas  comes  over,  which 
is  pure  ammonia^.  This  gas  is  tranfparent  like  com- 
^zrph.37i.xnon  air,  and  is  not  condcnftd  by  cold. 

e’*  fpecific  gravity  is  0,000732.  It  is  to  common 

air  as  600  to  lOOO  f . 

\K^r-wancn  It  has  a  very  (Irong,  but  not  unpleafant  fmell.  Ani- 
i*^/o^.p.x8.mals  cannot  breathe  it  without  death.  When  a  light¬ 
ed  candle  is  let  down  into  this  gas,  it  goes  out  three  or 
four  times  fucceffively  ;  but  at  each  time  the  flame  is 
confiderably  enlarged  by  the  addition  of  another  flame 
of  a  pale  yellow  colour,  and  at  lad  this  flame  defcends 
from  the  top  of  the  vefTel  to  the  bottom 

Water  abforbs  this  gas  with  avidity.  It  difappears 
almoft  inftantly  on  the  introduction  of  a  little  water. 
From  an  experiment  of  Dr  Prieftley,  it  appears  that 
water  faturated  with  this  gas  is  of  the  fpeciflc  gravity 

This  water  acquires  the  fmell  of  ammonia.  It  has 
a  very  (Irong  difagreeable  ta(ie,  and  converts  vegetable 
colours  to  a  green. 

Ammonia  in  the  (late  of  gas  has  no  efFedl  upon  ful- 
phur  or  phofphorus.  Carbon  abforbs  it  ;  probably 
becaufe  it  contains  water.  Neither  hydrogen  nor  azut 
produce  any  alteration  on  it  ||. 

Alcohol  and  ether  abforb  it  in  confiderablequantity 
Dr  Prieftley  difcovered,  that  when  eleCtric  explofions 
were  made  to  pafs  through  this  gas,  its  bulk  was  gra- 
lient  parts,  dually  augmented  to  thrice  the  fpace  which  it  formerly 
occupied.  It  was  then  moftly  converted  into  hydro¬ 
gen  gas.  Fie  difcovered,  too,  that  heat  produced  the  very 
^  Ibid,  385>.(ame  effeCl  Thefe  experiments  prove  that  hydrogen 
enters  as  an  ingredient  into  the  compofition  of  ammonia. 

Mr  Scheele  obferved,  that  when  ammonia  was  treat¬ 
ed  with  the  oxides  of  manganefe,  gold,  or  mercury,  the 
oxides  were  reduced  ;  the  ammonia  difappeared  ;  and 
nothing  remained  but  a  quantity  of  azotic  gas.  Thefe 
faCls  induced  Bergman  to  conje<fture,  that  ammonia  was 
compofed  of  hydrogen  and  azot:  a  conjtClure  which  has 
been  fully  confirmed  by  the  experiments  of  Berthollet. 

This  ingenious  chemift  obferved,  that  if  oxy-muria- 
tic  acid  and  ammonia  be  mixed,  an  effervefcence  takes 
place  ;  azot  is  difengaged,  a  quantity  of  water  formed, 


X  Priejlleyy 
«.  381. 


§  Ibid,  p. 
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and  the  oxy*muriatic  acid  is  converted  into  common  mu-  ^ 

riatic  acid.  Now  the  fiibftances  mixed  were  ammonia  ‘ 
and  oxy-inuriatic  acid,  which  is  compofed  of  oxygen  and 
muriatic  acid  ;  the  products  were,  muriatic  acid,  azot, 
and  water,  which  is  compofed  of  oxygen  and  hydrogen. 

The  oxygen  of  the  water  was  funiilhed  by  the  acid  ; 
the  other  produAs  mud  have  been  furnilhed  by  the  am¬ 
monia,  which  has  difappeared.  Ammonia,  therefore, 
mud  be  compofed  of  azot  and  hydrogen.  Mr  Berthol¬ 
let  proved,  that  ammonia  was  compofed  o(  thefe  ingre¬ 
dients  by  a  number  of  other  experiments.  For  inftance, 
if  the  oxide  of  copper  be  heated  in  contact  with  ammo- 
niacal  gas,  it  is  reftored  to  the  metallic  (lace;  the  ammo¬ 
nia  difappears,  a  quantity  of  water  is  formed,  and  azotic 
gas  is  difengaged.  It  follows  from  Mr  Berthollet’s  ex¬ 
periments,  that  ammonia  is  compofed  of  1 2  r  parts  of  azot 
and  29  of  hydrogen  *.  According  to  Dr  Auftin,  it  is  ^Me?7!,Par, 
compofed  of  121  parts  of  azot,  and  32  of  hydrogenf. 

After  the  compofition  of  ammonia  bad  been  thus 
certained,  it  became  a  qneftion  of  fome  confeq  u  nce,  3^5 
Whether  it  could  be  formed  artificially  ?  Dr  Aultin  ac-  Formation 
cordingly  mixed  hydrogen  and  azotic  gas  together  in 
the  proper  proportions,  and  endeavoured  to  make  them 
combine  by  the  application  of  heat,  by  elei^^'icity,  and 
by  cold  ;  but  he  found,  that  while  thefe  two  fiibftances 
were  in  a  gafeous  (late,  they  could  not  be  combined  by 
any  method  which  he  could  devife.  It  could  not  be 
doubted,  however,  that  the  combination  often  takes  place 
when  thefe  bodies  are  prefented  to  each  other  in  a  dif¬ 
ferent  form.  Dr  Prieftley  J  and  Mr  Kirwan  ||  hada6lu-t  OnAir/n, 
ally  produced  it,  even  before  its  compofition  was  known,  * 

Accordingly  he  found,  that  when  tin  is  moillened  with  ^/^ 
nitric  acid,  and  after  being  allowed  to  digeft  for  a  mi¬ 
nute  or  two,  a  little  potafs  or  lime  is  added,  ammonia  is 
immediately  exhaled^.  In  that  cafe,  the  nitric  acid  and? 
the  water  which  it  contains  are  deconipofed ;  the  oxygen 
of  each  unites  with  the  tin,  and  reduces  it  to  the  ftate  of 
an  oxide;  and  at  the  fame  time  the  hydrogen  of  the  wa¬ 
ter  combines  with  the  azot  of  the  acid,  and  forms  ammo¬ 
nia,  which  is  driven  off  by  the  ftronger  aflinity  of  the  pot¬ 
afs  or  lime.  Dr  Auftin  fucceeded  alfo  in  forming  am¬ 
monia  by  feveral  other  methods.  Fie  introduced  into  a, 
glafs  tube  filled  with  mercury  a  little  azotic  gas,  and  then 
put  into  the  gas  fome  iron  filings  moiftened  with  water. 

The  iron  dccompofes  the  water  and  combines,  with  its 
oxygen  ;  and  the  hydrogen  meeting  with  azot  at  the  mo-  - 
mciit  of  its  admilTion,  combines  with  it,  and  forms  ammo¬ 
nia.  This  experiment  fliews,  that  the  gafeous  (late  of  the 
azot  does  not  prevent  its  combination  with  hydrogen.  35,^ 

Ammonia  may  be  combined  with  fulphur  by  mixing  Sulphurct 
together  two  parts  of  miiriat  of  ammonia  (ammonia 
combined  with  muriatic  acid),  two  parts  of  lime,  and^‘^* 
one  part  of  fulphur,  and  diftilling  ;  a  yellow  liquor  is 
obtained,  which  contains  fulpKuret  of  ammonia.  It  is 
capable  of  cryftalllzing. 

The  phofphuret  of  ammonia  is  unki\owti. 

Ammonia  is  capable  of  combining  with  feveral  of  the 
metallic  oxides,  particularly  copper. 

It  combines  with  fixed  oils,  and  forms  foap. 

The  order  of  its  afiinities  is  precifely  the  fame  with 
that  of  the  fixed  alkalies. 

ChaPo. 


(O  We  have  adopted  this  word,  which  is  Dr  Black’s,  becaufe  we  think  it  preferable  to  ammoniac  ov  ammo 
niaca^  the.  words  propofed  and  ufed  by  the  French  chemifts. 
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Chap.  V.  Of  Acids. 

Substances  pofleffcd  of  the  following  properties  are 
denominated  acids. 

1 .  When  applied  to  the  tongue  they  excite  that  fen- 
fat  ion  which  is  called  Jour  or  add. 

2.  They  change  the  blue  colours  of  vegetables  to  a 
red.  The  vegetable  blues  employed  for  this  ptirpofe 
are  generally  tindiire  of  litmus  and  fyrup  of  violets  or 
of  radilhes,  which  have  obtained  the  name  of  reagents 
or  tjls.  If  thefe  colours  have  been  previoufly  converted 
to  a  green  by  alkalies,  the  acids  rcllcre  them  again. 

7^,  They  unite  with  water  in  ahnoft  any  proportion. 

4.  They  combine  with  all  the  alkalies,  and  moll  of 
the  metallic  oxides  and  earths,  and  form  with  them  thofe 
compounds  which  are  called  neutral  falls. 

It  mull  be  remarked,  however,  that  every  acid  does 
not  pofiefs  all  thefe  properties  ;  but  all  of  them  polTefs 
a  fiiTicient  number  of  them  to  dillinguifh  them  fioin 
other  fiibibmces.  And  this  is  the  only  purpofe  which 
artificial  definition  is  meant  to  anfw'er. 

Paracelfus  believed  that  there  was  only  one  acid  prin¬ 
ciple  in  nature,  wdilch  communicated  tafte  and  folubdi- 
ty  to  the  bodies  in  which  it  was  combined.  Beecher 
embraced  the  fame  opinion  ;  and  added  to  it,  that  this 
acid  principle  was  a  compound  of  earth  and  water, 
which  he  confidered  as  two  tlen  eiits.  Stahl  adopted 
the  theory  of  Beecher,  and  endeavoured  to  prove,  that 
his  coid  prineJple  was  fulphuiic  acid;  of  w^hich,  ac¬ 
cording  t'>  him,  all  the  other  acids  v^*ere  mere  com¬ 
pounds.  But  his  proofs  were  only  conjectures  or  vague 
experiments,  tioin  which  nothing  could  be  deduced. 
Neverthelefs,  his  opinion,  like  every  other  which  he  ad¬ 
vanced  in  chemidry,  continued  to  have  fupporters  fora 
long  time,  and  was  even  countenanced  by  Macqiier. 
At  laft  its  defedls  began  to  be  perceived  ;  Bergman  and 
Scheele  declared  openly  againll  it;  and  their  difeove- 
ries,  together  wnth  thofe  of  the  French  chemids,  not- 
withdanding  the  ill-natured  attempts  of  Moniict  to  fup- 
port  it,  demonftrated  the  fcdfchood  of  both  parts  of  the 
theory,  by  fhewoiig  that  fulphuric  acid  did  not  exift  in 
the  other  acids,  and  that  it  w^as  not  compofed  of  water 
and  earth,  but  of  fulphiir  and  oxygen. 

The  opinion,  how^ever,  that  acidity  is  owing  to  fome 
principle  common  to  all  the  falls,  was  not  abandoned. 
Wallerius,  Meyer,  and  Sage,  had  advanced  different  theo¬ 
ries  in  fucceflion  about  tbe  nature  of  this  principle  ;  but 
as  they'  were  founded  rather  on  conjedlure  and  analogy 
than  dired  proof,  they  obtained  but  few  advocates, 
s  At  lad  Mr  Lavoifier,  by  a  number  of  ingenious  and  ac¬ 
curate  experiments,  proved,  that  feveral  combudible  fub* 
fiances  when  united  with  oxygen  form  acids  ;  that  a 
great  number  of  acids  contain  oxygen  ;  and  that  when 
this  principle  is  feparattd  from  them,  they  lofe  their 
acid  properties.  He  concluded,  therefore,  that  the  aci- 
difying  principle  is  oxygen,  and  that  acids  are  nothing 
elfe  but  combudible  fubdances  combined  with  oxygen, 
and  differing  from  one  another  according  to  the  nature 
of  the  combudible  bafe.  This  conclufion  has  been  con- 
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firmed  by  every  fubfequent  obfervation.  All  the  acids  ^ 

hitherto  analyfed  contain  oxygen,  one  perhaps  excepted, 
the  PruJJiC  acid,  which  pofleffes  properties  fo  different 
from  the  red,  that  it  might,  without  great  impropriety, 
be  placed  in  a  didimfl  clafs.  It  is  probable,  therefore, 
that  thofe  acids  which  it  has  not  yet  been  polfible  to 
decornpofe  confid  of  oxygen  combined  with  a  combuf- 
tible  bafe  :  but  till  this  analyfis  has  adlually  been  ac- 
complifhed,  the  theory  of  Mr  Lavoifier  cannot  be  con¬ 
fidered  as  completely  demondrated  (r). 

The  acids  at  prefent  known  amount^  to  about  * 

mod  of  which  have  been  examined  within  thefe  30 
years.  Their  names  are  as  follows  r 


1.  Sulphuric  acid, 

2.  Sulphurous, 

3.  Nitric, 

4.  Nitrous, 

5.  Muriatic, 

6.  Oxy  muriatic, 

7.  Phofphoric, 

8.  Phofphorous, 

9.  Boracic, 

10.  Fluoric, 

1 1.  Carbonic, 

12.  Acetic, 

13  Acetous, 

14.  Oxalic, 

15.  Tartarous, 

16.  Citric, 

17.  Malic, 

18.  Ladlic, 

19.  Sacchola6lic, 

20.  Gallic, 


Benzoic, 
Succinic, 
Camplioric, 
Suberic, 
Laccic, 

26.  Pyromiicous, 

27.  Pyrolignous, 
Pyrotartarous, 
Pruflic, 
Formic, 
Sebacic, 
Bombic, 
Zoonic, 
Arfenic, 
Tungdic, 

36.  Molybdic, 

37.  Chromic, 

38.  Platinic, 

39.  Stannic, 


21. 

22. 

23- 

24. 

^5 


28 

29. 

30 

31 

32 

33- 

34' 

35 


Thefe  aciJs  fliall  fonn  the  fubjeft  of  the  following 
fedions. 

Sect.  I.  Of  Sulphuric  Acid. 

Sulphur  combines  with  two  different  quantities  of 
oxygen  :  with  the  fmaller  quantity  it  (ovnii>  fulphurous 
acid  ;  with  the  larger  fuphuric  acid.  The  lad  ot  thefe 
is  the  fubjed  of  the  prefent  fedion.  pt 

The  ancients  were  acquainted  with  fome  of  the 
pounds  into  which  fulphuric  acid  enters  ;  alum,  for 
dance,  and  green  vitriol  :  but  they  appear  to  have  been 
ignorant  oAhe  acid  itfelf.  It  is  fird  mentioned  in  tlie 
works  of  Bafil  Valentine,  which  were  publifhed  about 
the  end  of  the  15th  century. 

It  was  for  a  long  time  obtained  by  diddling  vi¬ 
triol,  a  fait  compofed  of  fulphuric  acid  and  green  oxide 
of  iron  ;  hence  it  was  called  oil  of  vitriol,  and  afterwards 
vitriolic  odd.  Another  method  of  obtaining  it  was  by 
burning  fulphur  under  a  glafs  bell  ;  hence  it  was  called 
alfo  oleum  fulphuris  per  campanam.  The  French  che- 
mlds  In  T787,  when  they  formed  a  new  chemical  no¬ 
menclature,  gave  it  the  name  oi  fulphuric  add.  ^ 

At  prefent  it  is  generally  procured  by  burning  a  Method  of 
mixture  of  fulphur  and  nitre  in  chambers  lined  with  procuringlt. 
lead.  The  theory  of  this  procefs  requires  no  explana¬ 
tion.  The  nitre  fupplies  a  quantity  of  oxygen  to  the 

fulphur. 


(a)  This  theoH'  has  been  carried  fo  far  by  fome  chemifts,  that  they  have  confidered  it  as  a  conclufive  proof 
that  Lygen  did  nk  enter  into  the  compof.tion  of  a  body,  if  they  could  fliew  that  the  body  was  not  an  acid. 
‘Thus,  according  to  them,  wa/rr  canneft  contain  oxygen,  becaufe  water  is  not  an  But  furely  no 

however  ingenious  and  fatisfaftory,  can  for  a  moment  be  put  in  competition  with  experiment.  e  way 
Nature  are  not  as  our  ways,  nor  her  thoughts  as  our  thoughts. 
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Sulphuric  fulphur,  the  air  of  tlic  atmQfphere  furniflies  the  reft. 
Acid.  Yhe  acid  thus  obtained  is  not  quite  pure,  containing  a 
little  potafs,  fome  lead,  and  perhaps  alfo  nitric  and  ful- 
phurous  acids.  Thefe  acids  may  be  driven  off  by  ap¬ 
plying  for  fome  time  a  gentle  heat,  and  afterwards  the 
fulphuric  acid  itfelf  may  be  diftilled  over  pure. 

It  appears  from  an  experiment  of  Mr  Berthollet, 
that  fulphuric  acid  contains  63,2  parts  of  fulphur,  and 
36,8  of  oxygen.  He  afcertained,  in  the  firft  place  *, 
that  nitre  is  totally  decompofed  by  being  heated  with 
3th  of  fulphur.  He  then  mixed  together  288  grains  of 
nitre  and  72  of  fulphur;  and  after  expofing  them  to 
a  fufficient  lifat,  he  found  12  grains  of  fulphur  fubli- 
med,  and  228  grains  of  fulphat  of  potafs  f.  But  the 
fum  of  the  ingredients  was  360  grains  ;  confequently 
120  grains  have  been  dilfipated.  All  this  lofs  muft  irave 
been  fuffered  by  the  acid  ol  the  nitre,  for  the  heat  was 
too  fmall  to  feparate  any  of  the  alkali.  According  to 
Mr  Kirwan,  288  grains  of  nitre  contain  132,96  ot  al¬ 
kali,  and  155,04  of  acid.  155,04  —  ^20  :=  35,04  = 
quantity  of  oxygen  furnifhed  by  the  nitre  to  convert 
60  grains  of  fulphur  into  acid. 

Sulphuric  acid  is  a  liquid,  fomewhat  of  an  oily  coii- 
fiftence,  tranfparent  and  colourlefs  as  water,  without 
any  fmell,  and  of  a  very  ttrong  acid  tafte.  When  ap¬ 
plied  to  animal  or  vegetable  fubliances,  it  very  foon  de- 
ftroys  their  texture. 

It  always  contains  a  quantity  of  water;  part  of  which, 
however,  may  be  driven  off  by  the  application  of  a  mo¬ 
derate  heat.  This  is  called  concentrating  the  acid.  When 
as  much  concentrated  as  poffible,  its  f2)eciiic  gravity  is 
2,000. 

It  changes  all  vegetable  blues  to  a  red,  except  indigo. 
According  to  Erxleben,  it  boils  at  546‘3;  according 
to  Bergman,  at  572^. 

When  expofed  to  a  fufficient  degree  of  cold,  it  cry- 
ftallizes  or  freezes ;  and  after  this  has  once  taken  place, 
it  freezes  again  by  the  application  of  a  much  inferior 
cold.  Moreveau  froze  it  at  —  4® ;  it  affumed  the  ap¬ 
pearance  of  frozen  fnow.  After  the  procefs  began  it  went 
on  in  a  cold  not  nearly  fo  intenfe.  The  acid  melted  flow- 
ly  at  27,5'^;.  but  it  froze  again  it  the  fame  tempera¬ 
ture,  and  took  five  days  to  melt  in  the  temperature  of 
43*^  J.  Chaptal,  who  maiiufa6lured  this  acid,  once  ob- 
ferved  a  large  glafs  veffel  full  of  it  cryftallized  at  the 
temperature  of  Thefe  cryftals  were  in  groups, 

and  confifted  of  flat  hexahedral  prifms,  terminated  by 
a  fix  fided  pyramid.  They  felt  hotter  than  the  fur- 
de  rounding  bodies,  and  melted  on  being  handled  §.  Chap- 
•Oy*  XXXI.  obferved,  that  fulphuric  acid,  in  order  to  cry- 

ftallize,  muft  not  be  too  concentrated.  This  obferva- 
tion  has  been  extended  a  good  deal  further  by  Mr  Keir. 
He  found,  that  fulphuric  acid,  of  the  fpecific  gravity  of 
1,780,  froze  at  45"^;  but  if  it  was  either  much  more 
SuppL.  VoL.  I.  Part.  II, 
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or  much  lefs  concentrated,  it  required  a  much  greater  Sulphuric 
cold  for  congelation  * 


395 
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t  Encye, 
Method, 
Chtm.  i. 

376. 


473* 


Sulphuric  acid  has  a  very  ftrong  attradion  for  water.  ^ 
Neumann  found,  that  when  expofed  to  the  atmofphere  Tranf. 
it  attradled  6,25  times  its  own  weight.  Mr  Gould  Ixxvii. 
found,  that  180  grains  of  acid,  when  expofed  to  tlie^^^^“* 
atmofphere,  attradled  68  grains  of  water  the  firft  day, 

58  the  fecond,  39  the  third,  23  the  fourth,  18  thefor  water, 
fifth,  and  at  laft  only  5,  4,  3,  4,  3,  &c.  The  28th 
day,  the  augmentation  was  only  half  a  grain  Thet-^^^'k 
affinity  therefore  between  fulphuric  acid  and  winter,  as 
is  the  cafe  in  general  with  other  fubftances,  becomes 
weaker  the  nearer  they  approach  to  faturation.  He 
does  not  fpeclfy  the  fpecific  gravity  of  his  acid;  but  as 
it  only  attradled  3,166  times  its  own  weight,  it  could 
not  have  been  very  concentrated. 

When  fulphuric  acid  is  mixed  with  water,  a  great 
quantity  of  caloric  is  evolved.  A  mixture  of  equal 
parts  of  thefe  liquids  caufes  a  heat  almoft  equal  to  that 
of  boiling  water.  Lavoifier  and  De  la  Place  found, 
that  when  2,625  lbs.  troy  of  fulphuric  acid,  of  the  fpe¬ 
cific  gravity  1,87058,  w^as  mixed  ,with  i,969lbs.  troy 
of  water,  as  much  caloric  was  evolved  as  melted  4,1226 
pounds  troy  of  ice,  or  as  much  caloric  as  the  acid  and 
water  would  have  given  out  had  they  been  heated  with¬ 
out  mixture  to  i55,9'^t‘  This  caloric  is  owdng  chiefly,  I  Mem. 
if  not  folcly,  to  the  increafe  of  denfity  in  the  w^ater;  for 
when  equal  quantities  of  fulphuric  acid  and  w'ater  are 
mixed  together,  the  fpecific  gravity  is  much  greater 
than  the  mean  ;  and  it  has  been  formerly  fhewm,  that 
whenever  bodies  become  denfer  they  give  out  caloric.  397 

Since  there  is  fuch  a  ftrong  affinity  between  fulphii- Strengfh  of 
ric  acid  and  water,  and  fince  the  denfity  of  the  mixture 
is  different  from  the  mean  denfity  of  the  ingredients,  it 
becomes  a  problem  of  the  greateft  importance  to  deter- ftties, 
mine  how  much  of  the  ftrongeft  fulphuric  acid  that  can 
be  prepared  exifts  in  any  given  quantity  of  fulphuric 
acid  of  inferior  fpecific  gravity,  and  which  confequently 
confifts  of  a  determined  quantity  of  this  ftrong  acid  di¬ 
luted  wdth  water. 

This  problem  has  been  folved  by  Mr  Kirwan  J.  He§/r//& 
took  fulphuric  acid  of  the  fpecific  gravity  2,000,  which  "I’rafi/.  iva 
is  the  ftrongeft  that  can  be  procured,  for  his  flandard,  and 
the  point  was  to  determine  how  much  of  this  flandard 
acid  exifted  in  a  given  quantity  of  acid  of  inferior  denfity. 

He  concluded,  from  a  number  of  experiments  with 
fulphuric  acid,  of  the  fpecific  gravities  1,8846,  1,8689, 

1,8042,  1,7500  (for  he  could  not  procure  an  acid  of 
the  fpecific  gravity  2,000  at  the  temperature  of  60^,  in 
which  his  experiments  were  performed),  that  when 
equal  parts  of  flandard  acid  and  w''ater  are  mixed,  the 
denfity  is  increafed  by  V^th  part  of  the  whole  mixture. 

Then,  by  applying  a  formula  given  by  Mr  Poujet  (s), 
he  calculated,  that  the  increafe  of  denfity,  on  mixing 
Q^q  different 


(s)  Mr  Poujet  undertook  the  examination  of  the  fpecific  gravity  of  alcohol  mixed  with  different  quantities  of 
water.  He  took  for  his  flandard  alcohol  w’hofe  fpecilic  gravity  was  0,8199,  at  the  temperature  of  65, 75^^.  He 
then  formed  ten  mixtures ;  the  firft  containing  nine  meafures  of  alcohol  and  one  of  water,  the  fecond  eight  mea- 
fures  of  alcohol  and  two  of  water,  and  fo  on,  till  the  laft  contained  only  one  meafure  of  alcohol  and  nine  of  water. 
He  took  care  that  each  of  thefe  meafures  fhould  contain  equal  bulks,  which  he  afcertained  by  weight,  obferving 
that  a  meafure  of  water  was  to  a  meafure  of  alcohol  as  i  to  0,8199.  Thus  10000  grains  of  water  and  8199  of 
alcohol  formed  a  mixture  containing  equal  bulks  of  each.  From  the  fpecific  gravity  of  each  of  thefe  mixtures 
he  difeovered  how  much  they  had  diminifhed  in  bulk  in  confequence  of  mixture,  by  the  following  method* 

Calling 
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Sulphuric  difFerent  quantities  of  ftandard  acid  and  water,  was  as 
in  the  following  table  : 


Number  ot 
parts  of 
water. 

Number  of 
parts  of  ftan¬ 
dard  acid. 

Augmenta¬ 
tion  of  den- 
fity. 

5 

95 

0,0252 

10 

90 

0,0479 

15 

85 

0,0679 

20 

80 

0,0856 

25 

75 

0,0699 

'  30 

7° 

0,1  I  19 

35 

65 

0,1213 

40 

60 

0,1279 

45 

55 

o»i3i9 

'  50 

50 

0,1333 

The  firll  50  numbers  of  the  following  table  were 
formed  by  adding  thefe  augmentations  to  the  fpecific 
gravity  of  the  above  mixture  found  by  calculation,  and 
taking  the  arithmetical  mean  for  the  intermediate  quan- 
tities.  The  remaining  numbers  were  formed  from  ac- 
tual  obfervation.  He  found  by  the  firft  part  of  the 
table,  that  100  parts  of  acid,  of  the  fpecific  gravity 
1,8472,  contained  88,5  parts  ftandard,  confequently 
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400  grains  of  this  acid  contain  74  grains  ftandard.  He 
took  fix  portions  of  this  acid,  each  containing  400.  ‘  j 

grains,  and  added  to  them  as  much  water  as  made  them 
contain  refpeclively  4H,  46,  44,  42,  40,  38  grains  ftan¬ 
dard.  The  quantity  of  water  to  be  added  in  order  to 
produce  this  effedl,  he  found  by  the  following  method. 

Suppofe  X  =:  the  quantity  of  water  to  be  added  to  400 
parts  of  acid,  that  the  mixture  may  contain  48  per  cent, 
of  ftandard  acid.  Then  400  +  x  :  354  :  :  lOO  48,  and 
confequently  x  -=:  337)5»  After  finding  the  fpecific 
gravity  of  thefe,  the  half  of  each  was  taken  out,  and  as 
much  water  added  5  and  thus  the  fpecific  gravities,  cor- 
refponding  to  24,  23,  22,  2i,  20,  19,  were  found. 

Then  fix  more  portions,  of  400  grains  each,  were  ta¬ 
ken,  of  the  fpecific  gravity  1,8393,  and  the  proper 
quantity  of  water  added  to  make  them  contain  36,  34, 

32,  30,  28,  26  percent,  of  ftandard.  Their  fpecific 
gravities  were  found,  the  half  of  them  taken  out,  and  as 
much  water  added;  and  thus  the  fpecific  gravity  of  18, 

17,  16,  15,  14,  and  13  found.  Care  was  taken,  after 
every  addition  of  water,  to  allow  the  ingredient  fuffi- 
cient  time  to  unite. 

The  laft  1 1  numbers  were  only  found  by  analogy ; 
obferving  the  feries  of  decrement  of  the  four  laft  num¬ 
bers  before  them. 

Table 
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the  weight  of  the  whole  mafs,  that  «  B  =  «  -  *  X  A.  Therefore  sc  =  «  -  i )  - 

A —  B  A  —  B  fj,erefore  the  diminution  of  volume  produced  by  the  mixture. 

The  followtng  table  contains  the  refult  of  MrPoujet’s  experiments,  calculated  according  to  that  formula;  the 
whoie  volume  or  n  being  1 « 


Meafu 

Water. 

res  of 

Alcohol. 

Diminution  of 
the  whole  vo¬ 
lume  «  I  by 
experiment. 

By  calculation. 

1 

9 

0,0109 

0,0103 

2 

8 

0,0187 

0,0184 

3 

7 

0,0242 

0,0242 

4 

6 

0,0268 

0,0276 

5 

3 

0,0288 

6 

4 

0,0266 

0,0276 

7 

3 

0,0207 

0,0242 

8 

2 

0,0123 

0,0184 

9 

I 

0,0044 

”0,0103  1 

.  e,«e..  r™.  .W  ..bU,  .h«  .he  dWn.j.  ‘J,  f'  “LISETk 

J,  ,!  .Icohi  i„  the  Th»e  in  .  »«.«..  formed  •!.  “t  "of  .SS  oJ.™  of  S.."  .he 

prater  will  contain  a  quantity  of  alcohol  =  5.  i  neretore  tnc  aiininu  i  v  n  a  y  8  2  X  *7.  a  X  6. 

:ompounded  of  the  meafures  of  alcohol  and  water  which  forrn  it;  in  the  a  UnmMs  equal  for  a  conftant 

Icc.  And  in  general,  taking  the  diminution  of  bulk  when  the  meafures  o  r  ^  r  «Vnhol  a;  the  increafe  of 
^u'ntity,  and  caUing  it  r,  cling  the  number  of  meafures  «,  the  number  of  meafures  of  alcohol  the  increafc  ot 
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Table  of  the  ^antity  of  Standard  Sulphuric  jdcid^ 
Specific  Gravity  2,000  in  Sulphuric  Acid  of  inferior 
Denfity^  Temperature 


100  parts, 
at  tlie  fpe¬ 
cific  gra¬ 
vity 

Contain 
of  ftan¬ 
dard  acid 

IOC  part?, 
at  the  fpe¬ 
cific  gra¬ 
vity 

Contain 
of  ftan- 
dard  acid 

100  partv, 
at  the  rpe- 
cific  gra¬ 
vity 

Contain 
of  ftan¬ 
dard  acid 

2,000 

100 

1,6217 

67 

1,2847 

34 

1,9859 

99 

1,6122 

66 

1.2757 

33 

»»97i9 

98 

1,6027 

65 

1,2663 

32 

i>9579 

97 

^>593^ 

64 

1,2589 

31 

i>9439 

96 

1,5840 

63 

1,2510 

30 

1,9299 

95 

*.5748 

62 

1,2415 

29 

1,9168 

94 

1,5656 

61 

1,2520 

28 

1,9041 

93 

'.5564 

60 

1,2210 

27 

1,8914 

92 

1.5473 

59 

I,2I0I 

26 

1,8787 

9' 

1.5385 

58 

1,2009 

25 

1,8660 

90 

1,5292 

57 

1,1918 

24 

1,8542 

89 

1,5202 

56 

1,1836 

23 

1,8424 

88 

1,5112 

55 

1*1746 

22 

1,8306 

87 

1,5022 

54 

1,1678 

2l 

1,8188 

86 

L4933 

53 

1,1614 

20 

1,8070 

1,4844 

52 

1,1531 

^9 

».79i9 

84 

i»4755 

51 

1*1398 

18 

1,7849 

83 

1,4666 

50 

1*1309 

17 

1,7738 

82 

i»4427 

49 

I,I  208 

16 

1,7629 

81 

1,4189 

48 

1*1129 

15 

'.75>9 

80 

1,4090 

47 

1,101  1 

14 

1,7416 

79 

1,4010 

46 

**0955 

*3 

i»73i2 

78 

1^3875 

45 

1,0896 

1 2 

1,7208 

77 

i>374i 

44 

1*0833 

II 

1,7104 

76 

1,3663 

43 

1,0780 

10 

1,7000 

75 

1*3586 

42 

^*0725 

9 

1,6899 

74 

1*3473 

41 

1,0666 

8 

1,6800 

73 

1*3360 

40 

1,0610 

7 

1,6701 

7^ 

1*3254 

39 

1,05:5 

6 

1,6602 

71 

1*3  H9 

38 

1,0492 

5 

‘.6503 

70 

1,3102 

37 

1*0450 

4 

1,6407 

69 

1*3056 

36 

1*0396 

3 

1,6312 

68  1 

1  1*2951 

35 

1*0343 

2 
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But  we  have  no  reafon  to  fiippofe  tliat  fulphunc  acid, 

at  the  denfity  2,000,  is  free  from  all  mixture  of  water  ;  . ^ _ i 

fo  far  from  that,  we  know  for  certain  that  it  contains  a  .98 
confiderable  proportion  ;  for  when  it  is  combined  with  Quantity 
other  bodies,  barytes,  for  inhance,  or  potafs,  there  is  ^ ^ 
confiderable  quantity  of  water  which  remains 
and  does  not  enter  into  the  combination.  Now,  is  itacIJ. 
poflible  to  determine  what  would  be  the  denfity  of  ful- 
phuric  acid,  fuppofing  it  to  be  deprived  of  all  water,  or 
at  lead  of  all  water  except  what  is  neceifary  for  its  ex- 
iftence  as  an  acid  ?  or  to  determine,  how  much  real  acid 
exifts  in  a  given  quantity  of  ftandard  acid^  ? 

Homberg  firll  attempted  to  anfwer  this  queftion.  It 
was  afterwards  undertaken  by  Bergman,  and  Wenzel, 
and  Wiegleb.  They  do  not  inform  us  of  the  quantity 
of  water  contained  in  a  given  weight  of  acid,  but  they 
put  it  in  our  power  to  find  it,  by  informing  us  how 
much  real  acid  is  necelTary  to  faturate  a  given  quantity 
of  potafs.  Their  refpedlive  experiments  give  the  fol¬ 
lowing  numbers-: 

Homb.  Berg.  Wenzel.  Wiegleb. 

100  parts  of  pot--)  g  g  g  g 

afs  require  j  j  ^  i  ^  ^  i 

Homberg  ufed  carbonat  of  potafs,  and  did  not  take 
into  confideration  the  carbonic  acid  driven  off  by  the 
fulphuric.  When  this  is  taken  in,  his  number  fliould 
be  54  inftead  of  38,3. 

Now  to  difeover  the  quantity  of  real  acid  in  any  ful- 
phuric  acid  mixture,  we  have  only  to  find  out  how  much 
potafs  it  would  require  for  faturation.  The  differences 
between  the  above  refults  are  fo  great,  that  there  was 
reafon  to  fiifpedl  their  accuracy.  Mr  Kirwan  therefore 
attempted  to  afeertain  the  denfity  of  pure  fulphuric 
acid  by  another  method,  and  he  rated  ft  at  4,226.  As 
this  method  has  been  already  deferibed  in  the^  article 
Chemistry,  EncycL  we  cannot  enter  upon  it  here* 

At  any  rate,  ft  would  be  unnecefiary,  as  many  of  the 
principles  upon  which  Mr  Kirwan  went  were,  erroneous, 
as  Mr  Morveau*  and  Mr  Keir  f  have  fufficiently  fhewn ;  ^  Encyc. 
and  Mr  Kirwan,  with  his  ufual  candour,  has  accord-  Method,  art. 
fngly  abandoned  ft,  and  adopted  another  method  which 
is  not  liable  to  the  fame  exceptions.  He  dfflblved  1 523,5  DiaioLry^ 
(^qz  grains  art.  Acid. 


denfity  or  diminution  of  bulk  %  ;  we  fhall  have  r  :  «  :  :  —  X 


_  4  c  - 

E  -i-  a:,  X  a;  and  »  ^  X  «  or  (making 

n  zz  I )  ~  40  x\  : 

The  diminution  of  bulk,  calculated  according  to  this  formula,  make  the  lafl  column  of  the  above  table.  Tliey 
very  well  with  experiment,  while  the  meafures  of  alcohol  are  mOre  than  thofe  of  water,  but  not  when 
the  reverfe  is  the  cafe.  This  Mr  Poujet  thinks  is  owing  to  the  attradion  which  exifts  between  the  particles  of 
water,  and  which,  when  the*  water  is  confiderable  compared  with  the  alcohol,  relifts  the  union  of  the  w’ater  with 
the  alcohol. 

By  the  formula  %  =  - - - ,  the  quantity  of  alcohol  of  the  ftandard  may  be  determined  in  any  mix¬ 

ture  where  the  alcohol  exceeds  the  water. 

Let  the  number  of  meafures,  or  the  whole  mafs  •  -  -  =  i 

The  meafures  of  alcohol  -  -  -  -  -  -  -  • 

The  diminution  of  bulk  at  equal  meafures  -  -  -  -  =  ^ 

The  diminution  of  bulk  of  a  mixture  containing  x  meafures  of  alcohol  -  =4^^:— 4.CJC* 

The  fpecific  gravity  of  water  -  -  -  -  •  zz  a 

The  fpecific  gravity  of  the  alcohol  -  -  -  «  -  =  ^ 

The  fpecific  gravity  of  the  unknown  mixture  - 
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Sulphuric  ffrains  of  pure  carbonat  of  potafa,  dried  in  a  red  beaten 
Acid  diftillcd  water.  The  whole  weighed  4570  grains.  He 

- took  s6o  grains  of  this  mixture,  which  contained  120 

grains  of  cUonat  of  potafs,  and  faturated  it  with  pure 
fulphuric  acid  of  the  fpecific  gravity  1,565,  which,  ac¬ 
cording  to  the  above  table,  contained  61  per  cent,  ot 
ftandard  acid.  The  acid  required  for  faturating  the  fo- 
lution  of  potafs  amounted  to  130  grains,  and  contained 
therefore  79  of  ftandard.  The  carbonic  acid  difenga- 
ged  was  74.  grains,  and  confequ-^ntly  the  quantity  of  al¬ 
kali  was  1  lo  _  34  =  86  grains.  The  folution  being 
turbid,  was  diluted  with  3238  grains  of  water.  Its 
fpecific  gravity  was  then  1,013  at  the  temperature  of 
6o«.  tL  weight  of  the  whole  was  3694  grams.  Forty- 
five  grains  of  fulphat  of  potafs  (petals  combined  with 
fulphuric  acid),  diffolved  in  1 01 7  grams  of  diftilled  wa- 
ter,  have  the  fame  fpecific  gravity  at  the  fame  tempera- 
ture  ;  from  whence  it  follows,  that  the  proportion  of 
fait  in  each  was  equal.  But  in  the  laft  folution  the  quan¬ 
tity  of  fait  was  of  the  whole  ;  therefore  the  quan_ 
tity  of  fait  in  the’firft  was  ^  =  1S9>5^ 

of  this  weight  86  grains  were  alkali ;  the  remain^der, 
therefore,  which  amounts  to  70,52  grams,  muft  be 
acid.  But  the  quantity  of  ftandard  acid  employed  was 
79  grains;  of  this  there  were  Si  grams  which  did  not 
enter  into  the  combination,  and  which  muft  have  been 
pure  water  :  79  parts  of  ftandard  acid,  therefore,  con¬ 
tain  at  leaft  8,5  parts  of  water,  and  confequently  ico 
parts  of  ftandard  acid  contain  10,75  parts  of  water.  It 
only  remains  now  to  confider  how  much  water  fulphat 
of  potafs  contains.  Mr  Kirwan  thinks  it  contains  none, 
becaufe  it  lofes  no  weight  in  any  degree  of  heat  below 
ignition,  and  even  when  expofed  to  a  red  heat  for  half 
an  hour  it  hardly  lofes  a  grain.  This  is  certainly  fuf- 
ficient  to  prove,  at  leaft,  that  it  contams  wa¬ 

ter  i  and  confequently  we  may  conclude,  with  Mr  Kn- 
wan,  that  100  parts  of  fulphuric  acid,  of 
gravity  2,000,  are  compofed  P«“y  nearly  of  89,25  of 
pure  acid  and  10,75  of  water.  This  method  ufed  by 
Mr  Kirwan  is  nearly  the  fame  with  that  propofed  by 
Mr  Iveir  * 

It  feemseven  poffible  to  obtain  fulphuric  acid  free 
frfim  all  the  water  that  may  not  be  neceffary  to  its  acid 
ftate.  When  it  is  procured  by  diftillation  from  green 
vitriol,  if  the  receiver  be  changed  after  the  procefs  has 
gone  on  for  fome  time,  a  quantity  of  acid  is  obtained  m 
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a  folid  form,  or  cryftalllzed.  This,  as  Morveau  has  Sulphuric 
fhewn,  is  fulphuric  acid  deprived  of  the  water  with  .  ^ 

which  it  is  ufually  combined.  When  this  glacial  acid, 
as  it  has  been  called,  is  expofed  to  the  air,  it  rifes  in 
white  fumes,  and  is  foon  diflipated.  This  fingular  effed 
is  produced  by  its  violent  attraction  for  the  water  which 
exifts  in  atmofpheric  air.  When  thrown  into  water,  it 
feizes  it  with  violence ;  a  great  deal  of  caloric  is  evolved, 
fufficient,  if  the  quantity  of  water  be  not  too  great,  to 
elevate  the  whole  in  vapours  *. 

Sulphuric  acid  is  capable  of  decompofing  alcohol  and 
oils  ;  and  when  aififted  by  heat,  it  decompofes  alfo  fome  *  * 
of  the  metallic  oxides  which  contain  the  greateft  quan-  399 
tity  of  oxygen ;  as  red  oxide  of  lead,  black  oxide  of  man-  Afiiou  of 
ganefe.  It  decompofes  llkewife  all  the  fulphurets 
phofphurets  which  have  an  alkaline  or  earthy  bafis.  bodies. 

It  oxidates  iron,  zinc,  and  manganefe,  in  the  cold. 

By  the  affiftance  of  heat  it  oxidates  lilver,  mercUry, 
copper,  antimony,  bifmuth,  arfenic,  tin,  and  tellurium. 

At  a  boiling  heat  it  oxidates  lead,  cobalt,  nickel,  mo¬ 
lybdenum.  It  does  not  ad  upon  gold,  platinum,  tung- 
ften,  nor  titanium. 

It  unites  readily  with  all  the  alkalies,  the  alkaline 
earths,  alumina,  and  jargonia,  and  with  moft  of  the  me¬ 
tallic  oxides,  and  forms  falts  denominated fulphats.  Thus 
the  combination  of  fulphuric  acid  and  foda  is  called /«/- 
that  of  foda  ;  the  compound  of  fulphuric  acid  and  lime, 
fulphat  of  limey  and  fo  on.  It  does  not  ad  upon  filica 
nor  adamanta. 

The  affinities  of  fulphuric  acid  are  as  follows  f  : 

Barytes, 

Strontites:^, 

Potafs, 

Soda, 

Lime, 

Magnefia, 

Ammonia, 

Alumina, 

Jargonia  ^  ? 

Oxide  of  zinc, 

—  —  iron, 

- — —  manganefe, 

- - —  cobalt, 

- - nickel, 

- - —  lead. 
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tin. 


copper, 

.  bifmuth, 


Oxide 


Then  fince  the  increafe  of  denfity  does  not  change  the  weight  of  the  whole,  i 

a  —  h 


Hence  a  =  0,5 


%c  y 
a  —  a  rc  4-  ^  x 


/— +  (' 

V  4‘^J'  V 


—  y  (a  —  h 

8  cy 


•0,5 


3  I  —  4  r  :<?  -f  '  4  ^ 

And  making  a  zz,  i,  ^  =  o,8i99>  ^ ^  0,0288 
0,1801 

XZZOyS 


V  O, 


_ y  /o,i8oi 

0,1152;^  \o>2304J^ 


•0,5 


0,2304  y 
I  0,1801  X 

S  =  i~.o,ii52«  +  o,ii52'1^'-  See  Irifh  tranf.  III. 
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401 
Component 
partss  of  ful 
phurous  a- 
cid. 


Oxide  of  antimony, 

- -  arfenic, 

-  mercury, 

■  filver, 

- -  gold, 

- -  platinum, 

Oil, 

Water, 

Sect.  II.  Of  Sulphurous  Acid. 
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very. 
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Method  of 

procuring 

it. 
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f  ts  proper¬ 
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Sulphurous  acid  is  compofed  of  fulphur  and  oxy¬ 
gen  combined  ;  the  proportions  have  not  been  afcer- 
tained  ;  -but  the  fad  itlelf,  and  that  the  quantity  of 
oxygen  is  lefs  than  what  enters  Into  fulphuric  acid,  has 
been  proved  beyond  the  poflibihty  of  doubt.  Neither 
can  it  be  doubted,  though  the  fad  has  not  been  attend¬ 
ed  to,  that  in  this  acid  the  fulphur  and  oxygen  mutu¬ 
ally  faturate  each  other  ;  and  that  fulphuric  acid  is  not 
compofed  of  fulphur  and  oxygen,  but  of  fulphurous  acid 
and  oxygen.  Phofphorus  is  capable  of  ^decompofing 
fulphuric  acid  by  the  afiiilance  of  heat,  of  feizing  a 
quantity  of  its  oxygen,  and  converting  it  into  fulphu¬ 
rous  acid  ;  but  upon  fulphurous  acid  it  has  no  effed 
whatever  The  affinity  of  phofphorus  therefore  for 
oxygen  is  lefs  than  that  of  fulphur ;  yet  it  is  capable  of 
taking  oxygen  from  fulphuric  acid.  Is  it  not  evident 
from  this,  that  fulphuric  acid  is  compofed  of  fulphu¬ 
rous  acid  and  oxygen  ?  and  that  fulphur  has  a  ftronger 
affinity  for  oxygen  than  fulphurous  acid  has  ?  For  if 
both  the  acids  were  compofed  diredly  of  fulphur  and 
oxygen,  it  would  follow  from  experiment,  that  the  affi¬ 
nity  of  phofphorus  for  oxygen  was  both  llronger  and 
weaker  than  that  of  fulphur;  which  would  be  abfurd. 

Sulphurous  acid  has  been  known  fince  the  time  of 
Stahl.  Scheele  firft  difcovered  the  method  of  obtain¬ 
ing  it  in  quantities ;  and  Dr  Priehley  firft  procured  it 
in  a  {late  of  purity  ;  for  Scheele’s  acid  was  diiTolved  in 
water. 

Stahl’s  method  of  procuring  fulphurous  acid  was  to 
burn  fulphur  at  a  low  temperature,  and  expofe  to  its 
flames  cloth  dipped  in  a  folution  of  potafs.  By  this  me¬ 
thod  he  obtained  a  combination  of  potafs  and  fulphu¬ 
rous  acid  ;  for  at  a  low  temperature  fulphur  forms  by 
combullion  only  fulphurous  acid.  On  this  fait  Scheele 
poured  a  quantity  of  tartarous  acid,  and  then  applied  a 
gentle  heat.  The  fulphurous  acid  is  in  this  manner  dif- 
placed,  becaufe  its  affinity  for  potafs  is  not  fo  llrong  as 
that  of  tartarous  acid  ;  and  it  comes  over  into  the  recei¬ 
ver  diffolved  in  water.  It  is  now  commonly  procured 
by  mixing  with  fulphuric  acid  oil,  greafe,^  metals,  or 
any  other  fubftance  that  has  a  llronger  affinity  for  oxy¬ 
gen  than  fulphurous  acid,  and  applying  a  heat  fiifficient 
to  diftil  over  the  fulphurous  acid  as  it  forms.  Mr  Ber- 
thollet  has  found,  that  fugar  is  the  bell  fubftance  to 
employ  for  this  purpofe. 

Dr  Prieftley  poured  a  little  oil  on  fulphuric  acid,  ap¬ 
plied  heat,  and  received  the  produ.6l  in  a  glafs  jar  filled 
with  mercury.  It  was  fulphurous  acid  free  from  all  fu- 
perfluous  water,  and  in  a  gafeous  form. 

In  this  Hate  it  is  colourlefs  and  invifible  like  common 
air.  It  is  incapable  of  maintaining  combuftion  ;  nor 
can  animals  breathe  it  without  death.  It  has  a  llrong 
and  fuffocating  odour.  It  is  this  odour  which  burning 
fulphur  exhales.  Its  fpecific  gravity,  according  to  Berg- 
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man,  fs  0,00246*  ;  according  to  Lavoifier,  0,002 5 

Clouet  and  Monge  found,  that  by  the  application  ot , _ 

extreme  cold  it  is  converted  into  a  liquid.  ^  iit  On  bJec^ 

Dr  Prieftley  difcovered,  that  when  a  ftn  ng  heat  is  the  Attrjc- 
applied  to  this  acid  in  clofc  veffcls,  a  quantity  of 
pluir  is  precipitated,  and  the  acid  is  converted  into 
phuric  Berthollet  obtained  the  lame  refiilt :  but  qjj 
Fourcroy  and  Vauquelin  could  not  fucceedf  ii.  330. 

Water  abforbs  this  acid  with  avidity.  According  to  | 

Dr  Prieftley,  1000  grains  of  water,  at  the  teinperature2^^ 

54,5'',  abforb  39,6  grains  of  this  acid.  The  fpecihc 
o-ravity  of  water  faturated  with  fulphurous  acid  Is  t  ,040|[ .  ||  BertboUtt, 
Water  in  the  ftate  of  ice  abforbs  it  very  rapidly,  and 
inftantly  melted.  Water  faturated  with  this  acid  can 
be  frozen  without  parting  with  any  of  it.  When  wa¬ 
ter,  which  has  been  faturated  with  this  acid  at  the  free¬ 
zing  temperature,  is  expofed  to  the  heat  of  65,25°)  it  is 
filled  with  a  vaft  number  of  bubbles,  which  continually 
iiiereafe  and  rife  to  the  furface.  Thefe  bubbles  are  a 

part  of  the  acid  feparating  from  it.  it  freezes  a  few 
1  u  1  « i»r  H  Fourcroy 

degrees  below  32  ff.  ^  and 

Sulphurlc  acid  abforbs  it  at  zero;  but  allows 
part  of  it  to  efcape  at  32  cholfonyibU* 

It  reddens  tindiire  of  turnfol ;  but  deftroys  the  co-  Uid. 
lour  of  fyrup  of  violets. 

It  is  decompofed  by  hydrogen  and  carbon,  and  ful- 
phurated  hydrogen  gas,  when  affifted  by  heatf.  ^  ^  f 

Oxygen  gas  gradually  converts  it  into  fulphuric  acid  ; 
but  Ihls  change  does  not  take  place  unlefs  water  be 

prefent.  ,  . 

It  does  not  feem  capable  ofi  oxidating  any  ot  the 
metals  except  iron,  zinc,  and  manganefe. 

When  in  the  ftate  of  gas  it  Is  abforbed  by  oils  and 

ether.  •  1  •  u 

When  glafs  tubes,  filled  with  fulphurous  acid  in  the 

ftate  of  gas,  are  expofed  to  a  ftrong  heat,  a  quantity  of 
fulphur  precipitates,  and  the  reft  of  the  acid  is  convert¬ 
ed  into  the  fulphuric.  , .  - 

It  combines  with  the  alkalies,  alkaline  earths,  and  Its  c<.mbi- 
alumina,  and  many  of  the  metallic  oxides,  and  torms  neu-  * 
tral  falts,  known  by  the  name  fulphlies.  ^ 

Its  affinities,  as  far  as  they  have  been  inveftigated,  And  affini- 


arc  as  follows  J  : 


Barytes, 

Lime, 

Potafs, 

Soda, 

Magnefia,  1 
Ammonia,  j 
Alumina,. 
Jargonia  *  ? 
Metallic  oxides. 
Water. 


ties, 
t  Ihid. 


^  Fauqu£lin>f 
Ann.  de 
Cbim.  xxiu 
ao8. 


Sect.  IIL  Of  Nitric  Add. 

There  are  three  different  fubftances  compofed  of  a- 
zot  and  oxygen,  nitric  acidy  nitrous  acid,  and  nitrous  gas. 

The  firft  contains  moft  oxygen;  the  laft  contains  lead. 

Nitric  acid  feems  to  have  been  firft  obtained  in  a  fe-Difcovery 
parate  ftate  by  Raymond  Lully,  who  was  born  at  Ma- of  nitric 
jorca  in  1235.  He  procured  it  by  diftilling  a  mixture cid. 
of  nitre  and  clay.  Bafil  Valentine,  who  lived  in  the 
1 5th  century,  deferibes  the  procefs  minutely,  and  calls 
the  acid  water  of  nitre.  It  was  afterwards  denomina¬ 
ted 


^  Vehicle. 
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ted  aq^ia  fort}s  and  Jplnt  of  nitre*  The  name  nitric  acid 
was  firfl;  given  it  in  1787  by  the  French  chemiih. 

Nitric  acid  is  generally  obtained  in  lai*ge  manufaflo- 
r‘ts  by  dillilling  a  mixture  of  nitre  (t)  and  clay;  ^)Ut 
the  acid  procured  by  this  procefs  is  weak  and  impure. 
Chcinifts  generally  prepare  it  by  diftilling  three  parts 
of  nitre  and  one  of  fulplniric  acid  in  a  glafs  retort.  This 
method  was  lirlt  ufed  by  Glauber.  When  obtained  in 
this  manner  it  contains  fome  nitrous  acid,  which  may 
be  expelled  by  the  application  of  a  very  gentle  heat 

Nitric  acid  is  one  of  the  nioft  important  iiiflruments 
of  analyfis  which  the  chemifl  poffelTes  ;  nor  is  it  of  in¬ 
ferior  conftquence  when  confidered  in  a  political  or  com- 
meicidl  view,  as  it  foi'ms  one  of  the  moft  effential  in¬ 
gredients  of  gunpowder.  Its  nature  and  compofitloii 
acc(mliiigly  have  long  occupied  the  attention  of  philo- 
fophers.  AVe  (hall  endeavour  to  trace  the  various  fteps 
by  which  its  component  parts  were  difeovered. 

As  nitre  is  often  produced  upon  the  furface  of  the 
earth,  and  never  except  in  places  which  have  a  commu¬ 
nication  with  atinofpheric  air,  it  was  natural  to  fuppofe 
that  air,  or  fome  part  of  the  air,  entered  into  the  com- 
pofition  of  nitric  acid.  May'ow  having  obferved,  that 
nitre  and  atmofpherical  air  were  both  poffefled  of  the 
property  of  giving  a  red  colour  to  the  blood,  and  that 
air  was  deprived  of  this  property  by  combullion  and 
refpiration  -  concluded,  that  nitre  contained  that  part  of 
the  ait  which  fupported  combujiion,  and  was  necejfary  for 
refpiration. 

Dr  Hales,  by  applying  heat  to  nitric  acid,  and  what 
he  called  Walton  mineral^  obtained  a  quantity  of  air  pof- 
fefled  of  lingular  properties.  When  atmofpherical  air 
was  let  into  the  jar  which  contained  it,  a  reddifh  turbid* 
fume  appeared,  a  quantity  of  air  was  abforbed,  and  the 
remainder  became  tranfparent  again  *.  Dr  Prieftley 
difeovered  that  this  air  could  only  be  obtained  from 
nitric  (u)  acid;  and  therefore  called  it  nitrous  air.  He 
found  that  when  this  gas  was  mixed  with  oxygen  gas, 
nitrous  acid  was  reproduced.  Here,  then,  we  find,  that 
oxygen  is  a  part  of  the  nitric  acid,  and  confequently 
that  Mayow’s  afErmation  is  verified. 

Dr  Prieflley,  however,  explained  this  faft  in  a  diffe¬ 
rent  manner.  According  to  him,  nitrous  gas  is  com- 
pofed  of  nitrous  acid  and  phlogiflon.  When  oxygen 
is  added,  it  feparates  this  phlogiflon,  and  the  acid  of 
courfe  is  precipitated.  This  hypothefis  was  adopted 
by  Macquer  and  Fontana  ;  and  thefe  three  philofophers 
endeavoured  to  fupport  it  with  their  ufual  ingenuity. 
But  there  was  one  difficulty  which  they  were  unable  to 
furmount.  When  the  two  gafes  are  mixed  in  proper 
proportions,  almofl  the  whole  aflumes  the  form  of  ni¬ 
tric  acid  ;  and  the  fmall  refiduum  (-j^th  part),  in  all 
probability,  or  rather  certainly,  depends  on  fome  acci¬ 
dental  impurity  in  the  oxygen  gas.  What  then  be¬ 
comes  of  the  oxygen  and  phlogiflon  ?  Dr  Prieflley 
fuppofed  that  they  formed  carbonic  acid  gas  :  but  Mr 
Cavendifh  proved,  that  when  proper  precautions  are  ta¬ 
ken,  no  fuch  acid  appears  f . 
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Dr  Prieflley  had  procured  his  nitrous  gas  by  difToIving  Nitric 
metals  in  nitric  acid  ;  during  the  foliition  of  which  a  , 
great  deal  of  nitrous  gas  efcapes.  He  ruppefed  that  v 
nitrous  gas  contained  phlogiflon,  becaiife  the  metxil  was 
oxidated  (and  consequently,  according  to  the  then  re¬ 
ceived  theory,  mufl  have  loft  phlogiflon)  during  its  for¬ 
mation.  Mr  Lavoifier  proved  that  this  fuppofition  was 
ill-founded  by  the  following  celebrated  experiment  *  :  * 

To  94;  grains  of  nitric  acid  (fpecific  gravity  N3 16) 
he  added  1 104  grains  of  mercury.  During  the  foliition^* 
273,2^4  cubic  inches  of  nitrous  gas  were  produced.  He 
then  diiliiled  the  fait  (oxide  of  mercury)  \yhich  had 
been  formed  to  drynefs.  As  foon  as  it  became  red  hot 
it  emitted  oxygen  gas,  and  continued  to  do  fo  till  al- 
moft  the  whole  of  the  mercury  was  revived;  The  quan¬ 
tity  of  oxygen  emitted  was  287,742  cubic  inches.  All 
that  had  happened,  therefore,  during  the  fulution  of  the 
mercury,  was  the  feparatlon  of  the  acid  into  two  parts; 
nitrous  gas,  which  flew  off,  and  oxygen,  which  united 
with  the  metal  (x). 

Mr  Lavoifier  concluded,  therefore,  that  the  whole  of 
the  nitrous  gas  was  derived  from  the  nitric  acid  ;  that 
nitric  acid  is  compofed  of  oxygen  and  nitrous  gas  ;  and 
that  the  proportions  are  nearly  64  parts  by  weight  of 
nitrous  gas,  and  36  of  oxygen  gas. 

But  there  was  one  difficulty  which  Mr  Lavoifier  ac¬ 
knowledged  he  could  not  remove.  The  quantity  of 
oxygen  obtained  by  decompofing  nitric  acid  was  often 
much  greater  than  what  was  necefiary  to  faturate  the 
nitrous  gas.  Mr  De  Morveau  attempted  to  account 
for  this  ;  but  without  fiiccefsj'.  Nitrous  gas  itfelf  was 
evidently  a  compound ;  but  the  difficulty  was  to  difeo- 
ver  the  ingredients.  Mr  Lavoifier  concluded,  from  an  ^siitrigui. 
experiment  made  by  decompofing  nitre  by  means  of 
charcoal,  that  it  contained  azot  :  and  feveral  of  Dr 
Prieftley’s  experiments  led  to  the  fame  refult.  But 
what  was  the  other  Ingredient  ? 

Mr  Cavendiftt  had  obferved,  while  he  was  making  ex¬ 
periments  on  the  compofition  of  water,  that  fome  nitric 
acid  was  formed  during  the  combuftion  of  oxygen  and 
hydrogen  gas,  and  that  its  quantity  was  increafed  by 
adding  a  little  azot  to  the  two  gafes  before  the  explo- 
fion.  Hence  he  concluded  that  the  formation  of  the 
acid  was  owing  to  the  accidental  prefence  of  azotic  gas. 

To  verify  this  conjefture,  he  palTed  an  ele<9:rical  fhock 
through  a  quantity  of  common  air  enclofed  in  a  glafs 
tube  :  the  air  was  diminifhed,  and  fome  nitric  acid 
formed.  He  repeated  the  experiment,  by  mixing  toge¬ 
ther  oxygen  and  azotic  gas ;  and  found  that  when  they 
bore  a  certain  proportion  to  each  other,  they  were  to¬ 
tally  convertible  into  nitric  acid.  In  one  experiment, 
the  proportion  of  azot  to  oxygen  (in  bulk)  was  as  416 
to  914  ;  in  another,  as  1920  to  48603!:.  \  phiU 

Thefe  experiments  were  immediately  repeated  by 
Meflrs  Van  Marum  and  Van  Troollwyk,  and  with  near- *7^3* 
ly  the  fame  refult. 

The  moft  convenient  method  of  performing  them  is 
the  following:  Take  a  glafs  tube,  the  diameter  of 

which 


(t)  Nitre  is  compofed  of  nitric  acid  and  potafs. 

(u)  Or  nitrous  acid  ;  for  at  the  period  of  Dr  Prieftley’s  difeovery  (1772)  they  were  not  accurately  diftin- 
guifhed. 

(x)  We  have  already  mentioned.  In  a  preceding  note,  that  this  experiment  was  firft  made  by  Mr  Bayen.  See 
J^art  I.  chap.  iii.  of  this  Article. 
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which  is  about  the  fixtli  part  of  an  inch,  through  the 
cork  that  fhuts  one  end  of  which  let  a  frnall  metallic 
condu6ior  pafs  with  a  ball  at  each  end.  ^  Fill  this  tube 
with  mercury,  and  plunge  its  open  end  into  a  bafon  of 
mercury  :  then  put  into  it  a  mixture  of  0,13  of  azotic 
and  0,87  of  oxygen  gas,  till  it  occupies  three  inches  of 
the  tube  ;  and  introduce  a  folution  of  potafs  till  it  hll 
half  an  inch  more.  Then,  by  means  of  the  conduftor, 
make  ekarical  explofions  (from  a  very  powerful  ma¬ 
chine)  to  pafs  through  the  tube  till  the  air  is  as  much 
diminifhed  as  poflible. ,  Part  of  the  potafs  will  be  found 
converted  into  nitre.  Mr  Cavendilh  aaually  faturated 
the  potafs  with  this  acid.  Mr  Van  Marum  did  not, 
though  a  good  deal  more  gas  bad  difappeared  than  in 
the  experiments  of  Mr  Cavendifh.  Ihis  difference  evi¬ 
dently  depends  on  the  quantity  of  potafs  contained  in 
a  given  weight  of  the  folution.  The  folution  which 
Mr  Van  Marum  ufed  was  no  doubt  ftronger  than  that 
which  Mr  Cavendifh  employed. 

Dr  Prieftley  had  obferved,  feveral  years  before  thele 
experiments  w^ere  made,  that  atmofpherical  air  was  di- 
miniihed  by  the  eledric  fpark,  and  that  during  the  di¬ 
minution  the  infufion  of  turnfol  became  red ;  but  he 
concluded  merely  that  he  had  precipitated  the  acid  ot 
the  air.  Landriani,  who  thought,  on  the  contrary, 
that  carbonic  acid  gas  was  formed,  enounced  the  alte¬ 
ration  of  lime-water  by  it  as  a  proof  of  his  opinion.  It 
was  to  refute  this  notion  that  Mr  Cavendifh  undertook 
his  experiments.  He  has  lince  that  time  repeated  them 
with  the  fame  fuccefs  *. 

It  cannot  be  doubted,  then,  that  nitric  acid  is  com- 
pofed  of  azot  and  oxygen  ;  for  the  objeaions  of  Dr 
Prieffley  have  been  confidered  while  we  were  treating 
of  water.  Confequently  nitrous  gas  muff  alfo  be  com- 
pofed  of  the  fame  ingredients.  According  to  Lavoi- 
Her,  nitric  acid  is  compofed  of  four  parts,  by  weight, 
of  oxygen  and  one  part  of  azot. 

Nitric  acid  is  liquid,  colourlefs,  and  tranfparent  ;  but 
the  affinity  between  its  component  parts  is  fo  weak, 
that  the  adion  of  light  is  fufficient  to  drive  off  a  part 
of  its  oxygen  in  the  form  of  gas  ;  and  thus,  oy  conveit- 
ing  it  partly  into  nitrous  acid,  to  make  it  affume  a  yel- 
low  colour.  Its  tafte  is  exceedingly  acid  and  peculiar. 
It  is  very  corrofive,  and  tinges  the  flein  of  a  yellow  co¬ 
lour,  which  does  not  difappear  till  the  epidermis  comes 
off. 

It  has  a  ftrong  affinity  for  water,  and.  has  never  yet 
been  obtained  except  mixed  with  that  liquid.  When 
concentrated,-  it  attrads  molffure  from  the  atmofphere, 
but  not  fo  powerfully  as  fulphuric  acid.  It  alfo  pro¬ 
duces  heat  when  mixed  with  water,  owing  evidently  to^ 
4^11  the  concentration  of  the  water. 

Itftllrength  The  fpecific  gravity  of  the  ftrongeff  nitric  acid  thafe^ 
at  different  procured  is,  according  to  Rouelle,  1,^83  ;  but 

fpecific  gra- at  temperature  of  6o®,  Mr  Kirwau  could  not  pro- 
cure  It  ftronger  than  1,5543. 

Taking  this  acid  for  the  ftandard,  Mr  Kirwan  has- 
calculated  how  much  of  it  exifts  in  nitric  acid  of  infe¬ 
rior  denfity.  His  determination  may  be  feen  m  the 
following  Table,  which  was  formed  precifely  in  the  fame 
manner  as  that  formerly  given  of  the  ftrength  of  ful¬ 
phuric  acid. 
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1 00  parts, 
at  the  fpt- 

Contain 
fiF  ftan* 

100  parts, 

It  the  fpe¬ 

Contain  1 . 
of  llan-  1 

100  parts, 
at  the  fpe¬ 

Contain 
of  ftan- 

cific  gra-  ^ 
vity 

lard  aciii 

cific  gra-  ^ 
vity 

iard  acid 

cific  gra- 
vity 

iard  acid 

I»5543 

100 

1,4018 

Ik 

70 

1,2586 

44 

i»5295 

99 

1,3975 

69 

1,2525 

43 

94 

^3925 

68 

1,2464 

42 

1,5070 

93 

1.3875 

67 

1,2419 

41 

i»4957 

9^ 

1,3825 

66 

1*2374 

40 

1,4844 

91 

'.3775 

65 

1,2291 

39 

1)473^ 

90 

1.3721 

64 

1,2209 

38 

Ij47^9 

89 

1.367* 

63 

1,2180 

37 

1,4707 

88 

1,3621 

62 

1,2152 

36 

1,4695 

87 

*.357* 

61 

1*2033 

35 

1,4683 

86 

'.352* 

60 

1,2015 

34 

1,4^71 

85 

1. 3^1:68 

59 

iji9^3 

33 

1,4640 

84 

*.34*7 

58 

1,1911 

32 

1,461 1 

83 

1.3366 

57 

1,1845 

3^ 

1,4582 

82 

*.33*5 

5^ 

1*1779 

30 

i»4553 

81 

1.3264 

55 

1,1704 

29 

1,4524 

80 

*,3212 

54 

1,1639 

28 

*>447^ 

79 

1,3*60 

53 

1,1581 

27 

I»4422 

78 

*,3*08 

52 

1*1524 

26 

1^4373 

77 

1,3056 

51 

1,1421 

25 

i>4324 

76 

*.3004 

50 

1*1319 

24 

1^4275 

75 

1,29*1 

49 

1,1284 

23 

1,4222 

74 

1,2812 

48 

1,1241 

22 

1,4171 

73 

1^2795 

47 

1,1165 

21 

1,4120 

72 

i>2779 

1  46 

i,i 1 1 1 

20 

1,4069 

1  71 

1,2687 

45 

1  1,1040 

'  19 

Now,  how  much  water  does  nitric  acid  contain,  the 
denfity  of  which  is  i>5543  • 

Mr  Kirwan  dried  a  quantity  of  cryftallized  carbOnat  Quantity 
of  foda  in  a  red  heat,  and  diffolved  it  in  water,  in  ^^ained^ 

a  proportion,  that  367  of  the  folution  contained 

co,o5  of  alkali.  He  faturated  367  grains  of  this  fold- traced  ni- 
tion  with  147  grains  of  nitric  acid,  the  fpecific  . gravity  trie  acid* 
of  which  was  1,2754,  and  which,  therefore,  by  the  pre¬ 
ceding  table,  contained  45,7  per  cent,  of  acid  ftandard. 

The  carbonic  acid  driven  off  amounted  to  14  grains. 

On  adding  939  grains  of  water,  the  fpecific  gravity  of 
the  folution,  at  the  temperature  of  58,5% -was  1,0401.^^ 

By  comparing  this  with  a  folution  of  nitrat- of  foda,  or' 
the  fame  denfity,  precifely  in  the  manner  deferibed  for¬ 
merly  under  fulphuric  acid,  he  found,  that  the  fait  con¬ 


tained  in  it  amounted  to 


16,901 


.  of  the  whole.  There 


was  an  excefs  of  acid  of  about  two  grains.^  The  weight 
of  the  whole  was  1439  grains  :  The  quantity  of  fait,. 

confequently,  was-li^  =  85,142  grains.  The  quan- 
^  ^  16,901 

tity  of  alkali  was  50,05—14  =  36^05.  The  quantity 
of  ftandard  acid  employed  was  66,7.  The'  whole 
of  which  amounted  to  107,75  grains  ;  but  as  only 
85,142  grains  entered  into  the  compofition  of  the  fait, 
the  remaining  17,608  muft  have  been  pure  water  mix¬ 
ed  with-the  nitric  acid.  But  if  66,7  of  ftandard  acid 
contain  17,608  of  water,  100  parts  of  the  fame  acid 
muft  contain  26,38*.  ^  ^  ^  ^  hijh 

One  hundred  parts  of  ftandard  nitric  acid,  therefore,  T/-a/y;iv,.- 
18  compofed  of  73,62  parts  of  pure  nitric  acid  and  26/38 
of  water.  But  as  Mr  Kirwan  has  not  proved  that  ni¬ 
trat  of  foda  contains  no  water,  perhaps  the  proportion 

af 
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of  watct’  be  He  has  rendered  it  probable, 

however,  that  nitrat  of  foda  contains  very  little  water. 

Nitric  acid  is  decompofed  by  a  great  variety  of  fiib- 
ftances.  When  poured  upon  oils,  it  fets  them  on  hre. 
This  is  occalioned  by  a  decompofition  both  of  the  acid 
and  oil  The  oxygen  of  the  acid  combines  with  the 
carboi/and  with  the  hydrogen  of  the  oils,  and  at  the 
fame  time  lets  go  a  quantity  of  caloric.  Hence  we  fee 
that  the  oxygen  which  enters  into  the  compofition  of 
the  nitric  acid  Hill  contains  a  great  deal  of  caloric  ,  a 
fad  which  is  confirmed  by  a  great  number  of  other 
phenomena.  The  combiiftion  of  oils  by  this  acid  was 
firft  taken  notice  of  by  Borrichius  and  Slare  ;  but  it  is 
probable  that  Ho mberg  communicated  it  to  Slare.  In 
order  to  fet  fire  to  the  fixed  oils,  it  muft  be  mixed  with 
fome  fulpliuric  acid  ;  the  reafon  of  which  feems  to  be, 
that  thefe  oils  contain  watery  which  mult  be  previoufly 
removed.  The  fulphuric  acid  combines  with  this  wa¬ 
ter,  and  allows  the  nitric  acid,  or  rather  the  oil  and  ni¬ 
tric  acid  together,  to  adt.  The  drying  oils  do  not  re¬ 
quire  any  fulphuric  acid  ;  they  have  been  boiled,  and 
confeqiiently  deprived  of  all  moiflure.  It  fets  fire  alfo 
to  charcoal,  provided  it  be  perfedly  dry.  Fliis  fad 
was  firfl  obferved  by  Frouft,  and  afterwards  confirmed 
by  the  Dijon  acadeinicia^ns.  It  fets  fire  alfo  to  zinc, 
bifmiith,  and  tin,  if  it  be  poured  on  them  in  fufion, 
-  Pm//?,  and  to  tilings  of  iron,  if  they  be  perfedly  dry  *.  In 
Vijon  Aca~  thefe  cafes  'the  acid  is  decompofed.  Sulphurated 
i7dCor-  hydrogen  gas  alfo  takes  fire,  and  burns  with  a  ftrong 
mtie.  flame  by  means  of  this  acid  f. 

\lromfdQrff.  It  is  capable  of  oxidating  all  the  metals  except  gold, 
platinum  (x),  and  titanium.  It  appears,  from  the  ex¬ 
periments  of  Scheffer,  Bergman,  Sage,  and  Fillet,  that 
nitric  acid  is  capable  of  difl'oiving  (and  confequently  of 
oxidating)  a  very  minute  quantity  even  of  gold. 

Nitric  acid  combines  with  alkalies,  alkaline  earths, 
alumina,  and  jargonia,  and  with  the  oxides  of  metals, 
and  forms  compounds  which  are  called  nitrats.  It  does 
not  adt  upon  filica  nor  adamanta. 

The  order  of  its  affinities  is  as  follows  : 

Barytes, 

Potafs, 

Soda, 

Strontites 
Lime, 

Magnefia, 

Ammonia, 

Alumina, 

i  Jargonia  5? 

Metallic  oxides,  in  the  fame  order 
as  for  fulphuric  acid. 

Water. 


Its  combi¬ 
nations, 


. 

And  amni- 
tkis. 


t  Br  Kope» 


5  Vauquelifty 
Ann,  de 
Chitn.  xxii. 
a08. 
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Sect.  IV.  Of  Nltrm  Awl 

If  oxy'^gen  gas  be  mixed  with  nitrous  gas,  a  quanti- ' 
ty  of  red  fumes  appear,  which  are  readily  abforbed  by  Component 
water.  Thefe  red  fumes  are  nitrous  acid,  parts  of 

If  a  glafs  veffel  containing  nitric  acid  be  inverted  in- 
to  another  veffel  containing  the  fame  acid,  and  expofed^"^ 
to  the  light,  the  inverted  glafs  will  become  partly  full 
of  oxygen  gas,  and  at  the  fame  time  part  of  the  nitric 
acid  is  converted  into  nitrous  acH  It  follows,  from  *  Schedsy 
this  experiment,  that  nitrous  aejd  contains  lefs  oxygen  Crt//’.  An^ 
than  nitric  acid.  Lavoifier  has  calculated,  that  it  con-'*''^^  i?S6, 
tains  fomewhat  lefs  than  three  parts  of  oxygen  to  one 
of  azot.  ^  417 

Nitrous  acid  Is  of  a  brown  or  red  colour,  exceeding-  Its  proper-* 
ly  volatile,  and  emitting  a  very  fuffocating  and  fcarcely 
tolerable  odour.  When  to  this  acid,  concentrated,  a 
fourth  part  by  weight  of  water  is  added,  the  colour  is 
changed  from  red  to  a  fine  green  ;  and  when  equal 
parts  of  water  are  added,  it  becomes  blue  f.  Dr  Prieft-  \  Btrgmani 
ley  obferved,  that  water  impregnated  with  this  acid  in 
the  ftate  of  vapour  became  firft  blue,  then  green,  and 
laftly  yellow.  A  green  nitrous  acid  became  orange- 
coloured  while  hot,  and  retained  a  yellow  tinge  when 
cold.  A  blue  acid  became  yellow  on  being  heated  in 
a  tube  hermetically  fealed.  An  orange-coloured  acid, 
by  long  keeping,  became  green,  and  afterw^ards  of  a 
deep  blue  ;  and  when  expofed  to  air,  refumed  its  ori¬ 
ginal  colour.  Thefe  colours  feem  to  depend  upon  the 
concentration  of  the  acid. 

Dr  Prieftley  found  that  water  abforbed  great  quan¬ 
tities  of  this  acid  in  the  Hate  of  vapour  ;  and  that  when 
faturated,  its  bulk  was  increafed  one-third. 

In  the  Hate  of  vapour,  it  is  abforbed  rapidly  by- 
oils.  Whale  oil,  by  abforbing  it,  became  green,  thick, 
and  heavier  It  gradually  decompofed  the  acid,  re¬ 
tained  the  oxygen,  and  emitted  the  azot  in  the  ilate  of 
gas  f ^  ^  \  ?riejileyy 

It  is  abforbed  by  fulphuric  acid,  but  feemingly  with-^‘^‘ 
out  producing  any  change  ;  for  when  water  is  poured 
into  the  mixture,  the  heat  produced  expels  it  in  the 
ufual  form  of  red  fumes  The  only  fingular  circum-^  7^/^, 
fiance  attending  this  impregnation  is,  that  it  difpofesp.  144* 
the  fulphuric  acid  to  cryfiallize  1|.  This  fa6l,  firft  ob-j|  7^/7. 
ferved  by  Dr  Prieftley  in  1777  (y),  was  afterwards?.  156. 
confirmed  by  Mr  Cornette. 

Nitrous  acid  appears  capable  of  combining  with  moft 
of  the  bodies  with  which  nitric  acid  unites.  The  falts 
which  it  forms  are  called  nitrites. 

Its  affinities  have  never  been  accurately  examined. 
Bergman  fuppofes  them  the  fame  with  thofe  of  nitric 
acid. 

Of 


(x)  Nitre,  h®wever,  aas  upon  platinum,  as  Mr  Tennant  has  proved.  Phil.  Tranf.  1797.  Morveau  had 
made  the  fame  obfervation  in  the  Elemens  de  Chimie  de  I’  Academie  de  Dijon.  ^  .  r  •. 

Bernhardt,  however,  relates,  in  1765,  that  once,  when  he  was  diftillmg  a  mixture  of  ten  pounds  ot  nitre 
•with  ail  equal  quantity  of  calcined  vitriol,  which  he  had  put  into  a  retort,  to  which  was  fitted  an  adapter  be¬ 
tween  the  retort  and  the  receiver,  which  contained  a  quantity  of  water— he  obferved  a  confiderable  qumtity  of 
a  white  cryftalline  fait  formed  in  the  adapter,  while  the  liquid  acid  palTed  as  ufual  into  the  receiver.  This  fait 
was  very  volatile,  fmoked  ftrongly  when  it  was  eXpofed  to  the  air,  and  exhaled  a  red  vapour;  it  burnt,  to  a  black 
coal,  wood,  feathers,  or  linen,  as  fulphuric  acid  does  ;  and  where  a  piece  of  it  fell,  it  evaporated  in  for™  of  a 
blood  red  vapour,  till  the  whole  of  it  difappeared.  Half  an  ounce  of  thefe  cryftals  diffolved  m  water  with  fpurt. 
in?  and  hiffing,  like  that  of  a  red-hot  iron  dipped  in  water,  and  formed  a  green  nitrous  acid.  Some  of  this  lalt 
being  put  into  3  bottle,  which  was  not  well  Hopped,  entirely  vaniftied.  Thefe  cryftals  were  evidently  the  fame 
with  Dr  Prieftley’s.  See  KeiPs  Diaionary. 
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of  nitrous 
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Its  proper¬ 
ties. 

•  On  Phlo- 
gijlon^  p. 

f  Priejiley, 

i.  365* 

t  Ibid,  p. 
407. 


$  Ntchol- 
font  Jour, 

ii.  72. 
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The  eudio¬ 
meter. 
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Manner  in 
which  azot 
and  oxygen 
are  combi¬ 
ned. 


Nitrous  gas  was  firft  obtained  by  Dr  Hales,  but 
Its  properties  w'ere  dlfcovered  by  Dr  Prieftley.  It  may 
be  procured  by  diflblving  metals  in  nitric  or  nitrous 
acid,  and  catching  the  produdl  by  means  of  a  pneuma¬ 
tic  apparatus. 

As  nitrous  acid  Is  formed  by  combining  nitrous  gas 
and  oxygen,  it  is  evident  that  nitrous  gas  contains  lefs 
oxygen  than  nitrous  acid.  According  to  Lavoifier,  it 
IS  compofed  of  two  parts  of  oxygen  and  one  of  azot. 

Nitrous  gas  is  elaftic,  and  Invifible  like  common  air. 
It  extlngulfhes  light,  and  inftantly  kills  all  thofe  ani¬ 
mals  that  are  obliged  to  breathe  it.  Its  fpecific  gravi¬ 
ty,  according  to  Mr  Kirwan,  is  0,001458*. 

’  Dr  Prieftley  found  that  water  was  capable  of  abforb- 
ing  about  one-tenth  of  nitrous  gas,  and  that  by  the  ab- 
forption  It  acquired  an  aftringent  tafte  f.  Water  parts 
with  all  the  nitrous  gas  It  has  Imbibed  on  being  frozen  J. 

Neither  phofphorus  nor  fulphur  feem  capable  of  de- 
compofing  nitrous  gas. 

Mr  Linck,  profefibr  at  Roftoc,  found,  that  three 
parts  of  nitrous  gas  and  two  of  hydrogen  gas,  obtained 
by  fulphuric  acid  and  Iron,  are  fcarcely,  or  not  at  all, 
diminifhed  when  expofed  to  day-light  over  water.  Com¬ 
mon  air  is  not  more  dmlnlfhed  by  this  admixture  kept 
a  long  time  :  but  the  mixture  itfelf  of  thefe  two  gafcs 
is  dimlniihed  by  the  addition  of  new  portions  of  nitrous 
gas.  Mr  Linck  concludes,  from  this  obfervatlon,  that 
part  of  the  oxygen  of  the  nitrous  gas  combined  with 
the  hydrogen  and  formed  water,  and  that  the  remaining 
oxygen  and  azot  formed  a  mixture  fimilar  to  the  air  of 
the  atmofphere.  Mr  Vauquelln  had  previoufly  made 
the  fame  obfervatlon.  The  affinity  of  hydrogen,  there¬ 
fore,  for  oxygen  is  greater  than  that  of  azot  §. 

Oils  imbibe  nitrous  gas  with  avidity,  and  decompofe 

it. 

Nitric  acid  abforbs  a  vaft  quantity  of  it,  and  is  by 
that  means  converted  Into  nitrous  acid.  —  Sulphuric  acid 
alfo  abforbs  it. 

The  mod  important  property  of  nitrous  gas  Is  that 
of  combining  inftantly  with  oxygen  gas,  and  forming 
nitrous  acid,  which  is  Inftantly  abforbed  by  water.  This 
property  induced  Dr  Prieftley  to  ufe  nitrous  gas  as  a 
left  of  the  purity  of  common  air.  He  mixed  together 
equal  bulks  of  thefe  fubftances,  and  judged  of  the  pu¬ 
rity  of  the  air  by  the  diminution  of  bulk.  The  appa¬ 
ratus  ufed  for  this  purpofe,  which  confifts  of  a  gradua¬ 
ted  tube,  has  been  called  a  eudiometer.  This  eudiome¬ 
ter  has  been  greatly  Improved  by  Fontana,  but  it  Is  ftill 
liable  to  uncertainty  in  its  application.  Perhaps  the 
bell  eudiometer  Is  fulphuret  of  potafs,  which,  as  Mor- 
veau  has  dlfcovered,  abforbs,  on  the  application  of  heat, 
the  whole  oxygen  in  a  given  bulk  of  air  almoft  inftan- 
taneoufly. 

Dr  Prieftley  found  that  nitrous  gas  was  decompofed 
by  paffing  eledlric  explofions  through  it. 

Let  us  now  conlider  In  what  manner  oxygen  and 
azot  are  combined  in  the  three  fubftances  which  have 
been  juft  deferibed. 

It  can  hardly  be  conceived  that  azot  is  capable  of 
combining  with  fliree  different  proportions  of  oxygen, 
and  of  being  fatu rated  with  each  :  It  is  furely  much 
more  probable,  that  in  nitrous  gas  the  oxygen  and  azot 
faturate  each  other  diredlly  and  completely  ;  that  ni¬ 
trous  acid  is  compofed  of  nitrous  gas  and  oxygen,  and 
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nitric  acid  of  nitrous  acid  and  oxygen.  And  this  fup- 
pofitlon  is  confirmed  by  confidering  that  the  ftrength 
of  affinity  by  which  the  oxygen  is  retained  in  each  of 
thefe  fubftances  is  very  different.  Some  fubftances,  as 
light,  are  capable  of  decompofing  nitric  acid,  by  feizing 
fome  of  its  oxygen,  and  of  converting  It  into  nitrous 
acid  ;  but  they  have  no  effe(5l  whatever  upon  nitrous 
acid  or  nitrous  gas.  Others,  as  bifmuth,  copper,  phof¬ 
phorus,  and  fulphur,  are  capable  of  decompofing  both 
nitric  and  nitrous  acids,  but  are  incapable  of  altering 
nitrous  gas  :  And  others,  again,  as  carbon,  zinc,  and 
iron,  are  capable  of  decompofing  all  the  three.  Every 
body  which  is  capable  of  decompofing  nitrous  acid  is 
capable  alfo  of  decompofing  nitric  acid  ;  and  every  body 
that  decompofes  nitrous  gas  is  capable  alfo  of  decom¬ 
pofing  the  other  two.'  But  the  reverfe  of  this  is  not 
true.  The  affinity  of  oxygen,  then,  for  azot,  nitrous 
gas,  and  nitrous  acid,  is  different:  oxygen  has  a  ftronger 
affinity  for  azot  than  it  has  for  nitrous  gas,  and  a 
ftronger  affinity  for  nitrous  gas  than  for  nitrous  acid. 
But  if  all  thefe  bodies  were  dlre^l  combinations  of  azot 
and  oxygen,  how  could  this  difference  of  affinity  take 
place  ?  Is  It  reafonable  to  fuppofe  that  a  fubftance  has 
a  ftronger  affinity  for  one  proportion  of  any  other  body 
than  for  another  proportion  \  or  that,  if  fuch  a  difference 
exifted,  the  ftrongeft  affinity  ftiould  not  always  prevail  ? 
Mix  together  nitric  acid  and  nitrous  gas  In  proper  pro¬ 
portions,  and  the  wffiole  mixture  is  converted  into  ni¬ 
trous  acid :  but  mix  nitrous  and  nitric  acids  together, 
and  no  change  whatever  is  produced.  In  the  firft  cafe, 
is  it  not  evident  that  the  affinity  of  nitrous  gas  for  oxy¬ 
gen  Is  greater  than  that  of  nitrous  acid  ;  that  therefore 
it  decompofes  the  nitric  acid,  deprives  it  of  oxygen, 
and  leaves  it  in  the  ftate  of  nitrous  acid  ?  But,  in  the 
fecond  cafe,  no  change  can  take  place,  becaufe  nitric 
acid  is  compofed  of  nitrous  acid  and  oxygen  ;  and  it 
would  be  abfurd  to  fuppofe,  that  nitrous  acid  has  a 
ftronger  affinity  for  oxygen  than  nitrous  acid  has.  But 
were  azot  and  oxygen  capable  of  uniting  In  various 
proportions,  why  fhould  not  a  mixture  of  nitric  and  ni¬ 
trous  acids,  or  of  nitrous  gas  and  nitrous  acid,  form  new 
fubftances  I  And  why  are  the  only  fubftances  which 
appear  in  decompofitlons  nitrous  acid  and  nitrous  gas  ? 
Surely  thefe  reafons  are  fufficient  to  fhew  us,  that  thefe 
bodies  are  combined  in  the  following  manner  ; 

Azot  and  1  c 

^  torm  nitrous  gas  ; 

y  form  nitrous  acid  ; 


3*3 

Muriatic 

Acid. 


Oxygen 
Nitrous  gas 
and  oxygen 
Nitrous  acid 
and  oxygen 


} 


form  nitric  acid. 


Perhaps  there  may  be  even  more  links  in  the  chain 
than  we  are  aware  of.  The  dephlogifticated  nitrous  air 
of  Dr  Prieftley,  which  DIeman  and  Van  Trooftvvyck 
have  lately  proved  to  be  compofed  of  37  parts  of  oxy¬ 
gen  and  63  of  azot,  and  of  which  little  more  is  known 
than  that  It  fupports  flame,  is  noxious  to  animals,  ab¬ 
forbed  by  water,  and  only  obtained  by  means  of  fub¬ 
ftances  capable  of  decompofing  nitrous  gas _ perhaps 

this  air  Is  compofed  diredly  of  oxygen  and  azot,  ni¬ 
trous  gas  of  this  air  and  oxygen,  and  fo  011.  There 
may  be  even  links  ftill  farther  back  than  that. 

Sect.  V.  Of  Muriatic  Acid, 

Muriatic  acid  appears  to  have  been  known  to  Bafil  Dlfcovery 
Valentine  \  but  Glauber  w'^as  the  firft  v/ho  extra6led  it  *^’1*  muriatic 
Hr 
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Muriatic  from  common  fait  by  means  of  fulpburic  acid.  Com- 
Acid.  fgjf  jg  compofed  of  muriatic  acid  and  foda,  for 

‘  which  laft  fubftance  fulpburic  acid  has  a  ilronger  affini¬ 
ty.  This  acid  was  firll  called  of  fait,  afterwards 

•  ftommu-marine  acid,  and  now,  pretty  generally,  muriatic  acid*, 
ria.  It  is  fometimes  prepared  by  mixing  one  part  ot  com¬ 

mon  fait  with  feven  or  eight  p:'rts  of  clay  ,  and  diftilling 
the  mixture.  The  clay,  in  this  inftance,  is  fuppofed  to 
adl  chiefly  by  means  of  the  fulphuric  acid  which  it  al- 
w-ays  contains  (z)  :  But  this  fubjed  ftill  requires  far¬ 
ther  elucidation.  By  thefe  proceffes,  muriatic  acid  is 
obtained  diflblved  in  water.  Dr  Prieftley  difcovered, 
that  by  applying  heat  to  this  folution,  and  receiving  the 
produa  in  veffels  filled  with  mercury,  a  gas  was  procu¬ 
red  ;  which  gas  is  muriatic  acid  in  a  ftate  of  purity. 

Muriatic  acid  gas  is  invifible  and  elaftic,  like  com¬ 
mon  air.  It  deftroys  life  and  cxtinguiflies  flame.  A 
candle,  juft  before  it  goes  out  in  it,  burns  w'ith  a  beau¬ 
tiful  green,  or  rather  light  blue  flame  ;  and  the  lame 

^  PrUfhy,  flame  appears  when  it  is  firft  lighted  again  j-. 

ii.  293.  fpecific  gravity  of  muriatic  acid  in  the  ftate  of 

gas  is,  according  to  Mr  Kirwan  J,  0,002315,  which  is 
nearly  double  that  of  common  air.  ■  c 

Water  abforbs  this  gas  with  avidity.  Ten  grains  of 
^water  are  capable  of  abforbing  ten  grains  of  the  gas. 
The  folution  thus  obtained  occupies  the  [pace  of  13,3 
grains  of  water  nearly.  Hence  its  fpecific  gravity  is 
1,500,  and  the  denfity  of  the  pure  muriatic  acid  in  it 

J  Klrtvan^  02  ^  f  a). 

As  muriatic  acid  can  only  be  ufed  conveniently  when 
diffolved  in  water,  it  is  of  much  confequence  to  know 
how  much  pure  acid  is  contained  in  a  given  quantity  of 
4*4  liquid  muriatic  acid  of  any  particular  denfity. 

(Quantity  of  Now  the  fpecific  gravity  of  the  pureft  muriatic  acid 
it  contained  bg  procured  and  preferved,  is  1,196  ;  it 

1  acids  of  jjg  needlefs,  therefore,  to  examine  the  purity  of 

any  muriatic  acid  of  fuperior  denfity.  Mr  Kirwan  cal¬ 
culated  that  muriatic  acid,  of  the  denfity  1,196,  con¬ 
tains  rVr  Paffs  of  acid  of  the  denfity  1,500,  which  he 
took  for  the  ftandard  ;  then,  by  means  of  experiments, 
he  formed  the  following  Table  : 
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Its  proper¬ 
ties. 


I  Irijb  ^ 
Tranf.  iv. 


in  i 
various 
dcnOties. 


TOO  parts, 
at  the  fpe¬ 
cific  gra¬ 
vity 

Contain 
of  ftan* 
dard  acid 

lOD  parts, 
at  the  fpe¬ 
cific  gra¬ 
vity 

Contain 
of  ftan¬ 
dard  acid 

100  parts, 
a!  the  fpe¬ 
cific  gra¬ 
vity 

Contain 
of  ftan¬ 
dard  acid 

1,196 

49 

J.I47 

37 

1.1036 

1,0984 

26 

1,191 

48 

1,1414 

25 

1,187 

47 

1.1396 

35 

1,0942 

24 

I)>83 

46 

1.1358 

34 

1,0910 

23 

I. >79 

45 

1.1320 

33 

1,0868 

22 

1,175 

44 

1,1282 

32 

1,0826 

1,0784 

21 

1,171 

43 

1,1244 

31 

20 

1.167 

42 

1,1206 

30 

1,0742 

*9 

1.163 

4* 

I,I  168 

29 

1,0630 

16 

1. 159 

40 

1,1120 

28 

i»0345 

10 

I. ‘55 
t.151 

39 

38 

1,1078 

27 

1,0169 
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Is  always  called  by  that  name)  Is  generally  of  a  pale  Oxy  muria, 
yellow  colour,  owing,  as  Dr  Prieftley  fuppofed,  to  fome 
earthy  matter  diflblved  In  It  ;  but  much  more  probably  ~ 
to  Its  having  abforbed  a  quantity  of  oxygen,  fqr  which 
It  has  a  ftrong  affinity.  Indeed,  that  this  Is  the  caufe 
appears  evidently  from  Dr  Prleftley^s  own  obfervatlons  ; 
for  It  was  dettroyed  only  by  thofe  bodies  which  had  a 
ftronger  affinity  for  oxygen.  It  is  very  volatile,  as 
might  he  expected,  conftantly  emitting  white  fumes  of 
a  peculiar  and  unpleafant  odour.  425 

Muriatic  acid  is  capable,  by  the  affiftance  of  heat,  of  a(5fcioa 
oxidating  the  following  metals ;  Iron,  tin,  lead, 
blfmuth,  cobalt,  nickel,  manganefe,  antimony,  arfeiiic.®^ 

Several  of  thefe,  as  iron,  for  inftance,  it  oxidates  even 
without  the  affiftance  of  heat. 

At  a  boiling  heat,  it  oxidates  filver  and  copper.  It 
has  no  adion  on  gold,  platinum,  mercury,  tungften, 
molybdenum,  tellurium,  titanium.  Its  action  on  ura¬ 
nium  has  not  been  tried. 

In  the  ftate  of  gas,  it  appears  to  decompofe  alcohol 
and  oils  by  Its  affinity  for  water  *.  PruJlUy, 

It  Is  capable  of  diflblving  a  little  fulphat  and  fliiat  f 
of  lime,  and  arfeniat  of  mercury.  ^  .  ix.  * 

It  combines  with  the  alkalies,  alkaline  earths,  alumi¬ 
na,  and  jargonia,  and  with  inoft  of  the  metallic  oxides, 
and  forms  neutral  falts,  known  by  the  name  of  murlats,  416 

Morveau  firft  (hewed,  that  this  acid,  in  the  ftate  of  deftroys 
gas,  neutralized  putrid  miafmata,  and  by  that  means 
deftroyed  their  bad  effeds.  In  1773,  the  cathedral  of 
Dijon  was  fo  infe^^ed  by  putrid  exhalations,  that  It  was 
deferted,  after  feveral  unfuccefsful  attempts  to  purify  It. 
Application  was  made  to  Mr  Morveau  to  fee  whether 
he  knew  any  method  of  deftroying  thefe  exhalations. 

He  poured  two  pounds  of  fulphuric  acid  on  fix  pounds 
of  common  fait,  contained  in  a  glafs  capfule,  which  had 
been  placed  on  a  few  live  coals  in  the  middle  of  the 
church.  He  withdrew  precipitately,  and  (hut  all  the 
doors.  The  muriatic  acid  gas  foon  filled  the  whole  ca¬ 
thedral,  and  could  even  be  perceived  at  the  door.  After 
12  hours,  the  doors  were  thrown  open,  and  a  current  of 
air  made  to  pafs  through  to  remove  the  gas.  This  de¬ 
ftroyed  completely  every  putrid  odour  f . 

The  affinities  of  muriatic  acid  are  as  follow  : 

Barytes, 

Potafs, 

Soda, 

Strontites}, 

Lime, 

Magnefia, 

Ammonia, 

Alumina, 

Jargonia  II ,  ^  •>  - 

Metallic  oxides  as  in  fulphuric  acid, 

Water. 


X  Jour*.de 
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Its  affinities. 


§  Dr  Ho/a 


1}  VauquelWi 
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Muriatic  acid  (for  this  folution  of  the  acid  in  water 


Sect.  VI.  Of  Oxy-muriatic  j4cid. 

Put  Into  a  glafs  retort  one  part  of  the  black  oxide 
of  manganefe  and  three  parts  of  muriatic  acid  ;  place 
it  in  a  fand-bath  in  fuch  a  manner  that  the  liquor  which  oxy.muria- 

rifes  up  into  the  neck  of  the  retort  may  fall  back  again  uc  acid. 

^  into 


(z)  Morveau  has  ffiewn,  that  even  alumina  contains  fulphuric  acid,  provided  a  precipitation,  on  adding  mu- 
&kt  b'’=  the^dinfit^of  a  mixture ;  m  the  weight  of  the  denfer  ingredient;  rfits  denfity;  /the  weight  of 
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Oxy-muri-  into  the  vefiel ;  and  apply  a  fmall  receiver,  with  a  little^ 


419 

Its  compo- 
fition. 


^tic  Acid,  v^^ater  in  it,  luted  to  the  retort  merely  by  a  fillet  of 
brown  paper.  In  about  a  quarter  of  an  hour  the  re¬ 
ceiver  will  appear  filled  with  a  yellow-coloured  gas  5  it 
is  then  to  be  removed,  and  others  applied  fucceflively 
till  the  operation  be  finifhed. 

This  gas  is  oxy-muriatic  acid,  firfl  difcovered  by 
Scheele,  wdiile  he  was  making  experiments  on  manga- 
nefe,  and  called  by  him  dephlogtjlicated  muriatic  acid,  be- 
caufe  he  thought  it  muriatic  acid  deprived  of  phlo- 
gifton.  The  French  chemifts  called  it  oxygenated  muri¬ 
atic  acidj  which  Dr  Pearfon  contradled  into  oxy-muria¬ 
tic  acid;  and  this  laft  name  we  have  adopted,  becaufeit 
is  fhorter  and  equally  diilindl. 

The  true  theory  of  the  formation  and  compofition 
of  this  acid,  which  was  fir  ft  given  by  Berthollet,  will 
appear  from  the  following  fadfs :  The  hlach  oxide  of 
maiiganefe  is,  during  the  procefs,  converted  into  nvJnte 
oxide,  and  muft  therefore  have  given  out  a  quantity  of 
oxygen.  When  oxy-muriatic  acid  diflblved  in  water  is 
prefented  to  the  light  in  a  veflel  half  empty,  oxygen 
gas  is  difengaged  and  floats  above,  and  the  acid  is  con¬ 
verted  into  common  muriatic  acid  :  Confequently  oxy- 
muriatic  acid  is  compofed  of  muriatic  acid  and  oxygen. 
Black  oxide  of  manganefe  is  compofed  of  white  oxide 
and  oxygen  ;  muriatic  acid  has  a  ftronger  affinity  for 
oxygen  than  the  white  oxide  ;  during  the  diftillation 
the  black  oxide  is  decompofed,  the  oxygen  combines 
with  muriatic  acid,  and  the  produd  is  oxy-muriatic 
acid  gas. 

Oxy-muriatic  acid  gas  is  of  a  yellow  colour.  It  fup- 
ports  flame,  but  cannot  be  breathed  without  proving 
noxious.  The  death  of  the  ingenious  and  induftrious 
Pelletier,  to  whom  we  have  fo  often  referred,  was  occa- 
fioned  by  his  attempting  to  refpire  it.  A  confumption 
was  the  confequence  of  this  attempt,  which,  in  a  Ihort 
lime,  proved  fatal. 

It  does  not  unite  readily  with  water.  Scheele  found, 
that  after  ftanding  i  2  hours  over  water,  ^ths  of  the  gas 
were  abforbed ;  the  remainder  was  common  aiV,  which 
no  doubt  had  been  contained  in  the  veffel  before  the 
operation.  Berthollet  furrounded  feveral  bottles  con¬ 
taining  it  with  ice  :  as  foon  as  the  water  in  thefe  bottles 
was  faturated,  the  gas  became  concrete,  and  funk  to 
the  bottom  of  the  veffels ;  but  the  fmalleft  heat  made  it 
rife  in  bubbles,  and  endeavour  to  efcape  in  the  form  of 
*Journ,de  gas*.  Weftrum  obferved  that  it  became  folid  when 
*785*  expofed  in  large  veffels  to  the  temperature  of  40^;  and 
^^yjque  ^  exhibited  a  kind  of  cryftallization  f .  The 

ixxvii.  38a.  fpecific  gravity  of  water  faturated  with  this  gas,  at  the 


430 

Its  proper, 
tied. 


^  3*5 

temperature  of  43®,  is  1,003  .  Water  impregnated  Oxy-muri. 

with  it  has  not  an  acid,  but  an  auftere  tafte  f,  unlike  Acid.^ 

that  of  other  acids.  ^  ^  Berthollet^ 

It  renders  vegetable  colours  nvhitCy  and  not  red,  as  Je«rw.  de 
other  acids  do;  and  the  colour  thu^  deftroyed  can  ^78$. 
neither  be  reftored  by  acids  nor  alkalies.  It  has  the  ^ 
fame  effedts  on  yellow  wax.  If  the  quantity  of  vegetable 
colours  to  which  it  is  applied  be  fufficiently  great,  it  is 
found  reduced  to  the  ftate  of  common  muriatic  acid. 

Hence  it  is  evident,  that  it  deftroys  thefe  colours  by 
communicating  oxygen.  This  property  has  rendered 
oxy-muriatic  acid  a  very  important  article  in  bleaching* 

Nitrous  gas,  hydrogen,  fulphur,  fulphurous  acid,  and 
phofphorus,  decompofe  this  acid,  by  depriving  it  of  its 
oxygen,  and  leaving  the  muriatic  acid  in  a  feparate  ftate. 
Phofphorus,  however,  does  not  produce  this  effedl  fo 
readily,  except  when  affifted  by  heat*.  ^  ^  •  Mor-oeau^ 

When  muriatic  acid  is  mixed  with  nitric  acid,  the  Eneyc. 
compound  has  precifely  the  fmell  and  the  qualities  of  Method,^ 
oxy-muriatic.  It  can  fcarcely  be  doubted,  therefore, 
that  as  far  as  it  ads  as  an  acid,  different  from  the 
riatic  and  the  nitric,  it  is  nothing  elfe  but  oxy-muriatic  Nitro-mu- 
acid.  riatic  acid. 

This  mixture  of  the  tw'o  acids  was  formerly  called 
aqua  regia ;  but  at  prefent  it  is  called  by  the  French 
chemifts  nitro-muriatk  acid.  It  is  firft  mentioned  by 
Ifaac  the  Hollander,  and  feems  to  have  been  known  be¬ 
fore  the  muriatic  acid  itfelf.  It  was  prepared  by  pour¬ 
ing  nitric  acid  on  common  fait.  The  nitric  acid  de- 
compofes  the  fait,  and  part  of  it  unites  with  the  muri¬ 
atic  acid  thus  fet  at  liberty.  43.^ 

Oxy-muriatic  acid  oxidates  all  the  metals  (except,  Its  adion 
perhaps,  titanium)  without  the  affiftance  of  heat. 

It  decompofes  red  fulphuret  of  mercury,  or  cinnabar,  “'^  *^** 
which  neither  fulphuric  nor  nitric  acid  is  able  to  ac- 
complifh  §,  ....  §  Bergman. 

All  the  fubftances  placed  before  muriatic  acid  in  the 
table  of  the  affinities  of  oxygen,  are  capable  of  decompo- 
fing  this  acid.  Many  of  them,  when  plunged  into  it  wffiile 
in  the  ftate  of  gas,  adlually  take  fire.  Weftrum  obfer¬ 
ved,  for  inftance,  that  when  pieces  of  wood  were  plun¬ 
ged  into  this  gas,  they  took  fire  ;  that  arfenic  burned 
with  a  blue  and  green  flame  ;  bifmuth,  with  a  lively 
blulfti  flame  ;  nickel,  with  a  white  flame,  bordering  on 
yellow ;  cobalt,  with  a  white  flame,  approaching  to 
blue;  zinc,  with  a  lively  white  flame  ;  tin,  with  a  feeble 
bluifh  flame  5  lead,  with  a  fparkling  white  flame  ;  cop¬ 
per  and  iron,  with  a  red  flame  :  that  powdered  char¬ 
coal  took  fire  in  it  at  the  temperature  of  90*^,  and  that 
ammonia  produced  with  it  a  loud  detonation  ||.  [|  journ.de 

R  r  2  'With 

xxxvii.385. 


w  +  wz' 


an  equal  bulk  of  water;  and  m',  d\  and  the  fame  elements  of  the  rarer  :  Then  D  rr  “yqjTj-.  In  the  above 


cafe,  m  +  m'  =  20,  and  /  + /'  =  13,3.  Then  D  =  1,5.  Now  to  find  the  fpedfic  gravity  of  the 

^  m  m*  — —  D  c 

condenfed  munatic  acid  gas,  we  have  from  the  above  equation  /  =r - g - =r  -  =r  3,3  ;  and  d  ^ 


■  zz  3,03.  See  Iri/h  Tranfadtions^  vol.  iv. 


This  calculation,  however,  is  formed  upon  the  fuppofition  that  the  water  fuffers  no  condenfation  at  all — a 
fuppofition  certainly  contradidfed  by  every  analogy,  and  which,  as  Mr  Keir  has  fliewn,  the  experiments  mentioned 
in  Mr  Kirvvan’s  firft  paper  are  infufficient  to  prove. 


•  Vauque- 
lin^  Ann.  de 
Chttn.  xxii. 
ao8. 
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Oxy-muri-  With  alkalies,  earths,  and  metallic  oxides,  it  is  ca- 
ati^  Acid,  Qf  combining  and  forming  neutral  falts,  which 

have  been  called  oscy-mariats. 

Its  affinities.  The  affinities  of  this  acid,  according  to  Lavoifier, 
are  as  follows : 

Alumina, 

Jargonia  *  ? 

Ammonia, 

Oxide  of  antimony, 

-  filver, 

- -  arfenic. 

Barytes, 

Strontites  ? 

Oxide  of  bifmuth, 

Lime, 

Oxide  of  cobalt, 

-  copper, 

—  -  tin, 

- iron, 

Magntfia  (b). 

Oxide  of  manganefe, 

— — —  mercury, 

- -  molybdenum^ 

—  . . —  nickel, 

- gold, 

—  - platinum, 

- lead, 

Potafs, 

Soda, 

Oxide  of  tiingften, 
zinc  (c). 


M  I  S  T  R  Y. 
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f)f  the  com¬ 
ponent 
parts  of 
mnriatic 
acid. 


The  component  parts  of  muriatic  acid  are  flill  im- 
perfeftly  known.  Dr  Girtanner  pretended,  about  the 
year  1790,  that  he  had  decompofed  it ;  and  that  it  con- 
fifted  of  hydrogen  combined  with  a  greater  proportion 
of  oxygen  than  enters  into  the  compofition  of  water, 
lie  paffed  eledlrical  explofions  through  muriatic  acid, 
and  obtained  a  quantity  of  oxygen  and  hydrogen  gas. 
But  a  repetition  of  thefe  experiments  fhewed,  that  the 
gafes  were  owing,  not  to  the  decompofition  of  the  acid, 
but  to  that  of  the  water  with  which  the  acid  was  com¬ 
bined. 

The  experiments  of  Mr  Lambe  (d)  have  lately  opened 
a  new  and  iinexpefted  path,  which  feems  to  lead  diredl- 
ly  to  the  difcovery  of  the  component  parts  of  this  acid. 
He  found,  that  when  iron  was  adled  upon  by  fulphu- 
rated  hydrogen  gas,  a  fubftance  was  produced  which 
pofTeffed  all  the  properties  of  oxy-muriat  of  iron  (oxy- 
rouriatic  acid  combined  with  iron).  The  fulphurated 
hydrogen  gas  which  he  iifed  was  obtained  from  fulpburet 
of  iron,  formed  by  fufing  equal  parts  of  iron  and  flowers 
of  fulphur ;  and  it  was  extricated  by  diluted  fulphuric 
acid.  In  a  folution  of  this  gas  in  diftilled  water,  he  di- 
gefted  iron  filings,  previoufly  purified  by  repeated  wafli- 
ings  with  diftilled  water.  The  bottle  was  filled  with 
the  folution,  and  corked.  The  iron  was  prefently  adled 
upon  ;  numerous  bubbles  arofe,  which  drove  the  cork 
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out  of  the  bottle  ;  they  were  ftroiigly  inflammable,  and  Phofphorlc 
probably,  therefore,  pure  hydrogen  gas.  The  liquor  Acid, 
gradually  loft  its  odour  of  fulphurated  hydrogen  gas, 
and  after  fome  days  fmelled  very  much  like  ftagnant 
rain-water.  As  the  bubbles  ceafed  to  be  produced,  it 
recovered  its  tranfparency.  On  evaporating  a  fmall 
quantity  of  this  folution  in  a  watch-glafs  to  drynefs,  a 
bitter  deliqiiefcent  fait  was  left  behind.  On  this  fait 
a  little  fulphuric  acid  was  dropped,  and  paper  moiften- 
ed  with  ammonia  was  held  over  the  glafs  ;  white  va¬ 
pours  were  immediately  formed  over  the  glafs  ;  and 
confequeiitly  fome  volatile  acid  was  feparated  by  the 
fulphuric  acid.  Mr  Lambe  evaporated  about  eight 
ounce  meafures  of  the  fame  liquor,  and,  as  before,  drop¬ 
ped  a  little  fulphuric  acid  on  the  refiduum  ;  a  ftrong 
tffervefcence  was  excited,  very  pungent  acid  fumes  arofe, 
which,  from  their  fmell,  were  readily  known  to  be  mu¬ 
riatic.  The  fame  truth  was  eftablifhed  beyond  a  doubt, 
by  holding  a  bit  of  paper  moiftened  with  water,  which 
made  the  vapours  vifible  in  the  form  of  a  grey  fmoke  ; 
a  diftinguifhing  charadleriftic,  as  Bergman  has  obferved, 
of  the  muriatic  acid. — When  manganefe  and  mercury 
were  diflblved  in  fulphurated  hydrogen  gas,  the  falts 
formed  gave  the  fame  unequivocal  marks  of  the  pre¬ 
fence  of  muriatic  acid  *.  ^  Lamif^ 

Shall  we  conclude  from  thefe  fadls,  that  the  bafis  of*^''^* 
muriatic  acid  is  fulphurated  hydrogen  ;  that  muriatic 
acid  is  fulphurated  hydrogen  combined  with  oxygen  \ 
that  this  combination  takes  place  during  the  folution 
of  the  iron  ;  and  that  the  efcape  of  hydrogen  is  owing 
to  the  decompofition  of  the  water  ? 


Sect.  VI T.  Phojphortc  Actd^ 
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Phosphorus  is  capable  of  forming  combinations 
with  tw^o  different  quantities  of  oxygen  ;  with  the  larger 
it  forms  phofphoric  ;  and  with  the  fmaller  phofphorous 
acid. 

Phofphoric  acid  was  unknown  till  after  the  difcovery 
of  phofphorus.  Boyle  is  perhaps  the  firft  perfon  who 
mentions  it ;  he  difeovered  it  by  allowing  phofphorus 
to  burn  (lowly  in  common  air.  But  Margraf  was  the 
firft  perfon  who  examined  its  properties,  and  difeovered 
it  to  be  a  peculiar  acid. 

It  may  be  procured  by  expofing  phofphorus  to  a  mo¬ 
derate  heat  :  the  phofphorus  takes  fire,  combines  with 
oxygen,  and  is  converted  into  an  acid.  436 

It  may  alfo  be  prepared  by  expofing  phofphorus 
during  fome  weeks  to  the  ordinary  temperature  of  the  f ^ 
atmofphere,  even  in  winter  ;  when  the  phofphorus  un¬ 
dergoes  a  flow  combuftion,  and  is  gradually  changed  in¬ 
to  a  liquid  acid.  For  this  purpofe,  it  is  ufual  to  put 
fmall  pieces  of  phofphorus  on  the  inclined  fide  of  a  glafs 
funnel,  through  which  the  liquor  which  is  formed  drops 
into  the  bottle  placed  to  receive  it.  From  one  ounce 
of  phofphorus  about  three  ounces  of  acid  liquor  may  be 
thus  prepared,  called  phofphoric  acid  by  deliquefcence. 

Scheele  has  contrived  another  mode  of  obtaining  the 

phofphoric 


^"(b)  According  to  Trommfdorf,  oxy-muriatic  acid  is  incapable  of  combining  with  magnefia.  Ann.  de  Chim. 
xxii.  218. 

.  (c)  This  is  the  order  of  the  affinities  of  nitro-muriatic  acid.  Many  faffs  (fome  of  which  fliall  appear  after- 
wa?*ds)  concur  to  prove  that  the  affinities  of  the  oxy-muriatic  acid  are  the  fame,  and  indeed  that  they  are  the 
fame  acids. 

(d)  Analyfis  of  the  w^aters  of  two  mineral  fprings  at  Lenunton  Priors.  Manchejlcr  Memoirs^  vol.  V.  part  ift. 


Phofphoric  phofphoric  add  from  phofphorus  without  combuaion. 
Acid.  L  X  mere  aaion  of  the  nitric  acid  on  phofphorus  . 
Mr  Lavoifier  has  repeated  and  defcribed  this  procefst- 
S  Ihxvh"’  He  put  two  pounds  of  nitric  acid,  the  fpecific  gravity 
\  of  which  was  1,2989  ;,  into  a  retort,  the  contents  of 

cad,  1780.  .^vhich  were  equal  to  fix  or  feven  French  pints,  and  to 
which  a  balloon  was  fitted.  Having  placed  this  retort  in 
a  fand-bath,  and  brought  the  heat  of  the  acid  contained 
in  it  to  133  j  deg.  he  added  fucceffively  fmall  quantities 
of  phofphorus,  about  10  or  12  grains  at  a  time,  until 
he  Ld  dillolved  2j  oz.  At  firft  the  efervefcence  w^ 
creat,  but  at  laft  he  was  obliged  to  apply  heat  to  ettett 
the  folution.  The  operation  lafted  17  or  18  hours.  A 
cood  deal  of  nitrous  acid  had  pafled  into  the  receiver. 
He  then  poured  the  contents  of  the  retort  into  a  imaller 
retort,  and  evaporated  by  means  of  a  ftronger  heat,  un¬ 
til  the  phofphoric  acid  began' to  diftil  in  white  vapours. 
The  remaining  acid  was  fo  thick  that  he  could  not  pour 
it  out  of  the  retort,  and  therefore  could  not  afcertain 
its  quantity  ;  but  he  fuppofes  it  might  be  8  or  9  oun¬ 
ces,  in  which  he  thinks  there  were  about  2 t  oun- 
ces  of  phofphorus  ;  the  remaining  |  ounce  being  lup- 
pofed  to  have  evaporated.  The  quantity  of  oxygen 
imbibed  he  reckons  at  3!  ounces,  and  the  quantity  ol 

water  at  about  2  ounces.  .  . , 

Lavoifier  computes  that  phofphoric  acid  contains  loo 
parts  of  phofphorus  and  154  of  oxygen.  .  „  , 

The  colour  of  this  acid  is  white;  it  has  no  fmell,  has 

an  acid  tafie  ;  but  Is  not  corrofive  (e).  . 

It  is  exceedingly  fixed.  When  expofed  to  the  fire  in 
a  matrafs  with  a  long  neck,  it  lofes  at  firft  the  greater 
part  of  its  water ;  then  an  odour  of  garlic  is  felt,  ow¬ 
ing  to  fome  phofphorus,  from  which  it  is  exceedingly 
difficult  to  clear  it  entirely  ;  there  is  likewife  a  fmall 
quantity  of  the  acid  volatilized  along  with  the  water. 
The  liquor  then  becomes  thick  and  milky:  fmall  lumi¬ 
nous  decrepitations  take  place  from  time  to  time,  and 
they  continue  for  fome  time  after  the  veffel  is  taken 
from  the  fire.  If  the  matter  be  then  put  into  a  crii- 
cible,  and  placed  among  burning  coals,  it  firft.  boils  vio¬ 
lently,  and  gives  out  a  vapour  which  tinges  flame  green. 
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It  does  not  ad  upon  gold,  platinum,  filver,  copper,  Boracic 
mercury,  arfenic,  cobalt,  nickel.  It  appears,  however, 
to  have  fome  adion  on  gold  in  the  dry  nvay^  as  it  is 
called;  for  when  fufed  with  gold-leaf  it  affumes  a  purple 
colour  ;  a  proof  that  the  gold  has  been  oxidated. 

It  is  capable  of  combining  with  alkalies,  alkaline 
earths,  alumina,  and  metallic  oxides ;  and  of  forming 
falts  known  by  the  name  of  phofphats.  ^ 

Phofphoric  acid,  by  the  affiftance  of  heat,  is  capable 
of  decompofing  glafs.  430 

Its  affinities  are  as  follows  :  Its  affim- 

Lime,  ^ 

Barytes, 

Strontites*,  *  Hope^ 

Magnefia,  rranf.E- 

^  din,l^a 

P  otafs. 

Soda, 

Ammonia, 

Alumina, 

Jargonia  f,  f  Vauque 
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Metallic  oxides  as  in  fulphuric  acid, 

Water. 

The  Phosphorous  Acid  is  formed  when  phofpho-  440 
rus  Is  expofed  to  a  flow  fpontaneous  combuftion  at  the  Phofpho- 
temperature  of  the  atmofphere;  but  it  gradually  abforbsrousac.d. 
more  oxygen,  and  is  converted  into  phofphoric  acid. 

Concerning  phofphorous  acid  nothing  of  any  confe- 
quence  is  at  prefent  known,  except  that  it  contains  lefs 
oxygen  than  phofphoric  acid. 

Sect.  VIII.  Boracic  Acid. 

The  word  lorax  firft  occurs  In  the  works  of  Geber, 
an  Arabian  chemift  of  the  loth  century.  It  is  a  name 
given  to  a  fpecies  of  white  fait  much  ufed  by  various 
artifts.  Its  ufe  in  foldering  metals  appears  to  have  been 

known  to  Agricola.  •  rp.. 

Borax  is  found  mixed  with  other  fubftances  in  1  hi- 
bet.  It  feems  to  exift  in  fome  lands  adjacent  to  lakes, 
from  which  It  is  extraaed  by  water,  and  depofited  in 
thofe  lakes;  whence  In  fummer,  when  the  water  is  (hal¬ 
low,  it  is  extraaed  and  carried  off  In  large  lumps.  Soine- 
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lently,  and  gives  out  a  vapour  which  tinges  t^efe  lakes  is  admitted  into  refervoirs, 

and  is  at  laft  converted  to  a  white  tranfpare  .  g  >  ‘  which,  when  the  water  Is  exhaled  by 


foluble  in  water. 

The  fpecific  gravity  of  this  acid  m  a  ftate  ol  dry- 
\ -Bergman,  nefs  is  2,687  J,  that  of  phofphoric  acid  by  dehquef 
i  Merveau.  cence  1,417  is  capable  of  cryftallizing  ;  its  cry. 

ftals  are  quadrangular  prifms  terminated  by  quadrangu 

^  QY  aeeuuiito  - — - /  y 


at  the  bottom  of  which,  when  the  water  is  exhaled  by 
the  fummer’s  heat,  this  fait  is  found.— Hence  it  is  car¬ 
ried  to  the  Eaft  Indies,  where  it  Is  in  fome  meafure  pu- 
rified  and  cryftalllzed:  in  this  ftate  it  comes  to  Europe, 
and  is  called  tinea/.  In  other  parts  of  Thibet,  it  feems, 
by  accounts  received  from  China,  they  dig  it  out  of  the 


P  KeirW 
Dictionary. 

438 

Its  ac^lion 
on  other 
bod.es. 


as  Mr  Sage  obferved. 

Mr  Lavoifier  raifed  Reaumur’s  thermometer  from  8^ 
to  14'*  or  15®  by  mixing  phofphoric  acid  boiled  to  the 
confidence  of  a  fyrup,  with  an  equal  quantity  of  water ; 
and  from  8^  to  32^  or  33°  when  the  acid  was  as  thick 

as  turpentine  II .  -  ..  . 

Phofphoric  acid  is  capable  of  oxidating  iron,  tin, 
lead,  zinc,  antimony,  bifmuth,  manganefe.  When  fu¬ 
fed  with  feveral  of  thefe  metals,  as  tin,  lead,  iron,  and 
zinc,  it  is  converted  into  phofphorus;  a  proof  that  they 
have  a  ftronger  affinity  for  oxygen. 


ml  pouriy  honipouTiy  ptn  poun  , 
pounxa\. 

Though  borax  has  been  in  common  life  for  nearly 
three  centuries,  it  was  only  in  1702  that  Homberg,  by  * 
di  Hilling  a  mixture  of  borax  and  green  vitriol,  difeovered  Difeovery 
the  boracic  acid.  He  called  it  narcotic  or  fedative  /i//,  of  boracic 
from  a  notion  of  his,  that  it  pofTeffed  the  properties  in- acid, 
dicated  by  thefe  names.  In  his  opinion,  it  was  merely 
a  produft  of  the  vitriol  which  he  had  ufed  ;  but  Le- 
mery  the  Younger  foon  after  difeovered,  that  it  could 
likewife  be  obtained  from  borax  by  means  of  the  nitric 
and  muriatic  acids.  Geoffroi  afterwards  difeovered, 

that 


(e)  We  have  obferved,  however,  that  when  very 
ftances,  paper  for  inftance,  very  completely. 


much  concentrated  it  deftroyed  the  texture  of  vegetable  fub- 


Boracic 

Acid. 
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Attempts 
to  prove 
that  it  does 
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tliat  Lorax  contained  foda  :  and  at  laft  Baron  proved, 
by  a  number  of  experiments,  that  borax  was  compofed 
of  boracic  acid  and  foda ;  that  it  might  be  reproduced 
by  combining  thefe  two  fubftances — and  that  therefore 
the  boracic  acid  was  not  formed  during  the  decompofi- 
tion  of  borax,  as  former  chemiils  had  imagined,  but  was 
a  peculiar  fubftance  which  pre-ex ifted  in  that  l^lt. 

This  coiiclufion  has  been  called  in  queflion  by  Mr  Ca- 
tnat  It  does  affirmed  that  it  was  compofed  of  foc/a,  the 

not  exift  in  ^itrlfiable  earth  of  copper^  another  unknown  metal^  and  mu- 
borax ;  riatic  acid.  But  this  alfertion  has  never  been  confirmed 
*  ^''"*  *  by  a  Tingle  proof ;  Mr  Cadet  has  only  proved  that  bo- 
racic  acid  fometimes  contains  copper;  and  Beaume's 
■experiments  are  fufficient  to  convince  us  that  this  metal 
is  inerely  accidentally  prefent,  and  that  it  is  probably 
derived  from  the  veflels  employed  in  cryftallizing  borax; 
That  boracic  acid  generally  contains  a  little  of  the  acid 
employed  to  feparate  it  from  the  foda,  with  which  it 
is  combined  in  borax  ;  And  that  crude  borax  contains 
a  quantity  of  earth  imperfeaiy  faturated  with  boracic 
acid  ; — All  wffiich  may  be  very  true  ;  but  they  are  al¬ 
together  infufficient  to  prove  that  boracic  acid  is  not  a 
peculiar  fubftance,  fince  it  difplays  properties  different 
from  every  other  body, 

Mefirs  Exfehaquet  and  Struve  have  endeavoured,  on 
the  other  hand,  to  prove  that  the  phofphoric  and  bo¬ 
racic  acids  are  the  fame.  But  their  experiments  mere¬ 
ly  fhew  that  thefe  acids  refemble  one  another  in  feveral 
particulars  ;  and  though  they  add  confiderably  to  our 
knowledge  of  the  properties  of  the  phofphoric  acid,  they 
are  quite  inadequate  to  eftablifh  the  principle  which 
thefe  chemifts  had  in  view  ;  fince  it  is  not  fufficient  to 
prove  the  identity  of  the  two  acids,  to  fhew  us  a  refem- 
blance  in  a  few  particulars,  while  they  differ  in  many 
others.  Boracic  acid  muft  therefore  be  confidered  as  a 
diftindf  fubftance,  the  component  parts  of  which  are  en¬ 
tirely  unknown. 

The  eafleft  method  of  procuring  boracic  acid  is  the 
following  one ;  Diffolve  borax  in  hot  water,  and  filter 
the  folution;  then  add  fulphuric  acid,  by  little  and  little, 
till  the  liquor  be  rather  more  than  faturated.  Lay  it 
afide  to  cool,  and  a  great  number  of  fmall,  fliining,  la¬ 
minated  cryftals  will  form.  Thefe  are  the  boracic  acid. 
They  are  to  be  wartied  with  cold  water,  and  drained 
upon  brown  paper. 

This  acid  has  a  fouriffi  tafte  at  firft,  then  makes  a 
bitterifh  cooling  impreffion,  and  at  laft  leaves  an  agree¬ 
able  fweetnefs.  Its  cryftals  have  fome  refemblance  to 
ipermaceti,  and  it  has  the  fame  kind  of  feel. 

It  changes  vegetable  blues  to  red  ;  it  has  no  fmell  ; 
but  when  fulphuric  acid  is  poured  on  it,  a  tranfient 
odour  of  mufk  is  produced  The  air  produces  no 
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*  Reufs 


J  IGrwans 
Miner,  ii.  4* 


According  to  Reufs,  it  is  foliible  in  20  parts  of  cold 
water,  eight  parts  of  warm  water,  and  2,5  of  boiling 
water.  According  to  Wenzel,  960  grains  of  boiling  wa¬ 
ter  diffolve  434  of  this  acid.  According  to  Morveau, 
one  pound  of  boiling  water  diffolves  only  183  grains. 

It  is  exceedingly  fixed  when  not  combined  with  w’^a- 
ter.  When  expofed  to  a  violent  fire  it  is  converted  in¬ 
to  a  white  tranfparent  glafs;  which,  however,  is  foluble 
in  water,  and  produces  the  acid  again  by  evaporation, 
Boracic  acid  is  alfo  foluble  in  alcohol ;  and  alcohol 
containing  it  burns  with  a  green  flame. 

Its  fpecific  gravity  is  1,479 


Acid. 
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Paper  dipped  into  a  folution  of  boracic  acid  burns  Fluori*  ' 
With  a  green  flame. 

Though  mixed  with  fine  powder  of  charcoal,  it  is 
neverthelefs  capable  of  vitrification  ;  and  with  foot  it 
melts  into  a  black  bitumen-like  mafs,  which  is,  however, 
foluble  in  water,  and  cannot  be  eafily  calcined  to  afhes, 
but  fublimes  in  part  *.  «  Keir's 

With  the  affiftance  of  a  diftilling  heat  it  diffolves  in  ^i^ionary, 
oils,  efpecially  in  mineral  oils  ;  and  with  thefe  it  yields 
fluid  and  folid  produdls,  which  give  a  green  colour  to 
fpirit  of  wine. 

When  boracic  acid  is  rubbed  with  phofphorus,  it  does 
not  prevent  its  inflammation  ;  but  an  earthy  yellow 
matter  is  left  behind -f, 

It  is  hardly  capable  of  oxidating  or  diffolving  any  of  ^  447 
the  metals  except  iron  and  zinc,  and  perhaps  copper,  It*  a<5lioa 

Boracic  acid^  combines  with  alkalies,  alkaline  earths, 
and  alumina,  and  moft  of  the  metallic  oxides,  and  forms 
compounds,  which  are  called  borats. 

Its  affinities  are  as  follows ; 

Lime, 

Barytes, 

Strontites  J, 

Magnelia, 

Potafs, 

Soda, 

Ammonia, 

Oxide  of  zinc, 
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iron, 

lead, 

tin, 

cobalt, 

copper, 

nickel, 

mercury, 


Alumina, 
Jargonia^, 

Water, 

Alcohol. 

Bect.  IX.  Fluoric  Acid, 


\  Vauqus- 
lifiy  Ann.  d< 
Cbim,  xxii. 
aoS. 


The  mineral  czWtd  Juor  or  fujible /par,  was  not  pro-  oikovery 
perly  diftinguifhed  from  other  fpars  till  Margraf  pub- of  fluori/ 
liflied  a  <liffertation  on  it  in  the  Berlin  Tranfadions  for  acid. 

1768.  He  firft  proved  that  it  contained  no  fulphuric 
acid,  as  had  been  formerly  fiippofed;  he  then  attempted 
to  decompofe  it,  by  mixing  together  equal  quantities 
of  this  mineral  and  fulphuric  acid,  and  diftilling  them. 

By  this  method  he  obtained  a  white  fublimate,  which  he 
fiippofed  to  be  the  fluor  itfelf  volatilized  by  the  acid. 

He  obferved,  with  aftonifliment,  that  the  glafs  retort 
was  corroded,  and  even  pierced  with  holes.  Nothing 
more  was  known  concerning  fluor  till  Scheele  piiblilhed 
his  experiments  three  years  after  ;  by  wdiich  he  proved 
that  it  was  compofed  chiefly  of  lime  and  a  particular 
acid,  which  has  been  called  fluoric  acid. 

To  obtain  it,  put  eight  ounces  of  finely  powdered  Method  of 
fluor  inter  a  retort,  and  pour  on  it  an  equal  quantity  of  obtaining 
fulphuric  acid,  and  lute  to  the  retort,  as  exadly  as  pof-*^* 

Able,  a  receiver  containing  eight  ounces  of  water.  Va¬ 
pours  immediately  appear  and  darken  the  infide  of  the 
veffel ;  Thefe  are  the  acid  in  the  ftate  of  gas.  The  dif- 
tillation  is  to  be  condudled  with  a  very  moderate  heat, 
not  only  to  allow  the  gas  to  condenfe,  but  alfo  to  pre¬ 
vent  the  fluor  itfelf  from  fubliming.  After  the  pro- 

cefs. 


Acid. 


Part  II.  V  r  .  ^  ^ 

Fluoric  cefe,  a  cruR  of  white  earth  is  found  in  the  receiver, 
which  has  all  the  properties  of  filiea. 

'  Scheele  fuppofed  that  the  filica  produced  was  form- 
ed  of  fluoric  acid  and  water,  and  Bergman  adopted  the 
fame  opinion.  But  Wiegleb  and  Buccholz  fhewed, 
that  the  quantity  of  filica  was  exadly  equal  to  what 
the  retort  loft  in  weight  ;  and  Meyer  completed  the 
proof  that  it  was  derived  from  the  glafs,  by  the  follow- 
ing  experiment :  He  put  into  eacli  of  three  equal  cylin¬ 
drical  tin  yeffels  a  mixture  of  three  oz.  of  fulphuric  acid 
and  one  oz.  of  fluor,  which  had  been  pulverized  in  a 
mortar  of  metal.  Into  the  firft  he  put  one  oz.  of 
pounded  glafs  ;  into  the  fecond,  the  fame  quantity  of 
quartz  in  powder  ;  and  into  the  third,  nothing.  A- 
bove  each  of  the  veftels  he  hung  a  fponge  moiftened 
with  water;  and  having  covered  them,  he  expofed  them 
to  a  moderate  heat.  *1  he  fponge  in  the  fiift  cylinder 
was  covered  with  the  cruft  in  half  an  hour  ;  the  fponge 
in  the  fecond  in  two  hours  ;  but  no  cruft  was  formed 
in  the  third,  though  it  was  expofed  feveral  days.  In 
confequence  of  this  decifive  experiment,  Bergman  gave 
up  his  opinion,  and  wrote  an  account  of  Meyer  s  ex¬ 
periment  to  Morveau,  who  was  employed  in  tranflating 
his  works,  to  enable  him  to  corredf  the  mlftake  in  his 

notes.  -rr  1  •  J 

Attempts  Soon  after  the  difeovery  of  this  acid,  dimculties  and 
to  difprove  doubts  concerning  its  exiftence  as  a  peculiar  acid  were 
its  exia-  ftarted  by  fome  French  chemifts,  difgulfed  under  the 
ence.  name  of  Boulanger,  and  afterwards  by  Mr  Achard  and 
Mr  Monnet.  To  remove  thefe  objections,  Mr  Scheele 
inftituted  and  publifhed  a  new  fet  of  experiments;  which 
not  only  completely  eftablifhed  the  peculiar  nature  of 
the  fluoric  acid,  but  once  more  difplayed  the  unrivalled 
abilities  of  the  illuftrious  difeoverer.  Thefe  important 
particulars  we  pafs  over  thus  (lightly,  becaufe  they  have 
been  partly  treated  of  already  in  the  article  Chemistry, 
Refuted  by  One  experiment,  however,  we  cannot  omit, 

ikheele,  becaufe  it  is  fufficient  of  itfelf  to  deftroy  almoft  all  the 
objections  of  his  antagonifts,  which  confifted  in  at¬ 
tempting  to  prove,  that  the  fluoric  acid  was  merely  a 
modification  of  the  acid  employed  to  extraCt  it.  We 
fliall  give  it  in  Mr  Sheele's  own  words. 

“  I  melted  together  (fays  he)  in  a  crucible  two 
ounces  of  finely  pulverized  fluor  fpar  with  four  ounces 
of  potafs.  As  foon  as  they  were  melted,  I  poured  out 
the  mafs,  rubbed  it,  when  it  was  become  cold,  to  a  pow¬ 
der,  and  extraded  the  alkali  from  it  again  by  lixivia- 
tion  with  water.  I  evaporated  the  lixivium  to  dry- 
nefs;  and  threw  away  the  remaining  undiffolved  powdej 
(  which  was  only  one  of  the  component  parts  of  the  fluor, 
and  which  diffolved  readily,  and  with  effervefcence,  in 
acids)  from  its  folution,  in  which  it  may  be  precipita¬ 
ted  by  fulphuric  acid  in  the  form  of  felenite  (fulphat  of 
lime).  Upon  a  little  of  the  dried  alkali,  put  into  a  fmall 
retort,  I  poured  fome  fulphuric  acid,  fitted  to  it  a  re¬ 
ceiver  containing  fome  water;  and  even  before  the  retort 
was  become  hot,  I  obferved  this  water  to.  be  covered 
over  with  a  pellicle  of  filiceous  earth  a  certain  proof 
that  the  alkali  had  extraded  the  acid  from  the  fluor 
during  its  expofure  to  the  fire  with  it.  Should  Mr 
Achard,  agreeably  to  the  opinion  which  he  has  adopt- 
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ed,  conclude  from  this  experiment,  that  the  alkali  fe- 
parated  the  volatile  earth  from  the  fluor  ( F )  ;  ftill  he  ^ 
muft  certainly  allow  this  earth  of  his  to  be  of  an  acid 
nature,  fince  the  alkali  is  capable  of  difengaging  it  from 
the  calcareous  earth. — 'The  remaining  portion  of  the 
dried  alkali  I  diffolved  again  in  water,  and  faturated  the 
fuperfluous  alkali  with  pure  nitric  acid.  After  expel¬ 
ling  from  this  faturated  folution,  by  means  of  heat,  the 
carbonic  acid  gas,  which  in  fuch  cafes  is  always  retain¬ 
ed  in  the  liquor,  I  dropped  fome  of  it  into  lime-water ; 
whereupon  I  obtained  a  white  precipitate,  which  was  a 
regenerated  fluor.  I  now  diffolved  fome  oxide  of  lead 
In  vinegar,  and  continued  to  add  to  the  ley,  which  had 
been  faturated  with  nitric  acid,  as  much  of  this  folu¬ 
tion  as  w^as  requifite,  till  all  precipitation  ceafed*  Thus 
I  transferred  the  fluor  acid  from  the  alkali  to  the  oxide 
of  lead.  After  waffling  the  precipitate  in  cold  water, 
and  drying  it,  I  dropped  upon  a  fmall  quantity  of  it  a 
few  drops  of  fulphuric  acid  ;  a  frothing  up  immediate¬ 
ly  enfued,  accompanied  with  an  extrication  of  fluor  acid 
vapours.  But  perhaps,  In  this  cafe,  the  volatile  earth 
of  fluor  unites  with  the  fulphuric  acid,^  and  converts 
this  fixed,  or  almoft  fixed  acid  into  aciigas.  T  can 
eafily  make  allowance  to  Dr  Prieftley^  for  being  incli¬ 
ned  to  draw  fuch  a  conclufion,  fince  this  celebrated  phi- 
lofopher  doeS)  not  pretend  to  be  a  ebemift  (g).  Being 
defirous  of  feeing  whether  heat  alone  was  capable  of 
expelling  this  acid  from  the  oxide  of  lead,  I  put  a  little 
of  this  fluorated  oxide  into  a  fmall  retort,  the  receivec 
to  which  contained  fome  water.  The  oxide  was  melt¬ 
ed  ;  biit  I  could  not  perceive  any  acid.  The  bottom 
of  the  retort  was  moreover  quite  corroded  and  diffolved, 
fo  that  the  whole  ran  into  the  fire.  Thus  the  oxide  of 
lead  retains  this  acid  in  the  fire,  and  will  not  part  with 
it,  unlefs  the  oxide  is  combined  with  fome  other  fub- 
llaiice.  I  therefore  rubbed  the  remainder  of  my  fluo¬ 
rated  oxide  of  lead  with  an  equal  quantity  of  charcoal 
powder,  and  diftilled  the  mixture  in  an  open  fire  in  a 
fmall  glafs  retort,  to  which  was  adapted  a  receiver  con¬ 
taining  fome  water.  As  foon  as  the  redu6fion  of  the 
oxide  of  lead  took  place,  the  neck  of  the  retort  became 
incrufted  with  a  white  fublimate,  and  a  filiceous  pellicle 
appeared  upon  the  water.  The  fublimate  had  a  four 
tafte,  becaufe  the  filiceous  earth  of  wdiich  it  confifts  is 
penetrated  with  fluoric  acid  ;  and  the  acid  water  in  the 
receiver  let  fall,  on  the  addition  of  volatile  alkali,  a  fili¬ 
ceous  earth  ^  *  Cretin 

Sorry  are  we  to  add,  that  fince  the  death  of  this  ^6,-JaurnaltU 
mirable  man,  to  ufe  the  words  of  Mr  Kirwan  f,  a  man  Eng. 
as  eminent  in  the  chemical  as  Newton  in  the  ™tkema- 
tical  branch  of  natural  phllofophy,  Mr  Moniiet  J  has]^^ 
thought  proper  to  renew  his  attacks  in  a  ftyle  of  haugh-  ;  kourn,  dt 
tinefs  and  acrimony  that  infpires  infinite  difguft,  The-PV*xxx* 
falacy  of  his  reafoning  is  fufficiently  expofed  by  Mr  Le-*<5'3« 
onhardi,  in  the  6th  volume  of  his  late  learned 
of  Macquer’s  Dictionary.  hardi. 

Fluoric  acid  may  be  obtained  in  the  form  of  gas,  by  454 
applying  a  moderate  heat  to  fulphuric  acid  and  fluor  hs  proper- 
fpar,  and  receiving  the  produCf  over  mercury. 

This  gas  is  the  acid  in  a  ftate  of  purity.  It  is  invi- 
fible  and  elaftic  like  air ;;  it  does  not  maintain  combuf- 


tion,, 


(f)  Mr  Achard  affirmed  that  fluor  was  compofed  of  a  peculiar  volatile  earth. 
Co)  Dr  Prieftley  at  firft  advanced  this  hypothefis,  but  he  afterwards  gave  it  up. 
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tlon,  nor  can  animals  breathe  it  without  death.  It  has  a 
pungent  fmell,  not  unlike  that  of  muriatic  acid. 

It  is  heavier  than  common  air.  It  corrodes  the  llcin 
almoll  indantly.  It  combines  rapidly  with  water  ;  and 
if  it  has  been  obtained  by  means  of  glafs  veflfels,  it  de- 
pofites  at  the  fame  time  a  quantity  of  filica. 

AV'ater  impregnated  with  this  gas  does  not  freeze  at 
a  higher  temperature  than  23°  *. 

In  the  date  of  gas  this  acid  does  not  a6l  upon  nitrous 
gas  nor  fulphur  Alcohol  and  ether  abforb  it,  but  it 
does  not  alter  their  qualities 

Itiscapableof  oxidating  iron, zinc, copper,  and  arfenic. 

It  docs  not  adt  upon  gold,  platinum,  filver,  mercury, 
lead  ?  tin,  antimony,  cobalt. 

It  combines  with  alkalies,  alkaline  earths,  and  alumi¬ 
na,  and  metallic  oxides,  and  forms  compounds  denomi¬ 
nated  Jluats, 

It  is  capable,  as  we  have  feen,  of  diflblving  filica, 
which  is  infoluble  in  every  other  acid  ;  accordingly  it 
corrodes  glafs.  This  property  has  induced  feveral  inge¬ 
nious  men  to  attempt,  by  means  of  it,  to  engrave,  or 
rather  etch,  upon  glafs. 

The  affinities  of  fluoric  acid  are  as  follows  : 

Lime, 

Barytes, 

Strontites ;{:, 

Magnefia, 

Potafs, 

Soda, 

Ammonia, 

Oxide  of  zinc, 

— : - manganefe  J , 

-  '  '  ■  iron, 

*  '  '  ■  lead, 

■"  -  tin, 

— '■  cobalt. 


•  copper, 

•  nickel, 
arfenic, 
bifmuth, 
mercury, 
filver, 
gold, 
platinum. 


|j  Vauqut» 
liny  Ann,  de 
Cbim.  xxii. 
aoS. 
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Alumina, 

Jargonia  ||  ? 

Water, 

Silica, 

Alcohol. 

Sect.  X.  Of  Carbonic  Acid, 

Carbonic  acid  is  compofed  of  carbon  and  oxygen. 
According  to  Lavoifier’s  experiments,  the  proportions 
are  28  parts  of  carbon  and  72  of  oxygen.  Mr  Prouft 
informs  us  that  there  is  alfo  a  carbonous  acid  (h)  ;  but 
with  this  acid  we  are  not  at  prefent  acquainted,  and 
cannot  therefore  defcribe  it. 

Paracelfus  and  Van  Helmont  were  acquainted  with 
the  fa6l,  that  air  is  extricated  from  folid  bodies  during 
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certain  procefles,  and  the  latter  gave  to  air  thus  pro-  Carb.  nic 
duced  the  name  of  gas.  Boyle  called  thefe  kinds  of  air 

artificial  airs,  aud  fufpefted  that  they  might  be  diffe-  ''  “ 

rent  from  the  air  of  the  atmofphere.  Hales  afcertained 
the  quantity  of  air  that  could  be  extricated  from  a 
great  variety  of  bodies,  and  fhewed  that  it  formed  an 
eflential  part  of  their  compofition.  Dr  Black  proved, 
that  the  fubftances  then  called  limey  magnejiay  and  alka^ 
liesy  are  compounds,  confifting  of  a  peculiar  fpecies  of 
airy  and  pure  lime,  magnefia,  and  alkali.  To  this  fpe¬ 
cies  of  air  he  gave  the  name  of  fxed  air^  becaufe  it  ex- 
ifted  in  thefe  bodies  in  a  fixed  date.  This  air  or  gas 
was  afterwards  inveftigated  by  Dr  Prieftley,  and  a  great 
number  of  its  properties  afcertained.  From  thefe  pro- 
perties  Mr  Keir  *  firfl  concluded  that  it  was  an  acid  ;  *  Keir'^e 
and  this  opinion  was  foon  confirmed  by  the  experiments 
of  Bergman,  Fontana,  &c.  Dr  Prieftley  at  firft  fuf- 
pedted  that  this  acid  entered  as  an  element  into  the  com¬ 
pofition  of  atmofpherical  air ;  and  Bergman  adopting 
the  fame  opinion,  gave  it  the  name  of  aerial  acid,  Mr 
Bewdly  called  it  mephitic  acidy  becaufe  it  could  not  be 
refpired  without  occafioning  death  ;  and  this  name  was 
alfo  adopted  by  Morveau.  Mr  Keir  called  it  calcareous 
acid;  and  at  laft  Mr  Lavoifier,  after  difcovering  its  com¬ 
pofition,  gave  it  the  name  of  carbonic  acid  gas,  « 

The  opinions  of  chemifts  concerning  the  compoftionThtoriQ^ 
of  carbonic  acid  have  undergone  as  many  revolutions  as  about  its 
its  name.  Dr  Prieftley  and  Bergman  feem  at  firft 
have  confidered  it  as  an  element;  and  feveral  celebrated 
chemifts  maintained  that  it  was  the  acidifying  principle. 
Afterwards  it  was  difcovered  that  it  was  a  compound, 
and  that  oxygen  gas  was  one  of  its  component  parts. 

Upon  this  difcovery  the  prevalent  opinion  of  chemifts 
was,  that  it  confifted  of  oxygen  and  phlogifton  ;  and 
when  hydrogen  and  phlogifton  came  (according  to  Mr 
Kirwan’s  theory)  to  fignify  the  fame  thing,  it  was  of 
courfe  maintained  that  carbonic  acid  was  compofed  of 
oxygen  and  hydrogen  :  and  though  Mr  Lavoifier  de- 
monftrated  that  it  was  formed  by  the  combination  of 
carbon  and  oxygen,  this  did  not  prevent  the  old  theory 
from  being  maintained  ;  becaufe  carbon  was  itfelf  con¬ 
fidered  as  a  compound,  into  which  a  very  great  quanti¬ 
ty  of  hydrogen  entered.  But  after  Mr  Lavoifier  had 
demonftrated  that  the  weight  of  the  carbonic  acid  pro¬ 
duced  was  precifely  equal  to  the  carbon  and  oxygen 
employed ;  after  Mr  Cavendifh  had  difcovered  that  oxy¬ 
gen  and  hydrogen  when  combined  did  not  form  carbo¬ 
nic  acid,  but  water — it  was  no  longer  poffible  to  hefi- 
tate  that  this  acid  was  compofed  of  carbon  and  oxygen. 
Accordingly  all  farther  difpute  about  it  feems  now  at  an 
end.  At  any  rate,  as  we  have  already  examined  the 
objedions  that  have  been  made  to  this  conclufion,  it 
would  be  improper  to  enter  upon  them  here.  459 

If  any  thing  was  ftill  wanting  to  put  this  conclu- analyfis. 
fion  beyond  the  reach  of  doubt,  it  was  to  decom^ 
pound  carbonic  acid,  and  thus  to  exhibit  its  component 
parts  by  analyfis  as  well  as  fynthefis.  This  has  been 
adlually  done  by  the  ingenious  Mr  Tennant.  Into  a 
tube  of  glafs  he  introduced  a  bit  of  pliofphorus  and 

fome 


(h)  When  there  are  two  acids  having  the  fame  bafe,  but  containing  different  quantities  of  oxygen,  they  are 
diftinguifhed  by  their  termination.  The  name  of  that  which  contains  moft  oxygen  ends  in  icy  the  other  in  ous. 
Thus  fulphuric  apd  fulphurous  acids,  nitric  and  nitrous,  phofphoric  and  phofphorous,  carbonic  and  carbonous. 


Acid. 
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Carbonic  fomc  carbonat  of  lime.  He  then  fealed  the  tube  her- 
metically,  and  applied  heat.  Phofphat  of  Hme  .was 
formed,  and  a  quantity  of  carbon  depofited.  Now 
phofphat  of  lime  is  compofed  of  phofphoric  acid  and 
lime  ;  and  phofphoric  acid  is  compofed  of  phofphorus 
and  oxygen.  The  fubftances  introduced  into  the  tube 
were  phofphorus,  lime,  and  carbonic  acid ;  and  the  fub¬ 
ftances  found  in  it  were  phofphorus,  lime,  oxygen,  and 
carbon.  The  carbonic  acid,  therefore,  muft  have  been 
decompofed,  and  it  muft  have  confided  of  oxygen  and 
carbon.  This  experiment  was  repeated  by  Dr  Pearfon, 
who  afcertained  that  the  weight  of  the  oxygen  and  car¬ 
bon  were  together  equal  to  that  of  the  carbonic  acid 
which  had  been  introduced  ;  and  in  order  to  fhew  that 
it  was  the  carbonic  acid  which  had  been  decompofed,  he 
introduced  pure  lime  and  phofphorus  ;  and  inftead  of 
obtaining  phofphat  of  lime  and  carbon,  he  got  nothing 
but  phofphuret  of  lime.  Thefe  experiments  were  alfo 
confirmed  by  Meftrs  Fourcroy,  Vauquelin,  Sylveftre, 
and  Broigniart  (i) 

Carbonic  acid  may  be  obtained  by  pouring  fiilphuric 
acid  upon  chalk,  and  receiving  the  produdl  in  a  pneu¬ 
matic  apparatus. 

It  is  invifible  and  elaftic  like  Common  air.  It  extin- 
guifiies  a  candle,  and  is  unfit  for  refpiration.  It  has  no 
fmell. 

its  fpecific  gravity  is  o,ooi8  t  ;  but  this  varies  ac¬ 
cording  to  its  drynefs  or  moifture. 

It  reddens  the  timfture  of  turnfole,  but  no  other  ve¬ 
getable  colour  J. 

Atmofpheric  air  contains  about  f  part  of  this 
gas(K). 

Water  abforbs  it  by  agitation,  or  by  allowing  it  to 
remain  long  in  contact  with  it.  At  the  temperature  of 
41®  water  abforbs  its  own  bulk  of  this  gas.  The  fpe¬ 
cific  gravity  of  water  faturated  with  it  is  1,00(5.  This 
water,  at  the  temperature  of  3  5®,  has  little  tafte ;  but  if  it 
be  left  a  few  hours  in  the  temperature  of  88^,  it  aflumes 
an  agreeable  acidity,  and  a  fparkling  appearance 

Ice  abforbs  no  carbonic  acid  ;  and  if  water  contain¬ 
ing  it  be  frozen,  the  whole  feparates  in  the  a(ft  of  free- 
J|  Prtejlley,  zing  || . 

iiaoi.  This  gas  alfo  feparates  from  water  at  the  boiling 

%  Ibid,  temp  erat  u  re  ^  ^ 

Alcohol  and  oil  of  turpentine  abforb  double  their 
weight  of  this  gas  ;  olive  oil  its  own  bulk.  Ether 
^  Bergman,  mixes  wdth  it  in  the  ftate  of  gas*. 
ibid,  Phofphorus  fiiffers  no  change  in  this  gas  except  it 

f  Brugna^  Contains  a  mixture  of  oxygen  gas  f.  It  has  an  affinity 
telliy  N/VW-for  common  air.  Bergman  left  a  bottle  of  it  uncorked, 

fin  s  Jour, 

in  a  few  days  it  contained  nothing  but 
common  air.  Common  air,  indeed,  has  fo  ftrong  an  af¬ 
finity  for  this  gas,  that  it  attradls  it  from  water,  as  Mr 
Welter  has  obferved  J. 
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It  is  abforbed  by  red  hot  charcoal,  as  Morozzo  and  Acetous 
La  Metherie  have  ffiewn.  «  Acid.  ^ 

It  is  capable  of  combining  with  alkalies,  alkaline 
earths,  and  alumina,  and  feveral  metallic  oxides,  and  of  Corn- 
forming  compounds  known  by  the  name  of  carhonats,  pounds. 

It  has  no  affinity  for  jargonia,  according  to  Klaproth  *;  ^  Journ.  de 
but,  according  to  Vauquelin,  it  hasf.  ^^V^xxxvi. 

Its  affinities,  as  arranged  by  Bergman,  are  as  follows 


^  Ann.  de 
dim,  xlii. 
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i.p. 


%  Ibid. 


§  Ibid, 


nal,  i.  440* 


$  Ann,  de 
dim,  iii. 
J>X. 


Barytes, 

Lime, 

Strontites 
Potafs, 

Soda, 

Magnefia, 

Alumina, 

Metallic  oxides  as  in  fulphuric  acid, 
Oxygen  gas 
Water, 

Alcohol. 

Sect.  XI.  Of  Acetous  Acid, 

Acetous  acid  or  vinegar  was  known  many  ages  be¬ 
fore  the  difeovery  of  any  other  acid,  thofe  only  except¬ 
ed  which  exift  ready  formed  in  vegetables.  It  is  men¬ 
tioned  by  Mofes,  and  indeed  feems  to  have  been  in  com¬ 
mon  ufe  among  the  Ifraelites  and  other  eaftern  nations 
at  a  very  early  period. 

The  methods  of  procuring,  purifying,  and  concen¬ 
trating  this  acid,  have  been  already  given  in  the  articles 
Chemistry,  Fermektation,  and  Vinegar,  Encycl. 
and  cannot  therefore  be  repeated  in  this  place. 

It  has  been  afcertained  beyond  a  doubt>  that  this 
acid  is  compofed  of  carbon,  hydrogen,  and  oxygen  ; 
but  neither  the  manner  in  which  thefe  fubftances  are 
combined,  nor  their  proportions,  have  been  accurately 
afcertained. 

Acetous  acid,  as  commonly  prepared,  is  very  fluid, 
has  a  pleafant  fmell,  and  an  acid  tafte.  It  reddens  ve¬ 
getable  colours.  In  this  ftate  it  is  mixed  with  a  great 
proportion  of  water  ;  but  Mr  Lowitz  of  Peterffiurg  has 
difeovered  that  it  may  be  obtained  in  a  folid  cryftalli- 
zed  form.  Of  this  curious  and  inftrudlive  procefs  we 
fhall  tranferibe  his  own  account  |j. 

“  I  have  long  been  accuftomed  (fays  he)  to  prepare 
concentrated  vinegar  by  congelation  in  the  following 
manner  :  I  freeze  a  whole  barrel  of  vinegar  as  much  as 
poffible,  then  diftil  the  remaining  unfrozen  vinegar  in  a 
water-bath  ;  by  which  means  I  at  firft  efpecially  colle£f 
the  fpirituous  ethereal  part  ;  the  vinegar,  which  next 
comes  over,  I  freeze  again  as  much  as  poffible,  and  af¬ 
terwards  purify  it,  by  diftilling  it  again  with  three  or 
four  pounds  of  charcoal  powder.  Thus  I  never  fail  to 
get  a  very  pure,  fweet-fmelling,  highly  concentrated  vi- 
negar  ;  the  agreeable  odour  of  which,  however,  may  be 
S  s  ftill 


Chim,  xxii. 
204. 
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II  CrelVs 
Journal, 

!.  24a.  Eng. 
Tranfl* 


(i)  Count  Muffin-Piifchin  having  boiled  a  folution  of  carbonat  of  potafs  on  purified  phofphorus,  obtained 
carbon.  This  he  c^fidered  as  an  inftance  of  the  decompofition  of  carbonic  acid,  and  as  a  confirmation  of  the 
experiments  rdated  in  the  text.  See  Ann,  de  Chim,  xxv.  105. 

(k)  At  lead  near  the  furface  of  the  earth.  Lamanon,  Mongez,  and  the  other  unfortunate  philofophers  who 
accompanied  La  Peroufe  in  his  laft  voyage,  have  rendered  it  not  improbable  that  at  great  heights  the  quantity 
of  this  gas  is  much  fmaller.  They  could  deted  none  in  the  atmofphere  at  the  fummit  of  the  Peak  of  Teneriffe. 
See  Lamanon^ s  Memoir  at  the  end  of  La  Peroufe^ s  Voya^e^ 
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Hill  improved  by  tlic  addition  of  a  proper  quantity  of  the 
ethereal  liquor  colkaed  at  the  beginning  of  the  tirlt  dif- 
tillation,  but  which  muft  be  previoufiy  dephlegmated 
by  two  or  three  reaifications. 

“  After  the  diftillation  in  the  water-bath  was  over, 
that  no  vinegar  might  be  loft,  I  ufed  to  move  the  retort, 
with  the  charcoal  powder  which  remained  in  it,  to  a 
fand^bath  ;  and  thus  I  obtained,  by  means  of  a  ftrong 
fire,  a  few  ounces  more  of  a  remarkably  concentrated 
vinegar,  which  was  of  a  yellow  colour. 

“  Having  collefted  about  ten  ounces  of  this  concen¬ 
trated  vinegar,  I  expofed  it  laft  winter  in  the  month  of 
December  to  a  cold  equal  to  ^22^;  in  which  fituation 
it  fhot  into  cryftals  from  every  part.  I  let  what  re¬ 
mained  fluid  drop  away  from  the  cryftals  into  a  bafon 
placed  underneath,  firft  in  the  cold  air,  and  afterwards 
at  the  window  within  doors.  There  remained  in  the 
bottle  fnow-white  finely  foliated  cryftals,  clofely  accu¬ 
mulated  one  upon  the  other,  and  which  I  at  firft  took 
to  be  notliing  but  ice  :  on  placing  them  upon  the  warm 
ftove,  they  diflblved  into  a  fluid  which  was  perfeftly  as 
limpid  as  water,  had  an  uncommonly  ftrong,  highly  pun¬ 
gent,  and  almoft  fuffocating  acetous  fmell,  and  in  the 
temperature  of — 37*^  immediately  congealed  into  a  fo- 
lid  white  cryftallized  mafs,  refembling  canriphor. 

“  After  I  had  obferved  that  vinegar  in  this  ftate  is  of 
fuch  an  extraordinary  ftrength  and  purity  as  to  be  in  its 
higheft  degree  of  perfeftion,  I  took  all  poflible  pains  to 
find  out  a  method  of  obtaining  all  the  acetous  acid  in 
the  ftate  of  glacial  vinegar. 

“  To  avoid  circumlocution,  I  lhall  denote  the  ftrength 
of  each  fort  of  vinegar,  which  it  was  neceflary  for  me 
to  know  in  my  experiments,  by  degrees,  which  I  afcer- 
tain  in  the  following  manner :  viz,  to  one  drachm  of 
vinegar  I  add,  drop  by  drop,  a  clear  “Elution  of  equal 
parts  of  carbonat  of  potafs  and  water,  till  all  at  once  a 
doudinefs  or  precipitation  appears.  Although,  on  the 
appearance  of  this  fign,  the  acid  is  already  fuperfatu- 
rated  with  the  alkali,  yet  it  feems  to  me  to  be  a  more 
accurate  teft  for  afcertaining  its  ftrength  than  the  cefla- 
tion  of  effervefcence  ;  for  as  the  point  of  faturation  ap¬ 
proaches,  the  effervefcence  becomes  fo  imperceptible, 
that  it  is  almoft  impofiible  to  determine  with  precifion 
when  it  is  really  at  an  end.  Now,  every  five  drops  of 
the  alkaline  folution,  which  I  find  it  neceffary  to  add  to 
the  vinegar  till  the  precipitation  takes  place,  I  reckon 
as  one  degree.  Thus,  for  example,  if  a  determinate 
quantity  of  vinegar  requires  25  drops  for  that  effed,  I 
denote  its  ftrength  by  five  degrees.  This  is  about  the 
ftrength  of  good  diftilled  vinegar. 

“  I  call  that  vinegar  which,  in  confequence  of  its 
concentration,  is  capable  of  cryftallizing  in  a  great  de¬ 
gree  of  cold,  cr^allixable  vinegar  ;  the  cryftals  of  vine¬ 
gar,  feparatcd  after  the  cryftallization  is  completed  from 
the  remaining  fluid  portion,  I  cnW  glacial  vinegar ;  and, 
jaftly,  to  the  fluid  refiduum  I  give  the  name  of  mother^ 
ley  of  vinegar. 

«  From  a  great  number  of  experiments,  I  have  found 
that  vinegar  muft  have  at  leaft  24  degrees  of  concentra¬ 
tion  before  it  can  be  brought  to  cryftallize  by  expofure 
to  the  moft  intenfe  cold.  Vinegar  rauft  be  of  the  ftrength 
of  42.  degrees  at  leaft,  in  order  to  become  glacial  vine^ 
gar  ;  viz,  in  this  ftate  of  concentration  it  has  the  pro¬ 
perty  of  cryftallizing  in  a  degree  of  cold  not  exceeding 
that  in  which  water  begins  to  freeze. 
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S  T  R  Y.  Part  II. 

I  have  found  that  charcoal,  on  being  diftilled  with  Acetous 
vinegar  in  a  water-bath,  pofleftes  the  Angular  and  hi¬ 
therto  vinknown  property  of  imbibing  a  certain  quan¬ 
tity  of  the  acetous  acid  in  a  very  concentrated  ftate,  and 
of  retaining  it  fo  ftrongly,  that  the  acid  cannot  be  fe- 
parated  from  it  again  but  by  the  application  of  a  con- 
fiderably  greater  degree  of  heat  than  that  of  boiling 
water.  Upon  this  circumftance  is  founded  the  new 
method  which  I  have  difeovered  of  concentrating  vine¬ 
gar,  fo  as  to  obtain  all  its  acid  in  the  pureft  ftate,  viz* 
that  of  a  glacial  vinegar. 

“  Let  a  barrel  of  vinegar  be  concentrated  by  freezing 
in  the  manner  above  deferibed,  and  let  the  concentrated 
vinegar  thus  obtained,  free  from  all  inflammable  or  fpi- 
rituous  parts,  be  put  into  two  retorts  ;  Add  to  each  of 
them  five  pounds  of  good  charcoal  reduced  to  a  fine 
powder,  and  fubje6f  them  to  diftillation  in  a  water-bath. 

When  no  more  drops  of  vinegar  come  over,  put  the 
diftilled  liquor  into  two  frefh  retorts  ;  and  after  adding 
five  pounds  of  charcoal  powder  to  each,  proceed  as  be¬ 
fore  to  the  diftillation  in  a  water-bath.  In  the  mean 
while,  the  two  firft  retorts  are  to  be  placed  in  a  fand- 
bath,  that,  by  means  of  a  brifk  fire,  the  cryftallizable 
vinegar,  which  is  retained  in  the  apparently  dry  char¬ 
coal  powder,  may  be  expelled  from  it.  The  heat  muft 
be  ftrong  enough  to  make  the  drops  follow  one  another 
every  two  feconds  ;  and  when,  in  this  degree  of  heat, 

20  feconds  intervene  between  each  drop,  the  vinegar 
which  has  been  colledled  muft  be  removed  ;  for  what 
follows  is  hardly  any  thing  elfe  but  mere  water.  In 
this  mariner  about  fix  ounces  and  a  half  of  cryftallizable 
vinegar,  which  is  generally  of  the  ftrength  of  between 
36  and  40  degrees,  may  be  collefted  from  each  retort. 

As  foon  as  the  diftillation  by  the  water-bath  in  the  two  • 
retorts  is  over,  the  diftilled  liquor  is  to  be  poured  back 
again  into  the  firft  retorts  upon  the  charcoal  powder, 
which  remains  in  them,  and  which  has  been  already 
ufed  ;  and  from  each  of  thefe  retorts  the  remaining 
cryftallizable  vinegar  (which  generally  amounts  to  as 
much  as  the  firft  quantity)  is  to  be  abftraded  by  diftil¬ 
lation  in  a  fand-bath.  Thefe  operations  may  be  alter¬ 
nately  repeated  till  alt  the  acid  of  the  vinegar  which 
had  been  concentrated  by  freezing  is  converted  into 
cr)^ftallizable  vinegar  ;  or  until  the  diftilled  liquor,  con- 
ftantly  becoming  weaker  and  weaker  at  every  repeti¬ 
tion  of  the  diftillation,  comes  over  at  length  in  the  ftate 
of  mere  water,  which,  with  the  above  mentioned  quan¬ 


tity  of  charcoal  powder,  generally  happens  at  the  fourth, 
or  fifth  diftillation.  Now,  in  order  to  obtain  the  great- 
eft  part  of  the  pure  acid  contained 'in  the  cryftallizable 
vinegar  in  the  form  of  glacial  vinegar,  it  muft  be  fet  to 
cry  ftallize  in  a  great  degree  of  cold  ;  and  the  mother- 
ley  muft  be  afterwards  thoroughly  drained  from  the  gla¬ 
cial  vinegar,  by  letting  it  drop  from  the  cryftals,  firft 
in  the  cold,  and  then  in  the  room  before  the  window. 
The  mother-ley  may  be  rendered  further  cryftallizable 
by  diftilling  it  with  a  little  charcoal  powder  ;  the  weak¬ 
er  part,  which  comes  over  firft,  being  put  afide.  But 
if  a  perfon  wifhes  to  keep  the  cryllalllzable  vinegar  for 
other  purpofes,  and  without  feparating  any  glacial  vine*. 
gar  from  it,  he  muft  diftil  the  whole  of  it  again  with 
charcoal  powder  in  a  fand-bath. 

I  have  found  by  accurate  experiments^  tliat^  by 
means  of  this  curious  procefs,  ten  pounds  of  vinegar, 
concentrated  by  freezing  to  the  90th  degree,  may  be 
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made  to  yield  38  OunceB  of  cryftallizable  vinegar,  from 
which  20  ounces  of  glacial  vinegar  may  be  obtained. 

“  What  conftitutes  the  excellence  of  this  method  is, 
that  the  concentration  and  purification  are  effedled  by' 
one  and  the  fame  medium,  viz.  the  charcoal  powder; 
in  confequence  of  which,  both  intentions  are  fulfilled  at 
the  fame  time.  ^ 

“  Laft  year,  after  much  refledtion,  I  was  fo  happy  as 
to  find  out  another  very  effedlual  method  of  feparating 
the  acetous  acid  from  the  other  fubftances  combined 
with  it,  fo  as  to  obtain  it  at  once  in  the  ftate  of  a  gla¬ 
cial  vinegar  of  the  greateft  pofQble  ftrength.  The  fe¬ 
parating  medium  which  I  thought  of  is  fulphat  of  pot- 
afs  fuperfaturated  with  fulphuric  acid  ;  a  fait  in  which, 
conformably  to  my  purpofe,  the  fulphuric  acid  exifts  in 
a  perfectly  dry  and  dephlegmated  Hate. 

“  By  means  of  this  fait  a  highly  concentrated  glacial 
vinegar  may  be  obtained  in  the  following  manner  i 
“  Let  three  parts  of  acetated  foda,  prepared  with  vi¬ 
negar  diftilled  over  charcoal,  and  evaporated  to  perfe£l 
dryiiefs,  be  melted  in  a  ftrong  heat ;  then  pour  it  out, 
and  rub  it  to  a  very  fine  powder.  Mix  this  powder 
very  accurately  with  eight  parts  of  fuperfaturated  ful¬ 
phat  of  potafs  that  has  been  previoufiy  well  dried,  and 
in  like  manner  reduced  to  a  fine  powder;  put  the  whole 
into  a  retort,  and  diftil  with  a  gentle  heat,  in  fuch  man¬ 
ner  that,  along  with  the  drops,  fome  vapours  alfo  may 
be  perceived  to  come  out  of  the  neck  of  the  retort ; 
but  by  no  means  fo  that  the  receiver  fhall  be  filled  with 
thefe  vapours.  Notwithllanding  the  moderate  heat,  the 
vinegar  comes  over  very  faft,  and  the  quantity  of  gla¬ 
cial  vinegar,  of  the  ftrength  of  54.  degrees,  which  is 
thus  obtained,  amounts  to  nearly  two  parts,” 

Acetous  acid  is  capable  of  oxidating  iron,  zinc,  lead, 
nickel,  tin,  copper. 

It  does  not  adl  upon  gold,  filver,  platinum,  mercury, 
bifmuth,  cobalt,  antimony,  arfenic. 

It  combines  with  alkalies,  alkaline  earths,  and  alumi¬ 
na,  and  metallic  oxides,  and  forms  compounds  known 
by  the  name  of  acetites. 

Its  affinities  are  as  follows  : 
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Sect.  XII.  0/  Acetic  Acid^ 

It  acetite  of  copper  be  diftilled,  an  acid  comes  ovci^ 
of  a  more  pungent  fmell  than  acetous  acid,  capable  ot 
cryftallizing,  and  having  a  ftronger  affinity  for  other  bo¬ 
dies  than  acetous  acid.  It  is  called  acetic  acid^  and  is 
fuppofed  to  contain  a  larger  proportion  of  oxygen  than 
acetous  acid.  This  additional  dofe  it  is  fuppofed  to  re¬ 
ceive  from  the  oxide  of  copper,  which  during  the  pro- 
cefs  is  reduced  to  the  metallic  ftate.  It  can  hardly  be 
doubted  that  the  glacial  vinegar  of  Lowitz,  deferibed  ia 
the  preceding  fedtion,  is  really  acetic  acid,  though  it 
would  perhaps  be  difficult  to  explain  its  formation.  Its 
affinities  are  the  fame  with  thofe  of  the  acetous  acid. 

Sect.  XIII.  Of  Oxalic  Acid. 

Sugar,  a  well-known  fubftance  extradled  from  the 
fugar-cane,  appears  to  have  been  ufed  in  the  Eaft  at  a 
very  early  period  ;  but  it  made  its  way  weftward  very 
(lowly.  As  a  medicine,  it  is  mentioned  by  Diofeorides  ; 
but  it  was  not  in  common  ufe  in  Europe  till  after  the 
14th  century.  _ 

It  has  been  proved  that  fugar  is  conipofed  of  oxygen,  Compofl- 
carbon,  and  hydrogen.  Lavoifier  concluded,  from  a  longtion  of  fU- 
feries  of  delicate  experiments,  that  it  confifts  of  8  parts 
of  hydrogen,  64  of  oxygen,  and  28  of  carbon.  , 

From  fugar,  by  a  particular  procefs,  an  acid  has  been  Difeovery 
obtained  called  oxalic  acid^  becaufe  it  exifts  ready  form  of  oxalic 
ed,  as  Scheele  has  proved,  in  the  oxaUs  acetofellay  or^*-^!. 
wood  forrel.  At  firft,  however,  it  was  called  the  acid 
of  fugar ^  or  the  faccharine  acid. 

As  the  earlieft  and  beft  account  of  the  oxalic  acid 
Was  publiftied  by  Bergman,  he  was  for  a  long  time 
reckoned  the  difeoverer  of  it ;  but  Mr  Ehrhart,  one  of 
Scheele’s  intimate  friends,  informs  us,  that  the  world  is 
indebted  for  its  knowledge  of  this  acid  to  that  illuftrious 
chemift*,  and  Hermftadt  and  Weftrum  affign  the  dif-*  Mlnvart's 
covery  to  the  fame  author*]'.  The  affertions  of  thefe 
gentlemen,  who  had  the  beft  opportunity  of  Apotbe- 

accurate  information,  are  certainly  fufficient  to  eftablifti 
the  fa£l,  that  Scheele  was  the  real  difeoverer  of  oxalic  p.  54. 
acid.  t  Keirs 

Bergman  gives  us  the  following  procefs  for  obtaining 
this  acid.  “  Put  one  ounce  of  white  fugar  powdered  of 

into  a  tubulated  retort,  with  three  ounces  of  ftrong  ni- procuring 
trie  acid,  the  fpecific  gravity  of  which  is  to  that  of  it. 
water  as  1,567.  When  the  folution  is  over,  during 
which  many  fumes  of  the  nitrous  acid  efcape,  let  a  re¬ 
ceiver  be  fitted,  and  the  liquor  made  to  boil,  by  which 
abundance  of  nitrous  gas  is  expelled.  When  the  liquor 
in  the  retort- acquires  a  reddifh  brown  colour,  add  three 
ounces  more  of  nitric  acid,  and  continue  the  boiling 
till  the  furdes  ceafe,  and  the  colour  of  the  liquor  va- 
nifhes.  Then  let  the  contents  of  the  retort  be  enrp- 
tied  into  a  wide  vefiel ;  and  upon  cooling,  a  cryftalli- 
zation  will  take  place  of  flender,  quadrilateral  prifms, 
which  are  often  affixed  to  each  other  at  an  angle  of  450. 

Thefe  cryftals,  colledled  and  dried  on  blotting  paper, 
will  be  found  to  weigh  dr.  19  gr.  By  boiling  the 
remaining  lixivium  with  two  ounces  of  nitric  acid  in 
the  retort,  till  the  red  fumes  almoft  difappear,  and  by 
repeating  the  cryftallization  as  before,  4  dr.  13  gr.  of 
folid  acid  will  be  obtained.  If  the  procefs  be  repeated 
S  s  2  once 
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once  more  upon  the  refiduum,  which  has  now  a  gluti¬ 
nous  confluence,  with  the  fuccefiive  additions  of  fmall 
quantities  of  nitric  acid,  amounting  In  all  to  two  oun¬ 
ces,  a  faline  brown  deliquefcent  mafs  will  be  formed, 
weighing  half  a  dram,  of  which  about  a  half  will  be 
loft  by  a  farther  purification.  The  cryftals  obtained 
thus  at  different  times  may  be  purified  by  folution  and 
cryftallization,  and  by  digefting  the  laft  lixivium  with 
fome  nitric  acid,  and  evaporation  with  the  heat  of  the 
fun.’^ 

By  the  fame  procefs  Bergman  obtained  it  from  gum 
arabic,  alcohol,  and  honey  ;  Scheele,  Hermftadt,  Wef- 
trum,  Hoffman,  &c.  from  a  great  variety  of  other  ve¬ 
getable  produftions  ;  and  Berthollet  from  a  great  num¬ 
ber  of  animal  fubftances. 

It  is  of  great  confequence  not  to  life  too  much  nitric 
acid,  otherwife  the  quantity  of  oxalic  acid  will  be  dimi- 
nifhed  ;  and  if  a  vei^  great  quantity  of  nitric  acid  be 
iifed,  no  oxalic  acid  will  be  obtained  at  all  *.  On  the 
contrary,  if  too  fmall  a  quantity  of  nitric  acid  be  ufed, 
the  acid  obtained  will  not  be  the  oxalic,  but  the  tarta- 
rousf .  We  think  we  have  obferved,  that  a  confiderably 
larger  proportion  of  oxalic  acid  may  be  obtained  by 
pouring  nitric  acid  on  fugar,  and  allowing  thcfe  fubftan¬ 
ces  to  a£t  upon  each  other  while  cold.  When  the  pro¬ 
cefs  is  conduced  in  that  manner,  hardly  any  thing  fe- 
parates  but  nitrous  gas. 

Oxalic  acid  Is  capable  of  cryftallization,  or  rather  It 
is  generally  obtained  in  that  ftate.  Its  cryftals  are  qua¬ 
drilateral  prifms,  the  ends  of  which  often  terminate  in 
ridges 

They  are  foluble  in  their  own  weight  of  boiling  wa¬ 
ter :  water  at  the  temperature  of  65, 7^*  diffolves  half  its 
weight  of  them.  The  fpecific  gravity  of  the  folution 
is  1,0593  ll-  One  hundred  parts  of  boiling  alcohol  dif- 
folve  56  parts  of  thefe  cryftals  ;  but  at  a  mean  tempe¬ 
rature  only  40  parts  J.  They  are  not  eafily  foluble  in 
ether.  Fixed  and  volatile  oils  diffolve  them,  and  they 
may  be  again  obtained  by  gentle  evaporation.  Too  vio¬ 
lent  a  heat  would  fliblime  the  acid  itfelf. 

Oxalic  acid  has  a  very  acrid  tafte  when  It  is  concen¬ 
trated,  but  a  very  agreeable  acid  tafte  when  fufficiently 
diluted  with  water 

It  changes  all  vegetable  blues  except  indigo  to  a  red. 
One  grain  of  cryftallized  acid,  diffolved  in  1920  grains 
of  water,  reddens  the  blue  paper  with  which  fugar  loaves 
are  wrapt :  one  grain  of  it,  diffolved  in  3600  grains  of 
water,  reddens  paper  ftained  with  turnlole  *.  Accord¬ 
ing  to  Morveau,  one  part  of  the  cryft^lized  acid  is 
fufficient  to  corhmunicate  a  fenfible  acidity  to  2633 

parts  of  water  f.  r  •  •  r  t.r  a  i 

Its  fixity  is  fuch,  that  none  of  it  is  fublimed  \yhen 
water  containing  it  in  folution  is  raifed  to  the  boiling 
temperature. 

When  this  cryftallized  acid  Is  expofed  to  heat  in  an 
open  veffel,  there  arifes  a  fmoke  from  it,  which  affects 
difagreeably  the  nofe  and  lungs.  T-  he  refiduum  is  a 
powder  of  a  much  whiter  colour  than  the  acid  had  been. 
By  this  procefs  it  lofes  rV^hs  of  its  weight  5  but  foon 
recovers  them  again  on  expofure  to  the  air.  When  di- 
ftilled,  it  firft  lofes  its  water  of  cryftallization,  then  li¬ 
quifies  and  becomes  brown ;  a  little  phlegm  paffes  over, 
a  white  faline  cruft  fublimes,  fome  part  of  which  paffes 
into  the  receiver ;  but  the  greateft  part  of  the  acid  is 
deftroyed,  leaving  in  the  retort  a  mafs  of  the  whole, 
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which  has  an  empyreumatic  fmell,  blackens  fulphuric  Tartarous. 
acid,  renders  nitric  acid  yellow,  and  diffolves  in  muria- . 
tic  acid  without  alteration.  That  part  of  the  acid  which 
fublimes  is  unaltered.  When  this  acid  is  diftilled  a  fe- 
cond  time,  it  gives  out  a  white  fmoke,  which,  conden- 
fing  in  the  receiver,  produces  a  colourleis  uncryftalli- 
zable  acid,  and  a  dark  coloured  matter  remains  behind*.  ♦  Bergman^ 
During  all  this  diftillatlon  a  vaft  quantity  of  elaftic  va¬ 
pour  makes  its  efcape.  From  279  gi’ains  of  oxalic,  acid, 

Bergman  obtained  109  cubic  inches  of  gas,  half  of 
which  was  carbonic  acid  and  half  hydrogen.  Fontana 
from  an  ounce  of  it  obtained  430  cubic  inches  of  gas, 
one>third  of  which  was  carbonic  acid,  the  reft  hydro¬ 
gen.  From  thefe  fads,  it  is  evident  that  oxalic  acid  is 
compofed  of  oxygen,  hydrogen,  and  carbon  ;  but  the 
proportions  are.  ftill  unknown. 

When  nitric  acid  is  frequently  diftilled  off  oxalic  acid, 
acetous  acid  is  produced']'.  The  fulphuric  acid,  whenf  Wejlrum„ 
concentrated,  feems  to  produce  the  fame  effed.  ^  Mu¬ 
riatic  and  acetous  acids  diffolve  oxalic  acid,  but  without 
altering  it  ^  ^  .  X^^rgman^ 

Oxalic  acid  is  capable  of  oxidating  lead,  copper,  '^^n, 
tin,  bifmuth,  nickel,  cobalt,  zinc,  manganefe.  other 

It  does  not  ad  upon  gold,  filver,  platinum,  mercury, bodies, 
arfcnic  ? 

Oxalic  acid  combines  with  alkalies,  alkaline  earths, 
and  alumina,  and  metallic  oxides,  and  forms  falts  known 
by  the  name  of  oxalaU, 

Its  affinities,  according  to  Bergman,  are  as  follows : 
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Sect.  XIV.  Cf  Tartarous  Acid. 

Tartar,  or  cream  of  tartar  as  it  is  commonly  called  Difeovery 
when  pure,  has  occupied  the  attention  of  chemifts  for  of  tartarous 
feveral  centuries.  Duhaniel  and  Oroffe,  and  after  them 
Margraf  and  Rouelle  the  Younger,  proved  that  it  was 
compofed  of  an  acid  united  to  potafs  i  but  Scheele  was 
the  firft  who  obtained  this  acid  in  a  feparate  ftate.  He 
communicated  his  procefs  for  obtaining  it  to  Retzius, 
who  publiffied  It  in  the  Stockholm  Tranfadions  for 
1770.  It  confifted  in  boiling  tartar  wu'th  lime,  and 
in  decompofing  the  tartrite  of  lime  thus  formed  by 

means  of  fulphuric  acid.  ^  n  1  r  473 

This  acid,  by  a  gentle  evaporation,  yields  cryftals  lojts  proper- 
irregular  In  their  figure,  that  every  chemill  who 
treated  of  this  fubjed  has  given  a  different  ddcviiption  _,^^^rgman, 
of  them.  According  to  Bergman,  they  generally  con- ^ 
fift  of  divaricating  lamellae  *  5  according  to  Van  Pack- addi 
en,  they  affume  ofteneft  the  form  of  long  pointed 
prifms  f;  Spielman  and  CorvinnsJ  obtained  them 
groups,  fome  of  them  lance-fhaped,  others  needledorm- ^ 
ed,  others  pyramidal.  Morveau  obtained  them  needle-  Method. 
form  5.  They  do  not  experience  any  change  in  the  air;  Cbm.  u 
^  '  heat  3^3* 
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Citric  heat  decompofes  them.  ,  -  .  •  u 

AcM.  without  leaving  any  other  refiduuin  than  a  coal,  whicn 

’ - “ - '  aenerally  contains  a  little  lime  *.  In  clofe  veffels,  the 

produd  is  carbonic  acid  and  hydrogen  gas  f.  If  the 
^  proper  quantity  of  nitric  acid  be  diftilled  off  the  cryllals, 

they  are  converted  into  oxalic  acid,  and  the  nitric  acid, 

^  as  ufiial,  paffes  into  the  nitrous  acid  Hence  it  is  evi- 

7HnMt  dent  that  tartarous  acid  alfo,  like  the  four  former  is 
‘  compofed  of  oxygen,  hydrogen,  and  carbon;  but  the 
proportions  are  equally  unafcertained. 

This  acid,  v^’hen  in  cryftals,  diffolves  readily  in  water. 
Bergman  obtained  a  folution,  the  fpecific  gravity  of 
which  was  1,230  §.  Morveau  obferved,  however,  that 
cryftals  formed  fpontaneoufly  in  a  folution,  the  fpecific 
gravity  of  which  was  1,084* 

It  has  a  very  lharp  acid  tafte,  and  reddens  vegetable 

blues.  ^ 

Tartarous  acid  does  not  oxidate  gold,  filver,  platinum, 
lead,  bifmuth,  nor  tin,  and  hardly  antimony  and  nickel. 

It  combines  with  alkalies,  alkaline  earths,  and  alu¬ 
mina,  and  metallic  oxides,  and  forms  falts  known  by  the 
name  of  tartrites. 

The  order  of  its  affinities  is  the  fame  as  that  given 
for  oxalic  acid ;  except  that,  according  to  Lavoifier, 
the  oxide  of  filver  comes  before  that  of  mercury. 

Sect.  XV.  Of  Citric  Jcid. 

Chemists  have  always  confidered  the  juice  of  oran¬ 
ges  and  lemons  as  a  peculiar  acid.  This  juice  contains 
a  quantity  of  mucilage  and  water,  which  render  the  acid 
impure,  and  fubjed  to  fpontaneous  decompofition.  Mr 
Georgius  took  the  following  method  to  feparate  the 
mucilage,  tie  filled  a  bottle  entirely  with  lemon-juice, 
corked  it,  and  placed  it  in  a  cellar  :  in  four  years  the 
liquid  was  become  as  limpid  as  water,  a  quantity  of  mu¬ 
cilage  had  fallen  to  the  bottom  in  the  form  of  flakes, 
and  a  thick  cruft  had  formed  under  the  cork.  He  ex- 
pofed  this  acid  to  a  cold  of  23°,  which  froze  a  great 
part  of  the  water,  and  left  behind  a  ftrong  and  pretty 
j|  Stociholm  pure  acid  j|.  It  was  Scheele,  however,  that  firft  point- 
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In  the  open  fire  they  burn  wards  the  end  of  the  evaporation 


■  Dize^ 
ihid^ 


^£ranf. 

1774. 


ed  out  a  method  of  obtaining  this  acid  perfectly  pure 
He  faturated  lemon-juice  with  lime,  edulcorated  the 


The  cryftals  alfo 

were  black.  By  repeated  folutions  and  evaporations,, 
this  black  matter  was  feparated,  and  found  to  be  car¬ 
bon.  Hence  he  concluded  that  mucilage  had  been  pre- 
fent ;  for  mucilage  is  compofed  of  carbon,  hydrogen, 
and  oxygen  ;  fulphuric  acid  caufes  the  hydrogen  and 
oxygen  to  combine  and  form  water,  and  the  carbon  re¬ 
mains  behind.  It  is  not  certain,  however,  as  Mr  Ni- 
cholfon  remarks  very  juftly  *,  that  the  fulphuric 
may  not  acl  upon  tiie  citric  acid  itfelf,  and  that  the* 
carbon  may  not  proceed  from  the  decompofition  of  it ; 
at  leaft  the  experiments  of  Mr  Dize  are  infulficient  to 
prove  the  contrary.  In  that  cafe  the  fmaller  the  excefs 
of  fulphuric  acid  ufed  the  better.  477 

The  cryftals  of  citric  acid  are  rhomboidal  prifms,  the 
fides  of  which  are  inclined  to  each  other  in  angles  of 
about  I  20  and  60  degrees,  terminated  at  each  end  by 
four  trapezoidal  faces,  which  include  the  folid  angles  f.t^ 

They  are  not  altered  by  expofure  to  the  air.  *  * 

An  ounce  of  diftilled  water,  at  the  temperature  of 
the  atmofphere,  diflblves  one  ounce  and  two  drams  of 
cryftallized  citric  acid;  and  during  the  folution  the  tem¬ 
perature  is  lowered  29,75^.  Boiling  water  diflblves 
twice  its  weight  of  this  acid  J.  \ 

Citric  acid  has  a  very  acid  tafte  ;  it  turns  vegetable 
blues  to  a  red.  478 

It  is  capable  of  oxidating  iron,  zinc,  tin.  It  does  hs  adiom 
not  adt  upon  gold,  filver,  platinum,  mercury,  ^lifmuth, 
antimony,  arfenic. 

It  combines  with  alkalies,  alkaline  earths,  and  alu¬ 
mina,  and  metallic  oxides,  and  forms  falts  known  by  the 
name  of  citrats. 

Fire  decompofes  this  acid,  converting  it  into  an  aci¬ 
dulous  phlegm,  carbonic  acid  gas,  and  carbonated  hy¬ 
drogen  gas.  Its  folution  in  water  is  alfo  gradually  de- 
compofed,  if  accefs  of  air  be  permitted.  It  is  evident,, 
therefore,  that  this  acid  is  alfo  compofed  of  oxygen,  hy¬ 
drogen,  and  carbon. 

Scheele  faid  that  he  could  not  convert  it  into  oxa-  . 
lie  acid  by  means,  of  nitric  acid,  as  he  had  done  fe- 
veral  other  acids  ;  but  Weftrum  affirms,  that  this  con- 
verfion  may  be  effedled  ;  and  thinks  that  Scheele  had 


precipitate,  vvhich  conlifted  of  citric  acid  and  lime,  fepa-  probably  failed  from  having  ufed  too  large  a  quantity  of 
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rated  the  lime  from  it  by  diluted  fulphuric  acid,  cleared 
it  from  the  fulphat  of  lime  by  repeated  filtrations  and 
evaporation  ;  then  evaporated  it  to  the  confiftence  of  a 
fyrup,  and  fet  it  by  in  a  cool  place  :  a  quantity  of  cry- 
ttals  formed,  which  were  pure  citric  acid  It  exifts 
ready  formed  alfo  in  the  juices  of  the  following  berries  : 
Vaccinium  occicoccos,  njaccinium  vitis  idcca^  prunus  padus^ 
folanum  dulcamara,  rofa  canina  *,  cherries 

Scheele  advifes  the  ufe  of  an  excefs  of  fulphuric  acid, 
in  order  to  enfiire  the  feparation  of  all  the  lime  ;  but 
according  to  Dize,  this  excefs  is  neceflary  for  another 
purpofej.  A  quantity  of  mucilage  ftill  adheres  to  the 
citric  acid  in  its  combination  with  lime,  and  fulphuric 
acid  is  neceffary  to  decompofe  this  mucilage,  which,  as 
Fourcroy  and  Vauquelin  have  proved,  it  is  capable  of 
doing.  His  proof  of  the  prefence  of  mucilage  is,  that 
when  the  folution  of  citnc  acid  in  water,  which  he  had 
obtained,  was  fufficiently  concentrated  by  evaporation, 
it  aflTumed  a  brown  colour,  and  even  became  black  to- 


nitric  acid,  by  which  he  had  proceeded  beyond  the  con- 
verfion  into  oxalic  acid,  and  had  changed  the  citric 
acid  into  vinegar  ;  and  in  fupport  of  his  opinion,  he 
quotes  his  owm  experiments ;  from  which  it  appeared 
that,  by  treating  fixty  grains  of  citron  acid  with  diffe¬ 
rent  quantities  of  nitric  acid,  his  products  were  very  dif¬ 
ferent.  Thus  with  2CO  grains  of  nitric  acid  he  got  30 
grains  of  oxalic  acid;  with  300  grains  of  nitric  acid  he 
obtained  only  15  grains  of  the  oxalic  acid  ;  and  with 
600  grains  of  nitric  acid  no  veftige  appeared  of  the 
oxalic  acid.  On  dlftllllng  the  produ£ls  of  thefe  experi¬ 
ments,  efpecially  of  the  laft,  he  obtained  vinegar  mixed 
with  nitric  acid. 

The  affinities  of  this  acid  are  as  follows  §  : 

Lime  (l), 

Barytes, 

Strontites  ||, 

Magnefia, 

Potafs, 


(l)  Mr  De  Breffey  places  barytes  before  llme> 
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Soda, 

Ammonia, 

Oxide  of  zinc, 

—  - manganefc 

— —  iron, 

«'■  ■  --  lead, 

—  —  cobalt, 

copper, 

- arfenic, 

- mercury, 

—  antimony  f, 

- -  filver, 

— —  gold, 

- platinum, 

Alumina  J, 

Jargon ia  §  ? 

V/ater, 

Alcohol. 

Sect.  XVL  0/  Malic  Acid. 


CHEMISTRY.  Part  IT. 

diluted  with  water ;  whereas  citric  acid  does  not  alter  JLadic 
any  of  thefe  folutions.  Acid. 

3.  Malic  acid  feems  to  have  a  lefs  affinity  than  citric 
acid  for  lime  ;  for  when  a  folution  of  lime  in  the  for¬ 
mer  acid  is  boded  one  minute  with  a  fait  formed  from 
volatile  alkali  and  citric  acid,  a  decompofition  takes 
place,  and  the  latter  acid  combines  with  the  lime  and 
is  precipitated. 

The  malic  acid  combines  with  alkalies,  alkaline  earths,  , , 
and  alumina,  and  metallic  oxides,  and  forms  falts  known 
by  the  name  of  malats. 

Its  affinities  have  not  yet  been  afeertained. 
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ScHEELE  difeovered  a  peculiar  acid  in  the  juices  of 
feveral  fruits,  which,  becaufe  it  is  found  moll:  abundant¬ 
ly  in  apples,  has  been  called  malic  acid. 

He  obtained  it  by  the  following  procefs  :  Saturate 
the  juice  of  apples  with  poLafs,  and  add  to  the  folution 
acetitc  of  lead  till  no  more  precipitation  enfues.  Wafli 
the  precipitate  carefully  with  a  fufficient  quantity  of 
water  ;  then  pour  upon  it  diluted  fulphiiric  acid  till  the 
mixture  has  a  perfeftly  acid  taile,  without  any  of  that 
fweetnefs  which  is  perceptible  as  long  as  any  lead  re¬ 
mains  diflblved  in  it ;  then  feparate  the  fulphat  of  lead, 
which  has  precipitated,  by  filtration,  and  there  remains 
behind  pure  malic  acid  ||. 

This  acid  is  contained  in  the  berries  of  the  harleris 
vtdgarisy  the  famhucus  nigra,  the  prunus  fpinofa,  the  for^ 
bus  aucuparia,  and  the  prunus  domejiica 

If  nitric  acid  be  diftilled  with  an  equal  quantity  of 
fugar,  till  the  mixture  affiimes  a  brown  colour  (which 
is  a  fign  that  all  the  nitric  acid  has  been  abftradled  from 
it),  this  fubflance  will  be  found  of  an  acid  tafte  ;  and 
after  all  the  oxalic  acid  which  may  have  been  formed 
is  feparated  by  lime-water,  there  remains  another  acid, 
which  may  be  obtained  by  the  following  procefs  ;  Sa¬ 
turate  it  with  lime,  and  filter  the  folution  ;  then  pour 
upon  it  a  quantity  of  alcohol,  and  a  coagulation  takes 
place.  This  coagulum  is  the  acid  combined  with  lime. 
Separate  it  by  filtration,  and  edulcorate  it  with  frefh  al¬ 
cohol  ;  then  diflblve  it  in  diftilled  water,  and  pour  in 
acetite  of  lead  till  no  more  precipitation  enfues.  The 
precipitate  is  the  acid  combined  with  lead,  from  which 
it  may  be  feparated  by  diluted  fulphuric  acid.  It  pof- 
fefles  all  the  properties  of  malic  acid  This  acid, 
therefore,  may  be  obtained  from  fugar ;  and  it  may  be 
converted  into  oxalic  acid,  by  diftilling  off  it  the  pro- 
f  l^erwfadt.^^r  quantity  of  nitric  acid  f . 

Chem.  This  acid  bears  a  ftrong  refemblance  to  the  citric,  but 
differs  from  it  in  the  following  particulars  : 

1.  The  citric  acid  fhoots  into  fine  cryftals,  but  this 
acid  does  not  cryftallize. 

2.  The  fait  formed  from  the  citric  acid  with  lime  is 
almoft  infoluble  in  boiling  water ;  whereas  the  fait  made 
with  malic  acid  and  the  fame  bafis  is  readily  foluble  by 
boiling  water. 

3.  Malic  acid  precipitates  mercury,  lead,  and  filver, 
from  the  nitrous  acid,  and  alfo  the  folution  of  gold  when 


^  Ibid. 


Its  proper¬ 
ties. 


Sect.  XVII.  Of  Ladlic  Acid, 

If  milk  be  kept  for  fome  time  it  becomes  four.  The 
acid  which  then  appears  in  it  was  firft  examined  by 
Scheele,  and  found  by  him  to  have  peculiar  properties. 

It  is  called  laBic  acid.  In  the  whey  of  milk  this  acid 
is  mixed  with  a  little  curd,  fomephofphat  of  lime,  fugar 
of  milk,  aqd  mucilage.  All  thefe  muft  be  feparated 
before  the  acid  can  be  examined.  Scheele  accomplifhed 
this  by  the  following  procefs  ; 

Evaporate  a  quantity  of  four  whey  to  an  eighth  part,  Method  cl 
and  then  filtrate  it:  this  feparates  the  cheefy  part.  Sa- obtaining 
turate  the  liquid  with  lime-water,  and  the  phofphat  of  ladlic  acid, 
lime  precipitates.  Filtrate  again,  and  dilute  the  liquid 
with  three  times  its  own  bulk  of  water;  then  let  fall  in¬ 
to  it  oxalic  acid,  drop  by  drop,  to  precipitate  the  lime 
which  it  has  diffolvcd  from  the  lime-water  :  then  add  a 
very  fmall  quantity  of  lime-water,  to  fee  whether  too 
much  oxalic  acid  has  been  added.,  If  there  has,  oxalat 
of  lime  immediately  precipitates.  Evaporate  the  folu¬ 
tion  to  the  confiftence  of  honey,  pour  in  a  fufficient 
quantity  of  alcohol,  and  filtrate  again  ;  the  acid  paftea 
through  diffolved  in  the  alcohol,  but  the  fugar  of  milk 
and  every  other  fubftance  remains  behind.  Add  to  the 
folution  a  fmall  quantity  of  water,  and  diftil  with  a  fmall 
heat,  the  alcohol  paftes  over,  and  leaves  behind  the  ladlic 


acid  diffolved  in  water*. 


*  Scheele, 


This  acid  is  incapable  of  cryftallizing ;  when  Stockholm 

rated  to  drynefs,  it  deliquefces  again  in  the  air  J.  Tranf.iqZo, 
When  diftilled,  water  comes  over  firft,  then  a  weak  ^ 
acid  refembling  the  tartarous,  then  an  empyreumatic  oil  its  proper- 
mixed  with  more  of  the  fame  acid,  and  laftly  carbonic  ties, 
acid  and  hydrogen  gas — there  remains  behind  a  fmall  f 

quantity  of  coal  J.  Comblna 

The  combinations  which  this  acid  forms  with  alka-tions, 
lies,  earths,  and  metallic  oxides,  are  called  labials,  g 

Its  affinities,  according  to  Bergman,  are  as  follows  ;  And  affini.. 

Barytes,  ties. 

Potafs, 

Soda, 

Ammonia, 

Lime, 

Magnefia, 

Alumina, 

Jargonia  ^  ?  5  Vaugueltn, 

Metallic  oxides  as  in  fulphuric  acid.  .. 

--T  J  £  '  r.Uitti  YYll. 

Water, 

Alcohol. 


Ch'tm.  XXiL 
208. 
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Ira  quantity  of  frefh  whey  of  milk  be  filtrated,  and  Sugar  o! 
then  evaporated  by  a  gentle  fire  till  it  is  of  the  confift-  nulk, 
ence  of  honey,  and  afterwards  allowed  to  cool,  a  folid 
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Part  II.  C  H  E  M 

Saccholac-  niafs  i8  obtained.  If  this  be  diflbivcd  in  water,  clarified 
tic  Acid. ^  the  white  of  eggs,  filtrated,  and  evaporated  to  the 
'  confifterice  of  a  fyrup,  it  depofites  on  cooling  a  number 
of  brilliant,  white,  cubic  cryftals,  which  have  a  fweet 
tafte,  and  for  that  reafon  have  been  called  fu^ar  of  milL 
Fabriciiis  Bartholet,  an  Italian,  was  the  firft  European 
who  mentioned  this  fugar.  He  defcribed  it  in  his  En^ 
cyclopaedia  Hermetico  dogmatical  piibliflied  at  Boulognia 
in  1619;  but  it  feems  to  have  been  known  in  India 
long  before  that  period. 

After  Mr  Scheele  had  obtained  oxalic  acid  from  fu¬ 
gar,  he  wifhed  to  examine  whether  ,the  fugar  of  milk 
would  furnifii  the  fame  produdl.  Upon  four  ounces 
of  pure  fugar  of  milk,  finely  powdered,  he  poured  12 
ounces  of  diluted  nitric  acid;  and  put  the  mixture  in  a 
large  glafs  retort,  which  he  placed  in  a  fand-bath. 
A  violent  effervefcence  enfuing,  he  v/as  obliged  to  re¬ 
move  the  retort  from  the  fand-bath  till  the  commotion 
ceafed.  He  then  continued  the  diftillation  till  the  mix¬ 
ture  became  yellow.  As  no  cryftals  appeared  in  the  li¬ 
quor  remaining  in  the  retort,  after  ftanding  two  days 
lie  repeated  the  diftillation  as  before,  with  the  addition 
of  eight  ounces  of  nitric  acid,  and  continued  the  opera¬ 
tion  till  the  yellow  colour,  which  had  difappeared  011 
addition  of  the  nitrous  acid,  returned.  The  liquor  in 
the  retort  contained  a  white  powder,  and  when  cold 
was  obferved  to  be  thick.  Eight  ounces  of  water  were 
added  to  dilute  this  liquor,  which  was  then  filtrated, 
by  which  the  white  powder  w-as  feparated  ;  which  being 
edulcorated  and  dried,  weighed  yl-dr.  The  filtrated  fo- 
lution  was  evaporated  to  the  confiftence  of  a  fyrup,  and 
again  fubjeefted  to  diftillation,  with  four  ounces  of  ni¬ 
tric  acid  as  before  ;  after  which,  the  liquor,  when  cold, 
was  obferved  to  contain  many  fmall,  oblong,  four  cry¬ 
ftals,  together  with  fome  white  pow'der.  This  powder 
being  feparated,  the  liquor  was  again  diftilled  with  more 
nitric  acid  as  before  ;  by  which  means  the  liquor  was 
rendered  capable  of  yielding  cryftals  again  ;  and  by  one 
diftillation  more,  with  more  nitrous  acid,  the  whole  of 
the  liquor  was  converted  into  cryftals.  Thefe  cryftals, 
added  together,  weighed  five  drams ;  and  were  found, 
upon  trial,  to  have  the  properties  of  the  oxalic  acid. 

Mr  Scheele  next  examined  the  properties  of  the  white 
powder,  and  found  It  to  be  an  acid  of  a  peculiar  nature  ; 
he  therefore  called  it  the  acid  of  fugar  of  milk.  It  is 
now  called  the  faccholadlc  acid. 

According  to  Scheele,  it  is  foluble  in  60  parts  of  its 
weight  of  boiling  vv^ter  ;  but  Meflrs  Hermftadt^  and 
Morveau*!^  found,  that  boiling  water  only  difiblved  -g^Q-^h 
part :  it  depofited  about  -Jth  part  on  cooling  in  the 
form  of  cryftals:]:. 

The  folutlon  has  an  acid  tafte,  and  reddens  the  infu- 
fion  of  turnfole  §,  Its  fpeclfic  gravity,  at  the  tempe- 

When  diftilled,  It  melts  very  readily,  becomes  black, 
and  frothes  ;  a  brown  fait  fublimes  into  the  neck  of  the 
retort,  which  has  the  odour  of  a  mixture  of  amber  and 
benzoin,  having,  an  acid  tafte,  eafily  foluble  in  alcohol, 
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with  greater  difficulty  in  water,  and  burning  in  the  fire 
with  a  flame.  There  paffes  into  the  receiver  a  brown  li-  .  -.1^—  . 
quid,  having  fome  of  this  fait  dilTolved  in  it  :  There  re- 
mains  behind  a  coal  which  Hermftadt  found  to  con-  *  Sebeete^ 
tain  a  fmall  quantity  of  lime.  Concentrated  iiilpburic 
acid  diftilled  on  this  fait  becomes  black,  frothes,  and 
decompofes  It  f.  ,  t 

Mr  Hermftadt  of  Berlin  had  made  fimllar  experiments  491 
on  fugar  of  milk  at  the  fame  time  with  Scheele,  and 
fimiiar  refults  ;  but  he  concluded  that  the  white  pow- 
der  which  he  obtained  was  nothing  elfe  than  oxalat  of^xiftence. 
lime  with  excels  of  acid,  as  indeed  Scheele  himfelf  did 
at  firft.  After  he  became  acquainted  with  Scheele’s 
coriclufions,  he  publifhed  a  paper  in  defence  of  his  own 
opinion  ;  but  his  proofs  are  very  far  from  eftablifiiing  it, 
or  even  rendering  its  truth  probable.  He  acknowledges 
himfelf,  that  he  has  not  been  able  to  decompofe  this  fup- 
pofed  fait ;  he  allows  that  It  pofleftes  properties  diftind  - 
from  the  oxalic  acid  ;  but  he  aferibes  this  difference  to 
th.e  lime  which  It  contains  ;  yet  all  the  lime  which  he 
could  difeover  in  240  grains  of  this  fait  was  only  20 
grains  ;  and  if  the  alkali  which  he  employed  was  a  car- 
bonat  (as  it  probably  was),  thefe  20  muft  be  reduced 
to  II.  Now  Morveau  has  fhewn,  that  oxalic  acid,  con¬ 
taining  the  fame  quantity  of  lime,  exhibits  very  different 
properties.  Befides,  this  acid,  whatever  it  Is  when  uni¬ 
ted  with  lime,  is  feparated  by  the  oxalic,  and  muft 
therefore  be  different  from  it,  as  it  would  be  abfurd  to 
fuppofe  that  an  acid  could  difplace  itfelf;};.  The  fac-f 
choladic  acid  muft  therefore  be  confidered  as  a  diftind  . 

acid,  as  it  pofTefles  peculiar  properties.  ^ 

Its  compounds  with  alkalies,  earths,  and  metallic^* 
oxides,  are  denominated  faccholats.  Its  cem- 

Its  affinities,  according  to  Bergman,  are  as  follows  : 
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There  Is  an  excrefcence,  known  by  the  name  of 
galf  which  grows  on  fome  fpecies  of  oaks.  This  fub- 
ftance  contains  a  peculiar  acid,  called  from  that  circum- 
ftance  acid,  the  properties  of  Vv^hich  were  firft  ex¬ 
amined  with  attention  by  the  commiflioners  of  the  aca¬ 
demy  of  Dijon  ;  and  the  refult  of  their  experiments 
was  publifhed  in  1777,  in  the  third  volume  of  their  Ele¬ 
ments  of  Chemiftry.  In  thefe  experiments,  however, 
they  employed  the  Infufion  of  galls,  in  which  the  acid 
is  combined' wdth  the  tanning  principle  (  m  ).  It  was 
referved  for  Scheele  to  obtain  it  in  a  ftate  of  purity. 

He 


(m)  a  fubftance  lately  difeovered  by  French  chemifts,  v/hich  exifts  alfo  in  oak-bark,  and  every  other  body 
tvhich  may  be  fubftitutea  for  that  bark  in  the  operation  of  tanning.  It  refembles  the  refins  in  many  properties ; 
but  its  dlftingulfhing  property  is  that  of  forming  with  glue  a  compound  infoluble  in  water.  When  a  little  of 
the  decodion  of  glue  is  dropped. into  an  infufion  of  nut-galls,  a  white  curdy  precipitate  is  inftaiitly  feen  :  This 
is  the  tanning  principle  combined  with  glue.  The  name  tanning  principle  has  been  applied  to  it,  becaufe 
Gonfifts  in  combining  this  principle  with Jklns^  by  which  they  are  converted  into  leather,. 
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Me  obferved,  In  an  infurion  of  galls  made  with  cold 
water,  a  fediment,  which  proved  on  examination  to 
have  a  cryltalline  form  and  an  acid  tafte.  By  letting 
Bifcovery  an  infufloa  of  galls  remain  a  long  time  expofed  to  the 
of  gallic  a-  air,  and  removing  now  and  then  the  mouldy  Hein  which 
formed  on  its  furface,  a  large  quantity  of  this  fediment 
was  obtained  j  which  being  edulcorated  with  cold  wa¬ 
ter,  redifTolved  in  hotwatet,  filtrated,  and  evaporated  very 
^Stockholm  flowly,  yielded  an  acid  ialt  in  cryllals  as  fine  as  fand*. 

1786. 
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Tlxtre  is  a  ihorter  method  of  obtaining  this  acid  in 
a  ftill  purer  ftate  than  Scheele  obtained  it. 

Pour  fulphuric  ether  on  a  quantity  of  powdered  galls, 
and  allow  it  to  remain  a  few  hours  *,  by  which  time  it 
becomes  coloured.  Put  this  tinfture  into  a  retort,  and 
diflil  off  the  ether  with  a  fmall  heat.  The  refiduum 
poffeffes  the  colour  and  brittlenefs  of  a  refin,  and  has 
all  the  charaflers  of  Rouelle’s  refiduous-extradl ;  it  does 
not  attract  moifture  from  the  atmofphere.  DifTolve  it 
in  its  own  weight  of  water,  and  add  fulphuric  acid, 
drop  by  drop,  till  the  liquor  has  become  of  a  manifeftly 
acid  tafte.  It  caufes  a  white  precipitate,  which  be¬ 
comes  coloured,  and  is  immediately  redifTolved.  At  the 
end  of  fome  hours  a  refinous  matter  will  have  precipi¬ 
tated.  Decant  off  the  fluid,  dilute  it  with  half  its  weight 
of  water,  filtrate  and  evaporate  it  to  ^ths  in  a  moderate 
heat  ;  add  pure  barytes  till  the  liquor  is  110  longer  ca¬ 
pable  of  decompofing  inui  iat  of  barytes ;  then  filtrate 
it  again  ;  and  on  evaporation  in  a  moderate  heat  fmall 
white  prifmatic  cryllals  of  gallic  acid  are  formed  on  the 
5^' Tides  of  the  vcffel'j*. 

It  appears  from  the  experiments  of  DeyeuX,  that  the 
fubftance  extracted  from  nut-galls  by  ether  does  not  dif¬ 
fer  much  from  the  extrad  by  water  p  ^  Probably,  then, 
the  only  reafon  for  employing  ether  is  the  fmall  heat 
neceffary  for  evaporating  it. 

There  is  ftill  another  method  of  obtaining  this  acid. 
Diftil  nut-galls  in  a  ftrong  heat,  a  white  fubftance  fu- 
blimes,  which  cryftallizes  in  the  form  of  needles  :  This 
is  gallic  acid.  If  the  cryftals  are  impure,  they  may  be 
purified  by  a  fecond  fiiblimation  i  but  the  heat  muft 
not  be  too  violent,  otherwife  the  cryftals  wdll  melt  in- 
to  a  brown  mafs  §.  This  procefs  was  difeovered  by 
Scheele. 

But  the  moft  elegant  method  of  obtaining, gallic  acid 
is  that  of  Mr  Prouft.  When  a  folution  of  muriat  of  tin 
is  poured  into  an  iufufion  of  nut-galls,  a  copious  yellow 
precipitate  is  inftantly  formed,  confifting  of  the  tanning 
principle,  combined  with  the  oxide  of  tin.  x\fter  di¬ 
luting  the  liquid  with  a  fufficient  quantity  of  water  to 
feparate  any  portion  of  this  precipitate  which  the  acids 
might  hold  in  folution,  the  precipitate  is  to  be  fepara- 
ted  by  filtration.  The  liquid  contains  gallic  acid,  mu¬ 
riatic  acid,  and  muriat  of  tin^  Po  feparate  the  tin,  a 
quantity  of  fulphurated  hydrogen  gas  is  to  be  mixed 
with  the  liquid.  Sulpliuret  of  oxide  of  tin  is  precipi¬ 
tated  under  the  form  of  a  brown  powder.  The  liquid 
is  then  to  be  expofed  for  fome  days  to  the  light,  cover- 
ed  with  paper,  till  the  fuperfluous  fulphurated  hydrogen 
gas  exhales.  After  this,  it  is  to  be  evaporated  to  the 
proper  degree  of  concentration,  and  put  by  to  cool. 
Cryftals  of  gallic  acid  are  depofited.  Thefe  are  to  be 
feparated  by  filtration,  and  wafhed  with  a  little  cold 
water.  The  evaporation  of  the  reft  of  the  liquid  is  to 
11  be  repeated  till  all  the  gallic  acid  is  obtained  from  itl|. 
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The  gallic  acid  thus  obtained  has  a  very  acid  tafte, 
and  reddens  vegetable  colours.  It  is  foluble  in  parts 
of  boiling  water,  and  in  1 2  parts  of  water  at  the  tern- 
perature  of  the  atmofphere.  Alcohol  diflblves  one- its  proper- 
fourth  of  its  weight  of  this  acid  at  the  temperature  of  tics, 
the  atmofphere.  When  boiling  hot  it  diffolves  a  quan¬ 
tity  equal  to  its  own  weight. 

When  placed  upon  burning  coals,  gallic  acid  takes 
fire,  and  at  the  fame  time  dlffufes  a  very  ftrong  odour, 
which  has  fomething  aromatic  In  it.  When  ftroiigly 
heated.  It  melts,  boils,  becomes  black,  is  diftipated,  and 
leaves  a  quantity  of  charcoal  behind  it.  When  diftil- 
led,  a  quantity  of  oxygen  gas  Is  difengaged,  an  acid  li¬ 
quor  is  found  in  the  receiver,  with  fome  gallic  acid  not 
decompofed,  and  there  remains  In  the  retort  a  quantity 
of  carbon.  If  what  has  paffed  into  the  receiver  be 
again  diftilled,  more  oxygen  gas  is  obtained,  fome  gallic 
acid  ftill  fublimes,  and  a  quantity  of  carbon  remains  in 
the  retort.  By  repeated  diftillations  the  whole  of  the 
acid  may  be  decompofed.  This  decompofitlon  may  be 
more  eafily  accompliflied  by  diftllling  repeatedly  a  folu¬ 
tion  of  gallic  acid  in  water.  The  produdls  are  oxygen 
gas,  charcoal,  and  an  acid  liquor.  498 

From  thefe  experiments,  Mr  DeyeuX,  who  perform- Its  coxnpofi^ 
ed  them,  has  concluded,  that  gallic  acid  Is  compofed 
oxygen,  and  a  much  larger  proportion  of  carbon  than 
enters  Into  the  compofitlon  of  carbonic  acid.  But  this 
conclufion  is  not  warranted  by  the  analyfis ;  for  Mr 
Deyeiix  did  not  find  that  the  quantity  of  oxygen  gas 
and  carbon  obtained  was  equal  to  that  of  the  gallic  acid 
decompofed  :  and  in  the  acid  liquor  which  came  over, 
there  evidently  exifted  a  quantity  of  water,  which 
doiibtlefs  was  formed  during  the  diftlllatlon.  Scheele, 
by  treating  gallic  acid  with  nitric  acid  In  the  ufual  man¬ 
ner,  converted  it  into  oxalic  acid.  Now  It  is  certain 
that  oxalic  acid  contains  hydrogen  as  well  as  carbon. 

It  cannot  be  doubted,  then,  that  gallic  acid  is  compo¬ 
fed  of  oxygen,  hydrogen^  and  carbon,  in  proportions 
not  yet  afcertalned.  But  Mr  Deyeux  has  proved,  that 
the  quantity  of  carbon  is  very  great,  compared  with 
that  of  the  hydrogen. 

Gallic  acid  combines  with  alkalies,  earths,  and  me¬ 
tallic  oxides,  and  forms  compounds  known  by  the  name 
of  gallafs. 

Its  affinities  have  not  yet  been  determined;  but  oxide 
of  iron  feems  to  have  a.  ftronger  affinity  for  it  than  for 
any  other  fubftance  ;  for  gallic  acid  Is  capable  of  taking 
it  from  every  other  acid.  In  confequence  of  this  pro,- 
perty,  the  infufion  of  galls  is  employed  to  deleft  the 
prefence  of  Iron  in  any  liquid.  As  foon  as  it  is  poured 
in,  if  iron  be  prefent,  a  black  or  purple  colour  is  pro¬ 
duced. 

Sect.  XX.  Of  Ben%otc  aetd. 

Benzoin  or  benjamin  (as  it  is  fometimes  called)  is  ^Benzoin. 
kind  of  refin  brought  from  the  Eaft  Indies  ;  obtained, 
according  to  Dr  Dryander,  from  the  ftyrax  benzoe,  a 
tree  which  grows  in  the  ifland  of  Sumatra.  This  fub¬ 
ftance  confifts  partly  of  a  peculiar  acid,  deferibed  as 
long  ago  as  1608  by  Blaife  de  Vigenere,  in  his  Trea- 
tife  on  Fire  and  Salt,  under  the  name  of flowers  of  ben^ 

%otn,  becaufe  it  was  obtained  by  fublimation.  This 
acid,  which  is  now  called  the  benzole  aetdy  may  be  fu- 
blimcd  from  benzoin  by  heat;  or  it  may  be  obtained  by 

Scheele’s 


Part  II.  C  H  E  M 

guccinic  Schsele's  procefs,  which  has  been  defcribed  in  the  ar¬ 
ticle  Chemistry,  EncycL 

*  Benzoic  acid  has  little  or  none  of  the  peculiar  odour 
pro^pe^Ies  which  diftiiiguifhes  benzoin.  Its  tafte  is  not  acid,  but 
of  benzoic  fweetiQi,  and  very  pungent*.  It  hardly  alFcds  the  In- 
ftcid.  fufion  of  violets  ;  but  it  reddens  that  of  turnfole,  efpe- 
^-^J^^^^'clally  if  that  infufion  be  hot  f .  Heat  volatilizes  this 
th^^'chbn.  acid,  and  makes  it  give  out  a  ftrong  odour,  which  ex- 
cites  coughing.  When  expofed  to  the  heat  of  the 
blow-pipe  in  a  filver  fpoon,  it  melts,  becomes  as  fluid 
as  water,  and  evaporates  without  taking  fire.  It  only 
burns  when  in  conta6I  with  flame,  and  then  it  leaves 
no  refiduum  behind.  When  thrown  upon  burning  coals, 
it  rifes  in  a  wdilte  fmoke.  When  allowed  to  cool  after 
being  melted,  it  hardens,  and  a  radiated  cruft  forms  on 
its  furfacef. 

It  fuffers  no  other  alteration  in  the  air  than  lofing 
the  little  of  the  odour  of  benzoin  which  remained  to 

%  Morveau^-^^ 

Cold  water  diflblves  no  fenfible  quantity  of  it  ;  but 
it  is  foluble  enough  in  hot  w^ater :  480  grains  of  boil¬ 
ing  water  dlflblve  20  grains  of  it  ;  19  of  thefe  are  de- 
pofited,  when  the  water  cools,  in  long,  flender,  flat,  fea- 
ther-like  cryftals  ||. 

Concentrated  fulphuric  acid  diflblves  it  without  heat 
or  any  other  change  except  becoming  fomewhat  brown ; 
when  water  is  poured  into  the  folution,  the  benzoic  acid 
feparates  and  coagulates  on  the  furface  without  any  al¬ 
teration  Nitric  acid  prefents  precifely  the  fame  phe¬ 
nomena,  and  alfo  the  fulphurous  and  nitrous  acids.  Nei¬ 
ther  the  muriatic,  the  oxy-muriatic,  nor  the  phofplioric 
acids  dlflblve  it.  The  acetous,  formic,  and  fcbaclc  acids, 
when  hot,  dlflblve  it  precifely  as  water  does  ;  but  it 
cryllalllzes  again  when  thefe  acids  cool  *. 

Alcohol  diflblves  it  copioufly,  and  lets  it  fall  on  the 
addition  of  water  f. 

Little  is  known  refpedling  its  bafe. 

It  combines  with  alkalies,  earths,  and  metallic  oxides, 
iiadons  and  and  forms  falts  known  by  the  name  of  ben^oats. 

Its  affinities,  from  the  experiments  of  Trommfdorf, 
appear  to  be  as  follows ; 
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Amber. 


Amber  Is  a  well-known  brown,  tranfparent,  inflam¬ 
mable  body,  pretty  hard,  and  fufceptible  of  polifh, 
found  at  fome  depth  in  the  earth,  and  on  the  fea-coaft 
of  feveral  countries.  It  w^as  in  high  eftimation  among 
the  ancients  both  as  an  ornament  and  a  medicine. — 
When  this  fubftance  is  diftilled,  a  volatile  fait  is  obtain¬ 
ed,  which  is  mentioned  by  Agricola  under  the  name  of 
fait  of  amber;  but  its  nature  was  long  unknown.  Boyle 
§  fl-  the  firft  who  difeovered  that  it  was  an  acidf .  From 
bridged  by  r  the  Latin  name  of  amber,  this  acid  has  rccei- 

369.  ved  the  appellation  or  fuccimc  aetd, 
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It  is  obtained  by  the  following  procefs  •.  Fill  a  retort  Camphoric 
half  way  with  powdered  amber,  and  cover  the  powder  ,  , 

with  a  quantity  of  dry  fand  ;  lute  on  a  receiver,  and 
diftil  in  a  fand-bath  without  employing  too  much  heat.  Method  of 
There  palfes  over  firft  an  infipid  phlegm  ;  then  a  weak  «htaining 
acid,  which,  according  to  Scheele,  is  the  acetous  * ;  then 
the  fuccinic  acid  attaches  itfelf  to  the  neck  of  the  re-  Bergman** 
tort  ;  and  if  the  diftillation  be  continued,  there  comes  iVotes  on 
over  at  laft  r^lhick  brown  oil,  which  has  an  acid  tafte.  Sebejer. 

The  fuccinic  acid  is  at  firft  mixed  with  a  quantity  of 
oil.  Perhaps  the  beft  method  of  purifying  it  is  that 
recommended  by  Pott,  to  dlflblve  it  in  hot  water,  and 
to  put  upon  the  filter  a  little  cotton,  previoufly  moif- 
tened  with  oil  of  amber  ;  this  fubftance  retains  moft  of 
the  oil,  and  allows  the  folution  to  pafs  clear.  The 
acid  is  then  to  be  cryftallized  by  a  gentle  evapora¬ 
tion.  And  this  procefs  is  to  be  repeated  till  the  acid  ^04 
be  quite  pure.  The  cryftals  are  white,  flilning,  and  Us  proper- 
of  a  foliated  triangular  prifmatic  form;  they  have  an^^®^> 
acid  tafte,  but  are  not  corrofive :  they  redden  tinClure 
of  turnfole,  but  have  little  effe<ft  on  that  of  violets. 

They  fublime  when  expofed  to  a  confiderable  heat, 
but  not  at  the  heat  of  a  water-bath.  In  a  faiid-bath 
they  melt,  and  then  fublime  and  condenfe  in  the  upper 
part  of  the  veflel  ;  but  the  coal  which  remains  fhews 
that  they  are  partly  decompofed  f.  f 

One  part  of  this  acid  diftolves  in  96  parts  of  water  at 
the  temperature  of  50°,  according  to  Spielman  J,  in  241/;^. 
parts  at  the  temperature  of  5  2®,  and  in  2  parts  of  water  at  §  xii. 
the  temperature  of  212'^,  according  to  Stockar  de  Neu- 
fornf  ;  but  the  greateft  part  cryftallizes  as  the  water  5 
cools.  According  to  Roux,  however,  it  Hill  retains  more^o, 
of  the  acid  than  cold  water  is  capable  of  diflblviiig  || .  y 

240  grains  of  boiling  alcohol  diflblve  1 77  of  this  acid ;  ibid,  p,  72. 
but  cryftals  again  ffioot  as  the  folution  cools ^  JVenzel. 
The  combinations  of  this  acid  are  called  fuccinats.  _  S95 

Its  component  parts  are  ftill  unknown. 

Its  affinities,  according  to  Morveau,  arc  as  follows : 
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Sect.  XXII,  Of  Camphoric  Acid. 

Camphor  is  a  well-known  white  cryftalline  fubftance, Camphor, 
of  a  ftrong  tafte  and  fmell,  obtained  from  a  fpecies  of 
laurel  in  the  Eaft  Indies ;  and  Mr  Prouft  has  fhewn 
that  feveral  volatile  oils  contain  a  confiderable  quantity 
ofitf.  It  is  fo  volatile,  that  it  cannot  be  melted  in  f  * 
open  veflels,  and  fo  inflammable  that  it  burns  even  on  Ckim.  iv. 
the  furface  of  water.  I79« 

When  camphor  is  fet  on  fire  in  contadl  with  oxygen 
gas,  it  burns  with  a  very  brilliant  flame  ;  much  caloric 
is  difengaged,  water  is  formed,  the  inner  furface  of  the 
veflel  is  covered  with  a  black  matter,  which  is  undoubt¬ 
edly  carbon,  and  a  quantity  of  carbonic  acid  gas  is  alfo 
produced  p  Hence  it  follows,  that  it  is  compofed  o{\LaGrattge^ 
hydrogen  and  carbon^  at  leaft  principally*  xxiiL 

T  t 
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If  one  pnrt  of  csmpliov  and  fix  paits  of  piilverifed 
clay  be  mixed  togetlier,  by  means  of  alcohpl,  in  a  mor- 
tar,  the  mixture  made  up  into  balls,  and  when  dry  put 
into  a  retort,  and  diftilled  by  a  moderate  heat— a  quan- 
tity'of  oil  comes  over,  and  there  remains  in  the  retort 
a  black  fubftance,  which  confifts  of  the  clay  intimately 
mixed  with  a  quantity  of  carbon.  If  the  fire  be  not 
cautioufly  managed,  a  quantity  of  camphor  alfo  fub- 
limes.  By  this  procefs  camphor  is  decompounded,  and 
feparated  into  oil  and  carbon. 

122,24^  parts  of  camphor 

produced  4^,856  parts  of  oil 
30,571  of  carbon. 


Suberic 

Acid. 


and 


Total  76,427 
Lofs  45,821 
Carbonated  hydrogen  gas 

♦  Ann.de  alfo  formed  .  ,  r  n  •  f* 

Chim.  int:ii.  The  oil  obtained  has  the  following  properties . 

153.  }ias  a  fharp  caufiic  tafte,  and  leaves  upon 

tonjrue  a  fenfe  of  coldnefs.  It  has  an  aromatic  odour, 

phor. 


and  carbonic  acid  were 


the 
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approaching  to  that  of  thyme  or  rofemary.  Its  colour 

is  a  golden  yellow.  ^ 

When  expofed  to  the  air,  it  partly  evaporates,  and 
there  remains  a  thick  brown  matter  with  a  (harp  bit- 
terifli  tafte,  which  at  laft  alfo  evaporates. 

With  alkalies,  it  forms  a  foap,  which  poireilcs  all  the 
chara^ers  of  foaps  made  with  volatile  oils. 

Alcohol  diflblve&  it  entirely  ;  and  when  water  is  add¬ 
ed  to  the  folution  it  becomes  milky,  bpt  no  precipitate 

159*  is  produced  f.  ,  ,  -i  -t  j 

Thefe  properties  (hew  that  this  is  a  volatile  oil,  and 
confequently  it  is  probable  that  camphor  is  compofed 

of  volatile  oil  and  carbon.  . ,  zr  r. 

^  •  Mr  Kofemarten,  by  diftilling  nitric  acid  off  camphor 

Camphonc  times  fucceffivdy,  obtained  an  acid  in  cryftalsl:,  to 

^  Kofigar-  which  the  name  of  camphoric  acid  has  been  g‘''en- 

His  experiments  have  been  repeated  by  Mr  Bouillon 
La  Grange.  He  mixed  together  122,  284  prts  of  cam- 
phor  with  489,136  parts  of  nitric  acid  of  the  fpecific 
r  .  j  Much  nitrous  and  car- 

and  part  of  the  cam- 


ten^  de  Cam’- 
phora^  &C. 

a  7,85- 


gravity  i,33*  and  diftilled  them. 

bonic  acM  gas  were  difengaged: 

Tihor  was  fublimed  ;  but  part  was  converted  into  an 
acid  He  returned  the  fublimed  camphor  into  the  re¬ 
tort' poured  on  it  the  fame  quantity  of  nitric  acid  as  at 
firft,  and  diftilled  again.  This  procefs  he  repeated  till 
the  whole  camphor  was  acidified  f  The  quantity  of 
camphoric  acid  obtained  amounted  to  53,49^* 
quantity  of  nitric  acid  was  21 14,538- 

Camphoric  acid  thus-  obtained  is  in  fnow-white  cry- 
ftals,  of  the  form  of  parallelopipedonsH. 

Thefe  cryftals  efHorefee  in  the  airf . 

Camphoric  acid  has  a  flightly  acid  bitter  tafte,  and 
fmell  like  that  of  faffron. 

It  reddens  vegetable  colours. 

It  is  foluble  in  200  parts  of  cold  water,  according  to 
Kofegarten  :  in  96  parts  of  water  at  the  temperature 
of  60°,  according  to  La  Grange.  Boiling,  water  dil- 

lolvesAtli  of  its  weight  *.  , 

According  to  Kofegarten,  it  is  infoluble  in  alcohol; 
according  to  La  Grange,  alcohol  diffolves  it,  and  when 
the  folution  is  left  in  contaft  with  the  air  of  the  atmo- 
fpbere,  the  acid  cryftallizes.  It  is  not  precipitated  from 
La  folution  in  alcohol  by  the  addition  of  water  ^ 

Cbtin.  X^viu  When  this  acid  is  placed  on  ignited  coals,  it  emits  a 
40 
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denfe  aromatic  fume,  and  Is  entirely  dilfipated.  By  a 
gentler  heat,  it  melts,  and  is  fublimed.  If  it  be  put 
into  a  hcat'ed  porcelain  tube,  and  oxygen  gas  be  paffed 
through  It,  the  acid  does  not  undergo  any  change,  but 
is  fublimed. 

By  mere  diftillatlon,  It  firft  melts  and  then  fublimes  ; 
by  which  procefs  its  properties  are  in  fome  refpeft 
changed.  It  no  longer  reddens  the  tin£lure  of  turnfole, 
but  acquires  a  bride  aromatic  fmell ;  its  tafte  becomes 
lefs  penetrating,  and  It  is  no  longer  foluble  either  in 
water  or  the  fulphuric  and  ijiurlatic  acids.  Heated  ni¬ 
tric  acid  turns  it  yellow  and  diffolves  it.  Alcohol  like- 
wife  diffolves  it  ;  and  if  this  folution  be  left  in  contact 
with  the  air  of  the  atmofphere,  it  cryftallizes. 

Camphoric  acid  does  not  produce  any  change  in  ful- 
phur ;  alcohol  and  the  mineral  acids  totally  diffolve  it ; 
and  fo  likewife  do  the  volatile  and  the  fat  oils. 

Camphoric  acid  does  not  precipitate  lime  from  lime- 
water.  It  produces  no  change  on  the  folution  of  indi¬ 
go  in  fulphuric  acid. 

It  forms  combinations  with  the  alkalies,  earths,  and  Its  combi- 
metallic  oxides,  which  are  called  camphorats,  affirhtis^ 

Its  affinities,  as  far  as  afeertained  by  La  Grange,  are  ^  * 

as  follows  ^5  am.xxvii. 

Lime,  ^l, 

Potafs, 

Soda, 

Barytes, 

Ammonia, 

Alumina, 

Magnefia. 

Sect.  XXIII.  Of  Suberic  Acid. 

Cork,  a  fubftance  too  well  known  to  require  any  very 
defeription,  is  the  bark  of  a  tree  which  bears  the  fame  of  fuberic 
name.  By  means  of  nitric  acid,  Brugnatelli  converted ^cid. 
it  into  an  acidf,  which  has  been  called  fuberic  acid,\  Crell's 
from  Suhery  the  Latin  name  of  the  cork-tree.  SeveraM«»fl^^» 
chemifts  affirmed  that  this  acid  was  the  oxalic,  becaufe^^^7* 
it  poffeffed  feveral  properties  in  common  with  it.  Thefe 
affertions  Induced  Bouillon  la  Grange  to  undertake  a  fet 
of  experiments  on  fuberic  acid.  Thefe  experiments, 
which  have  been  publilhed  In  the  23d  volume  of  the 
Annales  de  Chimley  completely  eftabliffi  the  peculiar  na¬ 
ture  of  fuberic  acid,  by  Ihewing  that  It  poffeffes  proper¬ 
ties  different  from  thofe  of  every  other  acid. 

To  prepare  it,  a  quantity  of  found  cork  grated  down  Method  of 
fmall  Is  to  be  put  into  a  retort,  fix  times  Its  weight  of  p/eparing 
nitric  acid  of  the  fpecific  gravity  1,261  poured  uponh* 
it,  and  the  mixture  diftilled  by  means  of  a  gentle  heat. 

Red  vapours  are  immediately  difeharged;  the  cork  fwells 
up  and  becomes  yellow,  and  as  the  diftillation  advances,, 
it  finks  to  the  bottom,  and  its  furface  remains  frothy. 

If  that  froth  does  not  form  properly,  it  Is  a  proof  that 
fome  part  of  the  cork  has  efcaped  the  ailion  of  the  acid. 

In  that  cafe,  after  the  diftillation  is  pretty  far  advanced, 
the  acid  which  has  palTed  into  the  receiver  is  to  be 
poured  back  into  the  retort,  and  the  diftillation  conti¬ 
nued  till  no  more  red  vapours  can  be  perceived  ;  and 
then  the  retort  is  to  be  immediately  taken  out  of  the 
fand-bath,  otherwife  its  contents  would  become  black 
and  adhere  to  it.  While  the  matter  contained  In  the 
retort  is  hot,  It  Is  to  be  poured  Into  a  glafs  veffel,  pla¬ 
ced  upon  a  fand-bath  over  a  gentle  fire,  and  conftantly 
ftirred  with  a  glafs  rod.  By  this  means  it  becomes 

gradually 


Acid. 
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Suberic  gradually  thick.  As  foon  as  white  vapours,  exching 
a  tickling  in  the  throat,  begin  to  difengagc  thcmfelves, 
the  veflei  is  removed  from  the  bath,  and  the  mafs  con¬ 
tinually  (lirred  till  it  is  almoll  cold. 

By  this  means  an  orange- coloured  mafs  is  obtained 
of  the  confidence  of  honey,  of  a  drong  and  fharp  odour 
while  hot,  but  having  a  peculiar  aromatic  fmell  when 
cold. 

On  this  mafs  twice  its  weight  of  boiling  water  is  to 
be  poured,  and  heat  applied  till  it  becomes  liquid  ;  and 
then  that  part  of  it  which  is  infoluble  in  water  is  to  be 
feparated  by  filtration  (n).  The  filtered  liquor  be¬ 
comes  muddy  ;  on  cooling  it  depofites  a  powdery  fedi- 
ment,  and  a  thin  pellicle  forms  on  its  furface.  The  fe- 
diment  is  to  be  feparated  by  filtration,  and  the  liquor 
reduced  to  a  dry  mafs  by  evaporating  in  a  gentle  heat. 
This  mafs  is  fuheric  acid.  It  is  dill  a  little  coloured, 
owing  to  fome  accidental  mixture,  from  which  it  may 
be  purified  either  by  faturating  it  with  potafs  and  pre¬ 
cipitating  it  by  means  of  an  acid,  or  by  boiling  it  along 
with  charcoal  powder. 

Suberic  acid  thus  obtained  is  not  crydallizable,  but 
when  precipitated  from  potafs  by  an  acid,  it  afiumes  the 
form  of  a  powder ;  when  obtained  by  evaporation  it 
forms  thin  irregular  pellicles. 

Its  tade  is  acid  and  (lightly  bitter ;  and  when  diffoU 
ved  in  a  fmall  quantity  of  boiling  water  it  a6ls  upon  the 
throat,  and  excites  coughing. 

It  reddens  vegetable  blues ;  and  when  dropped  Into 
a  folution  of  indigo  in  fulphuric  acid  (liquid  blue,  as  it 
is  called  in  this  country),  it  changes  the  colour  of  the 
folution,  and  renders  it  green. 

Water  at  the  temperature  of  6o®  or  even  70®  diflblves 


5*3 

Its  proper¬ 
ties. 


I  S  T  R  Y.  53* 

I  .  .  ^  .  *r  \  Saberic 

only -  part  of  its  weight  of  fubcric  acid,  and  if  the  acid. 

57*6  . .  w- V— • 

acid  be  very  pure,  only  •  boiling  water,  011 

the  contrary,  diflblves  half  its  weight  of  it. 

When  expofed  to  tf.e  air,  it  attracts  moidure,  efpe- 
cially  it  it  be  impure. 

When  expofed  to  the  light  of  day,  it  becomes  at  lad 
brown  ;  and  this  effedl  is  produced  much  fooner  by  the 
diredl  rays  of  the  fun. 

When  heated  in  a  matrafs,  the  acid  fublimes,  and  the  ' 

infide  of  the  glafs  is  furrounded  with  zones  of  different 
colours.  If  the  fublimation  be  flopped  at  the  proper 
time,  the  acid  is  obtained  on  the  fides  of  the  veflei  in 
fmall  points  formed  of  concentric  circles.  When  ex¬ 
pofed  to  the  heat  of  the  blow-pipe  on  a  fpoon  of  pla¬ 
tinum,  it  fil'd  melts,  then  becomes  pulverulent,  and  at 
lad  fublimes  entirely  with  a  fmell  refembling  that  of  fe- 
bacic  acid  (^o). 

It  is  not  altered  by  oxygen  gas  : — the  other  acids  do 
not  diflblve  it  completely.  Alcohol  developes  an  aro¬ 
matic  odour,  and  an  ether  may  be  obtained  by  means 
of  this  acid. 

It  converts  the  blue  colour  of  nitrat  of  copper  to  a 
green  ;  the  fulphat  of  copper  alfoto  a  geen;  green  ful- 
phat  of  iron  to  a  deep  yellow  ;  and  fulphat  of  zinc  to 
a  golden  yellow  (p).  ^14 

It  has  no  aftion  either  on- platinum,  gold,  or  nickel  ;h8  adion 
but  it  oxidates  filver,  mercury,  copper,  lead,  tin, 
bifmuth,  arfenic,  cobalt,  zinc,  antimony,  manganefe,  and  ^ 
molybdenum. 

With  alkalies,  earths,  and  metallic  oxides,  it  forms 
compounds  known  by  the  name  of  fuherats. 

Its  affinities  are  as  follows  (q^)  :  itsflhmtiea 

T  t  2  Barytes, 


(n)  When  this  fubdaiice  is  put  into  a  matrafs,  water  poured  on  it,  and  heat  applied,  it  melts  ;  and  when  the 
veflei  Is  taken  from  the  fire  and  allowed  to  cool,  one  part  of  it,  which  is  of  the  confidence  of  wax,  fwims  on  the 
furface  of  the  water,  and  another  part  precipitates  to  the  bottom  of  the  veflei,  and  afifumes  the  appearance  of  a 
whitifli  magma.  When  this  magma  Is  fepkrated  by  filtration,  and  wafhed  and  dried,  a  white  tadelefs  powder  is 
obtained,  mixed  with  ligneous  threads,  foluble  in  acids  and  alkalies. 

(o)  An  acid  which  (hall  be  afterwards  deferibed. 

(p)  Owing  perhaps  to  the  prefence  of  a  little  iron  in  the  fulphat. 

(O  Tke  place  which  the  fuberic  acid  occupies  in  the  affinities  of  the  alkalies,  earths,  and  metallic  oxides,  as 
far  as  this  fubjea  has  been  invedigated  by  Bouillon  La  Grange,  will  appear  by  the  following  Tables : 

Potass.  Soda.  Barytes.  Lime. 


Sulphuric  acid. 
Nitric, 
Muriatic, 
Suberic. 


Sulphuric  acid. 
Nitric, 
Muriatic, 
Suberic, 


Alumina, 


Oxide  of  Tin. 


Sulphuric  acid, 

%  *  % 

Oxalic, 

Suberic. 

Oxide  of  Mercury. 


Sebacic  acid, 
%  %  % 

Nitric, 

Suberic. 


#  *  ^ 
Muriatic, 
Suberic. 

Oxide  of  Lead. 

#  *  * 
Muriatic, 
Suberic. 


Sulphuric  acid. 
Oxalic, 

%  %  % 

Muriatic, 

Suberic. 

Oxide  of  Silver. 


Muriatic, 

*  *  * 

Sulphuric, 

Suberic. 


Oxalic  acid. 

Sulphuric, 

*  *  0 

Muriatic, 

Suberic. 

Magnesia  as  lime. 

Oxide  of  Molybdenum. 


Suberic  acid.  ‘ 

Oxide  of  Antimony. 


Oxide  of  Copper. 

0  %  0 

Sulphuric, 

Suberic. 


0  0  0 
Muriatic, 

Suberic,  „ 

Manganese  the  fame, 


Oxide 
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Barytes, 

Potafs, 

Soda, 

Lime, 

Ammonia, 

Magnefia, 

Alumina 

Mr  Bouillon  La  Grange,  to  whom  we  are  indebted 
for  all  the  fads  relative  to  this  acid,  fuppofes  that  it  is 
Itscompofi-compofed  of  oxygen,  hydrogen,  and  carbon  :  but  Mr 
tion.  Jamefon,  in  confequence  of  the  refiilt  of  a  feries  of  ex¬ 
periments  which  he  made  on  charcoal,  has  been  led  to 
fufped  that  it  confifts  entirely  of  carbon  and  oxygen. 
He  found,  that  by  the  adion  of  nitric  acid  upon  char¬ 
coal,  a  brown,  bitter,  deliquefcent  mafs  was  formed, 
foluble  in  water,  alcohol,  and  alkalies,  and  which  emit¬ 
ted,  particularly  when  heated,  a  very  fragrant  odour. 
This  matter  was  more  or  lefs  foluble  in  water  according 
to  the  time  that  it  had  been  expofed  to  the  adion  of 
the  acid.  When  the  nitric  acid  ufed  was  concentrated, 
and  confiderable  in  quantity,  part  of  the  charcoal  was 
converted  into  an  acid,  which  poflelTed  the  charaders 
of  the  fuberic  f. 

Thefe  fads  are  curious,  and  may  extend  our  know 
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and  Arran,  l^^g^  nature  of  vegetable  acids,  but  they  are  in- 
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Bifcovery 
of  white 
lac. 


fufficient  to  prove  the  abfence  of  hydrogen  in  fuberic 
acid,  becaufe  charcoal  cannot  eafily  be  procured  perfed- 
ly  free  from  hydrogen,  and  becaufe  feveral  of  the  pro¬ 
perties  of  fuberic  acid  indicate  the  prefence  of  hydrogen 
in  it,  its  becoming  brown,  for  in  fiance,  when  expofed 
to  the  light.  Mr  Jamefon  has  obferved,  that  the  acid 
which  exifts  ready  formed  in  peat  poffeffes  the  proper- 
ties  of  fuberic  acid. 

Sect.  XXIV.  Of  Lacclc  Acid. 

About  the  year  1786,  Dr  Anderfon  of  Madras  men¬ 
tioned,  in  a  letter  to  the  governor  and  council  of  that 
place,  that  nefts  of  infeds,  refembling  fmall  cowry  (hells, 
had  been  brought  to  him  from  the  woods  by  the  na¬ 
tives,  who  eat  them  with  avidity-  Thefe  fuppofed  nefts 
he  foon  afterwards  difcoveredto  be  the  coverings  of  the 
females  of  an  undefcribed  fpecies  of  coccus,  "which  he 
fhortly  found  means  to  propagate  with  great  facility  on 
feveral  of  the  trees  and  fhrubs  growing  in  his  neigh¬ 
bourhood  (a). 

On  examining  this  fubftance,  which  he  called  nvhite 
lac,  he  obferved  in  it  a  very  confiderable  refemblance 
to  bees  wax  ;  he  noticed  alfo,  that  the  animal  which 
fecretes  it  provides  itfelf  by  fome  means  or  other  with 
a  fmall  quantity  of  honey,  refembling  that  produced  by 
our  bees ;  and  in  one  of  his  letters  he  complains,  that 
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the  children  whom  he  employed  to  gather  it  were 
tempted  by  its  fweetnefs  to  eat  fo  much  of  it  as  mate-  ^ 
rially  to  reduce  the  produce  of  his  crop.  Small  quan¬ 
tities  of  this  matter  were  fent  into  Europe  in  1789, 
both  in  its  natural  ftate  and  melted  into  cakes  ;  and  in 
1793  Dr  Pearfon,  at  the  requeft  of  Sir  Jofeph  Banks, 
undertook  a  chemical  examination  of  its  qualities,  and 
his  experiments  w^ere  publifhed  in  the  Philofophical 
Tranfadions  for  1794.  ^  ^  ^ 

A  piece  of  white  lac,  from  3  to  15  grains  in  weight,  analyfis* 
is  probably  produced  by  each  infed.  Thefe  pieces  are 
of  a  grey  colour,  opaque,  rough,  and  roundifh.  When 
white  lac  was  purified  by  being  drained  through  muf- 
lin,  it  was  of  a  brown  colour,  brittle,  hard,  and  had  a 
bitterifh  tafte.  It  melted  in  alcohol,  and  in  water  of 
the  temperature  of  145®.  In  many  of  its  properties  it 
refembles  bees  wax,  though  it  differs  in  others  ;  and 
Dr  Pearfon  fuppofes  that  both  fubftances  are  compofed 
of  the  fame  ingredients,  but  in  different  proportions.  ^ 

Two  thoufand  grains  of  white  lac  were  expofed  in 
fuch  a  degree  of  heat  as  was  juft  fufficient  to  melt 
them.  As  they  grew  foft  and  fluid,  there  oozed  out 
55^  grains  of  a  reddilh  watery  liquid,  which  fmelled 
like  newly  baken  bread  (s).  To  this  liquid  Dr  Pearfon 
lias  given  the  name  of  laccic  acid*.  *  Pearfordr 

It  poffeffes  the  following  properties  ;  JiTchfmical 

It  turns  paper  ftained  with  turn  foie  to  a  red  colour. 

After  being  filtered,  it  has  a  (lightly  faltiffi  tafte  witlu«rf. 
bitternefs,  but  is  not  at  all  four.  5^9  . 

When  heated,  it  fmells  precifely  like  newly  baken  hot 

bread.  acid. 

On  ftanding,  it  grows  fomewhat  turbid,  and  depo- 
fites  a  fmall  quantity  of  fediment. 

Its  fpecifie  gravity  at  the  temperature  of  60^  is^ 

A  little  of  it  having  been  evaporated  till  it  grew  very 
turbid,  afforded  on  ftanding  fmall  needle-(haped  cryftals 
in  mucilaginous  matter. 

Two  hundred  and  fifty  grains  of  it  were  poured  into  a 
very  fmall  retort  and  diftilled.  As  the  liquor  grew  warm, 
mucilage-like  clouds  appeared  ;  but  as  the  heat  increa- 
fed  they  difappeared  again.  At  the  temperature  of 
200°,  the  liquor  diftilled  over  very  faft  :  A  fmall  quan¬ 
tity  of  extradlive  matter  remained  behind.  The  diftil¬ 
led  liquor  while  hot  fmelled  like  newly  baken  bread,  and 
was  perfedlly  tranfparent  and  yellowifh.  A  (bred  of 
paper  ftained  with  turnfole,  which  had  been  put  into 
the  receiver,  was  not  reddened  ;  nor  did  another  which 
had  been  immerfed  in  a  folution  of  fulphat  of  iron,  and. 
alfo  placed  in  the  receiver,  turn  to  a  blue  colour  upon; 
being  moiftened  with  the  folution  of  potafs  (t). 

About 


Oxide  of  Iron.  Oxide  of  Bismuth. 


Oxide  of  Arsenic. 


^  ^ 

Sulphuric,  Muriatic,.  Nitric  acid, 

Suberic.  Suberic.  ^  Suberic. 

Cobalt  and  Zinc  the  fame  with  arfenic;  e  ^  r  c 

(r)  The  Chinefe  colledl  a  kind  of  wax,  which  they  call  peda,  from  a  coccus,  depofited  for  the  purpoie  ot 
breeding  on  feveral  fhrubs,  and  manage  it  exaaiy  as  the  Mexicans  manage  the  cochineal  infea.  It  was  the 
knowledge  of  this  that  induced  Dr  Anderfon  to  attempt  to  propagate  his  infea. 

(s)  The  fame  liquid  appears  on  preffing  the  crude  lac  between  the  fingers;  and  we  are  told,  that  when  newly- 

gathered  it  is  replete  with  juice.  ^ 

(T)rA  proof  that  the  acid  was  not  the  pruffic. 


Part  Ih 
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About  one  hundred  grains  of  tins  diftilled  liquid  be¬ 
ing  evaporated  till  it  grew  turbid,  after  being  fet  by 
for  a  night,  afforded  acicular  cryftals,  which  under  a 
lens  appeared  in  a  group  not  unlike  the  umbel  of  parf- 
ley.  The  whole  of  them  did  not  amount  to  the  quar¬ 
ter  of  a  gram.  They  tailed  only  bitterifh* 

Another  lOO  grains  being  evaporated  to  drynefs  in 
a  very  low  temperature,  a  blackifh  matter  was  left  be¬ 
hind,  which  did  not  entirely  difappear  on  heating  the 
fpoon  containing  it  very  hot  in  the  naked  fire  ;  but  on 
heating  oxalic  acid  to  a  much  lefs  degree,  it  evaporated 
and  left  not  a  trace  behind. 

Carbonat  of  lime  diffolved  in  this  diftilled  liquid  with 
effervefcence.  The  folution  tailed  bitterifh,  did  not 
turn  paper  ftained  with  turnfole  red,  and  on  adding  tO' 
it  carbonat  of  potafs  a  copious  precipitation  enfued. 
A  little  of  this  folution  of  lime  and  of  alkali  being  eva¬ 
porated  to  drynefs,  and  the  refiduum  made  red  hot,  no¬ 
thing  remained  but  carbonat  of  lime  and  carbonat  of 

potafs.  ,  1 ‘j  u 

This  liquid  did  not  render  nitrat  of  lime  turbid,  but 

it  produced  turbjdnefs  in  iiitrat  and  muriat  of  barytes. 

To  five  hundred  grains  of  the  reddifli-coloured  liquor 
obtained  by  melting  white  lac,  carbonat  of  foda  was 
added  till  the  effervefcence  ceafed,  and  the  mixture  was 
iieutralifed  ;  for  which  purpofe  three  grains  of  the  car- 
bonat  were  neceffary.  During  this  combination  a  quan¬ 
tity  of  mucilaginous  matter,  with  a  little  carbonat  of 
lime,  was  precipitated.  The  faturated  folution  being 
filtrated  and  evaporated  to  the  due  degree,  afforded  on 
ftanding  deliquefcent  cryftals,  which  on  expofure  to  fire 
left  only  a  refiduum  of  carbonat  of  foda.  ^ 

Lime-water  being  added  to  this  reddifh-coloured  li¬ 
quor  produced  a  light  purple  turbid  appearance;  and 
on  ftanding  there  were  clouds  juft  perceptible.^ 

Sulphuret  of  lime  occafioned  a  white  precipitation, 
but  no  fulphurated  hydrogen  gas  was  perceptible  by  the 
fmell. 

Tindfure  of  galls  produced  a  green  precipitation. 
Sulphat  of  iron  produced  a  purplifii  colour,  but  no 
precipitation  ;  nor  was  any  precipitate  formed  by  the 
addition  firft  of  a  little  vinegar,  and  then  of  a  little  pot¬ 
afs,  to  the  mixture. 

Acetite  of  lead  occafioned  a  reddifh  precipitation, 
which  rediffolved  on  adding  a  little  nitric  acid. 

Nitrat  of  mercury  produced  a  whitifh  turbid  liquor. 
Oxalic  acid  produced  immediately  the  precipitation 
of  white  acicular  cryftals,  owing  probably  to  the  pre- 
fence  of  a  little  lime  in  the  liquid. 

Tartrite  of  potafs  produced  a  precipitation  not  un¬ 
like  what  takes  place  on  adding  tartarous  acid  to  tar¬ 
trite  of  potafs  (u)  ;  but  it  did  not  diffolve  again  on 
adding  potafs. 

Such  were  the  properties  of  this  acid  difcovered  by 
Dr  Pearfon.  Its  deftrudibility  by  fire,  and  its  afford¬ 
ing  carbon,  diftinguilh  it  from  all  the  acids  defcribed 
in  this  article  before  the  acetous ;  and  its  peculiar  fmell 
when  heated,  its  precipitating  tartrite  of  potafs  with¬ 
out  forming  tartar,  its  bitterifh  tafte,  and  its  beingcon- 
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verted  into  vapour  at  the  temperature  of  200®,  diftin- 
guifh  it  Irom  all  the  acids  hitherto  examined  *  * 

Sect.  XXV.  Of  Pyromucous  Add. 


— V— 

♦  Phil. 

Pyromucous  (v)  acid  is  procured  by  diftilling  fugarp^a^S* 
or  any  of  the  fweet  juices.  As  they  foam  very  ly^g.^od of 

the  retort  fhould  be  large,  and  feven-eighths  of  it  empty,  obtaining 
A  prodigious  quantity  of  carbonic  acid  and  carbonated  pyromu- 
hydrogen  gas  is  difengaged  :  A  very  thin  light  coal  re-cous  acid* 
mains  behind  in  the  retort.  Morveau  found  the  glafs 
of  the  retort  attacked.  The  quantity  of  fiigar  diftilled 
was  2304 grains;  the  coal  weighed  982  grains.  There 
were  428  grains  of  a  brown  liquor  in  the  receiver,  con* 
fifting  moftly  of  an  acid  phlegm.  1.  his  rediftilled  gave 
3^3  grains  of  a  liquor  almoft  limpid,  the  fpecific  gra¬ 
vity  of  w^hich  was  1,0115  at  the  temperature  of  77^ 

It  reddened  blue  paper.  This  acid  may  be  concentra¬ 
ted  by  freezing,  or  by  combining  it  with  fome  bafe,. 
potafs,  for  inftance,  and  decompollng  the  compound  by 
a  ftroiiger  acid,  as,  for  example,  the  fulphuric.  ^ 

It. has  a  very  {harp  tafte.  When  expofed  to  heat  in  proper* 
open  vcffels,  it  evaporates,  leaving  a  brown  fpot.  Dif-ties, 
tilled  in  clofe  veffels,  it  leaves  charcoal  behind  it. 

It  does  not  diffolve  gold  as  Schrickel  and  Lemery 
and  feveral  other  chemifts  affirmed. 

It  does  not  attack  filver  nor  mercury,  nor  evCii  their 
oxides  f.  It  corrodes  lead,  and  forms  ftyptic  and  long  \  SdricM, 
cryftals.  Copper  forms  with  it  a  green  folution  :  With 
iron  it  forms  green  cryftals ;  with  antimony  and  zinc 
greenilh  folutions.  5** 

The  compounds  which  it  forms  are  called  pyromu dies.  Comhina- 
Its  affinities,  according  to  Morveau,  are  as  follows : 

Potafs, 

Soda, 

Baryte?, 

Lime, 

Magnefia, 

Ammonia, 

Alumina, 

Jargonia  jl.  Vauqueltn^ 

Metallic  oxides  as  in  Julph.  add,  Ann.  de 
Water,  Cim.xxii. 

Alcohol. 

Sect.  XXVI.  0/  Pyrodlgnous  Add. 

It  is  well  known  that  the  fmoke  of  burning  wood  is  Method  of 
exceedingly  offenfive  to  the  eyes:  And  chemifts  have  obtaining 
lontr  ae:o  obferved,  that  an  acid  might  be  obtained  bypy*'®“^“ 
diftilling  wood.  .  %ousac.d. 

It  is  to  Mr  Goettling,  however,  and  to  the  Dijon 
academicians,  who  repeated  his  experiment,  that  we  4re 
indebted  for  what  knowledge  we  poffefs  of  the  peculiar 
properties  of  this  acid,  which,  becaufe  it  is  obtained 
from  wood  by  means  of  fire,  has  been  called  the  pyro* 
lignous  add  (  w).  It  appears  to  be  the  fame  from  what 
ever  kind  of  wood  it  is  obtained. 

Mr  Goettling  filled  an  iron  retort  with  pieces  of 
birch  tree  bark,  and  obtained  by  diftillation  a  thick, 
brown,  very  empyreumatic  acid  liquor.  This  liquor  he, 

allowed 


(u)  On  this  addition,  tartar,  or  acidulated  tartrite  of  potafs,  is  formed,  which  precipitates,  becaufe  it  is  very/ 
little  foluble  in  water.  The  addition  of  potafs  diffolves  it  again. 

(v)  Morveau  called  this  acid  fyrupous  acid,. 

(w)  Goettling  called  it  ligneous  acid. 


CreWs 

Jourfial^ 

1779. 
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Pyro.lig'  allowed  to  remain  at  reft  for  three  months,  and  then  fe- 
nous  Acid,  pjjiated  from  it  a  quantity  of  oil  which  had  rifen  to  the 
^  ”  top.  Bv  cliftllliiig  this  liquor  again,  and  then  fatura- 
ting  it  wiih  potafs,  and  evaporating  to  drynefs,  he  ob¬ 
tained  a  brown  faline  mais  ;  w^hich,  by  being  rcdiflbl- 
ved  in  water,  and  evaporated,  yielded  greyifh  white  cry- 
ftals :  Thefe  cryftals  were  compofed  of  pyro-lignous 
acid  and  potafs.  He  poured  upon  them,  by  little  and 
little,  a  quantity  of  fulphuric  acid  ;  and  by  applying  a 
gentle  heat,  the  pyro-lignous  acid  came  over  in  confider- 
able  purity 

The  Dijon  academicians  obtained  this  acid  from 
beech  wood  :  by  diftilling  55  ounces,  they  procured 
1 7  ounces  of  acid  ;  which,  when  redified  by  a  fecond 
524  diftillation,  was  of  the  fpecific  gravity  1,02083. 

It?  proper-  Jt  reddens  vegetable  colours :  when  expofed  to  a 
oation^s^and  takes  fire  and  is  deftroyed.  It  unites 

affinities.  with  alcohol. 

Its  compounde  are  called  pyroAignites, 

Its  affinities,  as  fixed  by  Mr  Eloy  Bourfier  de  Cler- 
vaux  and  Mr  de  Morveau,  are  as  follows : 

Lime, 

Barytes, 

Potafs, 

Soda, 

Magnefia, 

Ammonia, 

Oxide  of  zinc, 

- -  manganefe. 


- iron, 

- lead, 

tin, 

- cobalt, 

—  copper, 

- nickel, 

- arfenic, 

- bifmuth, 

— —  mercury, 
antimonyj 
filver, 

- gold, 

platinum, 


f  Vauque^ 
iirty  Ann,  dt 
Chim,  xxii. 

ftOS. 


Properties 
of  pyro-tar- 
tarous  acid. 
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they  are  obtained  from  vegetable  fubftances.  We  have  Vegetable 
placed  the  ladtic  and  faccholadlic  acids  in  the  fame  clafs ; 
becaufe  they  bear  a  ftrong  refemblance  to  vegetable  ~ 
acids,  and  becaufe  they  are  evidently  compofed  of  the 
fame  ingredients  with  them. 

Vegetable  acids  are  diftinguifhed  from  all  the  acids 
deferibed  in  the  beginning  of  this  chapter,  by  their  de-  by  fire, 
ftrudfibility  by  fire. 

There  is  no  circumftance  in  chemiftry  which  has  at-  Convert- 
tradfed  greater  attention  than  the  poffibility  of  convert- 
ing  the  various  vegetable  acids  into  each  other  by  means 
of  different  proceffes.  To  explain  what  paffes  during 
thefe  proceffes,  it  would  be  neceffary  to  know  exadfly 
the  component  parts  of  every  vegetable  acid,  the  man¬ 
ner  in  which  thefe  acids  are  combined,  and  the  affinities 
which  exift  between  each  of  their  ingredients.  This, 
however,  is  very  far  from  being  the  cafe  at  prefent. 

Though  a  vaJft  number  of  experiments  have  been  made 
on  purpofe  to  throw  light  on  this  very  point,  the  diffi¬ 
culties  which  were  to  be  encountered  have  been  fo  great, 
that  no  accurate  refults  have  yet  been  obtained. 

It  follows  from  thefe  experiments,  that  all  the  vege- Inquiry  tn- 
table  acids  are  compofed,  chiefly  at  leaft,  of  oxygen,  by- 
drogen,  and  carbon  ;  but  that  the  proportions  differ  in 
every  individual  acid.  We  fay  chiefly,  becaufe  it  has  clients.  ^ 
been  fufpedled  from  fome  phenomena,  that  one  or  two 
of  thefe  acids  contain  befides  a  little  azot.  Let  us  take 
a  view  of  what  is  at  prefent  known  of  the  compofition 
of  thefe  acids  in  their  order. 

1.  As  to  carbonic  acid,  its  compofition  has  been  af- 
certained  with  tolerable  accuracy  ;  it  confifts  of  about 
28  parts  of  carbon  and  72  of  oxygen. 

2.  By  diftilling  7680  grains  of  acetite  of  potafs.  Dr 
Higgens  obtained  the  following  produdls  ^  ; 


*  Higgens  Oft 

3862,994  grains, 

1473,564 
1047,6018 
78,0000 
180,0000 
340,0000 
726,9402 


Alumina, 

Jargonia  f  ? 

Sect.  XXVII.  Of  Pyro-tartarous  Acid, 

An  acid  may  alfo  be  obtained  by  diftilling  tartar  ;  It 
is  called  pyroAartarous  acid, . 

It  has  an  empyreumatic  tafte  and  odour  ;  reddens  the 
tindlure  of  turn  foie  ;  but  has  no  effect  on  that  of  violets. 

Little  is  known  concerning  this  acid,  except  that 
many  of  its  properties  are  the  fame  with  thofe  of  the 
pyro-lignous.;  and  Morveau  conjedlures  that,  if  pro¬ 
perly  purified,  it  would  probably  be  difeovered  to  be 
the  fame  with  it. 

The  conipounds  which  it  forms  are  called  ^pyro-tar- 
t  rites. 

Its  affinities  are  unknown,  Morveau  fuppofes  that 
they  are  the  fame  with  thofe  of  the  pyro-lignous  acid. 
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Vegetable  The  18  preceding  acids  are  all  (except  the  laftic 
■acids,  ^nd  faccholadic)  denominated  vegetable  acidsy  becaufe 


Potafs, 

Carbonic  acid  gas, 

Carbonated  hydrogen  gas, 

Refiduum,  confifting  of  carbon, 

on, . 

Water,  «  .  - 

Deficiency  (x), 

This  deficiency  Dr  Higgens  found  to  be  owing  to 
a  quantity  of  water  and  oil  which  is  carried  off  by  the 
claftic  fluids,  and  afterwards  depofited  by  them.  He 
calculated  it,  in  the  prefent  cafe,  at  700  grains  of  wa¬ 
ter  and  26,9402  grains  of  oil.  Now,  fince  acetite  of 
potafs  is  compofed  of  acetous  acid  and  potafs,  and  fince 
the  whole  of  the  potafs  remained  unaltered,  it  follows 
that  the  acetous  acid  was  converted  into  carbonic  acid 
gas,  carbonated  hydrogen  gas,  carbon,  oil,  and  water  ; 
all  of  which  are  compofed  of  oxygen,  hydrogen,  and 
carbon. 

Now  1473,564  gr.  of  carbonic  acid  gas  are  compofed 
of  1060,966  gr.  of  oxygen,  and  415,598  gr.  of  carbon. 

1047,6018  grains  of  carbonated  hydrogen  gas,  from 
a  comparifon  of  the  experiments  of  Dr  Higgens  and 
Lavoifier,  may  be  fuppofed  to  confift  of  about  7 14,6008 
grains  of  carbon,  and  333*0010  of  hydrogen. 

200,9402  grains  of  oil  contain  163,4828  grains  of 
carbon  and  43,4574  grains  of  hydrogen. 

1040  grains  of  water  contain  884  grains  of  oxygen 
and  156  grains  of  hydrogen. 

Therefore 


{x)  For  29,1  grains  of  oxygen  gas  had  alfo  difappeared  from  the  air  of  the  veffels. 


Acids, 
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Vegetable  Therefore  3817,006  grains  of  acetous  acid  are  com- 
■■  pofed  of  1944,966  —  29,1  =  1915,866  grains  of 
oxygciij  j’22j45B4  grains  of  hydrogen,  and  1^68,6816 
grains  of  carbon.  Confequently  100  parts  of  acetous 
acid  are  compofed  of 

50,19  oxygen, 

13*94  hydrogen, 

35,87  carbon. 


100,00 

Thefe  numbers  can  only  be  confidered  as  approxima¬ 
tions  to  the  truth  ;  for  the  object  of  Dr  Higgens  vyas 
not  to  afeertain  the  proportions  of  the  ingredients  which 
compofe  acetous  acid;  and  therefore  his  experiments 
were  not  conduced  with  that  rigid  accuracy  which 
would  have  been  neceffary  for  that  purpofe. 

It  is  extremely  probable,  that  during  the  acetous 
fermentation,  or  the  converfion  of  alcohol  into  acetous 
^H^m7?tf^/,acid,  a  quantity  of  water  is  formed*  ;  and  it  is  certain 
CrelV 5  An--  that  oxygen  is  abforbed.  It  follows  from  this  that 
i;S6.  acetous  acid  contains  more  carbon  and  lefs  hydrogen 
than  alcohol.  Now  we  have  reafon,  from  Lavoifier's 
experiments,  to  believe  that  alcohol  is  formed  of 
51,72  oxygen, 

18,40  hydrogen, 

29,88  carbon. 

JjavoiTier  fuppofes  that  this  acid  contains  alfo  azot, 

3.  Acetic  acid  is  fuppofed  to  confift  of  the  fame 
bale  with  acetous  acid,  combined  with  a  larger  propor¬ 
tion  of  oxygen  ;  we  would  rather  fay,  that  it  is  ace¬ 
tous  acid  combined  with  oxygen. 

4.  When  oxalic  acid  is  diililled  with  fix  times  its 
weight  of  fulphuric  acid,  the  products  are  acetous  acid, 
fulphurous  acid,  carbonic  acid'gas;  and  fulphuric  acid 
remains  in  the  retort  f .  Hence  it  follo\vs,  that  oxalic 
acid  contains  more  carbon  than  acetous  acid ;  but  tiiat 

1785.  it  is  compofed  of  the  fame  ingredients.  It  has  been 
fuppofed  that  oxalic  acid  is  cornpofed  of  fugar  and  oxy- 


fCrell, 
your.  (le 


gen. 

of 


Now  fugar,  according  to  Lavoifier,  is  compofed 


Hydrogen,  .  -  -  -  8 

Oxygen,  -  -  -  -  64 

Carbon,  .  -  -  -  28 

Thefe  proportions  are  rather  unfavourable  to  that 
notion  ;  at  lead  if  any  dependence  can  be  put  in  the 
compofition  of  acetous  acid  as  deduced  from  the  expe¬ 
riments  of  Dr  Higgens. 

5.  Hermftadt  dilTolvcd  four  ounces  of  tartarous  acid 
in  16  ounces  of  water,  and  kept  the  folution  in  a  veffel 
covered  with  paper  in  a  warm  place.  In  three  months 
the  tafte  of  the  folution-  was  changed,  and  the  air  in  the 
upper  part  of  the  vefTcl  was  found  to  be  carbonic  acid. 
In  fix  months  the  folution  was  converted  into  acetous 
acid.  It  follows,  from  this-  experiment^  that  tartarous 
acid  contains  more  carbon  than  acetous  acid,  and  that 
their  ingredients  are  the  fame.  If  any  doubts  fhould 
remain,  the  following  experiment  is  fuflicient  to  remove 
them.  Weftrum  mixed  ftrong  fulphuric  acid  with  tar¬ 
tarous  acid,  and  added  manganefe  ;  acetous  acid  was 
produced,  and  a  great  quantity  of  carbonic  acid  gas 
was  difengaged.  When  nitric  acid  is  diftillcd  off  tar¬ 
tarous  acid,  it  is  converted  into  oxalic  acid,  as  Scheele 
firft  proved.  Hence  it  has  been .  fuppofed  by  fome, 
that  oxalic  acid  differs  from  tartarous  merely  in  contain¬ 
ing  more  oxygen  :  but  this  is  very  far  indeed  from  be- 
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ing  proved.  According  to  Haffenfratz,  tartarous  acid 
contains  a  confiderable  quantity  of  azot.  ^  ^  ^ V /  ^ 

6.  When  citrat  of  lime  is  allowed  to  remain  in  a 
bottle  flightly  corked  along  with  a  little  alcohol,^  the 
citric  acid  is  gradually  converted  into  acetous  acid 
Weftrum  converted  it  into  oxalic  acid  by  means  of  ni¬ 
tric  acid. 

7.  Malic  acid  was  converted  into  oxalic  by  means  of 
nitric  acid  by  Scheele.  It  has  been  fuppofed  to  con- 
tain  more  oxygen  than  oxalic  acid.  Some  of  it  is  al¬ 
ways  formed  during  the  common  procefs  of  converting 
fugar  into  oxalic  acid.  Were  we  to  judge  from  an  ex¬ 
periment,  which,  however,  was  not  performed  with 
fufficient  accuracy,  we  would  conclude  that  the  bafe  of 
malic  acid  is  gum  ;  for  by  diftilling  two  parts  of  weak 
nitric  acid  off  one  part  of  gum  in  a  very  fmall  heat,  we 
obtained  a  quantity  of  acid  more  in  weight  than  the 
gum,  which  exhibited  feveral  of  the  diftinguiftiing  pro¬ 
perties  of  malic  acid.  It  was  exceedingly  light,  white, . 
and  fpongy,  and  attra<fted  water  very  quickly  from  the 
atmofphere,  and  could  not  afterwards  be  brought  by 
evaporation  to  its  former  ftate. 

8.  Scheele  converted  ladic  acid  into  acetous  by  mere 
expofure  to  the  atmofphere,  and  found  that  a  quan¬ 
tity  of  carbonic  acid  was  difengaged.  Hence  this  acid 
is  merely  the  acetous  with  a  fmaller  proportion  of  car¬ 
bon. 

9.  The  gallic  acid,  we  have  feen,  contains  more  car¬ 
bon  than  any  of  the  others. 

10.  Nothing  is  known  concerning  the  compofition  of 
the  benzoic  and  fiiccinic  acids,  Hermftadt  fays  he 
converted  benzoic  acid  to  oxalic  by  means  of  nitric  acid  :  - 
but  Morveau  did  not  obferve  that  any  change  was  pro¬ 
duced. 

1 1 .  The  bafe  of  camphoric  is  probably  camphor. 

Though  thefe  eighteen  are  the  only  acids  which  have 

hitherto  been  examined  with  attention,  it  cannot  be 
doubted  that  the  number  of  vegetable  acids,  either  ex- 
ifting  naturally,  or  at  leaft  capable  of  being  . formed  by 
art,  is  confiderably  greater.  Morveau  has  lately  afeer- 
tained,  that  the  red  colours  of  flowers  are  owing  to 
acids  :  This  had  already  been  conjedlured  by  Linnasus, 

Sect.  XXVIIL  Of  Prujtc  Acidic 
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About  the  beginning  of  the  prefent  century,  Dief-Difcovfrjr 
bach,  a  chemift  of  Berlin,  wifliing  to  precipitate  a  folu- 
tion  of  cochineal  mixed  with  a  little  alum  and  fulphat^^“^‘ 
of  iron,  borrowed  from  Dippel  fome  potafs,  from  which 
that  chemift  had  difttlled  feveral  times  his  onhnal  oil. 

On  pouring  in  the  potafs,  Diefbach  was  furprifed  to  fee, 
inftead  of  the  red  precipitate  which  he  had  expected,  a 
beautiful  blue  powder  falling  to  the  bottom  of  the  veflel. 

By  refle61ing  on  the  materials  which  he  had  employed, , 
he  eafily  difeovered  the  method  of  procuring  the  blue 
powder  at  pleafure  f .  TJiis  powder  was  called  PruJJtan  , 
lluey  fi:om  the  place  where  it  was  difeovered^  It  was  300 
announced  iti^  the  Berlin  Memoirs  .for  17 10  ;  but  the 
procefs  was  concealed,  becaufe  it  had  become  a  lucra¬ 
tive  article  of  commerce.  A  method  of  preparing  it, 
however,  was  publiflied  by  Woodward  in  the  Philofo-prep^J^i^.g 
pliical  Tranfa6lions  for  1724,  which  he  faid  he  had  got  it. 
from  one  of  his  friends  in  Germany..  This  method  was 
as  follows  :  Detonate  together  4  ounces  of  nitre  and  as 
much  tartar,  in  order  to  procure  an  extemporaneous  al¬ 
kali  ;  then  add  4  ounces  of  dried  bullock's  blood,  mix 
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^  the  Ingrccllenta  well  together,  and  put  them  Into  a  cru* 
cible  covered  with  a  lid,  hi  whicli  there  is  a  fmall  hole  ; 

'  calcine  with  a  moderate  fire  till  the  blood  emits  no  more 
fmoke  or  flame  capable  of  blackening  any  white  body 
expofed  to  it  :  Increafe  the  fire  towards  the  end,  fo  that 
the  whole  matter  contained  in  the  crucible  fhall  be  mo¬ 
derately  but  fenfibly  red.  In  this  ftate  throw  it  into 
two  pints  of  water,  and  boil  it  for  half  an  hour.  De¬ 
cant  off  this  water,  and  continue  to  pour  on  more  till 
it  come  off  Infipid.  Add  all  thefe  liquids  together,  and 
boll  them  down  to  two  pints.  Diffolve  two  ounces  of 
fulphat  of  iron  and  eight  ounces  of  alum  in  two  pints 
of  boiling  water  ;  mix  this  with  the  former  liquor  while 
both  are  hot.  An  effervefcence  takes  place,  and  a  pow¬ 
der  is  precipitated  of  a  green  colour  mixed  with  blue. 
Separate  this  precipitate  by  filtration,  and  pour  muria¬ 
tic  acid  upon  it  till  it  becomes  of  a  beautiful  blue  ;  then 
wafh  it  with  water  and  dry  it. 

Different  explanations  were  given  of  the  nature  of 
this  precipitate  by  different  chemlfls.  All  of  them  ac¬ 
knowledged  that  it  contained  iron,  but  to  account  for 
the  colour  was  the  difficult  point.  Brown,  and  Geof¬ 
frey ,  «nd  Neumann,  difeovered  in  fucceffion,  that  a  great 
many  other  animal  fubflances  befides  blood  communica¬ 
ted  to  alkalies  the  property  of  forming  Pruffiaa  blue. 
IVlacquer  undertook  an  examination  of  this  fubftance, 
and  publifhed  the  refult  of  his  experiments  in  the  Me- 
33^  moirs  of  the  French  Academy  for  1752* 

Its  compo  Ide  obferved  that,  when  alkali  is  added  to  a  folu- 
of  iron  in  any  acid,  the  iron  is  precipitated  of  a 
colour,  and  folnble  in  acids  ;  but  if  iron  be  pre- 
acquer.  from  an  acid  by  an  alkali  prepared  as  above 

deferibed,  by  calcination  wuth  blood  (which  has  been 
called  a  Prujfian  alkali it  is  of  a  green  colour.  Acids 
diffolve  only  a  part  of  this  precipitate,  and  leave  behind 
an  infoluble  powder  wdiich  is  of  an  intenfe  blue  colour. 
The  green  precipitate  therefore  is  compofed  of  two  dif¬ 
ferent  fubflances,  one  of  which  is  Pruffian  blue  ;  the 
other,  as  he  afeertained  by  experiment,  is  the  brown  or 
yellow  oxide  of  iron  :  and  the  green  colour  is  owing  to 
the  mixture  of  the  blue  and  yellow  fubflances.  When 
heat  is  applied  to  the  infoluble  precipitate,  its  blue  co¬ 
lour  is  deflroyed,  and  it  becomes  exadlly  fimilar  to  com¬ 
mon  oxide  of  iron.  It  is  compofed  therefore  of  iron  and 
fome  other  fubftance,  which  heat  has  the  property  of 
driving  off.  If  this  infoluble  precipitate  be  boiled  with 
a  very  pure  alkali,  it  lofes  its  blue  colour  alfo,  and  at  the 
fame  time  the  alkali  acquires  the  property  of  precipita¬ 
ting  of  a  blue  colour  folutions  of  iron  in  acids,  or  it  has 
become  precifely  the  fame  with  the  Pruffian  alkali. 
Pruffian  blue,  therefore,  is  compofed  of  iron  and  fonie- 
thing  which  a  pure  alkali  can  feparate  from  It,  fomething 
which  has  a  greater  affinity  for  alkali  than  for  iron. 
By  boiling  a  quantity  of  alkali  with  Pruffian  blue,  it 
may  be  completely  faturated  with  this  fomething,  which 
we  fhall  call  colouring  matter^  and  then  it  has  loft  all 
its  alkaline  properties.  No  acid  can  feparate  this  co¬ 
louring  matter  from  iron  after  it  is  once  united  with  it. 
When  iron  diffolved  in  an  acid  is  mixed  with  an  alkali 
faturated  with  the  colouring  matter,  a  double  decompo- 
fition  takes  place,  the  acid  unites  with  the  alkali,  and 
the  colouring  matter  with  the  iron,  and  forms  Pruffian 
blue.  The  reafon  that,  in  the  common  method  of  pre¬ 
paring  Pruffian  blue,  a  quantity  of  yellow  oxide  is  pre¬ 
cipitated,  is,  that  there  is  not  a  fufficient  quantity  of  co- 
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louring  matter  (for  the  alkali  is  never  faturated  with  it)  Pruflic 
to  faturate  all  the  iron  difplaced  by  the  alkali;  a  part  of , 
it  therefore  is  mixed  with  Pruffian  blue.  Muriatic  acid  ^ 

diflblves  this  oxide,  carries  it  off,  and  leaves  the  blue  in 
a  ftate  of  purity.  Such  were  the  conclufions  which 
Macquer  drew  from  his  experiments ;  experiments  which 
not  only  difeovered  the  compofition  of  Pruffian  blue, 
but  threw  a  ray  of  light  on  the  nature  of  affinities, 
which  has  contributed  much  towards  the  advancement 
of  that  Important  branch  of  clieiniftry. 

The  nature  of  the  colouring  matter,  however,  was  ftill 
unknown.  Macquer  himfelf  fuppofed  that  it  was  pure 
phlogifton  ;  but  the  opinion  was  untenable.  Pie  had 
fhewn  that  it  pofTeffed  the  property  of  forming  neutral 
falts,  and  therefore  Bergman  and  Morveau  fufpeded 
that  it  was  an  acid. 

Scheele  undertook  the  tafle  of  examiiiing  its  nature, 
and  publifhed  the  refult  of  his  experiments  in  the  Stock¬ 
holm  Tranfaclions  for  1782. 

He  obferved  that  the  Pruffian  alkali,  after  being  ex- 
pofed  for  fome  time  to  the  air,  loft  the  property  of  form¬ 
ing  Pruffian  blue ;  the  colouring  matter  rnuft  therefore 
have  left  it.  ^  ^  333 

He  put  a  fmall  quantity  of  it  into  a  large  glafs  globe, Decompo- 
corked  it  up,  and  kept  it  fome  time  ;  but  no  changefed  by 
was  produced  either  In  the  air  or  the  Pruffian  alkali, Scheele, 
Something  muft  therefore  difplace  the  colouring  matter 
when  the  alkali  is  expofed  to  the  open  air,  which  is 
not  prefent  In  a  glafs  veflel.  Was  it  carbonic  acid  gas  ? 

To  afeertain  this,  he  put  a  quantity  of  Pruffiaa  alkali 
into  a  glafs  globe  filled  with  that  gas,  and  in  24  hours  the 
alkali  was  incapable  of  producing  Pruffian  blue.  It  is 
therefore  carbonic  acid  gas  whicli  difplace  s  the  colour¬ 
ing  matter.  He  repeated  this  experiment  with  this  dif¬ 
ference,  that  he  hung  in  the  globe  a  bit  of  paper  which 
had  been  previoufly  dipped  into  a  folution  ot  fulphat  of 
iron,  and  on  which  he  had  let  fall  tw'o  drops  of  an  alka¬ 
line  lixivium,  in  order  to  precipitate  the  iron.  This 
paper  was  taken  out  in  two  hours,  and  became  covered 
with  a  fine  blue  on  adding  a  little  muriatic  acid.  Car¬ 
bonic  acid,  then,  has  the  poperty  of  feparating  the  co¬ 
louring  matter  from  alkali  without  decompofing  it.  3-34 

He  found  alfo  that  other  acids  produced  the  fame  ef- The  coloar- 
fe<ft.  The  colouring  matter  then  may  be  obtained 
haps  in  a  feparate  ftate.  He  accordingly  made  a  num-  ^  * 
her  of  attempts  to  procure  it,  and  at  laft  difeovered  the 
following  procefs  :  He  boiled  together  for  fome  minutes 
two  ounces  of  Pruffian  blue  in  powder,  one  ounce  of 
the  red  oxide  of  mercury,  and  fix  ounces  of  water  ;  then 
palled  the  whole  through  a  filter,  and  waftied  the  refi- 
duum  with  two  ounces  of  boiling  water.  The  oxide  of 
mercury  has  a  greater  affinity  for  the  colouring  matter 
than  the  oxide  of  iron  ;  it  therefore  unites  with  it,  and 
forms  with  it  a  fait  foluble  in  water.  The  iron  remains 
behind  upon  the  filter,  and  the  liquid  Is  a  folution  of  the 
colouring  matter  combined  with  mercury.  He  poured 
this  folution  upon  half  an  ounce  of  pure  iron-filings,  and 
added  at  the  fame  time  three  grains  of  fulphuric  acid. 

The  iron  feparates  the  oxygen  from  the  mercury,  m 
order  to  combine  with  the  fulphuric  acid;  the  mercui7 
is  precipitated  in  its  metallic  Hate,  and  leaves  behind  it 
a  quantity  of  fulphat  of  iron  and  of  colouring  matter 
diffolved  in  water,  but  not  combined,  as  the  colouring  ^ 
matter  is  unable  to  feparate  the  iron  from  the  acid  . 

He  then  diftilled  in  a  gentle  heat ;  the  colouring  mat-  cbimh,  u 

ter  30. 
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Priifiic  ter  came  over  by  the  time  that  one-fourth  of  the  liquor 
Acid.  pafied  into  the  receiver.  It  was  mixed,  however, 

“v  '^with  a  fmall  quantity  of  fulphuric  acidj  from  which  he' 
feparated  it  by  diftiiling  a  fecond  time  over  a  quantity 
of  carboiiat  of  lime.  The  fulphuric  acid  combines  with 
the  lime  and  remains  behind,  which  the  colouring  mat¬ 
ter  cannot  do,  becaufe  carbonic  acid  has  a  llronger  affi- 
nity  for  lime  than  it  has.  Thus  he  obtained  the  colour¬ 
ing  matter  in  a  date  of  purity. 

Its  compo-  remained  now  to  difcover  its  component  parts.  He 
ucnt  parts,  formed  a  very  pure  Pruflianblue,  which  he  dillilled,  and 
increafed  the  fire  till  the  veffel  became  red.  The  fmall 
quantity  of  water  which  he  had  put  into  the  receiver 
contained  a  portion  of  the  blue  colouring  matter  and  of 
ammonia  ;  and  the  air  of  the  receiver  confided  of  azot, 
carbonic  acid  gas,  and  the  colouring  matter.  He  con¬ 
cluded  from  this  experiment,  that  the  colouring  matter 
was  compofed  of  ammonia  and  carbon.  He  mixed  to¬ 
gether  equal  quantities  of  poun'ded  charcoal  and  potafs, 
put  the  mixture  into  a  crucible,  and  kept  it  red  hot  for 
a  quarter  of  an  hour :  he  then  added  a  quantity  of  fal 
ammoniac  in  fmall  pieces,  which  he  piidied  to  the  bot¬ 
tom  of  the  melted  mixture,  kept  it  in  the  fire  for  two 
minutes  till  it  had  ceafed  to  give  out  vapours  of  ammo¬ 
nia,  and  then  threw  it  into  a  quantity  of  water.  The 
folutioii  podefied  all  the  properties  of  the  Pruflian  al¬ 
kali.  Thus  Mr  Scheele  fucceeded  in  forming  the  co¬ 
louring  matter  ;  and  it  was  confidered  as  proved  that  it 
was  compofed  of  ammonia  and  carbon. 

But  after  the  publication  of  Scheele^s  experiments, 
it  was  difcovered  that  ammonia  itfelf  is  compofed  of 
azot  and  hydrogen.  It  became  therefore  a  queftion. 
Whether  ammonia  entered  into  the  compofition  of  this 
fubftance,  or  merely  its  ingredients  ?  Whether  it  was 
compofed  of  ammonia  and  carbon,  or  of  azot,  hydro¬ 
gen,  and  carbon  combined  in  a  different  mariner  ?  This 
point  has  been  decided  by  the  following  experiments ; 
Mr  Clouet  made  a  quantity  of  ammoniacal  gas  pafs 
through  a  red  hot  porcelain  tube  filled  with  charcoal, 
and  by  this  procefs  formed  a  quantity  of  the  colouring 
matter  *.  Here  the  temperature  was  fo  high  that  the 
ammonia  muff  have  been  decoinpofed;  and  the  colouring 
matter  cannot  be  formed  by  combining  ammonia  and 
charcoal  except  at  a  temperature  equally  high.  There 
is  reafon  therefore  to  fuppofe  that  the  ammonia  is  de- 
compofed.  When  oxy-muriatic  acid  is  mixed  with  the 
colouring  matter,  it  communicates  to  it  a  quantity  of 
exygen,  and  caufes  it  in  confequence  to  affume  very  dif¬ 
ferent  properties.  When  a  fixed  alkali  or  lime  is  added 
to  it  in  this  ftate,  it  is  immediately  decompofed,  and 
converted  into  ammonia  and  carbonic  acid  gas.  The 
colouring  matter  in  this  ftate  contains  all  the  ingredients 
neceffary  to  form  thefe  two  fubftances,  namely,  azot, 
hydrogen,  carbon,  oxygen  :  but  in  order  to  induce  the 
ingredients  to  form  thefe  two  compounds,  the  afiiftance 
of  an  alkali  or  lime  to  combine  with  the  carbonic  acid 
is  neceffary  ;  juft  as  fulphur  combines  more  eafily  with 
oxygen  when  united  with  an  alkali  or  with  iron  than 
when  feparate  f . 
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The  colouring  matter,  then,  which  we  fliall  hence- 
forth  call  the  Prujftc  aetdy  is  compofed  of  azot,  hydro¬ 
gen,  arid  carbon;  but  the  proportions  of  thefe  ingredients 
have  nc_  yet  been  determined.  It  is  confidered  as  an 
acid,  though  the  prefence  of  oxygen  has  not  been  pi’ovcd, 
becaufe  it  has  the  property  of  forming  neutral  falls  with 
the  fame  bafes  as  other  acids. 

The  Pruffic  acid  is  exceedingly  volatile,  and  evident- Properties 
ly  capable  of  exifting  in  a  gafeous  ftate.  It  has  a  pecii-  f  Pruffic 
liar  odour,  not  difagrecable,  and  which  has  been  com-^cid. 
pared  to  the  flowers  of  the  peach.  It  has  a  fweetilh 
and  fomewhat  hot  tafte,  and  excites  cough*.  *  ScheeU, 

It  has  no  affinity  for  alumina  nor  for  alcohol  f ,  |  Morveaj, 

This  fiibftancc  differs  exceedingly  in  its  a6lion  from 
all  other  acids. 

It  is  capable  of  combining,  like  them,  with  earths, 
alkalies,  and  metallic  oxides,  and  of  forming  compounds  on  other 
which  have  been  denominated  Prujfiats.  But  it  enters  bodies, 
much  more  readily  ii*.to  triple  compounds  with  alkalies 
or  earths,  and  metallic  oxides,  than  into  combinations 
with  earths  or  alkalies  feparately  ;  and  though  its  affi¬ 
nity  appears  to  be  greater  for  alkalies  and  earths  than 
for  metallic  oxides,  yet  when  in  a  free  or  gafeous  ftate  it 
does  not  enter  into  combinations  with  earths,  or  alkalies 
without  difficulty,  and  it  is  feparated  from  them  much 
more  eafily  than  from  metallic  oxides.  Mere  expofnre  to 
the  light  of  the  fun,  or  to  a  heat  of  i  ic°,  is  fufficient 
for  that  purpofe. 

Its  affinities  are  fuppofed  to  be  as  follow's :  538 

Potafs,  lt3  affini- 

Soda, 

Ammonia, 

Lime, 

Barytes, 

Magnefia, 

Oxide  of  zinc,  -  ‘ 


•  iron, 
manganefe, 


- cobalt, 

- nickel, 

- lead, 

- tin, 

- copper, 

— ~  bifmuth, 
antimony, 

- arfenic, 

- filver, 

-  mercury, 

- gold, 

—  platinum  (y). 


“I*  ^ertholleti 
ihij.  i. 


Sect.  XXIX.  Of  Formic  Acid^ 

In  the  15th  century  feveral  botanifts  obferved,  with 

aftonifhment,  that  the  flower  of  fuccory,  when  thrown 
into  an  ant  hill,  became  as  red  as  blood  :  But  it 
Mr  Fifher  who  firft  difcovered  that  ants  poffeffed  a 
peculiar  acid,  which  he  obtained  by  diftiiling  thefe  ani¬ 
mals.  His  experiments  were  piiblifhed  in  the  Philofophi- 
cal  Tranfadions  for  1 670.  Though  Hoffman  afterwards 
U  u  repeated 


(  v)  We  fufpea  that  this  is  not  the  real  order  of  the  affinities  of  this  acid;  the  metallic  oxides  ought  probably 
to  be  placed  before  the  alkalies  and  earths,  and  the  metallic  Pruffiats  ought  to  occupy  the  place  which  is  at  pre- 
fent  filled  by  the  metallic  oxides.  The  rcafons  for  this  conjedure  will  appear  afterwards.  See  Part  III.  chap,  ii* 
fed.  23.  of  this  article.  ‘ 
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repeated  his  procefs,  little  was  known  concerning  the 
nature  of  this  acid  till  Margraf  undertook  its  exarnina- 
tion,  and  publiilied  his  experiments  in  the  Berlin  Me- 

moirs  for  1 749.  .  ,  ,  r  •  '  i  • 

The  fpecles  of  ants  from  which  the  formic  acid  is 

obtained  is  the  formica  rufa,  which  refide  moll  common¬ 
ly  in  woods,  or  at  leaft  in  elevated  and  dry  places. 
They  have  been  found  to  contain  the  greateft  quantity 
of  acid  in  the  months  of  June  and  July.  If  at  that 
feafon  one  of  thefe  animals  be  prefled  upon  paper  tin¬ 
ged  with  turnfole,  It  changes  the.  colour  of  it  to  a  moll 
lively  red:  they  even  fometimes  llaiii  it  merely  by  crawl- 

KAO  .  .  r  •  *  1 

Methods  of  There  are  two  methods  of  obtaining  the  formic  acid, 
obtaining  diftillation  and  lixiviation. 

When  the  firft  method  is  to  be  employed,  the  ants 
are  to  be  waflied  clean,  dried  with  a  gentle  heat,  put  in¬ 
to  a  retort,  and  diftilled  with  a  moderate  heat,  gradual¬ 
ly  iiicreafed  till  all  the  acid  has  come  over.  ^  It  is  mix- 
ed  witli  an  empyreumatic  oil,  from  which  it  is  fepaiated 
by  pafiing  it  through  a  ftralner  prevloufly  moillened 
with  water.  By  this  procefs  Meflrs  Ardviflbn  and 
Oehrn  obtained  from  a  pound  of  ants  yl-  ounces  of  acid, 
the  fpecific  gravity  of  which,  at  the  temperature  of  60^^, 

♦  fl«was  1,007  c  Morveau  obtained  from  49  ounces  of 

tuicid'of  ants  23  ounces  of  pretty  ftrong  aci'df.  Margraf  added 
Ant!,iTJT,  a  quantity  of  water;  but  it  is  evident  that  this  lerves 
merely  to  weaken  the  acid. 

When  the  other  method  is  preferred,  the  ants  are  to 
>r  Art,,  be  wafhed  in  cold  water,  put  upon  a  clean  linen  cloth, 
and  boiling  water  poured  on  them  repeatedly  till  it  can 
extraft  no  more  acid.  The  linen  is  then  to  be  ^ueezed, 
and  the  feveral  liquors  mixed  and  filtrated.  1  his  me¬ 
thod  was  firft  ufed  by  Ardviflbn  and  Oehrn  :  they  ob¬ 
tained  from  a  pound  of  ants  an  acid  liquor  which  had 
more  fpecific  gravity  than  common  vinegar.  It  is  to 
be  purified  from  the  oil  which  adheres  to  it  by  repeated 
diftillations.  After  four  diftillations  the  empyreumatic 
oil  ftill  manifefts  its  prefence  by  its  fmcll,  but  this  fmell 
vanilhes  if  the  acid  be  expofed  for  fome  time  to  the  air ; 
a  quantity  of  eflential  oil,  however,  ftill  remams,  which 
cannot  be  feparated.  The  fpecific  gravity  of  the  acid 

thus  reftified  is  1,0011  ,  ,  tr  ir  j 

Hermftadt  employed  a  third  method.  He  expreffed 
the  iuice  of  dry  ants,  and  by  this  means  obtained  from 
2lbl  of  thefe  animals  21  oz.  2  dr.  of  juice,  which  on 
diftillation  yielded  a  clear  pure  acid,  equaljn  ftrengthto 

very  concentrated  vinegar  J.  _ 

This  acid  feems  to  be  capable  of  afibming  a  gafeous 
form  ;  at  leaft  Hermftadt  obferved,  that  when  he  put 
fome  of  it  into  a  bottle  with  a  glafs  ftopper,  the  ftop- 
per  was  frequently  railed  by  an  elaftic  fluid 
its  efcape,  and  that  after  fome  days  it  had  loft  its  fmell  ||. 
When  this  acid  is  boiled  with  nitric  acid,  a  gas  is  extri¬ 
cated,  which  renders  lime-water  turbid,  and  has  a  very 

acid  lias\  ftrong  but  not  unpleafant  fmell,  a  «uf- 
tic  tafte,  and  when  much  diluted  a  pleafant  acidity^  When 
»  moft  concentrated,  its  fpecific  gravity  is  1,0453  *. 

^  *  One  part  of  this  acid,  mixed  with  75  parts  of  water, 

gives  a  faint  red  to  fyrup  of  violets  ;  mixed  with  430 
pans  of  water,  it  reddens  paper  coloured  with  turnfole; 
mixed  with  1300  parts  of  water,  it  produces  no  effed 
4  M.rvwv,  on 'the  infufion  of  turnfole  f.  It  mixes  readily  with  al- 
p.  ()i,  cohol. 
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It  unites  readily  with  the  other  acids.  When  boiled  Seliadc 
with  fulphuric  acid,  it  becomes  black.  White  acrid  va-  . 
pours  rife  when  the  mixture  becomes  hot;  and  when  it 
boils,  a  gas  rifes  which  unites  with  difficulty  to  water 
and  lime-water ;  the  formic  acid  is  again  obtained,  but 
its  quantity  is  diminifh^d  ***  Ibid, 

Nitric  acid  decompofes  it  altogether,  and  is  itfclf 
converted  into  nitrous  acid.  Muriatic  acid  does  not  al¬ 
ter  it.  Oxy-muriatic  ads  like  nitric  acid  f .  \  Ibid. 

Its  compounds  are  called  formiats,  34* 

Its  affinities  are  the  fame  with  thofe  given  above  for 
the  Pruflic  acid. 


pounds  and 
aflinities. 


Sect.  XXX.  Of  Sehactc  jicid. 
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Chemists  had  long  fufpeded  that  an  acid  could  be  Difeovery 
obtained  from  tallow,  on  account  of  the  acrid  nature  ofol  febacic 
the  fumes  which  it  emitted  at  a  high  temperature  ;  but  ’ 
it  was  M.  Gnitzmacher  who  flrfl  demonftrated  this  acid 
in  a  diflertation  De  OJfium  Medulla^  publifhed  in  1748}:.  t  leonbardI„ 
Mr  Rhodes  mentioned  it  in  i  753,  and  Segner  publifhed 
a  diflertation  on  it  in  1754,  and  Crell  examined  its  pro¬ 
perties  very  fully  in  two  diflertatloiis  publifhed  in  the 
Phil.  Tranf.  for  1780  and  1782.  It  was  called  at  firft 
acid  of  fat,  and  afterwards  fehaclc  acid. 

It  may  be  procured  by  heating  together  a  mixture  of 
fuet  and  lime.  Sebat  of  lime  is  formed,  which  may 
be  purified  by  folutlon  in  water.  It  is  then  to  be  put 
into  a  retort,  and  fulphuric  acid  poured  on  it.  Sebacic 
acid  pafles  over  on  the  application  of  heat. 

Sebacic  acid  has  an  acid,  fharp,  bitterlfh  tafte,  and  a  fts  proper- 
very  pungent  fmell.  It  reddens  tln£lure  of  litmus*.  ties, 

Heat  caiifes  it  to  aflume  a  yellow  colour. 

It  oxidates  filver,  mercury,  copper,  Iron,  lead,  tin, 
zinc,  antimony,  raanganefe. 

It  does  not  ad  upon  blfmuth,  cobalt,  nickel.  When 
mixed  with  nitric  acid  it  diflblves  gold. 

Its  compounds  are  called  febats.  545 

Its  affinities,  according  to  Morveau,  are  as  follows  : 

Barytes,  ties. 

Fotafs, 

Soda, 

Lime, 

Magnefia, 

Ammonia, 

Alumina, 

Jargonia  §,  §  Vauque^ 

Oxide  of  zinc,  im;Ann.d^ 

- manganefe^ 

— - -  iron, 

„ — —  lead. 


-  tin, 

— ^  cobalt, 

-  copper, 

- nickel, 

- arfenic, 

-  bifmuth, 

-  mercury, 

—  antimony, 

—  filver. 


Sect.  XXXI.  Of  Bomlyc  .Acid. 

Mr  Boissier  de  Saovages  obferved,  that  the  juice 
of  the  filkworm,  in  the  difeafe  called  in  France  mufea-  of  bombyc 
dine,  was  acid ;  and  Chauflier  remarked,  that  the  filk-  acid, 
worm,  after  being  converted  into  a  butterfly,  gives  out 
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a  liquor  which  turns  vegetable  blues  to  a  red.  He  found, 
that  during  the  time  that  the  animal  was  forming  its 
cocon,  the  acid  was  depofited  in  a  refervoir  near  the  a- 
nus.  By  means  'of  a  pair  of  fciffars  he  colleded  fome 
which  reddened  blue  paper,  united  with  alkalies  with 
elFervefcence,  and  even  attacked  the  fciiTars.  He  after¬ 
wards  colleded  it  by  infufing  the  chryfalids  in  alcohol, 
which  diflblved  the  acid,  but  left  the  impurities  un¬ 
touched. 

This  acid  has  never  been  examined  with  attention  ; 
fo  that  almoil  all  its  properties  are  unknown. 

Sect.  XXXII.  Of  Zooriic  Acid. 

Mr  Berthollet  has  obtained  a  peculiar  acid  by  di- 
ftilling  vegetable  and  animal  fubdances,  to  which  he  has 
given  the  name  of  the  %oonic  acid*.  Ke  procured  it  by 
*  Ann.  de  didllling  the  gluten  of  wheat,  the  yed  of  beer,  bones, 
Chim.  xxvi.  and  woollen  rags  ;  and  concludes,  therefore,  that  it  may 
be  produced  by  the  diftlllation  of  all  animal  fubftances. 

To  obtain  this  acid  pure,  he  .mixed  lime  w  ith  the  di- 
fiilled  liquid,  after  having  feparated  the  oil,  which  it 
alw^ays  contains  (for  the  produdl  of  the  dillillation  of 
animal  fubftances  is  chiefly  oil  and  carbonat  of  ammo¬ 
nia.)  He  boiled  this  mixture  till  the  carbonat  of  am¬ 
monia  w^as  exhaled  ;  he  then  filtered  it,  added  a  little 
more  lime,  and  boiled  it  again  till  the  fivieil  of  the  am¬ 
monia  had  gone  off  eintirely.  The  liquor,  which  now 
contained  only  zoonat  of  lime,  he  filtered  again,  and 
then  added  a  little  w^ater  impregnated  with  carbonic 
acid,  in  order  to  precipitate  any  lime  wdiich  might  hap¬ 
pen  to  ^e  diffolved  in  the  liquid  without  being  com¬ 
bined  vvl-h  the  zoonic  acid. 

After  concentrating  the  zoonat  of  lime,  he  mixed  it 
with  phofphoric  acid,  and  diftilled  it  in  a  retort.  At  a 
heat  nearly  equal  to  that  of  boiling  water,  the  zoonic 
548  acid  paffes  over  in  a  date  of  purity. 

Tt-  proper-  zoonic  acid  has  an  odour  like  that  of  meat  when 

frying,  and  it  is  a£lually  formed  during  that  procefs. 
It  has  an  auftere  tafle. 

It  gives  a  red  coloun  to  paper  tinged  with  turiifolc. 

With  alkalies  and  earths  it  produces  falts,  which  do 
not  appear  capable  of  cryftallizing. 

It  forms  a  white  precipitate  in  the  folutions  of  ace- 
tite  of  lead  and  nitrat  of  mercury. 

Part  of  the  zoonic  acid  feems  to  be  deftroyed  by  the 
a£fion  of  heat  during  the  diftlllation  of  the  zoonat  of 
lime  with  phofphoric  acid  ;  for  the  liquor,  which  is  in 
ebullition,  becomes  brown,  and  grows  black  at  the  end 
of  the  operation  ;  hence  Mr  Berthollet  concludes  that 
the  zoonic  acid  contains  carbon.  The  zoonat  of  filver, 
when  kept,  becomes  gradually  brown  ;  hence  he  con¬ 
cludes  that  the  acid  contains  hydrogen.  Thefe  conclu- 
lions  he  draws  from  a  very  ingenious  theory  of  his, 
which  has  been  already  defcribed  in  the  article  Bleach- 
^ Berthollet,  ING  in  this  Supplement f . ^ 

Am.  de  The  five  preceding  acids  have  obtained  the  name  of 
Chim.  xxvi.  animal  acids,  becaufe  they  are  all  obtained  from  the  ani- 
Anfmal  kingdom.  It  can  fcarcely  be  doubted  that  a  more 

acids.  accurate  examination  of  animal  fubftances  will  add  con- 
fiderably  to  the  number  of  thefe  acids. 

Sect.  XXXIII.  Of  Arfenlc  Acid. 

Arsenic  acid,  which  was  firft:  difcovered  by  Scheele, 
may  be  produced  by  funply  mixing  the  white  oxide  of 
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arfenic  with  oxy-muriatic  acid,  and  applying  a  heat  fuf- 
ficient  to  fublime  the  muriatic  acid.  The  theory  of 
this  operation  is  evident  ;  the  white  oxide  has  a  greater 
affinity  for  oxygen  than  muriatic  acid  has ;  of  courfe  Method  of 
it  combines  with  it,  and  is  thus  converted  into  arfenic 
acid,  and  the  muriatic  acid  is  eafily  fublimed  by  ^pply* 
ing  heat. 

Landriani  has  informed  us,  that  this  acid  may  be  al- 
fo  formed  by  fubliming  feveral  times  fucceffively  the 
white  oxide  of  arfenic,  and  taking  care  every  time  to  re¬ 
new  the  air.  This  procefs  is  equally  fimplc ;  the  oxide 
combines  at  a  high  temperature  with  the  oxygen  of  the 
atmofphere. 

This  acid  is  exceedingly  fixed.  When  expofed  to  proper* 
the  air  it  attracts  humidity,  and  at  laft  becomes  li-ties. 
quid.  At  the  temperature  of  60^^  it  diftblves  in  two- 
thirds  of  its  weight  of  water.  Its  folutioii  may  be  eva¬ 
porated  to  drynefs,  and  even  converted  into  a  glafs, 
which  attradls  moifture  from  the  air,  and  ads  power¬ 
fully  on  the  crucible. 

It  is  poifonous  as  well  as  the  white  oxide  of  arfe- 

nic*.  ,  .  .  .  ,  -  *Sch»U. 

When  expofed  to  a  red  heat,  it  is  partly  decompofed 
and  converted  into  white  oxide  of  arfenic  f.  \ld. 

It  does  not  ad  upon  gold,  platinum,  filver,  mer- 
cury. 

It  oxidates  copper,  iron,  lead,  tin,  zinc,  bifmuth, 
antimony,  cobalt,  nickel,  manganefe,  and  arfenic,  and 
in  a  very  ftrong  heat,  mercury  and  filver. 

According  to  Bertliollet’s  experiments,  arfenic  acid 
is  compofed  of  eight  parts  of  white  oxide  of  arfenic  and 
one  part  of  oxygen. 

Its  compounds  are  called  arfeniats. 

Its  affinities  are  as  follows  : 

Lime, 

Barytes, 

Magnefia, 

Potafs, 

Soda, 

Ammonia, 

Oxide  of  zinc, 

- —  manganefe, 

_ —  Iron, 

— - lead, 

- tin, 

. . — ■'  cobalt, 
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copper, 

nickel, 

bifmuth, 

mercury, 

antimony, 

filver, 

gold, 

platinum, 


Alumina, 

Jargonia  :j:  ? 

Water. 

S ECT.  XXXIV.  Of  Tungstic  Acid. 
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Tungstic  acid,  or  oxide  of  tungften,  was  firfl  <lh-p™?rties 
covered  by  Scheele ;  but  the  acid  which  he  examined  ©f  tungftic 
was  not  pure,  being  compofed,  as  Mr  Luyart  has  fhewn,  acid, 
of  nitric  acid,  ammonia,  and  tungftic  acid.  The  real 
acid  is  infoluble  in  water,  taftelefs,  and  incapable  of 
turning  vegetable  blues  red  till  it  has  been  firH  rendered 
U  u  X  foluble 
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JVIolybdic  folublc  by  being  partly  combined  with  ammonia.  It  is 
Acid.  Qf  ^  beautiful  yellow  colour,  which  becomes  blue  when 
^  expofed  to  the  light,  or  heated  violently  in  clofe  veflfels. 

It  does  not  recover  its  ydlow  colour  except  by  calcina¬ 
tion  in  the  open  air,  and  then  increafes^  in  weight. 
When  put  into  muriatic  acid  along  with  tin,  zinc,  or 
♦  Renman,  Iron,  the  liquor  becomes  blue  ,  Treated  with  acetous 
acid,  it  becomes  blue.  Whexi  reduced  to  a  glafs  with 
phofphat  of  foda,  the'  blue  colour  appears  and  difap- 
pears  according  as  the  blue  or  yellow  part  of  the  flame 
IS  direaed  to  it,  as  happens  to  manganefe.  ^  Probably 
this  blue  fubftane'e  is  an  oxide  of  tungften  with  a  fmal- 
554  ler  quantity  of  oxygen. 

Its  com-  Its  compounds  are  called  tungstats, 
pounds  and  affinities  are  as  follows  f  : 

affinities. 

Barytes, 

Magntfia, 

Potafs, 

Soda, 

Ammonia, 

Alumina, 

Jargoni'a  %  ? 

Sect.  XXXV.  Of  Molyhdic  Acid. 

Concrete  niolybdic  acid,  firft  difeovered  by  Scheele, 
is  white,  and  has  an  acid  but  metalHc  tafte.  Its  fpecific 
gravity  is  3,75  §.  It  is  not  altered  in  the  air.  When 
heated  in  a  crucible  till  it  is  beginning  to  melt,  it  ex- 
periences  no  alteration.  It  remains  fixed  even  in  a  great 
fire  as  long  as  the  crucible  is  covered  ;  but  the  moment 
it  is  uncovered  the  acid  rifes  unaltered  in  a  white  fmoke. 
It  diffolves  in  570  parts  of  water.  The  folution  red¬ 
dens  turnfole  ;  nitric  acid  does  not  affeft  it,  but  fulphu- 
ric  and  muriatic  acids  diflblve  it  by  the  affiftance  of 

^*lt'  may  be  prepared  by  treating  the  ore  of  molybde¬ 
num  with  nitric  acid,  and  wafhing  the  acid  when  form- 

cd  Ia  water.  ^  ,  i  r 

When  combined  with  potafs,  it  forms  a  colourlels 

fait.  ,  ,  ...... 

Mixed  with  filings  of  tin  and  muriatic  acid,  it  imme¬ 
diately  becomes  blue,  and  precipitates  flakes  of  the  fame 
colour,  which  difappear  after  fome  time,  if  an  excefs  of 
muriatic  acid  has  been  added,  and  the  liquor  alTumes  a 

brownifh  colour.  -  ,  ,  .  -  ,  . 

With  the  folution  of  nitrat  of  lead  it  forms  a  white 
precipitate,  folublc  in  nitric  acid.  _ 

When  mixed  with  a  little  alcohol  and  nitric  acid,  it 
does  not  change  its  colour.  c  •  c 

With  a  folution  of  nitrat  of  mercury,  or  of  mtrat  ot 
filver,  it  gives  a  white  flaky  precipitate. 

With  the  nitrat  of  copper  it  forms  a  greenifli  preci- 

^  With  folutions  of  fulphat  of  zinc,  muriat  of  bifmuth, 
muriat  of  antimony,  nitrat  of  nickel,  muriats  of  gold 
and  platinum,  it  produces  white  precipitates  when  thefe 
folutions  do  not  contain  an  excefs  of  acid. 

When  melted  with  borax,  it  gives  it  a  bluiffi  co- 

Paper  dipt  in  this  acid  becomes  in  the  fun  of  a  beaii- 
H  raujuelin^x.[{\ji[  blue  colour  [|. 

Vh'ilofQphicul  3ylphur  is  capable  of  partly  decompofing  it  by  heat. 
Its  compounds  are  called  nwlybdats. 

Its  affinities  are  unknown. 
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Sect.  XXXVI.  Of  Chromic  Acid, 

In  the  year  1770,  Mr  Pallas  difeovered  in  the  gold 
mine  of  Berefof,  near  Ekaterimbourg  in  Siberia,  a  mi- of 
neral  of  a  red  colour,  with  a  fhadeof  yellow,  cryftallized  the  red  lead 
in  fmall  acute  angled  quadrangular  prifms,  fometimesol  Siberia, 

fmootK,  fometimes  longitudinally  (freaked,  and  often 
hollow.  Mr  Macquart,  profefTor  of  medicine  at  Paris, 
who  in  1783  had  been  fent  to  the  north  by  the  French' 
government  in  order  to  colleft  mineralogical  inforrna- 
tion,  brought  with  him  a  quantity  of  this  mineral,  which 
has  been  diftinguifhed  by  the  name  of  red  lead  ore  of  Si¬ 
beria,  and  in  1789  analy  fed  four  ounces  of  it  along  with 
Mr  Vauquelin.  They  found  it  to  contain, 

.Lead  -  -  36^ 

Oxygen  -  -  37i 

Iron  -  -  24I 

Alumina  -  -  2 


1 00 


and  a  little  filver 

Mr  Blndheim  of  Mofeow  analyCed  it  foon  after, 
found  it  to  contain, 


Lead 

Molyhdic  acid 
Nickel 

Oxide  of  iron 
Air  and  water 
Silica 


60 

1 1,66 
5,66 
1 
5 

4»5 

87,82 


Jftrlagazine, 
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and  a  little  copper  and  cobalt  f .  f  Bert, 

Vauqutlin  examined  it  again  in  1797,  and  found 
that  all  the  former  analy fes  were  inaccurate.  2^11. 

A  hundred  parts  of  this  mineral,  reduced  to  a  fine 
powder,  were  mixed  with  300  parts  of  the  faturated 
carbonat  of  potafs,  and  about  4000  parts  of  water  ;  and 
this  mixture  was  expofed  for  an  hour  to  a  boiling  heat. 

He  obferved,  ift,  that  when  thefe  matters  began  to  ad 
upon  each  other  there  was  produced  a  (Irong  effervef- 
cence,  which  continued  a  long  time  j  2d,  that  the  o- 
range  colour  of  the  lead  became  a  brick  red  ;  3^>  that 
at  a  certain  period  the  whole  matter  feemed  to  dKTolve  ; 

4th,  that  in  proportion  as  the  effcrvefcence  advanced 
the  rnaiter  reappeared  under  the  form  of  a  granulated 
powder  of  a  dirty  yellow  colour  ;  liquor 

alTumed  a  beautiful  golden  yellow  colour.  When  the 
elfervefcence  had  entirely  fubfided,  and  appeared  to  have 
no  longer  any'  adlion  on  the  fubftauces,  the  liquor  was 
filtered,  and  the  metallic  dull  colkaed  on  the  paper. 
After  being  waffied  and  dried,  it  weighed  no  more  than 
78  parts:  the  potafs, therefore, had  taken  from  it  22parts. 

He  poured  upon  the  7^  parts  juft  mentioned  lome 
of  the  nitric  acid,  diluted  in  I2  parts  of  water,  which 
produced  a  briflt  effervefcence.  The  greater  part  of 
the  matter  was  diffolved  :  the  liquor  affumed  no  colour,, 
and  there  remained  only  a  fmall  quantity  of  powder  of 
an  orange-yellow  colour.  The  liquor  of  the  refiduum 
was  feparated  by  the  help  of  a  fyphon,  the  rnatter  wafh- 
ed  feveral  times,  and  the  wafhings  united  with  the  firft 
liquor.  This  refiduum,  dried,  weighed  no  more  than 
14.  parts  t  from  which  it  follows,  that  the  nitric  acid 

had  diftolved  64.  ^  , 

He  again  mixed  thefe  14  parts  with  42  parts  ot  the 

carbouat  of  potafs  and  the  neceftary  quantity  of  water, 

^  and 
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and  then  treated  them  as  before,  and  the  phenomena 
were  the  fame.  The  liquor,  after  being  filtered,  was 
united  to  the  former;  and  the  refiduum,  wafhed  and 
dried,  weighedmo  more  than  two  parts,  which  were  ftill 
red  lead,  and  therefore  thrown  away. 

The  two  nitric  folutions,  united  and  evaporated,  pro¬ 
duced  92  parts  of  nitrat  of  lead,  cryftallized  in  odahe- 
dra,  perfedly  white  and  tranfparent.  Thefe  92  parts 
of  nitrat  of  lead,  diffolved  in  water,  were  precipitated  by 
a  iolution  of  the  fulphat  of  foda.  This  produced  81 
parts  of  the  fulphat  of  lead,  which  were  equivalent  to 
56,68  of  metallic  lead. 

The  alkaline  liquors  were  found  to  contain  a  fait  com- 
pofed  of  potafs  combined  with  a  peculiar  acid,  which 
Mr  Vauquelin  afterwards  called  chromic  acid. 

Thefe  liquors,  fubjeded  to  evaporation  until  a  faline 
pellicle  was  formed  on  their  furface,  produced,  on  cool- 
ing,  yellow  cryftals  ;  among  which  there  was  a  carbonat 
of  potafs,  not  decompofed.  Thefe  cryftals,  diffolved  in 
v/ater,  and  the  folution  united  with  the  mother- water, 
the  whole  was  mixed  with  weak  nitric  acid  until  the 
carbonat  of  potafs  was  faturated.  The  liquor^  then 
had  a  very  dark  orange-red  colour.  Being  united  with 
a  folution  of  the  muriat  of  tin,  newly  made.  It  firfl:  af- 
fumed  a  brown  colour,  which  afterwards  became  green- 
ifh.  Mixed  with  a  folution  of  the  nitrat  of  lead,  it  im¬ 
mediately  produced  the  red  lead.  Laftly,  evaporated 
fpontaneoufly,  it  produced  ruby-red  cryftals,  mixed  with 
cryftals  of  the  nitrat  of  potafs.  Nlnety-eight  parts  of 
this  mineral,  decompofed  as  above-mentioned,  having 
produced  81  parts  of  the  fulphat  of  lead,  100  parts 
would  have  given  82,65,  which  are  equivalent  to  57,1 
of  metallic  lead.  But  admitting,  as  experiment  proves 
(fays  Mr  Vauquelin),  that  ico  parts  of  lead  abforb,  in 
combining  witli  acids,  I2  parts  of  oxygen,  the  57,1  of 
metallic  lead  ought  to  contain  in  the  red  lead  6,86  of 
this  principle,  and  we  ought  to  have  for  the  minerali¬ 
zing  acid '3  6,4. 

Chromic  acid  cryftallizes  in  the  form  of  elongated 
prifms  of  a  ruby  colour. 

When  mix^d  with  filings  of  tin  and  the  muriatic  acid, 
it  becomes  at  firft  yellowifti  brown,  and  afterwards  af- 
fumes  a  beautiful  green  colour. 

When  mixed  with  a  little  alcohol  and  nitric  acid,  it 
Immediately  affumes  a  bliilfh  green  colour,  which  pre- 
ferves  the  fame  fhade  even  after  deftccation.  Ether 
alone  gives  It  the  fame  colour. 

V/Ith  a  folution  of  nitrat  of  mercury,  It  gives  a  pre¬ 
cipitate  of  a  dark  cinnabar  colour. 

With  a  folution  of  nitrat  of  filver,  it  gives  a  precipi¬ 
tate,  which,  the  moment  it  is  formed,  appears  of  a  beau¬ 
tiful  carmine  colour,  but  becomes  purple  by  expofure 
to  the  light.  This  combination,  expofed  to  the  heat 
®f  the  blow  pipe,  melts  before  the  charcoal  is  Inflamed- 
It  affumes  a  blackifh  and  metallic  appearance.  If  it 
be  then  pulverifed,  the  powder  is  ftill  purple  ;  but  af¬ 
ter  the  blue  flame  of  the  lamp  is  brought  In  contact 
with  this  matter,  it  affumes  a  green  colour,  and  the  fil¬ 
ver  appears  in  globules  diffemlnated  throughout  its  fub- 
ftance. 

With  nitrat  of  copper,  it  gives  a  chefnut  red  preclpi- 
tate. 

With  the  folutions  of  fulphat  of  zinc,  muriat  of  bif- 
muth,  muriat  of  antimony,  nitrat  of  nickel,  and  muriat 
of  platinum,  it  produces  yellowifli  precipitates  when 
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thefe  folutions  do  not  contain  excefs  of  acid.  With 
muriat  of  gold,  it  produces  a  grecnifli  precipitate.  .  \ 

When  melted  with  borax  or  glafs,  it  communicates 
to  them  a  beautiful  emerald  green  colour. 

Paper  impregnated  with  chromic  acid  affumes  in  the 
light  a  greenifh  colour. 

V/hen  mixed  with  muriatic  acid,  the  mixture  was 
capable  of  diffolving  gold  like  aqua  regia  ;  when  this 
mixture  of  the  two  acids  is  diftilled,  oxy-muriatic  acid 
is  difengaged,  and  the  liquor  affumes  a  very  beautiful 
green  colour. 

Sulphuric  acid,  while  cold,  produces  no  effe6l  upon  it; 
but  when  warmed,  it  makes  It  affume  a  blulfli  green  co¬ 
lour, probably  by  favouring  the  difengagement  of  oxygen. 

When  this  acid  is  heated  along  with  charcoal,  it  Is 
reduced  to  the  metal  called  chromum.  It  is  therefore 
compofed  of  this  metal  and  oxygen.  From  Vauque- 
lin’s  experiments,  it  appears  to  contain  one  part  of 
chromum  and  two  parts  of  oxygen. 

Such  are  the  properties  of  this  acid,  as  far  as  they 
have  hitherto  been  dlfpovered.  Vauquelin  is  the  only 
chemift  who  has  examined  it ;  and  from  his  memoir  the 
above  account  has  been  taken  ^  Ann.  de 

Cbim.  XXV. 

The  four  laft  deferibed  acids  are  called  metallic  acids,  ^p^l^ophkal 
becaufe  they  are  compofed  of  metals  and  oxygen.  Magazine^ 

It  Is  believed  that  moil  of  the  metals,  we  would  ra-i-^79- 
ther  fay  of  the  metallic  oxides,  are  capable  of  being 
converted  Into  acids  by  being  combined  with  oxygen.  Metallic 
It  is  certain  that  this  Is  the  cafe  with  platinum  ;  and  acids. 
Hermftadt,  by  diftilling  nitric  acid  off  tin,  converted 
it  into  a  white  mafs,  foluble  in  three  parts  of  water, 
which  has  been  called  Jlannic  acid\.  Several  more  of  f 
the  metallic  oxides  ad  the  part  of  acids  :  But  no  com-  Chim.  i\% 
plete  fet  of  experiments  011  this  important  fubjedt  has 
yet  appeared. 
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The  meaning  of  the  word  afinity  has  been  already 
explained  ;  and  it  muff  appear  evident,  from  the  ufe®^*^ 
w  hich  has  been  made  of  It  in  this  article,  that  the  con- 
fideration  of  the  nature  of  affinity  is  the  nioft  Important 
part  of  chemiftry.  While  Its  laws  are  unknov/n,  cbe- 
mlftry  is  not  a  fcience,  but  a  wildernefs  of  fads  with¬ 
out  beauty  or  regularity  :  every  thing.  Is  equally  per¬ 
plexing  and  incomprtheiifible.  The  chemift,  inftead  of 
being  able  to  trace  the  operations  of  Nature,  is  loft  in. 
an  endlefs  maze  of  uncertainty,  without  a  guide. to  con- 
dud  him,  or  a  ray  of  light  to  illuminate  ills  fteps.  It 
is  the  knowdedge  of  alHiiIty  which  difpels  the  dark- 
nefs,  removes  the  confulion,  fhevvs  us  the  order  which 
fubfifts  in  all  the  phenomena  of  nature,  points  out  their 
dependence  on  one  another,  and  enables  us  to  dired 
them  as  we  think  proper,  to  make  them  fubfervient  to 
the  improvement  of  the  arts,  and  thus  to  render  them 
the  miiilfters  of  our  comforts  and  enjoyments.  56r 

I.  When  tw'o  bodies  are  united  together  by  affinity, whites 
how  fm all  a  portion  foever  of  the  compound  we 
mine,  we  fhalkalways  find  it  to  contain  boeb  of  the  in- 
gredlents.  From  this  it  is  evident,  that,  affinity  com¬ 
bines  bodies,  particle  with  particle. 

particles  we  do  not  mean  what  philofophers  have 
called  atoms,  or  the  fmalleft  parts  Into  which  It  is  pof- 
fible  to  divide  mutter;  but  the  fmalleft  parts  whioli 
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make  an  integrant  of  any  fubftance,  Water,  for  in- 
'ftance,  confifts  of  oxygen  and  hydrogen  ;  but  when  we 
fpeak  of  a  particle  of  water,  we  do  not  mean  the  oxy¬ 
gen  or  the  hydrogen  feparately,  but  the  fmallcft  pof- 
fible  quantity  of  thefe  combineddn  fuch  a  manner  as  to 
form  water.  It  is  the  integrant  particles  of  bodies  which 
are  united  by  affinity.  Thus  fulphuric  acid  is  compo- 
fed  of  fulphur  and  .oxygen  combined  together  ;  and 
ammonia,  of  hydrogen  and  azot  combined  in  the  fame 
manner.  Now  when  fulphuric  acid  and  ammonia  com¬ 
bine,  it  is  not  their  elements,  fulphur,  oxygen,  azot,  and 
hydrogen,  which  unite  together,  particle  with  particle, 
but  the  particles  of  the  acid  and  the  alkali  as  inte¬ 
grants.  This  is  evident ;  becaufe  if  thefe  fubftances  be 
feparated  from  each  other  by  means  ot  a  ftronger  af¬ 
finity,  they  are  found  precifely  m  the  fame  (late  as  be¬ 
fore  they  entered  into  combination. — When  the  fub- 
flances  which  combine  are  ftmplcy  the  ultimate  and  in- 
tegrant  particles  are  the  fame  .  But  we  are  not  certain 
that  any  of  the  bodies  with  which  we  are  acquainted 
is  fimple,  in  the  ftrid  and  proper  fenfe  of  the  word*. 

2.  What  is  this  ajinity  which  unites  bodies  together  ? 
The  older  chemifls  thought  that  all  folvents,  or  fub- 
ilaiice-  c  ipable  of  diffolving  atLji's,  were  compofed  of 
particles  vffiicli  had  the  form  of  wedges  or  hooks  ;  that 
fcrlution  corifilled  ^  the  infinuation  of  thefe  wedges  or 
hooks  between  the  particles  of  the  bodies  to  be  diflfol- 
ved  ;  and  that  chemical  combination  was  merely  the 
linking  of  the  different  partieks  together  by  means  of 
holes  in  one  fet  of  particles,  into  which  the  hooks  or 
the  wedges  of  the  other  fet  were  thrulf.  Such  explana¬ 
tions,  abfnrd  as  they  may  appear,  were  faffiionable  among 
chemical  phllofophers  till  the  days  of  Sir  Ifaac  Newton, 
who  firfl  afetibed  the  chemical  union  of  bodies  to  an 
attraaion  between  the  particles  themfelves.  This  ex¬ 
planation,  after  a  violent  ifruggle  on  the  part  of  the 
chemlfts,  has  been  at  laft  unanlmoiifly  adopted. 

Affinity,  then,  is  an  atiraUion  between  the  particles 
traaionbe-of  different  bodies,  by  which  they  are  drawn  towards 
tween  the  another,  and  kept  united.  This  we  take  for  graiit- 
bodks  ed,  and  confider  as  a  faa,  without  pretending  to  ex¬ 
plain  how  they  come  to, be  pokeffed  of  this  power,  or 
how  they  exert  it  ;  both  of  which  are  evidently  beyond 
the  reach  of  the  human  underftanding. 

But  though  we  cannot  difeover  the  manner  in  which 
affinity  aas,  we  can  fee,  at  leall,  that  it  follows  certain 
laws,  and  that  they  are  invariable  ;  for  fimilar  pheno- 
•  mena  always  occur  when  the  circumllances  are  the  fame. 
Now  what  are  the  laws  which  affinity  follows  ?  There 
is  a  fpecies  of  attraaion  which  matter  poffilfes,  called 
gravitation,  the  laws  of  which  were  invelfigated  by  Sir 
Ifaac  Newton.  Is  affinity  the  fame  with  gravitation, 
or  does  it  follow  different  laws  ? 

Upon  a  flight  view  of  thefe  two  attradions,  their 
phenomena  appear  very  different.  Gravitation  aas  at 
very  great  diflances ;  affinity  not  until  the  bodies  are 
mixed  together  ;  Qravitation  aas  on  the  whole  mafs ; 
affinity  only  on  the  particles  :  Bodies  gravitate  to  one 
another  direaiy  as  their  maffes,  and  inverfely  as  jthe 
fquares  of  their  diflances.  But  how  can  affinity  follow 
thefe  laws,  when  it  does  not  aa  till  the  bodies  are  ap* 
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parently  in  contaa  ?  or  fuppofing  that  it  does  aa,  how  Affinity^ 
can  they  account  for  the  phenomena  of  affinity  ?  If 
barytes  be  prefented  to  a  compound  of  fulphuric  acid 
and  potafs,  the  acid  immediately  leaver  the  alkali  and 
combines  with  the  earth :  But  had  gravitation  been 
the  only  power  aaing,  ought  not  the  barytes  to  have 
united  with  the  fulphat  of  potafs  without  producing 
any  decompofition  ? 

Thefe  flriking  differences  have  convinced  many  phi- 
lofophers,  as  they  feem  to  have  dime  Newton  himfelf, 
that  gravitation  and  affinity  are  different  fpecies  of  at- 
traftlon.  Let  us  not,  however,  embrace  this  condu- 
fion  vaguely,  •  or  without  affixing  a  precife  meaning  to 
•our  words. 

Gravitation  and  chemical  affinity  are  faid  to  be  diffe-  No  pofitive 
rent  fpecies  of  attradion.  But  what  is  attradion  ?  It 
is  merely  a  general  faa,  or  that  tendency  which  is  oh- 
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ferve d  zmong  all  the  portions  of  matter  towards  each 
other,  but  which  exhibits  very  different  appearances  un¬ 
der  different  clrcuniilances.  The  tendency  of  matter 
toivards  matter  at  fenfthle  diflances  is  called  gravitation, 
and  its  laws  have  been  completely  inveftigated  ;  but 
neither  that  tendency,  nor  thefe  laws,  have  been,  or  can 
be,  (liewui  to  be  ejfential  to  the  exiflence  of  matter.  Che¬ 
mical  affinity  is  the  tendency  of  particles  towards  each 
other  at  infenfihle  diflances,  or  v/hen  thefe  particles  are 
mixed  together  ;  and  this  tendency  appears  to  be  regu¬ 
lated  by  laws  different  from  thofe  of  gravitation.  Like 
gravitation,  it  is  merely  an  obferved  faa  ;  and  however 
different  thefe  fa6ls  may  appear  to  be,  they  are  pro¬ 
bably  both  brought  about  by  the  fame  forces.  It  is 
indeed  true,  that  gravitation  is  directly  as  the  maffes  of 
matter,  and  inverfely  as  the  fquares  of  the  diflances  of 
thefe  maffes  ;  while  the  attra£lion,  which  is  called  che¬ 
mical  ajjmiiy,  feems  to  obferve  very  different  rules.  But 
we  have  fhevvn  elfewhere  (fee  Optics,  n®  62 — 68,  En- 
cycL  ;  and  Boscovich  in  this  SuppL),  that  the  fame 
forces  repel  at  one  diflance  and  attract  at  another  ;  and 
that  they  may  produce  all  the  various  phenomena  of 
chemical  affinity. 

The  difficulties  to  be  accounted  for  in  chemical  af¬ 
finities  are  their  intenfity,  their  different  degrees  of 
flrength,  and  their  being  eledlive,  or,  which  is  the  fame 
thing,  the  capacity  which  one  body  lias  of  difplacing 
another. 

How  come  affinities,  it  may  be  afl<ed,  to  differ  in  in¬ 
tenfity  ?  Perhaps  we  might  with  propriety  refer  this 
querifl  to  the  iludy  of  Bofcovich’s  curve  ;  but  as  our 
modern  chemifls  are  not  generally  verfant  in  fuch  flu- 
dies,  we  beg  leave  to  obferve,  in  this  place,  that  we  have 
no  proof  whatever  of  abfoliite  contadl  between  bodies. 
On  the  contrary,  it  is  highly  probable,  we  had  almofh 
faid  demonflrable,  that  particles  are  in  every  inflaiice  at 
fome  diflance  from  one  another.  For,  on  the  fuppof- 
tion  that 'two  bodies  were  in  adlual  contadl,  their  at- 
tradllon  for  each  other  would  not  only  be  as  great  as 
poffible,  but  as  great  as  the  attradlion  of  any  other  body 
for  either  of  them  could  poffibly  be  :  Confequently,  it 
neceffarily  follows,  that,  fince  bodies  chemically  com¬ 
bined  can  be  feparated,  they  are  not  in  adlual  conta6l(A) ; 
but  if  they  are  not  in  contadl,  their  diflance  from  one 

another 
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(a)  Perhaps  the  following  demonflration,  which  we  borrow  from  the  ingenious  Mr  Broughman,  will  render 
Flate  this  more  evident.  In  fig.  7.  let  the  body  A  have  for  P  an  [attradioii  which  at  the  diflance  of  AP  is  propor- 
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may  vary  ini  different  cafes,  and  the  force 
affinity  will  vary  with  the  diftance.  Here  then 
is  a  reafon  why  the  affinity  of  different  bodies  va¬ 
ries  in  ftrength.  Sulphuric  acid,  for  inftance,  has  a 
ftronger  affinity  for  barytes  than  for  lime ;  becaufe 
when  the  combinations  are  formed,  the  diftance  between 
the  acid  and  barytes  is  not  fo  great  as  that  between  the 
acid  and  lime. 

But  why  do  the  diftances  differ?  If  affinity  be  the 
fame  with  gravitation,  it  muff  tend  to  bring  the  particles 
nearer  one  another  :  And  what  then  prevents  the  lime 
from  approaching  as  near  the  acid  as  the  barytes  does  ? 
V/e  reply,  the J^gure  of  Us  particles*  This  anfwer  was 
firft  given  to  the  queftion  by  Buffon,  and  it  is  fully  ade¬ 
quate  to  folve  the  difficulty.  The  particles  of  bodies, 
indeed,  are  a  great  deal  too  minute  for  us  to  difcover 
their  figure  by  a<ftiial  infpe61ion  ;  but  the  phenomena 
of  cryftallization  fliew  us  that  this  difference  actually 
exifts. 

The  cryftals  of  every  body  affume  a  peculiar  figure. 
Now  as  thefe  cryftals  are  all  formed  in  the  fame  man¬ 
ner,  and  by  the  fame  law,  it  is  impoffible  to  conceive 
any  other  reafon  for  their  variety  but  the  difference  in 
the  form  of  the  particles  which  compofe  them. 

But  why  does  one  body  difplace  another  ?  When  a 
particle  of  barytes  is  brought  within  a  certain  diftance 
of  a  particle  of  fulphiiric  acid  and  lime  combined  toge¬ 
ther,  affinity  adts  and  draws  them  nearer  to  one  ano¬ 
ther  ;  and  the  barytes,  from  its  figure,  approaches  near¬ 
er  the  acid  than  the  lime  could,  and  forms  with  it  a 
compound,  the  figure  of  which  is  fuch,  relatively  to  that 
of  the  lime,  that  they  cannot  approach  within  a  fmall 
enough  diftance  of  each  other  to  counteradl  the  attrac¬ 
tion  of  the  earth.  Accordingly  no  compound  is  form¬ 
ed  ;  for  all  that  is  meant  by  two  particles  having  form¬ 
ed  a  compound,  is,  that  their  attra£lion  for  each  other 
is  greater  than  the  attraction  of  the  furrounding  bodies 
for  either. 

Having  thus  feen  that  none  of  the  phenomena  of  af 


quently  it  fnlty  are  inconfiftent  with  their  rcfulting  from  the  for- 
which  bring  about  the  phenomena  of  gravitation, 
^the>L.  we  have  a  right  to  conclude,  that  it  is  at  leaft  highly 
’  probable,  that  all  the  motions  of  the  corporeal  world  are 
produced  by  the  fame  power  which,  though  not  effen- 
tial  to  matter,  was  impreffed  upon  every  atom  of  it  by 
the  Great  Creator  when  he  formed  this  univerfe  ;  and 
that  as  the  effeds  of  this  power  are  modified  according 
to  the  fituatlon  of  the  bodies  on  which  it  a<fts,  they  are 
known  by  the  different  names  of  gravity ^  adbefion^  co- 
hefion,  and  affinity* 

Gravity  is  the  attra6Iion  between  bodies  fo  diftant, 
that  the  maffes  alone  influence  the  refult,  and  that  the 
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power  may  be  confidered  as  placed  in  the  centre  of  the  Affinity.  ^ 
attradling  bodies.  ^ 

Adhesion  fuppofes  a  diftance  too  fmall  for  our 
fenfes.  It  has  been  demouftrated  to  be  proportional  to 
the  number  of  touching  points,  which  depends  upon  the 
figure  of  the  particles  that  form  the  bodies. 

Cohesion  takes  place  only  between  particles  of  the 
fame  nature.  Thefe,  inftead  of  touching  only  in  one 
fuperficies,  as  in  adhefion,  touch  in  every  point  where 
their  figure  will  allow  contaCl :  confequeiitly  the  force 
of  cohefion  alfo  muft  depend  upon  the  figure  of  the 
particles. 

Affinity  unites  bodies  of  a  different  nature,  not 
merely  by  one  fuperficies,  as  adhefion  does,  but  particle 
to  particle,  like  cohefon  ;  and  the  moft  perfect  contact 
is  formed  that  the  figure  of  the  particles  will  admit. 

Therefore,  in  this  cafe  alfo,  the  intenlity  depends  upon 
the  figure  of  the  particles. 

3.  If  we  make  the  attempt,  we  fliall  find  that  water  Saturation 
will  not  dlffolve  any  quantity  of  common  fait  that 
pleafe.  Water  which  refufes  to  take  up  any  more  is 
faid  to  be  faturated  with  fait.  Neither  can  we  combine 
any  quantity  of  potafs  with  a  given  portion  of  fulphu- 
ric  acid  ;  we  may  add  as  much  of  it  as  we  pleafe,  in¬ 
deed  ;  but  if  we  evaporate  the  liquid,  in  order  to  ob¬ 
tain  the  fait  in  cryftals,  we  fhall  find  that  only  part  of 
the  potafs  has  united  with  the  acid,  and  that  the  reft: 
has  cryftallized  feparately.  From  thefe  examples,  it 
muft  appear  evident,  that  bodies  combine  with  one  an¬ 
other  by  affinity  only  in  certain  proportions ;  or,  which 
is  the  fame  thing,  that  a  determinate  number  of  par¬ 
ticles  of  each  of  the  ingredients  goes  to  the  formation 
of  an  integrant  particle  of  the  compound,  and  that  into 
this  integrant  no  additional  particles  of  either  ingredient 
can  be  admitted.  Let  us  fiippofe,  for  inftance,  that  the 
particles  of  fulphiiric  acid  are  tetrahedrons,  and  that 
the  particles  of  potafs  are  of  fuch  a  form,  that  one  of 
them  can  attach  itfelf  to  each  of  the  fides  of  the  acid 
particle  :  In  that  cafe  an  integrant  particle  of  fulphat 
of  potafs  would  be  compofed  of  five  particles,  one  of 
acid  and  four  of  alkali  ;  for  it  is  evident,  that  juft  foui* 
particles  of  potafs  would  combine  with  every  particle 
of  acid,  and  that  the  acid  would  then  be  faturated,  or, 
which  is  the  fame  thing,  would  be  incapable  of  recei¬ 
ving  any  more  alkaline  particles  into  combination  with 
it.  Let  us  fuppofe  now,  that  there  is  juft  as  much  pot¬ 
afs  as  faturates  the  acid ;  if  more  acid  be  poured  in,  it 
cannot  enter  into  combination  with  the  potafs,  becaufe 
all  the  potafs  is  already  combined  with  acid. 

Thus  it  appears  evident,  from  the  nature  of  affinity, 
that  the  ingredients  in  every  combination  muft  mutual¬ 
ly  faturate  each  other,  and  that  no  more  of  cither  can 

be 


tional  to  PM;  then  let  P  move  tow^ards  A,  fo  as  to  come  to  the  fituation  P',  and  let  the  attraction  here  be  P'M'j 
as  it  is  continual  during  the  motion  of  P  to  P^  M'M'  is  a  curve  line.  Now  in  the  cafe  of  the  attraction 
of  bodies  for  one  another,  PM  is  lefs  than  FM' ;  and  confequently  MM^  does  not  ever  return  into  itfelf, 
and  therefore  it  muft  go  ad  Infnltvm,  having  its  arc  between  AB  and  AC,  to  which  it  approaches  as 
afymptotes,  the  abfeiffa  always  reprefenting  the  diftance,  and  the  ordinate  the  attraction  at  that  diftance.  Let 
P'  now  continue  its  motion  to  P",  and  M'  will  move  M" ;  and  if  P"  meets  A,  or  the  bodies  come  into  perfeCb 
contact,  F'M'' will  be  infinite;  fo  that  the  attraction  being  changed  into  cohefion  will  be  infinite,  and  the 
bodies  in feparable,  contrary  to  univerfal  experience  j  fo  that  P  can  never  come  nearer  to  A  than  a  given  dL 
fiance.  NicholJorCs  Journal^  I.  555. 
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be  admitted  into  tbe  compound  than  what  is  neceffary  clufions,  but  perfe^ly  confiftent  with  them  ;  and  confe- 
to  produce  this  faturation.  It  follows  equally,  that  quently  they  cannot  be  admitted  as  of  any  force.  ^  v—w 

there  can  be  no  union  without  faturation,  except  there  There  is  one  phenomenon,  indeed,  which  proves,  in- 
be  a  deficiency  in  fome  one  of  the  ingredients  :  For  dependent  of  thefe  conclufions,  that  thele  combinations 
fuppofinc'  that  there  is  a  fufHcient  number  of  particles  are  adually  formed  in  the  manner  we  have  fuppofed, 
of  potafss  and  that  every  particle  of  fulphuric  acid  re-  and  which  therefore  merits  particular  attention.  Tiie 
quires  four  of  them,  as  before,  for  faturation,  the  very  phenomena  is,  that  the  affinity  betv/een  the  two  fimple 
fame  caufe  that  produces  the  union  of  one,  two,  or  fubftances  is  almojl  always  greater  than  that  between 
three  particles  of  potafs  with  a  particle  of  acid,  muft  the  compound  and  any  of  its  ingredients.  The  affini- 
prodiice  the  union  of  all  the  four.  ty,  for  inflance,  between  azot  and  oxygen  is  greater 

Even  when  there  is  a  deficiency  of  one  of  the  ingre-  than  that  between  nitrous  gas  and  oxygen;  and  the  af- 
dients,  faturation  muft  equally  take  place  ;  for  thofe  finity  between  nitrous  gas  and  oxygen  greater  than  that 
particles  of  acid  that  happen  to  be  nearell  the  alkali  between  nitrous  acid  and  oxygen  ;  For  if  nitrous  gas  be 
mufl  ftill  be  faturated  ;  becaufe  the  affinity  of  all  the  mixed  with  nitric  acid,  the  whole  is  converted  into  ni- 
acid  particles  for  alkali  was  originally  equal,  and  the  trous  acid  ;  but  no  change  whatever  is  produced  when 
difference  of  the  diflance  mufl  give  the  fuperiority  to  nitric  and  nitrous  acids,  or  nitrous  gas  and  nitrous  acid, 
thofe  that  are  iieareli;  ;  and  thofe  particles  of  acid  that  are  mixed  :  and  every  fubflance  which  is  capable  of 
are  once  faturated  with  potafs  cannot  be  deprived  of  decompoling  nitrous  gas  is  capable  alfo  of  decompofing 
it  by  any  of  the  other  particles,  otherwife  the  affinity  nitrous  and  nitric  acids  ;  but  many  fubftances  are  capa- 
of  fome  particles  of  fulphuric  acid  for  potafs  would  be  ble  of  decompofing  nitrous  and  nitric  acids  which  have 
oTcater  than  that  of  others  ;  which  is  abfurd.  no  effeift  upon  nitrous  gas.  In  the  lame  manner,  the 

^  It  will  no  doubt  be  objected  to  all  this,  that  there  affinity  between  fulphurand  oxygen  is  greater  than  that 
are  Innumerable  inftances  of  additional  portions  of  fome  between  fulphurous  acid  and  oxygen  ;  for  wffien  fulphur 
one  of  the  ingredients  being  received  into  a  compound  is  mixed  with  fulphuric  acid,  the  whole  is  converted 
after  faturation,  and  that  fome  fubftances  feem  to  be  into  fulphurous  acid  ;  but  no  change  takes  place  when 
equally  well  faturated  with  different  dofes  of  another,  fulphur  and  fulphurous  acid,  or  fulphurous  and  fulphu- 
Oxvgen,  for  inftance,  combines  with  azot  in  three  dif-  ric  acids  are  mixed  together.  A  great  many  inftances 
ferent  proportions,  and  forms  nitrous  gas,  nitrous  acid,  of  the  fame  kind  might  cafily  be  produced,  if  thefe 
and  nitric  acid.  The  metals,  too,  form,  in  the  fame  were  not  fufficient  to  eftablifti  the  point.  This  curious 
manner,  different  oxides;  and  a  great  many  inftances  of  faCl  affords  a  very  ftrong  proof  that  the  bafes,  as  well 
the  fame  kind  occur  among  the  neutral  falts.  as  the  quantity  of  oxygen,  is  different  in  almoft  all  the 

Blit  it  ought  to  be  remembered,  that  the  conclufions  vegetable  acids.  Did  the  tartarous,  oxalic,  and  acetous 
againft  which  thefe  objedions  are  urged,  are  confe-  acids,  for  inftance,  confift  of  the  fame  bafe  with  various 
quences  deduced,  we  think  fairly,  from  a  propofition  dofes  of  oxygen  ;  were  the  tartarous  compofed  of  the 
which  we  confider  as  demonftrated,  that  ajjintty  U  a  bafe  and  oxygen  ;  the  oxalic,  of  tartarous  acid  and 
fpecies  of  attraSton  {■&) ,  Thefe  phenomena  cannot  there-  oxygen;  the  acetous,  of  oxalic  acid  and  oxygen  in 
fore  be  admitted  as  valid  objedions,  except  it  can  be  that  cafe,  a  mixture  of  acetous  and  tartarous  acids  ought 
ffiewn  that  they  are  really  incompatible  with  thefe  con.  to  form  oxalic  acid:  but  that  this  does  not  happen,  any 
clufions.  Now  that  this  is  not  the  cafe,  has  been  ftiewn,  one  may  convince  himfelf  by  adual  experiment, 
in  themoftfatisfadory  manner,  by  Morveau*.  Thefe  ap.  ^  We  do  not  mean  to  affirm  that  this  fad,  though  it 
parent  exceptions  are  owing  toan  affinity  which  exifts  be-  is  certainly  very  often  true,  holds  in  all  cafes  ;  in  fome, 
tween  the  compound  as  an  integrant  and  one  of  its  ingre-  perhaps,  the  reverfe  may  be  true,  though  we  do  not 
dients,  and  are  not  inftances  of  various  degrees  of  fatura-  recoiled  at  prefent  any  inftance  of  that  kind.  ^53 

tion  but  ofthe  formation  of  new  compounds.  According  4.  Since  the  affinity  of  almoft  every  two  bodies  forof  the 
to  this  very  ingenious  idea,  which,  we  believe,  firft  ori.  each  other  differs  in  Jlrength  from  that  between  every  firen|th 
ginated  with  Bergman,  and  was  firft  feen  in  its  full  ex-  other  two,  it  becomes  an  important  problem  to  deier^^^ 
tent  by  Morvcaii,  we  have  formerly  explained  in  what  mine  thejlrength  of  every  affinity  in  numbers.  The  folu- 
manner  the  various  metallic  oxides  are  formed  :  the  firft  tion  of  this  problem  would  give  a  clearnefs  and  preci- 
oxide  is  a  compound  of  the  metal  and  oxygen  ;  the  fc-  fion  to  chemiftry  equal  to  that  of  any  other  branch  of 
cond,  of  the  firft  oxide  and  oxygen  ;  the  third,  of  the  natural  philofopby  whatever,  and  enable  it  to  advance 
fecond  oxide  and  oxygen;  and  fo  on.  In  the  fame  with  a  degree  of  rapidity  hitherto  thought  unattainabe. 
manner  we  have  explained  the  various  combinations  of  No  wonder,  then,  that  this  problem  has  occupied  the 
azot  and  oxygen  ;  and  the  explanation  may  eafily  be  attention  of  fome  of  the  moft  eminent  philofophers  who 
extended  to  every  other  cafe.  Thefe  apparent  objec-  have  dedicated  their  time  to  chemiftry.^ 

tions,  then,  are  not  incompatible  with  the  above  con-  If  the  obfervations  formerly  made,  in  order  to  ffiew  Attempts 
’  ^  that  to  afeertam 

it. 


(b)  Were  any  farther  proof  of  this  propofition  required,  we  would  obferve,  that  cohefwn  ads  as  an  antagonift 
to  affinity,  and  may  be  often  rendered  fo  ftrong  as  to  prevent  affinity  from  ading  with  efficacy.  1  bus  alumina 
and  iargonia,  when  fufficientlv  heated,  become  infoluble  in  acids,  without  undergoing  any  other  alteration  than 
that  of  an  increafe  of  cohefion  by  their  particles  being  brought  nearer  each  other  ;  for  deftroy  tins  cohefion, 
and  they  become  as  foluble  as  ever.  Now  it  follows  from  this,  that  if  cohefion  be  attraawn,  fo  mult  ajjimty. 
The  experiments  of  Morveau,  to  be  afterwards  mentioned,  demonftrate,^  that  adhefwn  and  ajjintty  are  proauced 
by  the  fame  caufe  ;  Confequently,  if  adhefion  be  attradion,  fo  muft  affinity. 
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that  the  difference  In  the  ftrcngth  of  affinities  depends 
upon  the  different  forms  of  the  particles  which  have  an 
affinity  for  each  other,  be  concliilive,  it  is  evident  that 
the  certain  method  of  learning  the  llrength  of  affinities 
would  be  to  difeover  the  forms  of  the  parricles  of  all 
bodies.  But  no  method  has  hitherto  been  difeovered 
by  which  it  is  poffible  of  becoming  acquainted  with  the 
figure  of  the  particles  of  bodies.  The  experiments  in¬ 
deed  of  the  Abbe  Hauy  (afterwards  to  be  deferibed) 
point  out  a  method  by  which  the  primary  figure  of 
cryftals  may  be  invelligated  with  a  good  deal  of  plau- 
fibility  ;  but  this  leaves  the  knowledge  of  the  figure  of 
the  particles  which  compofe  thefe  cryftals  ftill  uncertain. 

As  nobody,  therefore,  has  attempted  to  take  this 
road,  in  order  to  calculate  the  ftrength  of  affinities,  let 
us  at  prefent  confider  the  different  methods  which  have 
been  propofed  for  that  purpofe,  that  we  may  fee  whe¬ 
ther  any  of  them  will  anfwer  the  end  intended. 

,  Wenzel  fuppofed  that  the  time  taken  by  one  body 
to  diffolve  another  is  a  meafure  of  the  affinity  which 
fubfifts  between  them.  But  the  hypothefis  of  that  in¬ 
genious  philofopher  will  not  bear  the  teft  of  examina- 
tion  ;  for  the  (ime  of  folution  evidently  depends  upon 
circumftances  unconnedled  with  affinity.  The  cohefion 
of  the  body  to  be  diffblved,  and  the  nature  of  the  com¬ 
pound  formed,  muft  occafion  very  great  differences  in 
the  time  of  folution  of  different  bodies,  even  on  the  fup- 
pofition  that  their  affinities  were  all  the  fame. 

Fourcroy  propofed  to  meafure  the  affinity  of  bodies 
by  the  difficulty  of  feparating  them  after  they  are  com¬ 
bined  ;  but  we  have  no  method  for  meafuring  this  dif¬ 
ficulty.  Lavoifier  and  De  la  Place,  indeed,  propofed 
caloric  for  this  purpofe  ;  but  there  are  many  compounds 
which  caloric  cannot  feparate ;  and  it  never  produces  a 
feparation  except  by  means  of  its  affinity  for  one  or 
other  of  the  ingredients  of  the  compound.  Before  ca¬ 
loric,  therefore,  could  be  employed  as  a  meafure,  it 
would  be  neceflary  to  know  exaAly  the  ftrength  of  its 
own  affinity  for  every  other  fubftance  ;  which  is  juft  a 
cafe  of  the  problem  to  be  refolved. 

Macquer  fuppofed  that  the  affinity  of  bodies  for  one 
another  was  in  the  compound  ratio  of  the  facility  of 
their  union  and  the  difficulty  of  their  feparation  :  But 
as  we  are  in  poffeffion  of  no  method  of  afeertaining  ei¬ 
ther  of  thefe,  it  is  evident  that  this  theory,  even  allow¬ 
ing  it  to  be  juft  (which  it  certainly  is  not),  could  be 
of  no  ufe  for  affifting  us  to  calculate  the  force  of  affi¬ 
nities. 

Another  method  has  been  propofed  by  the  diftin- 
guifhed  philofophical  chemift  Mr  de  Morveau  (c). 

In  1713  Dr  Brook  Taylor  made  fome  experiments 
on  the  adhefion  of  furfaces ;  and  concluded  from  them, 
that  the  force  of  adhefion  might  be  determined  by  the 
weight  neceflary  to  produce  a  feparation.  But  in  1772, 
Meffrs  La  Grange  and  Cigna,  obferving  that  the  fur- 
faces  of  water  and  oil  adhere  together,  and  taking  it 
for  granted  that  thefe  two  liquids  repel  each  other, 
concluded,  in  confequence,  that  their  adhefion  was  not 
owing  to  attradion  ;  and  hence  inferred,  th^  adhefion^ 
in  general,  is  always  owing  to  the  preffure  of  the  at- 
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mofphere.  This  conclufion  induced  Morveau  to  exa-  Affinity, 
mine  the  fubjedl :  he  found  that  adhefion  was  not  af~ 
fecied  by  the  preffure  of  the  atmofphere  ;  for  it  required 
the  fame  weight  to  feparate  a  diffi  of  glafs  (30  lines  in 
diameter)  from  the  furface  of  mercury  in  the  open  air, 
and  under  an  exhaufted  receiver.  He  obferved  that 
the  fame  difle  adhered  to  water  with  a  force  of  25^ 
grains,  and  to  the  folution  of  potafs,  though  denfer, 
only  with  a  force  of  210.  This  refult  not  only  proved 
that  adhefion  was  owing  to  attradlion,  but  made  him 
conceive  the  poffibility  of  applying  this  method  to  the 
calculation  of  affinities  :  For  the  force  of  adhefion  be¬ 
ing  meceffarily  proportional  to  the  points  of  contadl, 
and  this  being  the  cafe  alfo  with  affinity,  it  is  evident 
that  the  adhefion  and  the  affinity  between  the  fame  fub- 
ftances  are  proportional,  and  that  therefore  the  know¬ 
ledge  of  the  one  would  furnifii  us  with  the  ratio  of  the 
other. 

Struck  with  this  idea,  he  conftrufted  cylinders  of  dif¬ 
ferent  metals,  perfedlly  round,  an  inch  in  diameter  and 
the  fame  in  thicknefs,  and  having  a  fmall  ring  in  tlicir 
upper  furface,  by  which  they  might  be  hung  exadlly  in 
equilibrium.  '  He  fufpended  thefe  cylinders,  one  after 
another,  to  the  beam  of  a  balance  ;  and  after  counter- 
poifing  them  exadlly,  applied  them  to  a  quantity  of 
mercury  placed  about  two  lines  below  them,  making 
them  Aide  along  its  furface,  to  prevent  any  air  from 
lodging  between  them  and  the  mercury.  He  then 
marked  exadlly  the  weight  neceflary  to  overcome  their 
adhefion,  taking  care  to  change  the  mercury  after 
every  experiment.  The  table  of  the  refults  is  as  fol¬ 
lows  ; 

Gold  adheres  to  mercury  with  a  force  of 
Silver, 

Tin, 

Lead, 

Bifmuth, 

Platinum, 

Zinc, 

Copper, 

Antimony, 

Iron, 

Cobalt, 

The  differences  of  thefe  refults  cannot 
the  preffure  of  the  air,  which  was  the  fame  in  all  ;°nor 
do  they  correfpond  to  the  denfities  of  the  metals  ;  nor 
can  they  be  owing  to  accidental  differences  in  the  po- 
lifli  of  the  cylinders,  for  a  plate  of  rough  iron  adheres 
more  ftrongly  to  mercury  than  one  of  the  fame  diame¬ 
ter  exquifitely  poliflicd  ; — but  they  follow  precifely  the 
order  of  affinity,  and  therefore  may  be  confidered  as  the 
meafure  of  the  ftrength  of  the  affinity  between  thefe 
different  metals  and  mercury.  They  furniffi  us  alfo 
with  a  convincing  proof  that  affinity  is  attraBion,  and 
the  fame  fpecies  of  attradlion  with  adhefion  ;  and  that 
therefore,  if  the  one  be  reducible  to  gravitation^  fo  muff: 
the  other. 

Mr  Achard,  convinced  of  the  importance  of  Mr  Mor- 
veaif  s  obfervations,  made  a  great  many  experiments  on 
adhefion,  and  pubiifhed  the  refult  of  them  in  1780.  He 
^  X  proved 


of 

446  gr. 

- 

429 

418 

397 

372 

282  * 

204 

142 

- 

J  26 

- 

- 

8 

:  be 

owing  to 

*  Morveau, 
Ann  de 
Cbm.  XXV. 

10, 


(c)  Now  Mr  Guyton  :  we  have  ufed  the  old  jiame  all  along  in  the  text  to  avoid  ambiguity. 
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Affinity,  proved  that  the  force  of  adhefion  was  not  affefted  by 

- V - '  alterations  in  the  height  of  the  barometer,  but  that  its 

force  became  weaker  as  the  heat  of  the  fluid  mcreafed 
(d)  :  and  that  the  temperature  remaining  the  iartie,  the 
Lee  of  adhefion  increafed  in  the  fame  ratio  with  the 
furfaces  of  the  adhering  bodies.  He  made  about  6oo 
experiments  on  the  adhefion  of  different  fohds  and  fluids, 
proved  that  the  force  of  adfiefion  did  not  depend  on  the 
'  denfitles  of  the  adhering  bodies,  nor  on  the  different 
cohefive  force  of  the  fluids  ;  and,  after  a  laborious  cal- 
dilation,  concluded  that  it  depended  on  the  gure  o 
the  particles  of  the  adhering  fluid  and 

Thcfe  experiments  and  calculations  of  Mr  Achard 
are  certainly  of  importance  ;  and  we  would  have  given 
them  here,  had  not  the  objeds  of  them  been  fubftances 
which  can  furnifli  but  few  data  for  calculating  the  torce 

of  afiinities.  _  _  .  .  ^ 

This  method  of  meafuring  the  force  of  affinities  feems 
to  be  an  accurate  one,  and  if  it  could  be  applied  to 
every  cafe  of  affinity,  would,  in  all  probability,  ena  e 
us  to  folve  the  problem  which  we  are  now  conlidering: 
But,  unfortunately,  its  application  is  very  limited,  be- 
ing  confined  to  thofe  cafes  alone  in  which  one  of  the 
bodies  can  be  prefented  in  a  fluid,  and  the  other  in  a 
folid  ftate.  Nor  can  it  be  applied  indiferiminately  to 
all  thofe  cafes  ;  for  whenever  the  cohefion  of  any  li¬ 
quid  is  much  inferior  to  the  force  of  its  adhefion  to  any 
folid,  the  feparation  takes  place  in  the  particles  of  the 
liquid  itfelf,  and  confequently  we  do  not  obtain  the 
meafure  of  its  adhefion  to  the  folid,  but  of  its  own  co¬ 
hefion,  and  that,  too,  imperfeftly.  Thus,  for  inftance, 
Mr  Achard  found  that  fealing-wax  adhered  to  vvater 
with  a  force  of  92  grains,  and  to  alcohol  only  with  a 
force  of  53|ths;  yet  we  know  that  fealing-wax  has  a 
greater  affinity  for  alcohol  than  for  water  ;  becaufe  al¬ 
cohol  diffolves  it,  which  water  is  incapable  of  doing. 
The  difference  in  the  refult  in  this  inftance  was  evi¬ 
dently  owing  to  the  fraaller  cohefion  of  alcohol.  Mr 
Morveau’s  method  muft  therefore  be  confined  to  thole 
cafes  in  which  the  cohefion  of  the  liquid  is  ftronger 
than  its  adhefion  to  the  folid,  which  may  be  known 
by  the  furface  of  the  folid  not  being  moiftened  ;  and 
to  thofe  in  which  the  cohefion  is  not  much  infoior 
to  the  adhefion  ;  for  then,  it  is  evident,  that  the  force 
of  cohefion  will  be  increafed  as  the  force  of  adliehon. 
Let  us  fuppofe,  for  inftance,  that  two  fohds,  A  and  B, 
are  made  to  adhere  to  the  furface  of  a  liquid,  and  that 
A  can  only  form  an  adhefion  with  50  particles  of  the 
liquid,  whilft  B  adheres*  to  too  ;  it  is  evident  that  a 
much  fmaller  force  will  deftroy  the  cohefion  of  the  50 
particles  to  which  A  adheres  wdth  the  reft  of  the  li¬ 
quid,  than  what  will  be  required  to  deftroy  the  cohe- 
fion  of  the  100  particles  united  to  B  with  the  fame 

%  Morveau  liquid*.  .  , 

Mncyc,  mI  The  method  of  Mr  Morveau,  then,  may  be  applied 

thod*  Chim,  'vvith  accuracy  in  both  cafes  ;  and  ^hen  they  occur  can 

•irf  1  1  .  _ • _ J  1 _ _ Tf  rinW- 
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only  be  determined  by  experiment.  It  cannot,  how^- 
ever,  be  applied  indiferiminately  even  then  ;  for  unlcfs 
the  folid  and  the  fluid  be  prefented  in  fuch  a  ftate  that 

J  
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no  gas  fs  extricated  w’hen  the  adhefion  takes  place,  an  ^  Affinity,, 
accurate  judgment  cannot  be  formed  of  the  force  of  ad-  '  ^ 

hefion.  When  marble  (carbonat  of  lime),  for  inftance, 
is  applied  to  the  furface  of  fulphuric  acid,  there  is  an 
extrication  of  gas,  which  very  foon  deftroys  the  adhe- 
fion,  and  prevents  an  accurate  refult.  Were  it  poflible 
to  employ  quicklime  inftead  of  marble,  this  would  be 
prevented ;  or  if  this  cannot  be  accompliftied,  why 
might  not  lime  be  employed,  united  wath  fome  acid  that 
would  not  affume  a  gafeous  form,  and  at  the  fame  time 
has  a  weaker  affinity  than  fulphuric  acid  for  lime  ? 

Why  might  not  the  phofphat  of  lime,  for  inftance,  be 
ufed,  which  may  be  reduced  to  a  ftate  of  hardnefs  fuffi- 
ciently  great  for  the  purpofe  ?  The  extrication  of  gas, 
during  the  application  of  metals  to  the  furfaces  of  acids, 
might  be  prevented  by  oxidating  their  furfaces.  It  is 
true,  indeed,  this  could  not  be  done  with  all  the  metals, 
on  account  of  the  nature  of  the  gxide,  but  it  might  with 
feveral ;  copper,  for  inftance,  and  filver.  It  cannot  be 
doubted,  that  by  thefe  methods,  and  other  contrivances 
that  might'  be  fallen  upon,  a  fufficient  number  of  re- 
fults  might  be  obtained  to  render  this  method  of  the 
greateft  importance.  It  is  rather  furprifing,  therefore, 
that  it  has  never  been  profecuted.  ^ 

Mr  Kirwan  has  propofed  another  method  of  folving  And  Kir* 
the  problem.  While  he  was  engaged  in  his  experiments  wan, 
on  the  ftrength  of  acids,  he  obferved  that  the  quan¬ 
tity  of  real  acid  necefiary  to  faturate  a  given  quantity  of 
each  of  the  bafes,  was  inverfely  as  the  affinity  between 
the  refpeftive  bafes  and  the  acid  ;  and  that  the  quan¬ 
tity  of  each  of  the  bafes  necefiary  to  faturate  a  given 
quantity  of  acid  was  dire£lly  as  the  affinity  between  the 
bafe  and  the  acid.  Thus  100  grains  of  each  of  the 
acids  require  more  alkali  for  faturation  than  lime,  and 
more  lime  than  magnefia,  as  may  be  feen  in  the  follow¬ 
ing  table  : 

100  grains  of 
Sulphuric  acid 
Nitric  acid 
Muriatic  acid. 

He  concluded,  therefore,  that  the  affinity  between 
acids  and  their  bafes  may  be  eftimated  by  the  quantity 
of  bafes  neceffary  for  faturation.  Thus  the  affinity  be¬ 
tween  potafs  and  fulphuric  acid  is  215,  and  that  be¬ 
tween  nitric  acid  and  lime  96  ^  ^ 

We  have  mentioned  formerly,  that  the  principle  on  S3, 

which  Mr  Kirwan  calculated  the  ftrength  of  the  acids 
was  founded  on  a  miftake.  It  muft  follow  of  courfe, 
therefore,  that  the  numbers  which  refult  from  it  muft 
alfo  be  wrong.  This  Mr  Kirwan  has  acknowledged, 
and  feems  to  have  given  up  all  thoughts  of  afeertain- 
ing  the  ftrength  of  affinities  by  this  method.  But  be¬ 
fore  it  be  abandoned  altogether  we  wiffi  the  following 
obfervations  were  confidered.  ^  ^ 

Bergman  long  ago  eftablifhed  as  a  principle,  under  Attempt  to 
the  name  of  a  chemical  paradox,  that  the  Jironger  rem^y  the 
fait  nvas,  the  lefs  of  any  other  it  required  for  faturation. 

Thus,  according  to  him, 

100 


Potafs. 

Soda. 

Lime. 

Amm. 

Mag.  Alum.- 

215 

165 

1 10 

90 

80 

75 

2x5 

96 

87 

75 

65 

215 

158 

89 

79 

7x 

55 

(d)  Striaiy  ifpeaking,  this  is  owing  not  fo  much  to  a  decreafe  of  the  force  of  adhefion,  as  of  that  of  the  co- 
hefioii  of  the  fluid  itfelf. 
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Affinity.  ioo  psrts  of  potafs  require  78,5  Sulphuric  acid, 

64  Nitric, 

'  5*>5  Muriatic, 

4Z  Carbonic, 

100  parts  of  foda  -  -  177  Sulphuric, 

>35»5  Nitric, 

125  Muriatic, 

80  Carbonic. 

This  propofition,  which  has  been  admirably  illuftra- 
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ted  by  Morveau  evidently  refolves  itfelf  into  the  two  Affinity, 
following  :  ^  ^ 

1.  A  hafe  requires  the  more  of  an  acid  for  faturation 

the  Jlronger  its  affinity  for  that  acid  is.  QblmX  597. 

2.  An  add  requires  the  more  of  any  bafe  for  fatura- 
tion  the  greater  affinity  it  has  for  that  bafe. 

In  order  to  judge  of  the  truth  of  the  firil  of  thefe  pro¬ 
portions,  let  us  examine  the  following  table,  drawm  up 
from  the  experiments  of  Bergman,  Wenzel,  and  Kirwan. 


Bergman. 

!  Wenzel. 

Kirwan. 

lOo  parts  of 

Sulphuric. 

Nitric. 

Muriatic. 

!  Sulphuric. 

Nitric. 

Muriatic. 

Sulphuric. 

Nitric. 

Muriatic. 

Barytes 

i5>4 

30>8 

Potafs 

78,6 

64 

5L5 

82,4 

107,7 

54 

81,8 

87,1 

78,2 

Soda 

175 

i35>5 

125 

00 

166,6 

83 

129,4 

136.1 

114,2 

^  Lime 

134,4 

70,45 

i47>74 

195,6 

103,6 

141 

180 

86 

Magnefia 

173,67 

*59,25 

82,92 

181,8 

257.'5 

122,27 

170.5 

255 

104,275 

Ammonia 

142,42 

201,22 

96,25 

187.5 

233 

116 

Alumina 

211,11 

220,2 

77.7 

68,7 

38,6 

1 

It  is  evident  at  firft  fight,  that  Bergman’s  experi¬ 
ments  correfpond  exadlly  with  the  propofition.  To  fa- 
turate,  according  to  him,  100  parts  of  potafs,  requires 
78,6  of  fulphuric  acid,  64  of  nitric,  and  51,5  of  mu¬ 
riatic  acid.  There  is  only  one  deviation  from  the  pro¬ 
pofition  in  the  whole  table,  and  this  regards  barytes, 
which,  according  to  him,  is  faturated  with  15,4  of 
fulphuric  and  3c, 8  of  muriatic  acid.  But  Mr  Morveau 
has  fhewn,  by  feveral  accurate  experiments,  that  bary¬ 
tes  requires  much  more  fulphuric  acid  for  faturation 
jju  c  Bergman  fuppofed  *.  And  Klaproth  has  fhewn. 

Method.  that  1 00  parts  of  barytes  require  49,2  of  ftrongfulphuric 
Cbim.  i.  591.  acid  for  faturation  f.  And  Dr  Withering’s  calculation 
t  agrees  almoft  exadlly  with  this  ;  nor  does  that  of  Four- 

croy  differ  much  from  it  §,  Inftead  of  15,4  of  fulphuric 
X  Phil,  acid,  therefore,  which,  according  to  Bergman,  are  ne- 
Tri7«/:i784.ceffary  to  faturate  100  of  barytes,  it  fliould  be  42,8. 

I  Ann.de  The  firft  and  laft  columns  of  Wenzel  and  Kirwan’s 
Chim.iK,  5-gxperiments  agree  equally  well  with  the  propofition,  but 
the  fecond  deviates  from  it  completely.  Wenzel  pro¬ 
bably  might  have  been  mifled  by  the  manner  of  per¬ 
forming  his  experiments;  but  the  fame  objedion  does  not 
feem  to  lie  againft  thofe  of  Kirwan. 

It  can  fcarcely  be  doubted,  hov/ever,  to  whatever 
caufe  the  error  is  to  be  imputed,  that  the  numbers  in 
the  fecond  column  of  Mr  Kirwan’s  table  are  too  large. 
The  following  experiment  of  Morveau  is  fufficient  to 
fhew  this. 

According  to  Mr  Kirwan’s  experiments,  the  propor¬ 
tions  of  acid  and  alkali  in  the  four  following  falts  are  as 
under : 

Sulphat  of  potafs  loS,? 


SulphatofHme 

Nitrat  of  potafs  *0^ 

^  (Potafs  83,33 

Nitrat  of  lime 

ILime  34,4. 

Now  when  fulphat  of  potafs  and  nitrat  of  lime  are 
mixed  together,  a  double  decompofition  takes  place,  and 
fulphat  of  lime  and  nitrat  of  potafs  are  formed.  Let 
thefe  two  falts  be  mixed  together  ;  let  the  quantity  of 
fulphat  of  potafs  be  fuch,  that  the  acid  contained  in  it 
amounts  to  100;  and  let  a  more  than  fufficient  quan¬ 
tity  of  nitrat  of  lime  be  added,  to  faturate  the  fulphuric 
acid  with  lime.  It  is  evident  that  for  that  purpofe  80,6 
of  lime  muft  be  prefent;  and  the  quantity  of  nitric  acid 
combined  wuth  thefe  80,6  muft  be  234,4.  This  quan¬ 
tity  would  require  for  faturation  195,32  of  potafs,  but 
there  are  only  108,7  the  mixture;  confequently 
there  ought  to  exift  in  the  mixture,  after  the  mutual 
decompofition  of  the  falts,  64,87  of  nitric  acid  in  a  ftate 
of  liberty.  Such  would  be  the  refult,  provided  Mr  Kir¬ 
wan’s  numbers  were  accurate  ;  but  the  fafl  is,  that  no 
fuch  excefs  of  acid  exifts  in  the  mixture  f ;  and  confe-f  Ann.de 
quently  the  quantity  of  nitric  acid  contained  in  nitrat  of  xxv* 
lime  is  ftated  too  high  by  Mr  Kirwan.  Although  ^95* 
therefore  Mr  Kirwan’s  tables  do  not  coincide  with  the 
propofition  which  we  are  confideririg,  this  is  not  to  be 
confidefed  as  a  proof  of  its  falfehood  ;  as  there  is  rea- 
fon,  from  the  experiment  above  defcribed,  to  fufpea: 
fome  error  in  the  data  from  which  Mr  Kirwan  calcula- 
ted  the  ftrength  of  the  acids. 

The  truth  of  the  fecond  propofition  may  be  iudeed 
of  by  the  following  Tables  : 
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Table  1 1,  ^anitiy  of  Acid  netejfary  to.  Saturate  xoo  Affinity,^ 
Parts  of  ihe fix  Bafes,  ‘t-i  ^  j* 


100  pans  of 

Baryt. 

Po'afs. 

Sofa. 

Lime. 

Magn. 

Sulp.  acid 

646 

1^7.5 

515,5 

69.5 

578 

Nitric  acid 

•  48,4 

74»4 

74»4 

62,8 

Mur.  acid 

324.7 

194 

78 

141,9 

120,5 

Amm. 


Alum 


42 


473 


40 


According  to  Wenzel, 

100  parts  of 

Byryt. 

Potafs. 

Soda. 

Lime. 

Magn. 

Amm. 

Alum. 

Sulp.  acid 

120,8 

79,16 

67,2 

55 

70,2 

128 

Nitricacld 

92,7 

60 

51. 1 

38.8 

49.7 

147,8 

Mur.  acid 

oc^ 

00 

I  19,2 

9^>5 

81,7 

103,9 

259 

According  to  K JR  wan. 

100  parts  of 

Baryt. 

Potafs. 

Soda. 

Lime. 

Magn. 

Amm. 

Alum. 

Sulp.  acid 

122,2 

77.2 

70,4 

57»3 

53»3 

Nitric  acid 

II2 

73.8 

55.5 

39.2 

00 

Mur.  acid 

168,6 

^33 

112,7 

89,9 

78,5 

100  parts 

Suiph.  acid. 

Nitric  acid. 

Mur.  acid. 

Barytes 

42,8 

38,7 

30.8 

Potafs 

81 

64 

52,9 

Soda 

126,7 

101,4 

79 

Lime 

i45»7 

t34^4 

87.5 

Magnefia 

176,2 

159-25 

105,4 

Ammonia 

202,6 

182,4 

127,25 

It  appears  that  all  the  table  of  Bergman  agrees  with 
the  propofition  except  the  numbers  which  correfpond  to 
fulphat  of  foda,  fulphat  of  alumina,  nitrat  of  lime,  and 
muriat  of  foda,  which  the  late  experiments  of  Mr  Kir- 
wan  have  fufficiently  (hewn  to  be  inaccurate. 

WenzePs  table  correfponds  exaftly,^  except  the  co¬ 
lumns  under  ammonia  and  alumina,  which  Morveau  has 
proved  to  be  inaccurate. 

Kirwan’s  table  correfponds  exa6lly,  except  with  re¬ 
gard  to  the  quantity  of  ammonia  neceflary  to  faturate 
muriatic  acid,  which  does  not  appear  to  have  been  ac¬ 
curately  determined  by  experiment. 

Let  us  therefore  take  the  truth  of  thefe  two  propo- 
fitions  for  granted,  and  let  us  confider  every  deviation 
from  them  as  an  error  ;  and  let  us  fee  whether  they 
will  enable  us  to  difeover  the  abfolute  affinity  of  ful- 
phuric,  nitric,  and  muriatic  acids,  for  their  refpedfive 
bales. 

Table  I.  ^antity  of  Bafe  necejfary  to  Saturate  100 
Paris  of  the  three  Acids, 


The  firll  of  thefe  tables  reprefents  the  affinity  be¬ 
tween  the  fame  acid  and  its  various  bafes  ;  and  the  fe¬ 
cund  that  of  the  bafes  for  the  different  acids.  If  it  vvere 
required  to  know  the  ratios  of  the  affinity  which  diffe¬ 
rent  bafes  have  for  any  particular  acidj  the  firfl  table,, 
fuppofing  it  accurate,  would  give  it  exadlly.^  In  like 
manner,  if  it  were  required  to  know  the  ratios  of  the 
affinity  of  the  acids  for  the  various  bafes,  we  would  find 
them  in  the  fecond  table.  ^  ^ 

But  if  we  wifhed  to  know  what  was  the  affinity  be- 
tween  one  acid  and  bafe,  compared  with  that  between  ftru<5l:  tables 
another  acid  and  a  different  bafe  ;  or  if  we  wanted  to  of  affinityo, 
have  not  the  relative  but  the  abfolute  affinity  between 
two  bodies — it  is  plain  that  we  could  not  find  it  in  either 
of  the  tables ;  for  the  abfolute  affinity  muff  confifl  of 
two  things,  the  affinity  which  the  acid  has  for  the  bafe, 
and  the  affinity  which  the  bafe  has  for  the  acid.  Now 
the  firfl  table  gives  us  the  one  of  thefe,  and  the  fecond- 
the  pther  ;  fo  that  in  order  to  reprefent  affinity  in  ab¬ 
folute  numbers,  the  two  tables  muft  be  multiplied  into 
one  another.  This  was  the  miftake  into  which  Mr  Kir- 
wap  fell.  His  method  confifled  merely  in  conllrudling  a 
table  like  our  firfl,  which  (fuppofing  the  numbers  accu¬ 
rate)  gave  only  the  affinity  between  the  bafes  and  the- 
fame  acid,  but  left  out  the  affinity  between  the  different 
acids  and  the  fame  bafe;  confequently  the  different  co¬ 
lumns  could  not  be  compared  with  each  other. 

It  is  evident,  however,  that  if  the  tables  were  multi¬ 
plied  together  in  their  prefent  flate,  they  could  not  pof- 
fibly  give  an  accurate  table  of  affinities.  For  that  pur- 
pofe,  it  is  neceffary  to  put  the  fame  number  in  the  firfl 
column  of  each  table,  and  then  to  fubflitute  other  num¬ 
bers  in  the  remaining  columns,  having  the  fame  ratio  to  - 
one  another  with  the  numbers  in  the  original  columns* 

This  is  done  in  the  following  Tables  ; 

Table  I.  Ratios  of  the  Afnity  of  fix  Bafes  for  three 
Acids, 


Barytes. 

Potafs. 

Soda. 

Lime. 

Magn, 

Amm. 

Suiph.  acid 

100,00 

52-85 

33»73 

29,27 

24.34 

21,12 

Nitric  acid 

100,00 

57.43 

3<5,98 

28,77 

24,28 

19.59 

Mur.  acid 

100,00 

58,11 

38,81 

35-70 

29.94 

24.15 

100  parts 

Baryt. 

Potafs. 

Soda. 

Lime. 

Magn. 

A.mm. 

Suiph.  acid 

233.3 

123.3 

78,7 

68,3 

56,8 

49-3 

Nitric  acid 

258,4' 

148,4 

95-6 

74.4 

62,8 

54.8 

Muriat.  acid 

324.7 

188,8 

126,1 

116, 7 

97.3 

78.5 

Table 


Part  II.  C  H  E  M 

Table  II.  Ratios  of  the  /Affinity  of  three  Acids  for 
fix  Bafes, 


Suiph.  acid. 

Nitric  acid. 

Mur.  acid. 

Barytes 

100,00 

90,42 

74o4 

Potafs 

100,00 

79,01 

65,30 

Soda 

100,00 

80,03 

62,35 

Lime 

100,00 

92,24 

60,05 

MagneAa 

100,00 

90,34 

59,68 

Ammonia 

100,00 

90,02 

62,77 

Table  III.  Affinity  hefnj^een  three  Acids  and  fix  Bafes 
in  Ahfolute  Numbers- 
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the  fubje^I,  for  the  candour  which  he  has  difplayed,  ^  Affinity.  ^ 
and  for  the  new  rout  which  he  has  opened  to  the  che-  ~  ^ 
mical  philofopher.  Though  this  problem  has  not  hi* 
therto  been  folved,  and  though  the  difficulties  which 
furround  it  are  almofl  infurnjountable,  we  may  hope 
much  from  the  general  fenfe  which  is  at  prefent  enter¬ 
tained  of  its  importance,  and  from  the  zeal  and  abili¬ 
ties  of  thofe  phllofophers  who  have  particularly  turned 
their  attention  to  it. 

In  the  mean  time,  the  following  Table  of  the  ftrength 
of  affinities  by  Morveau,  though  the  numbers  be  arbi¬ 
trary,  will  be  found  of  very  great  ufe 

Cbim,  i.773»- 
577  , 

Morveau  a 
table  of 
affinity. 


Sulph.  acid. 

Nitric  acid. 

Mur.  acid. 

Barytes 

lOOCO 

9042 

7454 

Potafs 

5285  ' 

4537 

3794 

Soda 

3373 

2969 

2419 

Lime 

2927 

2653 

2143 

MagneAa 

2434 

2193 

1786 

Ammonia 

2112 

J763 

15 '5 

On  the  fuppolition  that  the  two  propofitions  men* 
tioned  above  were  ftriAly  true,  and  that  the  numbers 
which  we  hxed  upon  were  precifely  the  quantities  of 
acid  and  bafe  neceffary  to  faturate  each  other  recipro¬ 
cally,  this  table  would  reprefent  accurately  in  num¬ 
bers  the  flrength  of  the  affinities  of  the  three  acids  for 
each  of  the  fix  bafes  refpedlively. 

We  mull  acknowledge,  however,  that  the  truth  of 
thefe  propofitions  has  not  hitherto  by  any  means  been 
fufficiently  proved  ;  but  a  great  number  of  fa^ls  concur 
to  render  them  exceedingly  probable,  and  highly  wor¬ 
thy  of  the  attention  of  chemical  philofophers.  And  we 
hope  that  the  method  propofed  by  Morveau,  and  which 
had  been  previoully  pradifed  by  Richter,  of  verifying 
theoretical  calculations  of  the  compofition  of  the  falts, 
by  mixing  together  two  falts  which  mutually  decom- 
pofe  each  other,  and  afeertaining  whether  the  refult 
correfponds  with  calculation,  will  be  followed  out,  and 
that  it  will  be  the  means  of  enfuring  more  accuracy 
than  it  has  hitherto  been  poffible  to  obtain. 

No  one  will  fufpedl  that  any  thing  which  has  here 
been  faid  is  meant  as  a  refiedfiou  on  the  ingenious  che- 
mifts  who  have  attempted  to  folve  this  moft  difficult  of 
all  chemical  problems,  the  proportion  of  the  ingredients 
which  enter  into  the  compofition  of  the  falts.  Mr  Kir- 
wan,  in  particular,  is  entitled  to  the  greateft  praife  for 
the  perfevering  induftry  with  which  he  has  profecuted 


Sulph. 

acid 

Nitric 

acid. 

Muriat. 

acid. 

Acetous  1 
acid. 

Carbonic 

acid. 

Barytes 

66 

62 

36 

28 

Potafs 

62 

~Ts~ 

3* 

26 

9 

Soda 

58 

50 

31 

^5 

8 

Lime 

54 

44 

24 

*9 

12 

Ammonia 

46 

38 

21 

20 

4 

MagneAa 

50 

.40 

22 

17 

6 

Alumina 

40 

36 

18 

15  1  2(d) 

5.  Although  every  chemical  combination  is  produced 
by  the  fame  general  law,  yet  as  their  phenomena  vary 
fomewhat  according  to  circumflanced,  affinities  have, 
for  the  fake  of  greater  perfpicuity,  been  divided  into 
claffes.  Thefe  claffes  may  be  reduced  to  three— 
compound,  and  affinities,  claffes  of  af- 

The  frjl  clafs  comprehends  all  thofe  cafes’  in  which  finity, 
ovAy  two  bodies  combine  together;  as,  for  inftance,  ful-.^. ‘‘’79 
phuric  acid  and  potafs,  oxygen  and  carbon.  The 
nities  which  belong  to  this  clafs  are  known  by  the  name 
of  fimple  or  Jingle  ajfnilies-  Although  one  of  the  fub- 
ftances  to  be  combined  happens  to  be  already  united 
with  another  body,  the  combination  is  fti  11  reckoned  a 
cafe  of  Angle  affinity.  Thus  fuppofe  the  fulphuric  acid 
previoufly  combined  with  magnelia,  and  forming  with 
it  the  fait  called  fulphat  of  magnejia,  as  foon  as  potafs  is 
prefented,  the  acid  leaves  the  earth  (which  is  precipi¬ 
tated),  and  unites  with  the  alkali.  Even  when  three 
bodies  combine,  it  often  happens  that  the  union  is  pro¬ 
duced  merely  by  Angle  affinity.  Thus,  when  fome  poti 
afs  is  dropped  into  tartarous  acid,  part  of  the  acid 
unites  with  the  alkali,  and  forms  tartrite  of  potafs  ;  after 
this  the  remainder  of  the  acid  combines  with  the  tar^^^ 
trite  juft  formed,  and  compofes  a  new  fait  known  by 
the  name  of  acidulous  tartrite  of  potafs,  or  tartar-  This  ■ 
is  evidently  nothing  elfe  than  two  inftances  of  Ample 
affinity  immediately  following  each  other. 

When  more  than  three  bocli'es  arc  mixed,  decomj«}i.Comtfound 
fitions  and  new  combinations  often  take-place,  whichaBinity, 


couid 

(d)  This  table,  however,  does  not  correfpond  quite  accurately  to  all  the  phenomena.  For  inftance,  accordi 
ing  to  it,  fulphat  of  barytes  is  not  decoropofed  by  carbonat  of  foda,  although  the  contrary  takes’  place  Iii 
ha-.  ‘ 
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Affinity,  could  not  have  been  produced  had  the  bodies  been  pre- 
^  fented  in  a  different  ftate.  If,  for  inftance,  into  a  fo- 
lution  of  fulphat  of  potafs  there  be  poured  nitric  acid, 
no  decompofition  is  produced,  becaufe  the  fulphuric 
acid  has  a  ftronger  affinity  for  potafs  than  nitric  acid 
has.  For  the  very  fame  reafon,  ammonia  may  be  pour¬ 
ed  into  the  folution  without  producing  any  change. 

•  But  if  nitrat  of  ammonia  be  poured  in,  a  decompofition 
inftantly  takes  place,  and  two  new  bodies,  fulphat  of 
ammonia  and  nitrat  of  potafs^  are  formed.  Such  cafes  of 
decompofition  form  the  fecond  clafs  of  affinities.  They 
were  called  by  Bergman  cafes  of  double  eledlive  attract 
iion  ;  a  name  which  is  exceedingly  proper  when  there 
are  only  four  bodies  concerned.  But  as  there  are  often 
more  than  four,  it  is  neceffary,  as  Mr  Morveau  has  ob- 
ferved,  to  employ  fomc  more  comprehenfive  term.  We 
fhall  therefore  call  the  affinities  belonging  to  this  clafs 
compound  ajffinitles  (e)  •,  and  comprehend  under  the 
term  all  t:afes  where  more  than  three  bodies  are  prefent, 
and  produce  combinations  which  would  not  have  been 
formed  without  their  united  aftion.  In  thefe  cafes  the 
affinity  of  all  the  various  bodies  for  each  other  ads, 
and  the  refulting  combination  is  produced  by  theadion 
of  thofe  affinities  which  are  ftrongefl:.  The  manner  in 
which  thefe  combinations  and  decomp6fitions  take 
place,  was  firfl  clearly  explained  by  Dr  Black.  Let 
the  affinity  between  potafs  anti  fulphuric  acid  be  ~  62; 
that  between  nitric  acid  and  ammonia  =  38  ;  that  be¬ 
tween  the  fame  acid  and  potafs  ri  58  ;  and  that  be¬ 
tween  the  fulphuric  acid  and  ammonia  =  46.  Now, 
let  us  fuppofe  that  all  thefe  forces  are  placed  fo  as  to 
draw  the  ends  of  two  cylinders  crofting  one  anothei, 
and  fixed  in  the  middle  in  this  njanner, 


Potafs. 


Nitric  acid. 


(  too 


104 

It  is  evident,  that  as  58  and  46  =  104,  are  greater  than 
52  -j-  38  100,  they  would  overcome  the  other  for¬ 

ces  and  fhut  the  cylinders.  Juff  fo  the  affinity  between 
potafs  and  nitric  acid,  together  with  that  between  ful- 
phuric  acid  and  ammonia,  overcomes  the  affinity  be¬ 
tween  potafs  and  fulphuric  acid,  and  that  between  nitric 
acid  and  ammonia,  and  produces  new  combinations. 

In  all  cafes  of  compound  affinity,  there  are  tvyo 
kinds  of  affinities  to  be  confidered  ;  ijlf  Thofe  affinities 
which  tend  to  preferve  the  old  compound,  thefe  Mr  Kir- 
wan  has  called  quiefcent  affinities  ;  and  thofe  which  tend 
to  deftroy  them,  which  he  has  called  dlvellent  affinities. 

Thus,  in  the  inftance  above  given,  the  affinity  be¬ 
tween  potafs  and  fulphuric  acid,  and  that  between  ni¬ 
tric  acid  and  ammonia,  are  quiefcent  affinities,  which 
endeavour  to  preferve  the  old  compound  ;  and  if  they 
are  ftrongeft,  it  is  evident  that  no  new  compound  can 
take  place.  On  the  contrary,  the  affinity  between  pot- 
aft  and  nitric  acid,  and  that  between  fulphuric  acid  and 
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ammonia,  are  divellent  affinities ;  end  as  they  are  in  this  Afiinity, 
cafe  ftrongeft,  they  adlually  deftroy  the  former  combi-  ^ 
nations  and  form  new  ones. 

Bergman,  who  publifhed  a  great  many  cafes  of  com¬ 
pound  affinities,  employed  to  explain  them  a  method 
fomewhat  different  from  this.  He  would  have  repre¬ 
sented  the  above  cafe  in  the  following  manner  : 

Nitrat  of  Potafs. 


Potafs^ 


Nitric  acid. 


Sulphat  of 
Potafs. 


Nitrat  of 
^Ammonia. 


Siilph.  acid.  Ammonia. 

Sulphat  of  Ammonia. 

At  the  four  corners  of  an  imaginary  fquare  are  placed 
the  four  fubftances,  fo  that  one  acid  fhall  be  diagonally 
oppofite  to  another.  On  the  right  and  left  fide  of  the 
fquare  are  placed  the  old  compounds,  each  011  the  fide 
of  its  own  ingredients,  and  above  and  below  are  placed 
the  new  compounds. 

Mr  Elliot  improved  this  method  of  Bergman,  by  ad¬ 
ding  numbers  expreflive  of  the  affinity  of  the  various 
fubftances.  It  is  in  cafes  of  compound  affinity  that 
the  ratios  of  affinities,  if  we  were  poffcffed  of  them, 
would  be  peculiarly  ufeful.  For  it  is  evident,  that  if 
we  knew  the  ftrength  of  affinities  in  abfolute  numbers, 
we  would  be  able  to  determine  before  hand  all  the  cafes 
of  compound  affinity. 

If  we  knew,  for  inftance,  that  the  affinity  between 
the  muriatic  acid  and  barytes  were  =  36;  that  between 
the  fame  acid  and  potafs  =z  32  ;  the  affinity  between 
potafs  and  carbonic  acid  =  9  ;  and  that  between  the 
fame  acid  and  barytes  =14  ; — we  would  be  certain, 
previous  even  to  experiment,  that  when  muriat  of  bary¬ 
tes  and  carbonat  of  potafs  are  mixed,  a  double  decom¬ 
pofition  would  take  place  ;  which  we  know  from  expe¬ 
riment  to  be  adually  the  cafe. 

Muriat  of  Potafs. 


Muriatic 

acid. 


32  Potafs. 


Muriat  of 
Barytes,  \  3^ 


Carbonat 
9  (45 />  of  Potafs. 


Barytes,  14  Carbonic 
—  acid. 

46 

- y - 

Carbonat  of  Barytes. 

Another  inftance  of  decompofition  by  compound 
affinities. 

Sulphat 


(e)  Morveau  called  them  ajffinite  par  concourse 


Nitrat  of 
magnefia. 


Suppofing  Morveau’s  numbers  exad,  it  follows  alfo, 
even  prior  to  experiment,  that  no  decompofition  takes 
place  when  fulpliat  of  lime  and  munat  of  potafs  are 
mixed  ; 


Sulphat 

of 

Lime, 


Sulphuric 
acid, 


54 

^  Lime, 


62 


Potafs. 


(86 


20 

82 


A 

Muriatic  \ 
acid.  1 


Muriat 
of 
Potafs. 


for  the  quiefeent  affinities  are  86,  and  the  divellent  on- 

iy  82.  .  r  r  1 

Nor  when  aeetite  of  lime  and  muriat  of  foda  are 

mixed  ; 


Acetous  acid,  25 


Soda. 


Aeetite 

»  \ 

Muriat 

of 

( 

28  (47  / 

^  of 

Lime, 

Soda. 

F  Lime, 

20  Muriatic  ^ 

acid. 


45 


When  a  new  compouna  is  precipiiaicu,  a  anc  ocut 
downwards  in  the  middle  is  to  be  placed  between  it  and 
the  fquare,  as  in  the  following  fcheme : 

Sulphat  of  Potafs. 

- V - 

Sulph.  acid,  62  Potafs. 


Sulphat 

of 

Barytes, 


65 


Barytes, 


14 

76 


9  (74 


Carbonic 
acid. 


Carbonat 

of 

Potafs^ 


581 


becaufe  the  quiefeent  affinities  are  47,  and  the  divellent 
only  45.  Thefe  cafes  where  no  decompofition  takes 
place  have  been  called  by  Morveau  cafes  of  inverfe  com¬ 
pound  affinity. 

Morveau  has  propofed  the  following  improvements  in 
reprefenting  thefe  cafes  of  compound  affinities*. 

*j^tbod  When  decompofition  docs  not  take  place,  nothing  is 
C(6/^.i.55^.to  be  written  above  and  below  the  fquare,  as  in  the  two 
laif  examples.  When  a  new  compound  remains  diffol- 
ved,  a  ftraight^  line  is  to  be  placed  between  it  and  the 
fquare,  as  in  the  following  fcheme. 


Carbonat  of  Barytes. 

When  a  new  compound  is  fublimed,  the  line  between 
it  and  the  fquare  is  to  be  pointed  upwards  in  the  middle. 

When  a  new  compound  is  partly  diffolved  and  partly 
precipitated,  the  line  placed  between  it  and  the  fquare 

is  to  affume  the  following  fhape  : - r- - 

When  it  is  partly  difTolved  and  partly  fublimed,  the 
following  is  the  line  to  be  ufed  :  ' — — — — 

The  third  clafs  of  affinities  has  been  called  by  Mr^nd^difpo- 
Morveau  difpofing  affinities ,  becaufe  they  difpofe  fub-fingaSinity^ 
fiances  to  combine  that  would  not  otherwife  have  done 
it.  Suppofe,  for  inflance,  that  fulphur  is  prefented  to 
oxygen  gas,  it  does  not  manifefl  any  affinity  for  it  ^ 
but  combine  it  previoufly  with  potafs,  and  it  unites  with, 
oxygen  with  avidity.  Its  previous  union  with  potafs, 
in  this  cafe,  difpofed  it  to  unite  with  oxygen.  The  caufe 
of  this  curious  affinity  is  not  yet  well  underftood.  If 
we  confider  what  it  was  that  prevented  the  fulphur  and 
oxygen  from  combining,  we  fhaU  find  that  it  can  only  be 
its  own  attra(Elion  of  cohefion,  and  the  affinity  between 
the  oxygen  and  caloric  which  are  combined.  What¬ 
ever  then  diminiihes  this  attraction  of  cohefion,  or  of 
aggregation  as  it  has  been  called,  muft  facilitate  the  union 

o£ 
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Affinity,  of  tlic  fulphur  with  oxygen.  This  Is  done  In  fome  mea- 
fure  by  the  potafs.  Befides,  if  affinity  depends  upon  the 
hgure  of  particles,  it  is  evident  that  there  muft  be  an 
affinity  between  the  new  compound  and  oxygen;  but  the 
iTioment  the  oxygen  approaches  within  a  certain  diftance 
or  the  fulphiir,  it  unites  with  It,  as  its  affinity  is  much 
grcjiter  for  that  fubftance  than  for  the  compound. 

The  following  is  another  inftance  of  this  curious  affi¬ 
nity  ;  Sugar,  as  Lavolfier  has  proved,  is  compofed  of 
oxygen,  hydrogen,  and  carbon  :  Now  if  concentrated 
fulphuric  acid  be  poured  upon  fugar,  the  oxygen  and 
hydrogen  combine,  and  form  water,  w'hich  unites  with 
the  acid,  and  the  carbon  is  precipitated.  In  this  cafe,  the 
prefence  of  the  acid  difpofed  the  oxygen  and  hydrogen 
'  to  combine.  In  what  manner  this  new  combination  is 
produced,  it  would  not  be  eafy  to  explain  :  not  by 
weakening  the  attradlion  of  cohefion;  for  we  do  not  fee 
how  the  acid  could  produce  that  effedl.  The  only  ex¬ 
planation  that  can  be  given,  is  to  fuppofe  that  the  fiil- 
phuric  acid,  when  It  approaches  within  a  certain  dif¬ 
tance  of  the  oxygen  and  hydrogen,  attradls  them  ;  and 
that  this  attradlion,  together  with  the  affinity  between 
the  oxygen  and  hydrogen,  is  greater  than  that  which 
produces  the  combination  between  the  ingredients  of 
the  fugar  themfelves  :  the  coiifequence  of  which  muft 
be  decompofition. 

XVhy  bo-  6.  We  come  now  to  one  of  the  moft  difficult  quef- 
djes  require tioiis  in  chemiftry — Why  do  bodies  require  different 
different  temperatures  in  order  to  unite  ?  and  why  does  the  pre- 
turc'^  to  fence  of  caloric  in  many  cafes  favour  or  rather  produce 
uaite,  union,  while  it  prevents  or  deftroys  it  in  others  ? 

Thefe  queftioiis  were  propofed  at  the  end  of  the  fe- 
cond  Chapter  of  this  article  ;  and  w^e  referved  them  for 
this  place,  not  becaufe  we  hoped  to  be  able  to  anfwer 
them  in  a  fatisfadlory  manner,  but  becaufe  no  intelli¬ 
gible  anfwer  could  be  given  till  the  nature  of  affinity 
had  been  previoufly  confidered.  Some  fubftances,  phof- 
phorus  for  inftance,  combine  with  oxygen  at  the  common 
temperature  of  the  atmofphere;  others,  as  carbon,  re¬ 
quire  a  higher  temperature  ;  'and  others,  as  hydrogen 
and  azotic  gas,  do  not  combine  except  at  a  very  high 
temperature.  To  what  are  thefe  differences  owing  ? 

In  anfwer  to  this  queftion,  we  obferve,  that  the  at¬ 
traction  of  cohefton  evidently  oppofes  that  of  affinity^ 
Thofe  bodies  which  we  prefent  to  combine  together 
are  generally  aggregates,  or,  which  is  the  fame  thing, 
confift  of  many  ftmilar  particles  united  by  cohefion  : 
for  we  have  no  method  of  feparating  bodies  into  their 
integrant  particles,  oxcept  affinity.  Now  we  can  con¬ 
ceive  the  attraction  of  cohefion  between  the  particles  of 
a  body  to  be  fo  great  as  to  prevent  them  altogether 
from  obeying  the  impulfe  of  affinity.  That  this  actu¬ 
ally  happens  in  fome  cafes  cannot  be  doubted  :  for  if 
pure  alumina  be  formed  into  a  pafte,  and  heated  fuffi- 
ciently,  it  becomes  fo  hard  that  no  acid  can  aCt  upon  it; 
yet  its  nature  is  not  in  the  leaft  changed:  by  proper  tri¬ 
turation,  it  may  be  again  rendered  foluble  ;  and  when 
precipitated  from  this  new  folution,  it  has  recovered  all 
•its  original  properties.  The  effeCt  of  the  fire,  then,  was 
merely  to  increafe  the  cohefion,  by  feparating  all  the 
w^ater,  and  allowing  the  particles  to  approach  nearer 
each  other. 

It  is  evident,  that  whatever  diminifhes  the  cohefion 
which  exifts  between  the  particles  of  any  body,  muft 
•tend  to  facilitate  their  chemical  union  with  the  particles 


of  other  bodies.  This  is  the  reafon  that  bodies  combine  Affihity. 
more  eafily  when  held  in  folution  by  water,  or  when 
they  have  been  previoufly  reduced  to  a  fine  powder. 

Now  caloric  pofTeffes  the  property'  of  diminifhing  co- 
hefion.  And  one  reafon  why  fome  bodies  require  a 
high  temperature  to  caufe  them  to  combine  is,  that  at 
a  low  temperature  the  attraction  of  cohejlon  is  in  them 
fuperlor  to  that  of  affinity;  accordingly,  it  becomes  ne- 
ceffary  to  weaken  that  attraction  by  caloric  till  it  be¬ 
comes  inferior  to  that  of  affinity.  The  quantity  of  ca¬ 
loric  necefiary  for  this  piirpofe  muft  vary  according  to 
the  ftrength  of  the  cohefion  and  of  the  affinity' ;  it  muft 
be  inverfely  as  the  affinity,  and  direCtly  as  the  cohefion. 
Wherefore,  if  we  knew  precifely  the  force  of  the  cohe¬ 
fion  between  the  particles  of  any  body,  and  of  the  af¬ 
finity  between  the  particles  of  that  body  and  of  any 
other,  we  could  eafily  reduce  the  temperature  necefiary 
to  calculation. 

That  caloric  or  temperature  ads  in  this  manner  can¬ 
not  be  doubted,  if  we  confider  that  other  methods  of 
diminifhing  the  attradion  of  cohefion  may  be  fubfti- 
tuted  for  it  with  fuccefs.  A  large  lump  of  charcoal, 
for  inftance,  will  not  unite  with  oxygen  at  fo  low  a 
temperature  as  the  fame  charcoal  will  do  when  reduced 
to  a  very  fine  powder ;  and  charcoal  will  combine  with 
oxygen  at  a  ftill  lower  temperature.  If  it  be  reduced  ta 
its  integrant  particles,  by  precipitating  it  from  alcohol, 
as  Dr  Prieftley  did  by  pafiing  the  alcohol  through, 
red  hot  copper.  And  to  fhew  that  there  is  nothing  in 
the  nature  of  oxygen  and  carbon  which  renders  a  high 
temperature  necefiary  for  their  union,  if  they  be  pre- 
fented  to  each  other  in  different  circum fiances,  they 
combine  at  the  common  temperature  of  the  atmofphere  ; 
for  if  nitric  acid,  at  the  temperature  of  6o°,  be  poured 
upon  charcoal  powder,  well  dried  in  a  clofe  crucible, 
the  charcoal  takes  fire,  owing  to  its  combining  with 
the  oxygen  of  the  acid  *  :  And  in  fome  other  fituations  »  Proujtani 
carbon  is  fo  completely  divided,  that  it  is  capable  of  Morviauy 
combining  with  the  oxygen  of  the  atmofphere,  or,  Encyc 
which  is  the  fame  thing,  of  catching  fire  at  the  com-f^'’^' 
mon  temperature.  This  feems  to  be  the  cafe  with  it  in^* 
thofe  pyrophori  that  are  formed  by  diftilling  to  dry- 
nefs  feveral  of  the  neutral  falts  which  contain  acetous 
acid  f.  Thefe  obfervations  are  fufficient  to  fhew  that  \  Morveauf 
caloric  is  in  many  cafes  necefiary  in  order  to  diminifh«W. 
the  attradlion  xohejion. 

But  there  is  a  difficulty  ftill  remaining.  How  comes 
it  that  certain  bodies  will  combine  with  oxygen  with¬ 
out  the  afliftance  of  any  foreign  heat,  provided  the  com¬ 
bination  be  once  begun,  though  a  quantity  of  caloric 
is  necefiary  to  begin  the  combination  ?  and  that  other 
bodies  require  to  be  furrounded  by  a  great  quantity  of 
caloric  during  the  whole  time  of  their  combining  with 
oxygen  ?  Alcohol,  for  inftance,  if  once  kindled,  burns 
till  it  is  quite  confumed  ;  and  this  is  the  cafe  with  oils 
alfo,  provided  they  be  furnifhed  with  a  wick. 

We  muft  obferve,  in  the  firft  place,  that  we  would 
err  very  much,  were  we  to  fuppofe  that  a  high  tempe¬ 
rature  is  not  as  necefiary  to  thefe  fubftances  during  the 
whole  of  their  combuftion  as  at  the  commencement  of 
it  ;  for  Mr  Monge  found,  on  making  the  trial,  that  a 
candle  would  not  burn  after  the  temperature  of  the  air 
around  it  was  reduced  below  a  certain  point. 

All  fubftances  which  continue  to  burn  after  being 
once  kindled  are  volatiky  and  they  burn  the  eafier  in 

proportion 


and  Heat. 
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Affinity,  proportion  to  that  volatility^.  The  application  of  a  cer- 
tain  quantity  of  caloric  to  alcohol  volatilizes  part  of  it ; 
that  is  to  fay,  diminifhes  the  attradlion  of  its  cohefion 
fo  much  that  it  combines  with  oxygen.  The  oxygen 
which  enters  into  this  combination  gives  out  as  much 
heat  as  volatilizes  another  portion  of  the  alcohol ;  which 
combines  with  oxygen  in  its  turn ;  more  heat  is  given  out; 
and  thus  the  procefs  goes  on.  Oils  and  tallow  exhibit 
the  very  fame  phenomena;  only  as  they  are  lefs  volatile, 
it  is  neceffary  to  aflift  the  procefs  by  means  of  the  ca¬ 
pillary  attradion  of  the  wick,  which  confines  the  adion 
of  the  caloric  evolved  to  a  fmall  quantity  of  oil,  and 
thus  enables  it  to  produce  the  proper  effed.  In  fhort, 
then,  every  fubftance  which  is  capable  of  continuing  to 
burn,  after  being  once  kindled,  is  volatile,  or  capable  of 
being  converted  into  vapour  by  the  degree  of  heat  at 
firft  applied.  The  reafon  that  a  live  coal  will  not  burn 
when  fufpended  infulated  in  the  air,  is  not,  as  Dr  Hut- 
♦  On  Light  ton  fuppofed*,  becaufe  its  is  diiTipated ;  but  becaufe 
the  coal  cannot  be  converted  into  vapour  by  the  de¬ 
gree  of  heat  which  it  contains,  and  becaufe  the  cohe- 
lion  of  its  particles  is  too  great  to  allow  it  to  combine 
with  oxygen  without  fome  fuch  change.  There  are 
fome  coals,  however,  which  contain  fuch  a  quantity  of 
bitumen  that  they  will  burn  even  in  the  fituation  fup- 
pofed  by  Dr  Hutton,  and  continue  to  burn,  provided 
they  be  furnifhed  with  any  thing  to  ad  as  a  wick.  It 
is  needlefs  to  add,  that  bitumen,  like  oil,  is  eafily  con¬ 
verted  into  vapour. 

But  this  explanation,  inftead  of  removing  our  diffi¬ 
culties,  has  only  ferved  to  increafe  them  :  For  if  ca¬ 
loric  only  ads  by  diminifhing  the  attradion  of  cohe¬ 
fion,  and  converting  thefe  fubftances  into  vapour,  why 
do  not  all  elaftic  fluids  combine  at  once  without  any 
additional  caloric  ?  why  do  not  oxygen  and  hydrogen, 
when  mixed  together  in  the  flate  of  gas,  unite  at  once 
and  form  water  ?  and  why  do  not  oxygen  and  azot, 
which  are  conflantly  in  contad  in  the  atmofphere,  unite 
alfo  and  form  nitrous  gas  ?  Surely  it  cannot  he  the 
attradion  of  cohefion  that  prevents  this  union.  And 
if  it  be  aferibed  to  their  being  already  combined  wnth 
caloric,  how  comes  it  that  an  additional  dofe  of  one  of 
the  ingredients  of  a  compound  decompofes  it  ?  Surely, 
as  Mr  Mongc  has  ob ferved,  this  is  contrary  to  all  the 
other  operations  in  chemiftry. 

That  the  particles  of  fluids  are  not  deftitute  of  an 
attradion  for  each  other,  is  evident  from  numberlefs 
fads.  ^  The  particles  of  water  draw  one  another  after 
them  in  cafes  of  capillary  attradion  ;  which  is  proba¬ 
bly  owing  to  the  attradion  of  cohefion.  It  is  owing 
to  the  attradion  of  cohefion,  too,  that  fmall  quantities 
of  water  form  themfelves  into  fpheres  :  Nor  is  this  at¬ 
tradion  fo  weak  as  not  to  be  perceptible.  If  a  fmall 
plate  of  glafs  be  laid  upon  a  globule  of  mercury,  the 
globule,  nolwithftanding  the  preffure,  continues  to  pre- 
ferve  its  round  figure.  If  the  plate  be  gradually  char¬ 
ged  with  weights  one  after  another,  the  mercury  be¬ 
comes  thinner  and  thinner,  and  extends  itfelf  in  the 
form  of  a  plate  ;  but  as  foon  as  the  weights  are 
removed,  it  recovers  its  globular  figure  again,  and 
pufhes  up  the  glafs  before  it.  Here  we  fee  the  at- 
SuppL.  VoL.  I.  Part  I. 
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tradion  of  cohefion,  not  only  fuperior  to  gravity-  Affinity 
tion,  but  adually  overcoming  an  external  force  *. 

And  if  the  workman,  after  charging  his  plate  of 
glafs  with  weights,  wdien  he  is  forming  mirrors,  hap- p.  543.* 
pen  to  remove  thefe  weights,  the  mercury  which  had 
been  forced  from  under  the  gl^^fs,  and  w^as  going  to  fe- 
parate,  is  drawn  back  to  its  place,  and  the  glafs  again 
pufhed  up.  Nor  is  the  attradion  of  cohefion  confined 
to  folids  and  liquids  ;  it  cannot  be  doubted,  that  it  ex- 
ifls  alfo  in  gafes  ;  at  lead;  it  is  evident,  that  there  fub- 
fifls  an  attradion  between  gafes  of  a  different  kind  ; 
for  although  oxygen  and  azotic  gas  are  of  different 
gravities,  and  ought  therefore  to  occupy  different  parts 
of  the  atmofphere,  we  find  them  always  mixed  toge- 
h  er  ;  and  this  can  only  be  aferibed  to  an  attradioji. 

And  were  we  to  allow,  with  Humbolt  and  feveral  other 
clieniifts,  that  thefe  two  gafes  are  chemically  combined 
in  atmofpherical  air,  an  opinion  contradided  by  a  late 
experiment  in  France  (f);  dill  the  exidence  of  carbo¬ 
nic  acid  gas  in  every  part  of  the  atmofphere  can  only 
be  aferibed  (if  the  inaccuracy  of  the  expreffion  may  be 
tolerated)  to  a  kind  of  cohefion.  .  And  whoever  has 
been  accuftomed  to  pneumatic  experiments,  mud  have 
obferved  that  fmall  portions  of  air,  as  well  as  water, 
form  themfelves  into  fpheres,  and  that  the  attradion  of 
cohefion  is  fo  llrong  in  gafes,  that  large  globules  of 
them  often  adhere  by  a  fingle  point  to  the  bottom  of 
veffels  filled  with  heavy  fluids  :  whereas,  had  there  been 
no  attradion  of  cohefion,  every  part  of  the  globule 
ought  to  have  afeended  to  the  furface  of  the  duid, 
except  the  particles  immediately  in  conta6b  with  the 
veffel.  Allowing,  then,  that  there  is  an  attradion  of 
cohefion  between  the  particles  of  gafes,  let  us  fe^  whe¬ 
ther  that  will  not  affid  us  in  removing  the  difficulty.  ^83 
It  feems  evident,  in  the  fird  place,  that  the  affinity  Explained, 
between  the  bafes  of  the  gafes  under  coniideration  and 
oxygen  is  greater  than  their  affinity  for  that  dofe  of 
caloric  which  produces  their  eladic  form  ;  for  when 
they  are  combined  with  oxygen,  the  fame  dofe  will  not 
feparate  them  again.  Let  us  take  hydrogen  for  an  in¬ 
dance  :  The  affinity  of  hydrogen  is  greater  for  oxygen 
than  for  the  caloric  which  gives  it  its  gafeous  form  ; 
but  the  oxygen  is  alfo  combined  with  caloric,  and  there 
ex  ids  an  attradion  of  cohefion  between  the  particles  of 
the  hydrogen  gas ;  the  fame  attradion  fublids  between 
thofe  of  oxygen  gas.  Now  the  fum  of  all  thefe  affini¬ 
ties,  namely,^  the  affinity  between  hydrogen  and  calo¬ 
ric,  the  affinity  between  oxygen  and  caloric,  the  cohe¬ 
fion  of  the  particles  of  the  hydrogen,  and  the  cohefion 
of  the  particles  of  oxygen— is  greater  than  the  affinity 
between  the  hydrogen  and  oxygen  ;  and  therefore  no 
decompofition  can  take  place.  Let  the  affinity  between 
Oxygen  and  caloric  be  -  -  .  jq 

Hydrogen  and  caloric  -  .  .  ^ 

Cohefion  of  oxygen  “  *  -  -  4 

Cohefion  of  hydrogen  -  -  .  -  2 

Sum  of  quiefcent  affinities,  -  .  jq5 

The  affinity  of  oxygen  and  hydrogen,  -  10  e 

The  quiefcent  affinities  being  greater  than  the  divellent 
affinities,  no  decompofition  can  take  place. 

_ _  Yy  Let 


(f)  Air  brought  by  means  of  a  balloon  from  a  great  height  in  the  atmofphere  was  found  to  contain  lefs  nw 
gen  gas  than  the  fame  quantity  of  air  near  the  ground. 
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Let  now  a  quantity  of  caloric  be  added  to  the  oxy- 
*  gen  and  hydrogen  gas,  it  has  the  property  of  expand- 
iug  them,  and  of  courfe  of  diminifhing  their  cohefion  ; 
while  its  affinity  for  them  is  fo  (mail  that  it  may  be  ne- 
o-leded.  Let  us  fuppofe  that  it  diminilhes  the  cohefion  of 
the  oxygen  i,  and  of  the  hydrogen  alfo  i,  their  cohefion 
will  now  be  3  and  i  ;  and  the  quiefcent  affinities  being 
only  104,  while  the  divellent  are  105,  the  decompofition 
would  of  courfe  take  place,  and  a  quantity  of  caloric 
would  thus  be  fet  at  liberty  to  produce  the  fame  effeas 
upon  the  neighbouring  particles. 

Thus,  then,  caloric  aas  only  by  diminifhing  cohe¬ 
fion  :  And  the  reafon  that  it  is  required  fo  much  in 
gafeous  fubftances,  and  in  thofe  combinations  into  which 
oxygen  enters,  is  the  ffrong  affinity  of  oxygen  and  the 
other  bafes  of  the  gafes  for  caloric  ;  for,  owing  to  the 
repulfion  which  exifts  between  the  particles  of  that  fub- 
tile  fubftance,  an  effea  is  produced  by  adding  large 
dofes  of  it,  contrary  to  what  happens  in  other  cafes. 
The  more  of  it  is  accumulated,  the  ftronger  is  the  re- 
pulfion  between  its  particles  ;  and  therefore  the  more 
powerful  is  its  tendency  to  fly  off :  and  as  this  tendency 
IS  oppofed  by  its  affinity  for  the  body  and  the  cohe¬ 
fion*  of  its  particles,  it  mull  diminifh  both  thefe  attrac- 
tions. 

Though  we  have  thus  attempted  to  explain  what  has 
been  always  confidered  as  one  of  the  moft  difficult  pro¬ 
blems  in  chemiftry,  we  are  far  from  fuppoling  that  we 
have  removed  every  difficulty.  Much  ftill  remains  to 
be  done  before  the  aaion  of  light  and  caloric  can  be 
fully  underftood ;  and  there  may  be  other  agents,  of 
whofe  exiftence  we  have  not  yet  even  conceived  the 

idea.  .  ^ 

One  difficulty  ftill  remains  to  be  examined.  ^  Weat 
not  only  produces  the  combination  of  fome  bodies,  but 
alfo  occafions  the  decompofition  of  others.  How  does 
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Boracic  acid  55 
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/Potafs. 


Potafs 


Borat  of  Potafs. 

By  the  fame  compound  affinity  boracic  acid  and- 
heat  decompofes  muriat  of  foda. 

Muriatic  Acid  Gas. 

_ A _ 


Caloric 


JO  Muriatic  acid 


^Muriat  of 
^  ^  /  Soda. 


Boracic  acid  24  Soda 


Borat  of  Soda. 


g  it  ad  in  thefe  cafes  ? 

How  heat  That  many  of  thefe  decompofitions  are  produced  by 
decompofes  chemical  affinity,  will  be  evident  from  the  following  ex- 

hodies.  amples.  ^  ,  r  1  u  .. 

When  fulphur  and  arfenic  acid  are  expoled  to  heat, 
♦  I^elhtier.  fulphuret  of  arfenic  is  formed  *  evidently  by  a  kind  of 
compound  affinity. 

Oxygen  Gas. 


Caloric  iz  Oxygen  j 

I 

60 


Sulphur  50  Arfenic 

- — - V 

Sulphuret  of  Arfenic. 

In  the  fame  manner,  when  nitrat  of  potafs  and  bora¬ 
cic  acid  are  expofed  to  heat,  the  nitric  acid  is  volati¬ 
lized,  and  borat  of  potafs  is  left  behind. 


>  Arfenic 
Acid,. 


In  the  fame  manner,  it  would  be  eafy  to  explain  how 
all  the  decompofitions  by  the  drjf  way^  as  it  is  called,- 
are  produced. 

But  how  comes  caloric  to  decompofe  water  after  ha¬ 
ving  produced  the  union  of  oxygen  and  hydrogen  ? 
The  union,  we  have  feen,  was  probably  brought  about 
by  the  play  of  oppofite  affinities  ;  but  in  the  feparation, 
caloric  feems  to  ad  by  its  peculiar  power,  or  the  re- 
piilfion  which  exifts  between  its  particles.  When  ca¬ 
loric  combines  with  an  integrant  particle  of  water,  thiS' 
repulfion  muft  feparate  the  component*parts  fomewhat 
from  one  another  ;  confequently  it  muft  weaken  their 
affinity  ;  for  every  increafe  of  diftance  produces  that  ef- 
fed.  Now  let  us  fuppofe  that  the  affinity  between 
oxygen  and  hydrogen  is  105,  and  that  the  affinity  be¬ 
tween  caloric  and  each  of  thefe  bodies  is  50  ;  as  foon 
as  the  particles  of  oxygen  and  hydrogen  are  fo  far  fe- 
parated  from  each  other  that  their  affinity  is  lefs  than 
joo,  they  will  unite  with  caloric  in  preference,  becaufe 
the  fum  of  their  affinities  for  caloric  is  equal  to  100  ; 
confequently,  whenever  that  takes  place  water  will  be 
decompofed.  Hence  we  fee  the  reafon  why  more  heat 
is  always  neceffary  to  produce  the  decompofition  of  bo¬ 
dies  than  what  produced  their  union. 

Caloric  poflefles  another  Angular  property,  that  of 
changing  the  compound  afftnities  of  bodies,  even  when 
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Affinity.  It  does  not  appear  to  enter  as  an  ingredient.  What  we 
mean  will  appear  evident  from  the  following  examples : 

^  Muriat  of  ammonia,  1  decompofe  each  other  at  the 

Caibonat  of  magnefia,  J  ordinary  temperature  of  the 
atmofphere,  and  form  muriat  of  magnefia  and  cat  bon  at 
of  ammonia ;  but,  on  the  contrary, 

Muriat  of  magnefia,  and  1  decompofe  each  other  at 
Carbonat  of  ammonia,  3  a  high  temperature  ;  for 
inftance,  at  212®.  The  produds  are  muriat  of  ammo¬ 
nia  and  carboiiat  of  magnefia 

Ao-ain,  if  muriat  of  foda  and  fulphat  of  magnefia  be 
mixed  together  at  a  low  temperature,  for  inllance  at 
zero,  they  decompofe  each  other,  and  muriat  of  mag¬ 
nefia  and  fulphat  of  foda  are  formed  ;  but  no  decom- 
pofition  takes  place  at  a  temperature  above  3  20.— Mu¬ 
riat  of  foda,  and  fulphat  of  alumina,  exhibit  precifely 
the  fame  phenomena  f . 

Laftly,  fulphat  of  magnefia  and  carbonat  of  ammonia 
Mn.de  ’  decompofe  each  other  at  the  ordinary  temperature  ;  but 
Chim*  z  1 2°  the  carbonic  acid  flies  off,  and  the  remaining 

1  Fourcroy  fubftances  form  a  triple  fait 

"  ^  *  The  laft  of  thefe  phenomena  appears  owing  to  the 

affinity  between  carbonic  acid  and  caloric,  and  the  two 
firll  to  the  affinity  between  muriat  of  ammonia  and  ca¬ 
loric,  for  that  fait  is  volatilized. 

It  would  not  be  fo  eafy  to  explain  the  mutual  decom- 
pofition  of  muriat  of  foda  and  fulphat  of  magnefia  at  a 
low  temperature.  It  is  probably  connedled  with  the 
alterations  in  the  diftance  of  the  ingredients  of  chemical 
compounds,  which  are  produced  by  the  prefence  and 
abfence  of  caloric. 

Of  Count  From  the  important  part  which  caloric  ads  in  chemi- 
Rumford’s  cal  combinations.  Count  Rumford  has  been  lately  indu- 
opinion  re-  ced  to  fufped  that  this  fubtile  fluid  is  the  only  agent  by 
^Pe.^ing^f"  which  they  are  produced, 
nity.  That  caloric  is  a  necejfary  agent  in  all  chemical  de- 

compofitions  and  new  combinations,  we  very  readily  al¬ 
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low  ;  becaufe  we  know  no  other  caiifc  except  caloric  to  ^  Affinity.  ^ 
prevent  the  particles  of  bodies  from  adual  contad  ;  in 
which  cafe  decompofition  would  be  impoffible  :  and  if 
this  be  the  fenfe  in  which  that  ingenious  philofopher 
aferibes  chemical  combinations  to  caloric,  we  very  rea¬ 
dily  agree  with  him  ;  but  if  he  fuppofes  that  caloric  is 
the  agent  by  which  the  particles  of  bodies  are  brought 
near  each  other,  and  the  force  by  which  they  adhere  to 
one  another,  we  cannot  help  thinking  that  he  is  mifta- 
ken  :  For  that  bodies,  chemically  combined,  are  kept 
near  each  other  by  fome  force,  cannot  poffibly  be  de¬ 
nied.  Now,  what  is  that  force  ?  We  have  faid,  after 
Newton,  an  atlraSion  between  the  particles  themfehes  ; 
acknowledging,  at  the  fame  time,  that  we  are  unable  to 
explain  what  that  is. 

Count  Rumford  feems  to  fuppofe  that  there  is  no 
fuch  thing  as  attradion  between  the  particles  them- 
felves,  but  that  caloric  is  the  agent  which  keeps  them 
together.  If  fo,  how  does  caloric  perform  this  office  ? 

For  our  part,  we  do  not  pretend  to  usderfland  it  any 
more  than  the  nature  of  attradion  ;  nor  do  we  fee  that 
it  is  polfible  to  render  it  more  intelligible.  But  there 
is  another  queftion  of  flill  greater  importance.  What  are 
the  proofs  that  caloric  is  the  only  agent  in  all  cafes  of 
chemical  combinations  ?  For  our  part,  we  can  think  ot 
no  proof  that  can  render  this  opinion  in  the  fmallclt  de¬ 
gree  plaufible. 

Has  this  celebrated  and  candid  philofopher  confider- 
ed  this  fubjed  with  his  ufual  accuracy  I  If  heat  be  a 
body,  it  cannot  furely  be  the  caufe  of  affinity,  uiilefs  it 
be  poflefied  of  properties  which,  fo  far  from  being  pro¬ 
ved,  have  not  even  been  fufpeded.  On  the  contrary,  if 
it  be  a  property  of  matter,  what  property  is  it  ?  If  it 
be  a  peculiar  motion,  as  Count  Rumford  fufpeds,  we 
would  afle  if  it  be  poffible  for  any  motion  whatever,  in¬ 
dependent  of  attradion,  to  produce  the  permanent  union 
of  two  bodies  ? 


Part  Ill.  Of  DOUBLY  COMPOUND  BODIES. 


The  bodies  which  confift  of  combinations  of  thofe 
fubftances  that  have  been  denominated  compound^ 
and  which,  for  that  reafon,  we  have  ventured  to  call 
doubly  compound  bodies^  may  be  reduced  to  three  clafles  ; 
Soaps, 

Neutral  falts, 

Hy  drofulphuret  s. 

Thefe  fhall  form  the  fubjed  of  the  three  following 
Chapters  ;  and  we  fhall  finifli  this  part  of  the  article  with 
fome  obfervations  on  cryjlalli^ation. 

Chap.  I.  (ySoAPs. 

The  compounds  into  which  oils  enter  without  de¬ 
compofition  have  been  denominated  foaps. 

Oils  are  capable  of  combining  with  alkalies,  earths, 
and  metallic  oxides  ;  they  are  capable  alfo  of  combining 
with  feveral  of  the  acids.  There  are  therefore  two  clafles 
of  foaps  ;  I.  Alkaline,  earthy,  and  metallic  foaps,  which, 
for  the  fake  of  brevity,  we  lhall  call  alkaline  foaps  ;  and. 


2.  Acid  foaps.  Thefe  two  clafTes  form  the  fubjed  of 
the  two  following  Sedions. 

Sect.  I.  Of  Alkaline  Soaps. 

As  there  are  a  great  number  of  oils,  all  or  moil  of 
which  are  capable  of  combining  with  alkalies,  earths, 
and  oxides,  it  is  natural  to  fuppofe  that  there  are  as  ma¬ 
ny  genera  of  alkaline  foaps  as  there  are  oils.  That  there 
are  differences  in  the  nature  of  foaps  correfponding  to 
the  oil  which  enters  into  their  compofition,  is  certain  ; 
but  thefe  differences  are  not  of  fufficient  importance  to 
require  very  particular  defeription.  We  fhall  therefore 
deferibe  all  the  alkaline  foaps  together,  and  notice,  as 
we  go  along,  fome  of  the  mofl  important  differences  re- 
fiilting  from  the  oily  ingredients. 

I.  Soap  of  foda,  or  common  foap.  The  word  Common 
(fapo,  aix'rcjv  )  firfl  occurs  in  the  works  of  Pliny  and  Ga-hardfoapJ 
leii,  and  is  evidently  derived  from  the  old  German  word 
fepe fc).  Pliny  informs  us,  that  foap  was  flrll  difeo- 
vered  by  the  Gauls ;  that  it  Was  compofed  of  Uillovv 
Y  y  2  iind 


{  g)  Beckmann^  Btjlory  of  In^ve,niionsy  III.  239. — A  fimilar  word  is  ftill  ufed  by  the  common  people  of  Scot¬ 
land. 
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Method  of 


Alkaline  and  afhes  5  and  that  the  German  foap  was  reckoned  the 
Soaps,  beft*. 

Soap  may  be  prepared  by  the  following  procefs.  A 
quantity  of  the  foda  of  commerce,  which  is  a  carbonat 
of  foda,  and  which  is  often  called  barilla  from  the  name 
jvi  moa  or  ^  plant,  by  burning  which  it  is  procured  in  great 
fbrmtng  h.  quantities  in  Spain,  is  pounded  and  mixed  in  a  wooden 
vefiel,  with  about  a  fifth  part  of  its  w'cight  of  lime, 
flacked  and  paffed  through  a  fieve  immediately  before. 
Upon  this  mixture  a  quantity  of  water  is  poured,  con- 
fiderably  more  than  what  is  fufficient  to  cover  it,  and 
allowed  to  remain  on  it  for  feveral  hours.  The  lime 
attra6:s  the  carbonic  acid  from  the  foda,  and  the  water 
becomes  ftrongly  impregnated  with  the  pure  alkali.  This 
v/ater  is  then  drawn  off  by  means  of  a  ftop-cock,  and 
called  the frjl  ley.  Its  fpecific  gravity  fhould  be  about 
1,200. 

Another  quantity  of  water  is  then  to  be  poured  up¬ 
on  the  foda,  wdiich,  after  flandiiig  two  or  three  hours, 
is  alfo  to  be  drawn  off  by  means  of  the  ftop-cock,  and 
called  the  fecond  ley. 

Another  portion  of  water  is  poured  on  ;  and  after 
ftanding  a  fufficient  time,  is  drawn  off  like  the  other 
two,  and  called  the  third  ley. 

Another  portion  of  w’ater  may  ftill  be  poured  on,  in 
order  to  be  certain  that  the  whole  of  the  foda  is  dilfol- 
ved  ;  and  this  weak  ley  may  be  put  afide,  and  employ¬ 
ed  afterwards  in  forming  the  firft  ley  in  fubfequent  ope¬ 
rations. 

A  quantity  of  oil,  equal  to  fix  times  the  weight  of 
the  foda  ufed,  is  then  to  be  put  into  the  boiler,  together 
with  a  portion  of  the  third  or  weahejl  ley,  and  the  mix¬ 
ture  muft  be  kept  boiling,  and  agitated  conftantly  by 
means  of  a  wooden  inftrument.  The  whole  of  the  third 
iey  is  to  be  added  at  intervals  to  the  mixture  ;  and  after 
it  is  confurned,  the  fecond  ley  muft  be  added  in  the 
fame  manner.  The  oil  becomes  milky,  combines  with 
the  alkali,  and  after  fome  hours  it  begins  to  acquire 
confiftence.  A  little  of  the  JirJl  ley  is  then  to  be  added, 
npt  forgetting  to  agitate  the  mixture  conftantly.  Por¬ 
tions  of  the  iiirft  ley  are  to  be  added  at  intervals  ;  the 
foapy  fubftance  acquires  gradually  greater  confiftency, 
and  at  laft  it  begins  to  feparate  from  the  watery  part 
of  the  mixture.  A  quantity  of  common  fait  is  then  to 
be  added,  which  renders  the  feparation  much  more  com¬ 
plete.  The  boiling  is  to  be  continued  ftill  for  two 
hours,  and  then  the  fire  muft  be  withdrawn,  and  the  li¬ 
quor  muft  be  no  longer  agitated.  After  fome  hours 
repofe  the  foap  feparates  completely  from  the  w^atery 
part,  and  fwims  upon  the  furface  of  the  liquor.  The 
watery  part  is  then  to  be  drawn  off ;  and  as  it  contains 
a  quantity  of  carbonat  of  foda,  it  ought  to  be  referved 
for  future  ufe. 

The  fire  is  then  to  be  kindled  again  ;  and,  in  order 
to  facilitate  the  melting  of  the  foap,  a  little  water,  or 
rather  weak  ley,  is  to  be  added  to  it.  As  foon  as  it 
boils,  the  remainder  of  the  firft  ley  is  to  be  added  to  it 
at  intervals.  When  the  foap  has  been  brought  to  the 
proper  confiftence,  which  is  judged  of  by  taking  out 
fmall  portions  of  it  and  allowing  it  to  cool,  it  is  to  be 
withdrawn  from  the  fire,  and  the  watery  part  feparated 
from  it  as  before.  It  is  then  to  be  heated  again,  and  a 
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little  w’ater  mixed  with  it,  that  it  may  form  a  proper  Alkafne 
pafte.  It  is  then  to  be  poured  into  the  veffels  proper 
for  cooling  it  ;  in  the  bottom  of  which  there  ought  to 
be  a  little  chalk  in  powder,  to  prevent  the  foap  from  at¬ 
taching  itfelf  to  it.  In  a  few  days  the  foap  will  have 
acquired  fufficient  confiftence  to  be  taken  out,  and  form¬ 
ed  into  proper  cakes  (h). 

The  ufe  of  the  common  fait  in  the  above  procefs  is 
to  feparate  the  water  from  the  foap  ;  for  common  fait 
has  a  ftronger  affinity  for  water  than  foap  has. 

Olive  oil  has  been  found  to  anfwer  beft  for  making 
foap,  and  next  to  it  perhaps  tallow  may  be  placed  :  but 
a  great  variety  of  other  oils  may  be  employed  for  that 
purpofe,  as  appears  from  the  experiments  of  the  French 
chemifts  above  quoted.  They  found,  however,  that 
lintfeed  oil  and  whale  oil  were  not  proper  for  making 
hard foaps,  though  they  might  be  employed  with  ad¬ 
vantage  in  the  manufacture  of  foft  foaps.  Whale  oil 
has  been  long  ufed  by  the  'Dutch  for  this  laft  pur¬ 
pofe. 

Soap  may  alfo  be  made  without  the  afliftance  of 
heat ;  but  in  that  cafe  a  much  longer  time  and  a  larger 
proportion  of  alkali  is  neceffary. 

Manufacturers  have  contrived  various  methods  of  its  fophiftl- 
phifticating  foap,  or  of  adding  ingredients  which  in- cation, 
creafe  its  w^eight  without  increafing  its  value.  The 
moft  common  fubftance  ufed  for  that  purpofe  is  water ; 
which  may  be  added  in  confiderable  quantities,  efpecial- 
ly  to  foap  made  with  tallow  (the  ingredient  ufed  in  this 
country),  without  diminifhing  its  confiftency.  This 
fraud  may  be  eafily  detected,  by  allowing  the  foap  to 
lie  for  fome  time  expofed  to  the  air.  The  water  will 
evaporate  from  it,  and  its  quantity  will  be  difeovered 
by  the  diminiftiing  of  the  weight  of  the  foap.  As  foap 
fophifticated  in  this  manner  would  lofe  its  water  by  be¬ 
ing  kept,  manufadlurers,  in  order  to  prevent  that,  keep 
their  foap  in  faturated  folutions  of  common  fait ;  which 
do  not  diffolve  the  foap,  and  at  the  fame  time,  by  pre¬ 
venting  all  evaporation,  preferve,  or  rather  increafe,  the 
weight  of  the  foap.  Meffrs  Darcet,  Lelievre,  and  Pel¬ 
letier,  took  two  pieces  equal  in  weight  of  foap  fophiftt- 
cated  in  this  manner,  and  placed  the  one  in  a  dry  place 
in  the  open  air,  and  the  other  in  a  faturated  folution  of 
common  fait.  After  a  month,  the  firft  had  loft  of 
its  weight,  the  other  had  gained  about  parts  ^ 

Various  other  methods  have  been  fallen  upon  to  fophif- 
ticate  foap  ;  but  as  they  are  not,  we  hope,  generally  ^3  • 
known,  it  would  be  doing  an  injury  to  the  public  to 
deferibe  them  here..  ‘ 

Different  chemifts  have  analyfed  foap,  in  order  to  af- proportion 
certain  the  proportions  of  its  ingredients  j  but  the  re- of  its  ingre- 
fait  of  their  experiments  is  various,  becaufe  they  ufed 
foap  containing  various  quantities  of  w^ater.  From  the 
experiments  of  Darcet,  Lelievre,  and  Pelletier,  it  ap¬ 
pears  that  foap  newly  made  and  expofed  to  fale  con¬ 
tains 

9,75  Oil, 

1,37  Alkali, 

4,87  Water. 

Soap  is  foluble  both  in  water  and  in  alcohol,  Ita 
propertik  as  a  detergent  are  too  well  known  to  require 
any  defeription. 


It 


(h)  See  the  Memoir  of  Darcet,  Lelievre,  and  Pelletier,  in  the  jdnn.  de  Chim,  XIX.  253* 
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Alkaline  It  is  decompofcd  hy  lime,  and  by  compound  affini- 


Soaps. 
Soft  foap. 


ty  (i)  by  fulphat  of  lime,  nitrat  of  lime,  muriat  of  lime, 
'’and  probably  all  the  falts  which  contain  lime. 

2.  Soap  of  potafs.— Potafs  may  be  fubftituted  for  fo- 
da  in  mab'ng  foap,  and  in  that  cafe  precifely  the  fame 
procefs  is  to  be  followed.  It  is  remarkable,  that  when 
potafs  is  ufed,  the  foap  does  not  aflume  a  folid  form  ;  its 
confiftence  is  never  greater  than  that  of  hog’s  lard. 
This  is  what  in  this  country  is  called  foftfoap.  Its  pro¬ 
perties  as  a  detergent  do  not  differ  materially  from  thofe 
of  hard  foapy  but  it  is  not  nearly  fo  convenient  for  life. 
The  alkali  employed  by  the  ancient  Gauls  and  Ger- 
mans  in  the  formation  of  foap  was  potafs:  hence  we  fee 
the  reafon  that  it  is  defcribed  by  the  Romans  as  an  un¬ 
guent. 

Some  perfons  have  afiirmed  that  they  knew  a  me¬ 
thod  of  making  hard  foap  with  potafs.  Their  method 
is  this:  After  forming  the  foap  in  the  manner  above 
defcribed,  they  add  to  it  a  large  quantity  of  common 
fait,  boil  it  for  fome  time,  and  the  foap  becomes  folid 
when  cooled  in  the  ufual  way.  That  this  method  may 
be  praAifed  with  fuccefs  has  been  afeertained  by  Meffrs 
Darcet,  Lelievre,  and  Pelletier;  but  then  the  hard  foap 
thus  formed  does  not  contain  potafs,  but  foda;  for  when 
the  common  fait  (muriat  of  loda)  is  added,  the  potafs 
of  the  foap  decompofes  it,  and  combines  with  its  muri¬ 
atic  acid,  while  at  the  fame  time  the  foda  of  the  fait 
combines  with  the  oil,  and  forms  hard  foap  :  and  the 
muriat  of  potafs  formed  by  this  double  decoinpofition  is 
diffolved  in  the  water,  and  drawn  off  along  with  it*. 

Chaptal  has  lately  propofed  to  fiibftitute  wool  in 
place  of  oil  in  the  making  of  foap.  The  ley  is  formed 
in  the  ufual  manner,  and  made  boiling  hot,  and  Htreds 
of  w^oollen  cloth  of  any  kind  are  gradually  thrown  into 
it ;  they  are  foon  diffolved.  New  portions  are  to  be 
added  fparingly,  and  the  mixture  is  to  be  conflantly  a- 
gitated.  When  no  more  cloth  can  be  diffolved,  the 
f  Uid.  xxi.  foap  is  madef .  This  foap  is  faid  to  have  been  tried  with 
fuccefs.  It  might  doubtlefs  be  fubftituted  for  foap  with 
advantage  in  feveral  manufadfures,  provided  it  can  be 
obtained  at  a  cheaper  rate  than  the  foaps  at  prefent 
employed. 

Fiflt,  too,  have  been  lately  fiibflituted  for  oil  with 
equal  fuccefs.  The  only  difadvantage  which  foap  made 
in  this  manner  is  liable  to,  is  a  difagreeable  fmell,  from 
which  it  cannot  eafily  be  freed. 

3.  Soap  of  ammonia. — This  foap  was  firfl  particular¬ 
ly  attended  to  by  Mr  Berthollet.  It  may  be  formed 
by  pouring  carbonat  of  ammonia  on  foap  of  lime.  A 
double  decompofition  takes  place,  and  the  foap  of  am¬ 
monia  fwims  upon  the  furface  of  the  liquor  in  the  form 
of  an  oil;  or  it  may  be  formed  with  dill  greater  eafe  by 
pouring  a  folution  of  muriat  of  ammonia  into  common 
foap  diffolved  in  water.  We  have  formed  it  often  by 
$  Berthollet,  mixing  cauftic  ammonia  and  oil  J. 

Mem.  Par,  It  has  a  more  pungent  tafle  than  common  foap. 
3780,  or^  Water  diffolves  a  very  fmall  quantity  of  it;  but  it  is 
^lurnd'i  diffolved  in  alcohol.  When  expofed  to  the  air, 

170  ’  it  is  gradually  decompofed. 

592  4.  Soap  of  lime. — This  foap  may  be  formed  by  pour- 

hme  lime-water  into  a  folution  of  common  foap.  It  is 


*  Ann,  de 
Cbim,  xix. 
312. 


59^ 

Soap  of 
ammonia. 
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infoliible  both  in  water  and  alcohol.  Carbonat  of  fixed  i^kahne 
alkali  decompofes  it  by  compound  affinity  *.  It  melts  , 

with  difficulty,  and  requires  a  ftrong  heat.  ^T:houvenel 

5.  Soap  of  magnefia. — This  foap  may  be  formed  by  593 

mixing  together  folutions  of  common  foap  and  fulphat  Soap  of 
or  magnelia.  ^  ^  ’ 

It  is  exceedingly  white.  It  is  undluous,  dvfes  with 
difficulty,  and  preferves  its  whitenefs  after  deficcation. 

It  is  infoluble  in  boiling  water.  Alcohol  and  fixed  oil 
diffolve  it  in  confiderable  quantity.  Water  renders  its 
folution  in  alcohol  milky.  A  moderate  heat  melts  it ; 
a  tranfpareiit  mafs  is  formed,  flightly  yellow,  and  very 
brittle  •j'.  f  ^^fthollefy 

6.  Soap  of  alumina. — This  foap  may  be  formed  by'^'^* 
mixing  together  folutions  of  alum  and  of  common  foap. 

It  is  a  flexible  foft  fiibflance,  which  retains  its  fupple-na^ 
nefs  and  tenacity  when  dry.  It  is  infoluble  in  alcohol, 
water,  and  oil.  Heat  eafily  melts  it,  and  reduces  it  to 
a  beautiful  tranfparent  yellowifh  mafs  J.  t 

7.  Soap  of  barytes  refemblcs  almoft  exactly  the  foap  of  Wytes, 

of  lime  §.  ^  ^  Uid,  * 

8.  Soap  of  mercury. — This  foap  may  be  formed  by  596 
mixing  together  a  folution  of  common  foap  and  of  cor- Of  mcrcu- 
rofive  muriat  of  mercury.  The  liquor  becomes  milk)r,  *^1* 

and  the  foap  of  mercury  is  gradually  precipitated.  This 
foap  is  vifeid,  not  eafily  dried,  lofes  its  white  polour 
when  expofed  to  the  air,  and  acquires  a  Hate  colour, 
which  gradually  becomes  deeper,  efpecially  if  expofed 
to  the  fun  or  to  heat.  It  diffolves  very  well  in  oil,  but 
fparingly  in  alcohol.  It  readily  becomes  foft  and  fluid 
when  heated  II .  \\  Uid, 

9.  Soap  of  zinc. — This  foap  may  be  formed  by 

ing  together  a  folution  of  fulphat  of  zinc  and  of  foap.  ^  * 

It  is  of  a  white  colour,  inclining  to  yellow.  It  dries 
fpeedily,  and  becomes  friable^!.  \Ibid, 

10.  Soap, of  cobalt. — This  foap,  made  by  mixing  of  cobalt, 

trat  0/  cobalt  and  common  foap,  is  of  a  dull  leaden  co¬ 
lour,  and  dries  with  difficulty,  though  its  parts  are  not 
connedfed.  599 

Mr  Berthollet  obferved,  that  towards  the  end  of  the  ^^dckel, 
precipitation  there  fell  down  fome  green  coagula,  much 
more  confiflent  than  foap  of  cobalt.  Thcfe  he  liippo- 
fed  to  be  a  foap  of  nickel,  which  is  generally  mixed 
with  cobalt*.  _ 

1  I.  Soap  of  tin. — It  may  be  formed  by  mixing  com-Q£^jjj 
mon  foap  with  a  folution  of  tin  in  nitro-muriatic  acid. 

It  is  white.  Heat  does  not  fiife  it  like  other  metallic 
foaps,  but  decompofes  it  \ 

12.  Soap  of  iron.  —  Formed  by  means  of  of^^-^^^ 

iron.  It  is  of  a  reddifli  brown  colour,. tenacious,  and  * 
eafily  fufible.  When  fpread  upon  wood,  it  finks  in  and 
dries.  It  is  eafily  foluble  in  oil,  efpecially  of  turpentine.  1 
Berthollet  propofes  it  as  a  varnifh  j. 

13.  Soap  of  copper. — Formed  by  means  of  fulphat 

of  copper.  It  is  of  a  green  colour,  has  the  feel  of  a 
refin,  and  becomes  dry  and  brittle.  Hot  alcohol  ren¬ 
ders  its  colour  deeper,  but  fcarcely  diffolves  it.  Ether 
diffolves  it,  liquefies  it,  and  renders  its  colour  deeper  and 
more  beautiful.  It  is  very  foluble  in  oils,  and  gives  § 
them  a  pleafant  green  colour^.  Ofte^d 

14.  Soap  of  lead. — It  may  be  formed  by  means  of  ^ 

acetite 


602 
Of  copper, 


(1)  In  this  and  the  following  chapter,  compound  affinity  is  not  taken  always  in  its  flri6I  and  proper  fenfe,  but 
IS  applied  to  all  thofe  decompofitions  in  which  the  affinities  of  more  than  three  bodies 


y  becomes  fomewhat  yellow  if  the  heat  be  increafed 

’  <  »-  rkf*  riKrrr - It-  mav  Kv  mpanc 
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Alkalirc  ccetite  of  lead, 

^  fi  /e  when  heated. 

ilu} 
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It  is  white,  tenacious,  and  very  adhe- 
When  fufed,  it  is  tranfparent,  and 


I  Hid. 
606 
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^oap  of  filver. — It  may  be  formed  by  means  of 
nitrat  of  fiver.  It  is  at  Hrft  whitCj  but  becomes  red- 
di(h  bv  expofare  to  the  air.  When  fufed,  its  furface 
becomes  covered  with  a  very  brilliant  iris ;  beneath  the 
furface  it  is  black  •j'. 

16.  Soap  of  gold. —  It  is  at  firfl  white,  and  of  the 
confidence  of  cream.  It  gradually  afiumes  a  dirty  pur¬ 
ple  colour,  and  adheres  to  the  fkin  fo  that  it  is  difficult 
to  efface  the  imprefiion 

17.  Soap  of  inanganefe. — It  is  at  firft  white,  but  it 
affumes  ill  the  air  a  reddirti  colour,  owing  evidently  to 

mar  gane  u  abforption  of  oxygen.  It  fpeedily  dries  to  a  hard 
brittle  fubftance,  and  by  liquefaction  affumes  a  brown 
§  Ibid.  blackifh  colour 

We  ow'e  the  following  refinous  foaps  to  Mr  Me- 
607 

Soapofiur-  't  8.  Soap  of  turpentine  and  potafs. — 576  grains  of 
pentine  aid  turpentine  were  diffolved  in  9216  grains  of  alcohol,  and 
I)otafe.  grains  of  potafs  were  added.  The  alcohol 

was  diftilled  off  at  a  boiling  water  heat.  There  remain¬ 
ed  in  the  retort  648  grains  of  a  browiiifh  foapy  matter, 
which  whenfpread  on  glafs  appeared  tranfparent.  There 
remained  alfo  nearly  the  fame  quantity  of  potafs  diffol- 
wed  in  winter.  This  foap  was  put  in  a  veffel  for  fix 
weeks  ;  during  which  time  72  grains  of  folution  of  pot- 
afs  feparated  from  it.  It  had  affumed  the  confiftence 
of  honey.  Its  colour  was  browner.  It  was  completely 
foliible  in  water  :  the  folution  was  milky.  It  diffolved 
alfo  in  alcohol.  It  had  no  difagreeable  tafle.  Vinegar 
gQg  decompofed  it. 

Soap  of  19.  Soap  of  benzoin  and  potafs. — By  treating  9216 
benzein,  grains  of  alcohol,  1728  grains  of  benzoin,  and  576 
grains  of  potafs,  as  above,  1728  grains  of* a  foap  were 
obtained,  browner  than  that  of  turpentine,  of  an  odour 
a  little  aromatic.  When  left  in  a  cellar  for  fix  weeks, 
it  became  folid.  Its  folution  in  water  was  yellowifh. 

*  Vinegar  decompofed  it.  This  compound  is  the  fame 
with  Starkey’s  foap. 

20.  Soap  of  balm  of  Peru  and  potafs — 1152  grains 
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Of  balm  of 
Peru, 
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of  balm,  2304  grains  of  potafs,  and  9216  grains  of  al¬ 
cohol,  produced  a  foap  of  a  reddiih  colour,  and  pretty 
confillent. 

Of  ffuaiac  ^  ^  and  potafs.—  1 7  28  grains  of  guai- 

^  '  ac  was  diffolved  in  18648  grains  of  alcohol,  and  the  fo¬ 

lution  filtered,  and  to  this  1728  grains  of  potafs  were 
added,  and  the  foap  obtained  as  above.  It  was  folid,  of 
a  brown  colour  at  firft,  which  afterwards  became  green 
on  the  furface,  but  remained  unaltered  within.  Its  fo¬ 
lution  in  water  was  greenilh.  It  had  no  difagreable  tafte. 
It  diffolved  in  alcohol,  and  formed  a  green  tinClure.  Vi¬ 
negar  decompofed  it. 

22.  Soap  of  fcammony  and  potafs. — By  the  above 
Tcaramony.  p^ocefs  a  foap  was  obtained  with  fcammony  pretty  con- 
fiftent,  of  a  brown  colour,  foluble  in  water,  and  not  de¬ 
compofed  by  the  w^ater  of  pits  from  which  ielenites  is 
obtained.  It  has  no  difagreeable  tafte.  Its  folution  in 
alcohol  is  of  a  deep  amber  colour  ||. 

Sect.  1 1.  0/  Acid  Soaps » 

Sulphuric  acid  may  be  combined  with  oils  in  the 
following  manner:  Put  two  ounces  of  it  into  a  glafs 
acidfoafs.  mortar,  and  add,  by  little  and  little,  three  ounces  of  the 
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oil  nearly  boiling  hot,  triturating  it  conftantly.  A  Tub-  Add 
fiance  is  obtained  of  the  confiftence  of  turpentine.  Dif- , 
folve  it  in  about  fix  ounces  of  boiling  water,  and  the  "  v  ^ 
foap  will  unite  into  a  mafs  as  the  w^ater  cools  If  it 
ftill  contain  an  excefs  of  acid,  diffolve  it  again  in  boil- 
ing  water,  and  continue  this  procefs  till  the  foap  is  per- 
fe&ly  neutralized. 

1.  Soap  of  fulphuric  acid  and  lintfeed  oil. —  It  dif- Add  foap 
folves  entirely  in  water.  The  folutfoii  is  opaque,  of  aoHintfeedf 
bluifh  white  colour,  vlfcid,  and  frothes  when  agitated. 

Alcohol  diffolves  it.  The  folution  is  tranfparent  and 
brown.  Potafs  decompofes  it,  forming  fulphat  of  pot¬ 
afs.  The  oil  fwims  on  the  top,  of  the  confiftence  of 

wax.  Ammonia  decompofes  it ;  and  if  too  much  be 
added  it  forms  foap  of  ammonia.  Magiiefia,  lime,  ni¬ 
tric  acid,  and  muriatic  acid,  alfo  decompofe  it.  Diftilled, 
it  yielded  a  few  drops  of  water  and  an  oil,  which  coagu¬ 
lated,  and  was  of  the  confiftence  of  wax. 

2.  Soap  of  fulphuric  acid  and  oil  of  almonds. — So-Ofalmon4 
luble  in  water  ;  folution  milky.  Frothes.  Soluble  in  oil. 
alcohol ;  folution  brown  and  tranfparent.  Potafs,  lime, 

nitric  acid,  muriatic  acid,  fulphurous  acid  (the  oil  fepa¬ 
rated  affumed  the  confiftence  of  turpentine),  tartar,  aci¬ 
dulous  oxalat  of  potafs,  fal  ammoniac,  muiiat  of  lead 
and  zinc  decompofe  it.  It  is  not  decompofed  by  vi¬ 
negar,  boracic  acid,  acetite  of  ammonia,  borax,  copper, 
tin,  nor  lead.  When  diftilled,  there  paffed  over  a  little 
water  and  an  oil,  which  coagulated  and  fmelt  very  ran¬ 
cid  :  there  remained  behind  a  coal. 


^15 


3.  Soap  of  fulphuric  acid  and  olive  oil.— It  is  brown.  Of  olive 
and  of  the  confiftence  of  wax.  Solution  in  hot  water 
white,  opaque,  vifeid  ;  frothes.  Solution  in  alcohol 
tranfparent  and  brown.  Potafs,  ammonia,  magnefia, 
nitric  acid,  muriatic  acid,  vinegar,  nitre,  fal  ammoniac, 
acetite  of  lead  and  white  oxide  of  lead,  decompofe  it.  ^ 

4.  Soap  of  fulphuric  acid  and  butter  of  cocao. — It  is  Of  butter 
hard,  and  marbled  like  Venice  foap.  Solution  in  vvaterof  coiao, 
grey,  opaque,  vifeid;  frothes.  Solution  in  alcohol  yel¬ 
low  and  tranfparent.  Potafs,  ammonia,  nitric,  muriatic, 

and  acetous  acids,  tartar,  fal  ammoniac,  tartrite  of  pot¬ 
afs,  acetite  of  lead,  and  zinc  in  powder,  decompofe  it. 

When  diftilled,  there  came  over  water,  an  oil  that  coa¬ 
gulated,  and  a  few  drops  of  a  black  oil,  which  alfo  con¬ 
gealed  :  both  were  rancid.  ^17 

5.  Soap  of  fulphuric  acid  and  wax. — It  is  white,  and  of  wax, 
becomes  very  hard.  Its  folution  iii  water  is  white,  and 
opaque,  and  frothes :  Its  folution  in  alcohol  is  yellow 

and  tranfparent.  Potafs,  ammonia,  nitric  and  muriatic 
acids,  decompofe  It.  618 

6.  Soap  of  fulphuric  acid  and  fpermaccti. —  It  isOf  fpermR* 
brown.  It  diffolves  in  water:  the  folution  is  milky, 

vifeid,  and  frothes  on  agitation.  It  diffolves  In  alcohol ; 
the  folution  Is  tranfparent  and  yellow.  It  is  decompo¬ 
fed  by  as  much  alkali  as  faturates  the  acid  ;  if  more  be 
added,  it  unites  with  the  oil,  and  forms  a  new  foap. 

Lime  and  magnefia  decompofe  it.  The  oil  is  alfo  fe¬ 
parated,  and  appears  in  the  form  of  a  coagulum  on  add¬ 
ing  to  the  folution  nitric  acid,  muriatic  acid,  tartar, 
nitre,  nitrat  of  foda,  common  fait,  and  zinc  in  powder; 
but  not  on  adding  vinegar,  tin,  lead.  ^  61^ 

7.  Soap  of  fulphuric  acid  and  oil  of  eggs.— Its  folution  Of  oil  of 
in  water  is  white,  opaque,  vifeid;  frothes;  that  in  alco-^Sg^* 
hoi  yellow  and  tranfparent.  Alkalies  decompofe  it  , 

but  if  too  much  be  added  a  new  foap  is  formed.  Nitric 
and  muriatic  acids  feparate  the  oil  of  the  confiftence  of 
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lai  amino indc,  v*  a'-  ^  r-i*  c  1  j  j  ^ 

'  decompofc  it ;  vinegar,  borax,  filings  ot  lead  do  not. 

To  unite  this  acid  with  the  effential  oils,  three  ounces 
were  put  into  a  glafs  mortar,  and  four  ounces  of  the 
oil  were  added  drop  by  drop,  and  care  taken  to  pre¬ 
vent  its  becoming  hot :  equal  parts  of  water  were  then 
poured  on,  and  the  whole  heated  fiowly  nearly  to  the 
temperature  of  boiling  water  :  on  cooling,  the  loap 

united  into  a  brown  mafs.  ^  t  •  i. 

8.  Soap  of  fulphuric  acid  and  turpentine.  It  is  brown, 
and  of  the  confidence  of  foft  wax.  Its  folution  in  wa- 
ter  is  grey,  opaque,  vifcid  ;  frothes  :  Its  folution  in  al¬ 
cohol  is  brown  and  tranfparent.  Alkalies  decompofe  it : 
with  too  much  it  f«rms  at  the  boiling  heat  a  new  foap. 

Nitric  and  muriatic  acids  feparated  the  oil  thicken¬ 
ed,  as  did  alfo  white  oxide  of  lead,  muriat  of  lead,  mu- 
riat  of  foda  and  iron  filings  j  but  acetous  acid,  boracic 
acid,  tartrite  of  potafs,  and  tin  filings,  produced  no  fuch 

effedl.  T  r  1 

g.  Soap  of  fulphuric  acid  and  amber  oil. — Its  folution 

in  water  and  alcohol  as  in  the  laft  foap.  Alkalies,  mag- 
nefia,  and  lime,  decompofed  it.  Nitric  and  muriatic  acids 
feparated  the  oil  of  the  confidence  of  wax.  1  artar,  ial 
ammoniac,  muriat  of  antimony,  acetite  of  lead,  iron 
filings,  decompofed  it ;  vinegar,  acetite  of  ammonia, 
and  lead  did  not. 

Mr  Achard,  to  whom  we  owe  thefe  foaps  *,  could 
not  fucceed  in  his  attempts  to  form  foaps  with  nitric 
and  muriatic  acids. 

Chap.  II.  Of  Neutral  Salts. 

SalfcL  word  fait  has  been  ufed  in  chemidry  in  a  very 

plained.  extenfive,  and  not  very  definite  fenfe.  Every  body 
which  is  fapid,  eafily  melted,  foluble  in  water,  and  not 
combudible,  has  been  called  ^fa/t. 

Salts  were  confidered  by  the  older  chemids  as  a  clafs 
of  bodies  intermediate  between  earths  and  water.  Many 
difputes  arofe  about  what  bodies  ought  to  be  compre¬ 
hended  under  this  clafs,  and  what  ought  to  be  cxeluded 
from  it.  Acids  and  alkalies  were  allowed  by  all  to  be 
falts ;  but  the  difficulty  was  to  determine  concerning 
earths  and  metals.  Several  of  the  earths  poffefs  all  the 
properties  which  have  been  aferibed  to.  falts  ;  arid  the 
metals  are  capable  of  entering  into  combinations  which 
poffefs  faline  properties.  It  is  needlefs  for  us  to  enter 
Hito  this  difpute  at  prefent,  as  we  have  taken  the  liber¬ 
ty,  In  imitation  of  fome  of  the  bed  modern  chemids,  to 
expunge  the  clafs  of  falts  altogether,  and  to  arrange 
thofe  fubordinate  claffes,  which  are  ufually  referred  to. 
it,  under  didin6i  heads. 

Neutral  fait  The  word  neutral  fait  was  originally  applied  exem- 
cipiained.  fively  to  combinations  of  acids  and  alkalies,  which  were 
confidered  as  fiibdances  poffeffing  neither  the  properties 
of  acids  nor  alkalies,  but  properties  intermediate  between, 
the  two.  But  the  word  is  now  always  taken  in  a  more 
extenfive  fenfe,  and  fignlfies  all  compounds  formed  by 
the  combination  of  acids  with  alkalies,  earths,  . or  metal¬ 
lic  oxides.  In  thefe  compounds,  the  earth,  alkali,  or 
oxide,  is  denominated  the  bafe.  Each  order  of  falts  is 
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denominated  after  the  acid  which  enters  into  its  compo-  ^'ulphats.^^ 

fition  ;  and  every  individual  fait  Is  diflinguifhed  by 

joining  the  name  of  Its  bafe.  Thus  all  the  falts  into 

which  fulphuric  add  enters  are  esdded  fulphaU y  and  the 

fait  formed  by  the  combination  of  fulphuric  add  and 

potafs  is  called  fulphat  of  potafs. 

It  Is  evident,  then,  that  there  muff  be  as  many  orders  of 
neutral  falts  as  there  are  adds  ;  and  as  many  falts  in  each 
order  as  there  are  alkalies,  earths,  and  metallic  oxides, 
fuppofing  every  add  capable  of  combining  with  every 
one  of  thefe  fubffances.  But  befides  thefe  fimple  com¬ 
binations  of  one  acid  and  one  bafe,  there  are  others  more 
complex,  compofed  of  two  acids  combined  with  one 
bafe,  or  two  bafes  combined  with  one  acid,  or  a  neutral 
fait  combined  with  an  add  or  a  bafe.  Thefe  combina¬ 
tions  have  been  called  triple  falts;  and  they  increafe  the 
number  of  neutral  falts  very  confiderably. 

Ill  the  following  fedions  we  lhall  take  a  fhort  view 
of  the  properties  of  the  principal  neutral  falts  at  pre¬ 
fent  known  ;  for  this  wide  and  important  region  of  che- 
miftry  is  ilill  very  far  from  being  completely  explored. 

Sect.  I.  Of  Sulphats. 

Sulphuric  acid  is  capable  of  combining  with  all  the 
alkalies,  with  alkaline  earths,  alumina,  jargonia,  and 
the  greater  number  of  the  metallic  oxides.  The  prin¬ 
cipal  neutral  falts  which  it  forms  are  as  follows  :  ^ 

I.  Sulpliat  of  potafs. --This  fait  may  be  formed  by  Si.lphat  cf * 
faturating  diluted  potafs  with  fulphuric  acid,  and  then  * 
evaporating  the  folution  gently  till  cryftals  are  formed. 

It  feems  to  have  been  known  at  a  very  early  period  by 
chemids,  and  a  great  variety  of  names  were  given  to  it, 
according  to  the  manner  of  forming  it,  or  the  fancy  of 
the  operator.  Some  of  thefe  names  were,  fpectficum 
purgansy  nitrum  fvitirny  arcanum  duplicatum.  panacea  hoU 
fattcoy  fal  de  duohusy  fal  poly chrejl  giaferiy  ^c. ;  but  it 
was  commonly  known  by  the  name  of  vitriolated  tartar 
till  the  French  chemifts  called  It  fulphat  of  potafsy  when 
they  formed  their  new  nomenclature  in  1787  (k).- 

When  the  folution  of  fulphat  of  potafs  is  fuffidently  proper- • 
diluted,  it  affords  by  evaporation  hexahedral  pyramids,  ties, 
or  fliort  hexangular  prifms,  terminated  by  one  or  more 
hexangiilar  pyramids.  But  thefe  cryftals  vary  much  in 
their  figure,  according  to  the  care  with  which  they  are  ^ 
prepared. 

It  has  a  very  difagreeable  bitter  tafte.  Itsfpecific*- 
gravity  Is  2,298*.  ^  ^  ^ 

It  is  foluble  In  the  temperature  of  60^^  in  16  times 
Its  weight  of  water ; .  In  a  boiling  heat,  it  is  foluble  in  5 

times  its  w^eightf.  ^  r  j  r  f 

According  .to  Bergman,  it  Is  compofed  of  40  parts 
of  acid,  52  parts  of  alkali,  and  8  of  water;  but  accord¬ 
ing  to  Kir  wan,  whofe  experiment  has  been  already  de- 
feribed,  it  is  compofed  of  45  parts  of  acid  and  55  of 
alkali. 

It  fuffers  no  alteration  in  the  air. 

When  placed  upon  burning  .  coals,  it  breaks  Into 
pieces  with  a  noife  rerembling;.a  number  of  fmall  explo- 
fions  fucceeding  each  other  at  fhort  intervals  (  l  ) ,  but 
fuffers  no  other  alteration.  In  a  red  heat  it  melts. 

It  has  hitherto  been  applied  to  little  ufe.  It  is  a  i 
_____  purgative^,. 


{.k)  Bergman  called  Jt  aliali  ■vegetahik  vitrwlatam,  and  Morveau  ’vUriol  of  potafsi. 
( l)  This  is  called  decrepitation.^ 
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Siilphata,  purgattvet  but  Jta  difagreeable  tafle  prevents  it  from 
being  much  employed  for  that  purpofe. 

It  often  has  an  excefs  of  acid,  owing,  as  Mr  Berg¬ 
man  and  Morveau  have  very  ingenioiifly  explained,  to 
an  affinity  which  exills  between  this  fait  and  fulphuric 
acid. 

It  is  decompofcd  by  compound  affinity  by  the  fol- 
lowing  falts  : 


^  Kirwati* 
iJJ. 

I  Bergman, 
§  Id, 
j|  FuclSy 
Ann,  d» 
Hhim,  vL 
^*9- 

^  Ann,  ds 
Chim,  X,  40. 
6x6 

Sulphat  of 
foda. 


Nitrat  of  foda(M), 
■  lime. 


barytes*, 
flrontites  f, 
ammonia, 
magnefia, 
mercury. 


Nitrat  of  filver, 

- lead, 

Acetite  of  barytes, 
Muriat  of  lime  J, 

- lead  j, 

— -  magnelia? 

foda  I 


*Tranf.  iv. 


•I  Seleele. 
6a7 

Sulphat  of 
ammonia. 


Nitrat  of  lime, 

- magnefia, 

Muriat  of  potafs, 

- foda, 

- magnefia, 

- lime  f , 

3,  Sulphat  of  ammonia.- 


Acetite  of  barytes, 

- potafs, 

- —  lime, 

Carbonat  of  barytes, 
- - potafs. 


s  T  R  y. 

It  has  a  fliarp  bitter  tafte, 


It  is  foluble  in  twice  its  own  weight  of  water  at  the 
temperature  of  60"^,  and  in  its  own  weight  of  boiling 


Part  nr. 

Affinity, 


It  is  fometimes  luminous  in  the  dark,  as  Mr  Giobert 
has  obferved  v 

.  2.  Sulphat  of  foda. — This  fait  was  firfl:  difcovered  by 

Glauber  a  German  chemifl,  and  for  that  reafon  was 
long  known  by  the  name  of  Glauber'* 5  fait.  He  him- 
felf  called  it  fal  m  'trahtle.  It  may  be  prepared  by  fa- 
turating  foda  with  fulphuric  acid,  but  is  more  ufually 
obtained  by  decornpofing  common  fait  in  order  to  pro¬ 
cure  muriatic  acid. 

Its  cryftals  are  tranfparent,  and  when  formed  by  flow 
evaporation,  are  fix-fided  prifms  terminated  by  dihedral 
fummits. 

Its  tafle  at  firfl  has  fome  refemblance  to  that  of  com¬ 
mon  fait,  but  foon  becomes  very  difagreeably  bitter. 

It  is  foluble  in  2,67  times  its  weight  of  water  at  the 
temperature  of  60°,  and  in  0,8  of  boiling  water. 

It  Is  compofed,  according  to  Bergman,  of  27  parts 
of  acid,  15  of  alkali,  and  58  of  water;  but,  according 
to  the  experiments  of  KIrwan,  of  22  parts  of  acid,  17 
of  alkali,  and  61  of  water. 

When  expofed  to  the  air.  It  lofes  great  part  of  its 
water,  and  falls  into  a  white  powder  (n). 

When  expofed  to  heat,  it  firfl  undergoes  the  watery 
fujion[^o)y  then  Its  water  is  evaporated,  it  is  reduced 
to  a  white  powder,  and  at  lafl  in  a  red  heat  It  melts. 
Mr  KIrwan  has  obferved,  that  part  of  the  acid,  as  well 
as  the  water,  is  driven  off  by  the  application  of  a  flrong 
heat  *. 

This  fait  is  ufed  as  a  purgative. 

It  often  combines  with  an  excefs  of  acid. 

It  Is  decompofed  by  compound  affinity,  by  the  fol¬ 
lowing  fubflances : 


Nitrat  of  lime, 

■  -  - - magnefia, 

- mercury? 

Muriat  of  potafs, 

- foda, 

- —  barytes, 

- lime, 

magnefia, 

- mercury*, 

Acetite  of  potafs, 

4.  Sulphat  of  barytes.— 
covered  by  Scheele. 


■This  fait  was  discovered 
by  Glauber,  and  called  by  him  fecret  fal  ammoniac.  It 
was  alfo  called  vitrlolated  ammoniac.  It  may  be  prepa¬ 
red  by  faturating  ammonia  with  fulphuric  acid. 

Its  cryftals  are  generally  fmall  fix-fided  prifms,  whofe 
planes  are  unequal,  terminated  by  fix-fided  pyramids. 


water. 

According  to  Mi*  Kirwan,  it  is  compofed  of  29,7  of 
alkali,  55,7  of  fulphuric  acid,  and  14,16  of  water  *.  *  h-ijh 

When  expofed  to  the  air,  it  flowly  attradls  moiHurc,  ihid, 
When  heated,  it  lirft  decrepitatesi  then  melts,  and  in 
clofe  veflels  fubllmes,  but  with  fome  lofs  of  Its  alkali  f.  f  Kh’wan^, 
It  has  not  hitherto  been  applied  to  any  ufe.  Mineral, 

It  Is  apt  to  contain  an  excefs  of  acid.  “  ^ 

It  is  decompofed  by  compound  affinity  by  the  fol¬ 
lowing  falts  : 

Acetite  of  foda, 

- barytes, 

- lime) 

' - magnefia, 

Carbonat  of  potafs, 

- foda, 

- —  barytes, 

"  -  lime,  •  Bergman^ 

- magnefia, 

Phofphat  of  lime 'I'.  \DeUeJkamp 
This  fubftance  was  firft  dif- 
It  abounds  in  nature.  It  is  ge-37. 
nerally  In  the  form  of  a  hard,  very  heavy,  ftone.  62S 

It  is  fometimes  found  cryftalllzed  ;  but  the  variety 
forms  Is  fo  great  that  they  baffle  all  defcription.  barytes. 

It  is  foluble  in  43,000  times  Its  weight  of  water  at 
the  temperature  of  the  atmofphere  j|.  [)  Kirzvan^ 

Sulphuric  acid  diffolves  it  when  concentrated  and-^^"  !* 
boiling,  but  It  is  precipitated  by  the  addition  of 
ter. 

V/hen  expofed  to  heat  it  melts,  and,  If  the  heat  be 
very  ftrong,  gradually  diffipates.  . 

After  being  heated  red  hot.  It  has  the  property  ofs.  logna 
being  luminous  In  the  dark.  This  was  firft  obferved  ftone. 

In  a  variety  of  this  fubftance  known  by  the  name  of  Bo¬ 
logna  ftone.  Lemery  Informs  us,  that  this  property 
was  firft  difcovered  by  an  Italian  fhoemaker  named  Vin¬ 
cenzo  Cafciarolo.  This  man  found  a  Bologna  ftone  at 
the  foot  of  Mount  Pateriio,  and  its  brightnefs  and  gra¬ 
vity  made  him  fuppofe  that  it  contained  filver.  Piaving 
expofed  it  to  the  fire,  doubtlefs  In  order  to  extra 61  from 
it  the  precious  metal,  he  obferved  that  It  was  luminous 
In  the  dark.  Struck  with  the  difeovery,  he  repeated 
the  experiment,  and  It  coiiftantly  fucceeded  with  him. 

From  ail  experiment  of^Mr  Klaproth,  It  appears  to 
be  compofed  of  33  parts  of  acid  and  77  of  barytes. 

It  is  decompofed  by  compound  affinity  by  the  fol¬ 
lowing  falts  : 

Nitrat  of  foda,  Nitrat  of  magnefia, 

■— — lime,  Carbonat  of  potafs, 

- ammonia, - foda  * 


5.  Sulphat  of  lime. — This  fubftance  was  well  known 
to  the  ancients  under  the  name  gypfum ;  but 
compofitlon  of  gypfum  was  not  known  till  Margraf 
and  Macquer  analyfed  it,  and  proved  that  it  was  com¬ 
pofed  of  fulphuric  acid  and  lime.  The  artificial  com- 
_  pound 


Afsivelius, 
630 
Sulphat  of 
lime. 


(m)  Moft  of  thefe  double  decompofitions  In  this  and  the  following  fedlons  are  inferted  on  the  authority  of 
Morveau.  ^  See  his  Table  of  Affinity ^  page  360  of  this  article. 

(n)  This  is  called  ejfforefctng, 

(o)  When  fubftances  melt  by  means  of  the  wat^r  they  contain  on  the  application  of  heat,  they  are  faid  to 
undergo  the  watery  fufion. 


Part  in* 


Sulphat-^.  pouiul  formed  by  tbe  union  of  thefe  two  bodies  was  for- 
merly  called 

It  is  found  cryftallized  in  various  forms,  fometimes 
tranfparent  and  fometimes  opaque  j  and  when  pure  it  is 
of  a  Wjhite  colour. 

It  has  a  flightly  naufeous  tafte,  fcarcely  perceptible 
except  by  drinking  a  glafs  of  winter  impregnated  with 

^  Macquer,  it 

It  is  foluble  in  ^oo  parts  of  water  at  the  tempera¬ 
ture  of  6o^,  but  much  more  foluble  in  boiling  water. 

It  is  compofed,  according  to  Bergman,  of  46  parts 
of  acid,  32  of  earth,  and  22  of  water;  according  to 
the  late  experiments  of  Mr  Kirwan,  when  fo  far  dried 
as  Hill  to  retain  its  glafiy  appearance,  it  contains  48  of 
acid,  34  of  earth,  and  18  of  w^ater  ;  which  differs  very 
little  from  the  determination  of  Bergman. 

It  is  not  affected  by  expofure  to  the  air. 

It  is  foluble  in  fulphnvic  acid.. 

When  expofed  to  heat,  it  undergoes  a  kind  of  wa¬ 
tery  fufion,  but  afterwards  it  cannot  be  melted  by  the 
ftrongefl  heat.  In  a  clay  crucible  indeed  it  fnfes  at 
130^  Wedgewood,  owing  evidently  to  the  prefence  of 
the  clay. 

When  heated  red  hot  and  cooled,  it  is  called  plajler 
of  Paris  ;  a  fubftance  fo  ufeful  for  calling  moulds,  See. 
on  account  of  its  property  of  becoming  folid  almoll  im¬ 
mediately  when  reduced  into  a  palle  with  water. 

By  compound  affinity  it  is  decompofed  by  the  follow¬ 
ing  fiibftances  ; 
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porated,  but  it  cannot  be 
heat. 

It  is  fometimes  employed  as  a  cathartic,  but  its  chief 
ufe  is  to  furnifh  magiiefia  by  its  decompofition. 

It  is  decompofed  by  compound  affinity  by  the  fol¬ 
lowing  falts. 


631 

Plafter  of 


f  'Bergman. 
632 

Sulphat  of 
ftrontiLes. 


X  Dr  I-hpey 
I'rnnf.  Edin. 
iv.  10. 

,<5.53 

Sulphat  of 
magntfia. 


Acetite  of  barytes, 

- potafs, 

Carbonat  of  barytes, 


Carbonat  of  potafs, 

- foda, 

— — — magnefn? 
'  - alumina'!'. 


^  Bergman, 


6.  Siilphat  of  ftrontites.  This  fait,  firll  formed  by 
Dr  Hope,  is  a  white  powder  dellitute  of  talle.  It  is 
foluble  in  3840  parts  of  boiling  water.  Sulphuric  acid 
dilTolves  it  readily  when  affilled  by  heat,  but  it  is  preci¬ 
pitated  by  the  addition  of  water  to  the  foiution 

7.  Sulphat  of  magnefia.  This  fait  was  fu  ll  ohferved 
in  the  fprings  at  Epfom  in  England  by  Grew  in  1675; 
but  Dr  Black  w^as  the  lirft  who  accurately  alcertained 
its  compofition.  It  has  been  called  Epfom  fall,  fal  ca- 
ihariicus  amarus,  and  Seydler  fait.  • 

It  cryllallizes  in  quadrangular  prifms,  whole  plains 
are  equal,  fiirmounted  by  quadrangular  pyramids. 

It  has  an  exceffivcly  bitter  talle. 

At  the  temperature  of  60'^  it  is  foluble  in  its  own 
weight  of  water,  and  in  |ths  of  its  weight  of  boiling 
water.  The  volume  of  water  is  iiicreafed  Ith  by  add¬ 
ing  the  fait 

It  is  in  foluble  in  alcohol. 

It  is  compofed,  according  to  Bergman,  of  ’19  parts 
of  earth,  33  of  acid,  and  48  of  water  ;  according  to 
Mr  Kirwan,  of  17  parts  of  earth,  29,46  of  acid,  and 
53,5-4  of  water. 

When  expofed  to  the  air  it  eiHorefees,  and  is  reduced 
to  powder. 

When  expofed  to  heat  it  undergoes  the  watery  fu¬ 
fion,  and  by  increafing  the  temperature  its  water  is  eva- 

SuppL.  VoL.  1.  Part.  II. 


Muriat  of  potafs, 

- foda  (p), 

- lime, 

Acetite  of  barytes, 
- - - potafs, 


Acetite  of  lime, 

Carbonat  of  barytes, 

- potafs, 

foda  ^  Bergman% 

- ammonia  fo), 
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8.  Sulphat  of  ammonia  and  magnefia.  This  triple  Sulphat  of 
fait  was  difeoveredby  Mr  Fourcroy.  Into  the  folution^”^”^®^^* 
of  100  parts  of  fulphat  of  magnefia  in  500  parts  of 
ter,  12  parts  of  ammonia  being  poured,  a  very  fniall 
quantity  of  magnefia  was  precipitated,  and  a  confider- 
able  quantity  more  on  the  addition  of  another  dofe  of 
ammonia  ;  but  farther  additions  had  no  effedl.  From 
the  magnefia  precipitated,  it  appeared  that  38  parts  of 
the  fulphat  had  been  decompofed.  There  remained, 
therefore,  62  parts  in  foliition,  mixed  with  a  large  quan¬ 
tify  of  ammonia.  By  evaporation,  92  parts  of  a  white 
tranfparent  rhomboidal  fait  were  obtained,  evidently 
compofed  of  fulphuric  acid,  ammonia,  and  magnefia,  in 
the  proportions  that  would  have  formed  62  parts  of  ful- 
phat  of  magnefia  and  30  of  fulphat  of  ammonia,  and 
probably  coufilling  of  a  combination  of  thefe  two  ful- 
phats  "I*.  j.  ^ 

^  9.  Sulphat  of  alumina.  This  fait  may  be  formed  by 
dilTolving  alumina  in  fulphuric  acid.  It  has  an  allrin- 
gent  talle,  is  very  foluble  in  water,  and  cryftallizes  in  Sulrhlt  of 
thin  plates  which  have  very  little  confillence:j:.  Little  alumina, 
attention  has  hitherto  been  paid  to  this  fait,  which  was  1 
never  properly  dillinguilhed  from  alum  till  two  memoirs, 
one  by  Vauquelin  and  another  by  Chaptal,  on  the  na-a^Tand'' 
ture  of  alum,  made  their  appearance  in  the  22d  volume  Chaptal, 
of  the  Annales  de  Chimie.  This  fait  generally  contains 
an  excefs  of  acid,  and  is  not  neutralized  without  con- 
fiderable  difficulty  5 

10.  Sulphat  of  alumina  and  potafs,  or  alum.  Tlie^77- 
of  the  Greeks,  and  the  alumen  of  the  Romans, 
was  a  native  fiibilance,  which  appears  to  have  been 
nearly  related  to  gretn  vitriol  or  fulphat  of  iron  ;  and 
which  confcqiiently  was  very  different  from  what  we  at 
prefent  denominate  alum.  From  the  refearches  of  Pro- 
feffor  Beckmann,  it  appears  that  we  owe  the  difeovery 
of  alum  to  the  Afiatics  j  but  at  what  period,  or  by 
what  means,  the  difeovery  was  made,  is  altogether  uii-  " 
known. 

It  continued  to  be  imported  from  the  Fall  till  the 
1  5th  century,  when  a  number  of  alum  works  were  efta- 
blifiied  in  Italy.  In  the  i6tli  century  it  was  manufac¬ 
tured  in  Germany  and  Spain  ;  and  during  Queen  Eli¬ 
zabeth’s  reign  an  alum  work  was  efbbh'fhed  m  England 
by  Thomas  Chalomer. 

The  alum  of  commerce  is  ufually  obtained  from 
earths  containing  fulphur  and  clay,  or  fulphuric  acid 
and  clay. 

The  compofition  of  alum  has  been  but  lately  under- its  compo. 

^  ^  ftoodfition. 


(p)  Only  below  the  temperature  of  32*’.  Scheele,  Gren,  Ann.  de  Chim.  xxi’ii, 
(q,)  Only  below  the  temperature  of  212°.  Fourcroy,  Ihid.  ii  291. 
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Sulphats.  ftood  with  accuracy.  It  has  been  long  known.  Indeed, 
that  one  of  its  ingredients  is  lulphuric  acid(R)  ;  and 
the  experiments  of  Geoffroy,  Hellot,  Pot,  Margraf, 
and  Macquer,  proved  Inconteftibly  that  alumina  Is  an¬ 
other  ingredient.  But  fulphuric  acid  and  alumina  are 
incapable  of  forming  alum  :  Manufadurers  knew,  that 
the  addition  of  a  quantity  of  potafs,  or  of  ammonia,  or 
of  fome  fubilance  containing  thefe  alkalies,  is  almoft  al¬ 
ways  necelTary  ;  and  it  was  proved,  that  In  every  cafe  in 
which  fuch  additions  are  unnecelTary,  the  earth  from 
which  the  alum  is  obtained  contained  already  a  quan¬ 
tity  of  potafs.  Various  conjeaures  were  made  about 
the  part  which  potafs  ads  in  this  cafe;  but  Chaptal  and 
Vauquelin  appear  to  have  been  the  firll  chemiils  that 
afcertained,  by  decilive  experiments,  that  alum  was  a 
triple  fait,  compofed  of  fulpliat  of  alumina  and  of  pot¬ 
afs  united  together  (  s). 

Alum  cryftaliizes  in  large  odahedrons,  compoled  ot 
two  tetrahedral  pyramids,  applied  to  each  other  at  their 

It  'has  a  fweetirti  and  aaringent  tade,  and  always  red¬ 
dens  the  tindure  of  turnfole.  ^  ^ 

t  Neumann  |g  foi^ible  at  the  temperature  of  60  ,  in  from  10  “ 

i,^Chattd.  weight  of  water,  according  to  its 

Lfc2a/L.purity  ;  pure  alum  being  mod  infoluble.  Seventy-five 
I  Bergman,  parts  of  boiling-water  diifolve  too  of  alum 

^  A  hundred  parts  of  alum  contain,  according  to  Kir- 

.  wan.  17,62  parts  of  acid,  i8  of  earth  (and  alkali),  and 
§  Kttzvan  s  Q  ^ 

jam.  11.14.  r^pofed  to  the  air  it  efllorefces  (lightly. 

When  expofed  to  a  gentle  heat  it  undergoes  the  wa- 
tery  fufion.  A  ftrong  heat  caufes  it  to  fwell  and  foam, 
and  to  lofe  about  44  per  cent,  of  its  weight,  confifting 
chiefly  of  water  of  cryftallizationH.  What  remains  is 
called  calcined  or  burnt  alum,  and  is  fometimes  ufed  as  a 

Gorrofive.  •  j  • 

Alum  is  of  great  importance  as  a  mordant  in  dyeing, 

and  is  ufed  alfo  in  feveral  other  arts. 

By  compound  affinity  it  is  decompofed  by  the  tol- 
lowing  falts., 

Nitrat  of  foda, 

_ _ lime, 

- - -  ammonia, 

magiicila. 
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And  pro¬ 
perties. 


I  Ibidn 


<537  , 

Homberg-s 

pyropho- 


Muriat  of  barytes, 

_ _ _ _ potafs, 

_ _ _  foda, 

_ _ _ _  lime,. 

_ _ -  ammonia, 

- - magnefia, 

Acetlte  of  barytes. 


Acetite  of  potafs, 

_ foda, 

■■  - —  lime, 

— - ammonia, 

- - - -  magnefia, 

Carbonat  of  barytes, 

- - -  potafs, 

- - foda, 

. —  lime, 

.  ammonia, 

— — - - -  magnefia. 


If  three  parts  of  alum  and  one  of  flour  or  fugar  be 


melted  together  in  an  iron  ladle,  and  the  mixture  dried  Sulphats. 
till  it  becomes  blackiih  and  ceafes  to  fwell ;  if  It  be  ^ 

then  pounded  fmall,  put  into  a  glafs  phial,  and  placed  in 
a  fand-bath  till  a  blue  flame  iflues  from  the  mouth  of 
the  phial,  and  after  burning  for  a  minute  or  two  be  al¬ 
lowed  to  coo1(t),  a  fubftance  is  obtained  known  by  the 
name  of  Homberg^s  pyrophorusj  which  has  the  property 
of  catching  fire  whenever  it  is  expofed  to  the  open  air, 
efpecially  if  the  air  be  moift. 

This  fubilance  was  accidentally  difeovered  by  Hom- 
berg  about  the  beginning  of  the  i8th  century,  while  he 
was  engaged  in  his  experiments  on  the  human  fseces. 

He  had  diftllled  a  mixture  of  human  faeces  and  alum 
till  he  could  obtain  nothing  more  from  it  by  means^  of 
heat ;  and  four  or  five  days  after,  while  he  was  taking 
the  refiduum  out  of  the  retort,  he  wasfurprifed  to  fee  it 
take  fire  fpontaneoufly.  Soon  after  Lemery  the  Young¬ 
er  difeovered  that  honey,  fugar,  flour,  or  almoft  any 
animal  or  vegetable  matter,  could  be  fubftituted  for  hu¬ 
man  faeces  ;  and  afterwards  Mr  Lejoy  de  Suvigny  (hew¬ 
ed  that  feveral  other  falts  containing  fulphuric  acid 
might  be  fubftituted  for  alum  *,  Scheele  proved,  that^  See 
alum  deprived  of  potafs  was  incapable  of  forming  py- 
rophorus,  and  that  fulphat  of  potafs  might  be  fubftitu¬ 
ted  for  alum  f.  And  Mr  Prouft  has  (hewn,  that  a  num-  f  ScBeefe  o* 
ber  of  neutral  falts,  compofed  of  vegetable 
kalies,  or  earths,  when  diftilled  by  a  ftrong  fire  in  a  re¬ 
tort,  left  a  refiduum  which  took  fire  fpontaneoufly  on 
expofure  to  the  air. 

Thefe  fafts  have  thrown  a  great  deal  of  light  on  the 
nature  of  Romberg’s  pyrophoriis,  and  enabled  us  in 
fome  meafure  to  account  for  its  fpontaneous  inflamma¬ 
tion.  It  has  been  afcertained,  that  part  of  the  fulphu¬ 
ric  acid  is  decompofed  during  the  formation  of  the  py- 
rophorus,  and  of  courfe  a  part  of  the  alkaline  bafe  be¬ 
comes  uncombined  with  acid,  and  the  carbon,  which 
gives  it  its  black  colour,  is  evidently  divided  into  very 
minute  particles.  It  has  been  afcertained,  that  during 
the  combuftion  of  the  pyrophorus  a  quantity  of  oxygen 
is  abforbed.  The  inflammation  feems  to  be  owing  to  a 
dtfpoftng  affinity.  Part  of  the  carbon  and  of  the  fulphur 
attrad  oxygen  from  the  atmofphere,  in  order  to  com¬ 
bine  with  the  potafs,  and  the  caloric  difengaged  pro- 
duces  a  temperature  fufficiently  high  to  kindle  the  reft 
of  the  carbon. 

Alum  is  capable  of  combining  with  alumina,  and  of 
forming  what  has  been  called  alum  faturated  yiith  tt£ 
earthy  which  is  an  infoluble,  taftelefs,  earthy-like  fub¬ 
ftance.. 

It  is  capable  alfo,  as  Chaptal  informs  us,  of  combi¬ 
ning  with  feveral  other  bafes,  and  of  forming. many 
triple  falts,  which  have  never  yet  been  examined  with 

attention  1.  i  i  ^ 

1 1  •  Sulphat  Chim.  XXII* 
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f„„  tte  fm.  di(co.„y,  .nd  that  te  had  publilhed  ..  ,n  Bwhoto'.  Ar,  *  C,  T„A,r.. 
(t)  Care  muft  be  taken  not  to  keep  it  too  long  e^cpoied  to  the  heat. 
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II.  Sulpbat  of  jargonia  (u).  Ta  order  to  combine 
jargonia  with  acids,  they  fliould  be  poured  upon  it  while 
Su^^hat  of  inoift,  after  being  precipitated  from  fome  of  its 

jargonia.^  folvents  ;  for  after  it  is  dry,  acids  do  not  ad  upon  it 
without  difficulty.  By  this  method  fulphat  of  jargo¬ 
nia  is  eafily  fofmed.  It  is  white,  and  without  fenfible 
tafte.  Heat  expels  the  acid  from  it,  and  the  jargonia 
remains  in  a  Hate  of  purity.  At  a  high  temperature 
charcoal  converts  it  into  a  fulphuret,  which  is  foluble  in 
water,  and  which,  by  evaporation,  furniflies  cryftals  of 
♦  raugue-  hydrofulphuret  (t)  of  jargonia*, 

iinyAnn.de  Klaproth  informs  us,  that  with  excefs  of  acid  ful- 
Cbim.  xxii.  of  jargonia  forms  tranfparent  ftelliform  cryftals,  fo- 
\%our  de  water,  and  having  an  aftringent  tafte  f. 

-  '  *  12.  Sulphat  of  iron.  There  are  two  fulphats  of  iron, 

which  were  firft  accurately  diftinguifhed  by  Mr  Prouft. 
The  one  contains  the  green  oxide,  the  other  the  red 
oxide  of  iron.  We  lhall,  in  imitation  of  Mr  Prouft,  de¬ 
nominate  them  from  their  colours. 

The  green  fulphat  of  /r(9n.— This  fait,  which  is  com- 
|)hatof  iron.pofed  of  fulphuHc  acid  and  green  oxide  of  iron,  is  found 
native,  and  was  known  to  the  ancients.  It  is  mention- 
t  xxxiv.ed  by  Pliny  under  the  names  of  mlfyy  foryy  calchahtum 
c.  12,  It  was  formerly  called  green  vitriol. 

It  is  generally  prepared  by  expofing  native  fulphuret 
of  iron,  a  very  abundant  mineral,  to  air  and  moifture. 

Its  cryftals  are  of  a  light  green  colour,  and  in  the 
form  of  rhomboidal  parallelopipeds. 

It  has  a  fharp  aftringent  tafte. 

It  is  foluble  in  fix  times  its  weight  of  water  at  the 
temperature  of  6o^,  and  in  |ths  of  its  weight  of  boil- 
§  ing  water  J. 

It  is  infoluble  in  alcohol. 

According  to  Bergman,  it  is  compofed  of  39  parts 


fbyf.  xxxvi, 
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of  acid,  23  of  oxide,  and  38  of  water  ;  but  according  iulphats. 
to  Mr  Kirw^an,  of  26  parts  of  acid,  28  (u)  of  oxide,  ' 

and  46  of  water. 

When  expofed  to  the  air,  it  efflorefces  ;  but  if  it  be 
moiftened,  it  is  gradually  converted  into  red  fulphat  of 
iron. 

When  heated,  it  firft  aflumes  a  yellow  colour,  lofes 
its  water  and  its  acid  ;  if  the  heat  be  iiicreafed,  no¬ 
thing  remains  but  a  yellow  powder. 

The  Pruffic  alkali  precipitates  from  the  folution  of 
this  fait  a  white  powder,  which  gradually  becomes  blue 
by  attra<fting  oxygen  *.  *  . 

It  is  ufed  in  dyeing,  and  in  making  ink,  &c. 

It  is  decompofed  by  compound  affinity  by 
Nitrat  of  filver, 

Muriat  of  foda  f .  f  'Batten  and 

The  red  fulphat  of  iron  may  be  formed  by  expofing  Tutbeny 
a  folution  of  green  fulphat  to  the  air,  or  by  treating 
with  nitric  acid.  It  was  formerly  called  mother  water  ff  2,10.* 
vitriol,  ^  ^  641 

Little  is  known  of  its  properties,  except  that  it  is  Red  fulphat 
deliquefcent,  incryftallizable,  and  foluble  in  alcohol.  of  iron. 

It  was  firft  accurately  examined  by  Mr  Prouft. 

The  green  fulphat  of  iron  generally  contains  fome  of 
it,  which  may  be  feparated  by  means  of  alcohol. 

It  is  alone  capable  of  forming  Pruffian  blue  with  the 
Pruffic  acid,  and  of  ftriking  a  black  colour  with  the 
gallic  acid  I;.  t  See  ^ 

We  have  obferved,  that  when  it  is  diluted  with  wa-  Brouji'^s pa^ 
ter,  and  an  excefs  of  fulphuric  acid  is, poured  in,  it 
again  flowly  converted  into  green  fulphat.  „aly  i.  435. 

13.  Sulphat  of  zinc. — This  fait,  according  to  the  643 
beft  accounts,  was  difcovered  at  Rammelfberg  in  Ger-Sulphat  of 
many,  about  the  middle  of  the  1 6th  century.  Many^^”^* 

Z  z  2  afcribe 


(u)  jfargoniay  or,  as  the  French  chemifts  call  it,  xirconia,  has  been  difcovered  in  great  abundance  in  France  by 
Morveau,  who  found  that  the  hyacinths  of  Expailly  contained  more  than  half  their  weight  of  it.  From  Vau- 
quelin’s  analyfis  they  appear  to  be  compofed  of 

32  parts  of  filica, 

64  jargonia,  ' 

2  oxide  of  iron. 

Jargonia  has  been  examined  with  great  care  by  thefe  two  philofophers,  the  experiments  of  Klaproth  have 
been  confirmed,  and  feveral  new  properties  of  it  have  been  difcovered.  Perhaps  a  more  detailed  account  than 
v/e  have  hitherto  given  of  this  new  earth  may  not  be  unacceptable  to  our  readers. 

Jargonia  is  a  white  powder,  its  fpecific  gravity  is  confiderable,  it  has  a  feel  refembling  that  of  filica,  it  has  no 
tafte,  and  is  infoluble  in  water.  When  feparated  from  its  folutions  by  pure  alkalies,  it  retains,  when  expofed  to 
the  air  to  dry,  a  pretty  confiderable  quantity  of  water,  which  renders  it  tranfparent,  and  gives  it  a  refemblance 
to  gum  arabic  both  in  its  colour  and  frafture. 

When  expofed  to  the  heat  of  the  blow-pipe  it  does  not  melt  ;  but  Vauquelin  melted  it  by  expofing  it  furround- 
cd  with  charcoal  in  a  porcelain  crucible  to  an  intenfe  heat  for  an  hour  and  a  half.  Its  fpecific  gravity  was  then 
4,35,  its  colour  was  grey,  and  its  hardnefs  fuch  that  it  was  capable  of  fcratching  glafs.  It  melts  with  borax,  and 
forms  a  tranfparent  and  colourlefs  glafs  ;  but  phofphat  of  foda  and  the  fixed  alkalies  do  not  attack  it. 

It  is  infoluble  in  the  fixed  alkalies,  has  very  little  affinity  for  carbonic  acid,  and  is  precipitated  from  its  folu- 
tions  together  with  iron  by  the  Pruffic  alkali.  ' 

Its  affinities,  as  far  as  they  have  been  afcertained  by  Vauquelin,  are  as  follows  : 

Vegetable  acids;  order  unknown. 

Sulphuric  acid. 

Muriatic, 

Nitric. 

See  upon  this  fubjeft  the  Memoirs  of  Morveau  and  Vauquelin,  Ann,  de  Chhn,  xxi.  72.  and  xxii.  I79.‘ 

(t)  Thefe  curious  falts  form  the  fubjed  of  the  next  chapter. 

(u)  Perhaps  the  quantity  of  oxide  is  fomewhat  over-rated  here  ;  for  before  it  was  examined  by  Mr  Kirwan,  it 
had  affumed  a  red  colour  ;  it  muft  therefore  have  been  converted  into  the  brown  or  red  oxide  by  attrading  oxy¬ 
gen  from  the  atmofpherc. 
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Sulphat  of 
pickel. 
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Sulphat  of 
cobalt. 
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Sulphat  of 
lead. 
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copper. 
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afcribe  the  invention  to  Julius  Duke  of  Brunfwick. 
Henkel  and  Neumann  were  the  firft  chemifts  who 
proved  that  it  contained  zinc  ;  and  Brandt  firft  afcer- 
tained  its  compofition  completely  *.  It  is  generally 
formed  for  commercial  purpofes  from  fulphuret  of  zinc 
or  blende^  as  it  is  called.  This  fait  is  called  alfo  ^white 
vitriol. 

It  is  of  a  white  colour,  and  its  cryftals  are  rhomboi- 
dal  prifms,  terminated  by  cpiadrangular  pyramids  :  there 
is  generally  a  flight  defedl  in  two  of  the  oppofite  an¬ 
gles  of  the  prifm,  which  produces  a  quadrangular  fec- 
tion  f .  Its  fpecific  gravity  Is  2,000. 

It  has  a  fharp  ftyptic  tafte. 

It  is  foluble  ill  2,28  parts  of  water  at  the  tempera¬ 
ture  of  60*55  but  In  a  much  fmaller  quantity  of  boiling 
water  f. 

It  is  compofed,  according  to  Bergman,  of  40  (v) 
parts  of  acid,  20  of  oxide,  and  40  of  w^ater  :  KIrwan 
fuppofes  that  it  Is  compofed  of  1 2  parts  of  acid,  26,4 
of  zinc,  20  of  oxide,  41,6  of  water  (wj. 

According  to  Bergman,  this  fait  is  not  altered  in  the 
air;  others  affirm  that  it  efflorefces.  This, ‘no  doubt, 
depends  upon  the  place  where  It  is  kept. 

Heat  decoinpofes  this  fait. 

14.  Sulphat  of  manganefe. — This  fait  was  firft  ob¬ 
tained  by  Scheele  (x)  :  It  is  compofed  of  fulphuric 
acid  and  white  oxide  of  manganefe. 

Its  cryftals  are  oblique  parallelopipeds  ;  they  are  of 
a  white  colour,  and  very  bitter 

Thefe  cryftals  are  decompofed  by  a  ftrong  red  heat, 
and  the  fulphuric  is  converted  into  fulphiiroiis  acid  by 
the  oxide  attrading  its  oxygen,  and  being  changed 
into  black  oxide  ||. 

15.  Sulphat  of  nickel. —  This  fait,  which  is  compo¬ 
fed  of  fulphuric  acid  and  oxide  of  nickel,  was  firft  de- 
fcribed  by  Bergman.  Its  cryftals  are  in  the  form  of 
decahedrons,  compofed  of  two  quadrangular  truncated 
pyramids  ;  they  are  of  a  green  colour 

16.  Sulphat  of  cobalt.- -This  fait  was  firft  mentioned 
by  Mr  Brandt.  Its  cryftals  are  of  a  reddlfti  colour; 
but  if  any  nickel  be  prefent,  they  are  green. 

17.  Sulphat  of  lead. — This  fait  has  been  lo?ig  known: 
it  is  compofed  of  fulphuric  acid  and  white  oxide  of  lead. 
The  cryftals  are  white,  fmall,  and  mo  ft  commonly  needle- 
ffiaped:  according  to  Sage,  they  are  tetrahedral  prifms. 

It  is  foluble  in  18  parts  of  water, 

Heat  decompofes  it. — It  is  very  cauftic, 

18.  Sulphat  of  tin. — Nothing  is  known  concerning 
this  fait,  except  that  it  cryftallizes  in  fine  needles  Inter¬ 
laced  with  one  another*. 

19.  Sulphat  of  copper. — This  fait  appears  to  have 
been  known  to  the  ancients.  It  is  generally  .obtained 
by  evaporating  thofe  waters  which  naturally  contain  it. 
It  is  called  alfo  blue  vitriol. 

Its  cryftals  are  of  a  deep  blue  colour;  they  are  in 
the  form  of  oblong  rhomboids.  Its  fpecific  gravity  is 
2,230. 

It  has  a  very  ftrong  ftyptic  tafte  ;  and  indeed  is  em¬ 
ployed  as  a  cauftic. 

It  is  foluble  in  four  parts  of  water  at  the  tempera- 


Y.  Part  IIT. 

but  in  a  much  fmaller  quantity  of  boiling  Sulphats. 
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ture  of  60*^ : 
water  *. 

It  is  compofed,  according  to  Bergman,  of  46  parts 
of  acid,  26  of  oxide  of  copper,  and  28  of  water.  Kir- 
wan  fuppofes  it  to  contain  27,68  of  acid,  35  of  oxide, 
and  .^7»3^  of  water -f.  f  Mher.iu 

When  expofed  to  the  air,  it  efHorefces,  and  is  cover-  ^3* 
ed  with  a  yellowifti  grey^  powder. 

It  requires  a  very  ftrong  heat  to  decompofe  it. 

It  has  the  property  of  communicating  a  green  co¬ 
lour  to  flame. 

It  is  ufed  in  the  preparation  of  feveral  paints,  and  for 
a  variety  of  other  purpofes. 

It  is  decompofed  by  compound  affinity  by  acetite 
of  lead.  , 

20.  Sulphat  of  bifmuth. — Little  is  known  of  this  SulphL  of 
fait,  except  that  itds  with  difficulty  cryftallized,  and  is  bifmuth, 
very  dellquefcent. 

2t.  Sulphat  of  antimony. — This  fait  does  not  cry- Antimony, 
ftallize.  It  is  eafily  decompofed  by  heat. 

22.  Sulphat  of  arfenic. — This  fait  is  fcarcely  known.  Arfenic, 

It  does  not  appear  to  be  cryftallizable.  It  is  decom¬ 
pofed  by  water. 

23.  White  fulphat  of  mercury. — This  fait  may  be  White  ful- 
formed  by  boiling  together  two  parts  of  mercury  andph^'itof 
three  of  concentrated  fulphuric  acid,  and  flopping  the  ^^^ercury*. 
procefs  whenever  the  mercury  is  converted  into  a  white 

mafs.  This  mafs,  in  order  to  remove  the  excefs  of 
acid.  Is  to  be  waflied  repeatedly  with  fmall  portions  of 
water,  till  it  ceafes  to  redden  turnfole.  The  fulphat  of 
mercury,  thus  obtained,  is  very  white.  Its  cryftals  are 
either  fmall  plates  or  prifms.  Its  tafte  is  not  very  cauf¬ 
tic.  It  is  foluble  in  500  parts  of  water  at  the  tempe¬ 
rature  of  53°,  and  in  287  parts  of  boiling  water.  It 
is  compofed  of  83  parts  of  white  oxide  of  mercury,  12 
of  fulphuric  acid,  and  5  of  water  t-  It  is  not  altered}  Fourcroy,. 
by  expofure  to  the  air.  Heat  decompofes  it.  de 

This  fulphat  is  capable  of  combining  with  a  new 
portion  of  acid  :  It  was  in  that  ftate  before  it  was  wafli- 
ed  with  water.  This  fait,  which  may  be  called  acid:/- 
Ions  nvhite  fulphat  of  mercury y  has  a  very  cauftic  tafte,  and 
is  corrofive.  It  reddens  vegetable  blues.  It  is  foluble 
in  157  parts  of  water  at  the  temperature  of  55°,  and  in 
33  parts  of  boiling  water  J.  ^  5  Fourcroy, 

24.  Yellow  fulphat  of  mercury. — ^This  fait  may  be/W. 
obtained  by  continuing  to  boil  tfie  preceding  mixture  of  ^53 
mercury  and  fulphuric  acid  till  the  mercury  aflumes  a  yel- 

low  colour.  It  appears  to  be  compofed  of  yellow  oxide  mercury, 
of  mercury  and  a  fmall  portion  of  fulphuric  acid.  It  is 
foluble  in  2000  parts  of  water  at.  the  temperature  of 
5  and  in  600  parts  of  boiling  water.  The  foliition 
is  coloiirlefs.  It  was  formerly  called  turbith  mineral  1| .  y  Fourcroy, 

25.  Sulphat  of  ammonia  and  mercury. — This  triple /W. 
fait  may  be  formed  by  pouring  ammonia  Into  a  folution 

of  fulphat  of  mercury.  If  only  a  fmall  quantity  of 
monia  be  ufed,  a  copious  blackifli  precipitate  takes  and  mer* 
place,  part  of  which  is  converted  into  running  mercury  cury, 
by  expofure  to  light  ;  and  confequently  is  black  oxide 
of  mercury  ;  the  remaining  part  is  the  triple  fait.  If  a 
large  quantity  of  ammonia  be  ufed,  only  the  black  oxide 

is 


(v)  There  is  evidently  fome  miftake  in  this  ftatement ;  it  does  not  correfpond  with  what  he  fays  elfev/here. 

(w)  Mineralogy,  ii.  24.  We  do  not  underftand  this  ftatement.  ^ 

(x)  Weftfield,  indeed,  obtained  it ;  but  he  miftook  it  for  fulpliat  of  magnefia. 


fiiver. 
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Sulphats.  Is  precipitated;  for  the  triple  fait  is  rendered  much 

-V - more  foluble  by  an  excefs  of  ammonia.  As  this  excefs 

evaporates,  the  fait  cryftallizes.  The  cryftals  are  poly¬ 
gons,  very  brilliant  and  hard.  It  has  a  fharp,  auitere, 
metallic  tafte.  It  has  no  peculiar  odour.  It  is  fcarcely 
foluble,  except  with  excefs  of  ammonia.  ‘It  is  compo- 
fed,  according  to  Foiircroy’s  analyfis,  of  i8  parts  of 
fulphuric  acid,  33  of  ammonia,  and  39  of  oxide  of  mer¬ 
cury.  Heat  decompofcs  it.  The  produds  obtained  by 
diftilling  it  are,  a  little  ammonia,  azotic  gas,  a  little 
pure  mercury,  fome  fulphite  of  ammonia  ;  and  there  re- 
Tounro^,  trains  yellow  fiilphat  of  mercury  *. 
ibid.  This  triple  fait  may  be  formed  alfo  by  pouring  am¬ 

monia  upon  acidulous  fulpliat  of  mCrcury,  or  oil  yellow 
f  Ibid,  fulphat  of  mercury  f . 

655  26.  Sulphat  of  iilver.— This  fait  is  formed  by  pour- 

ulp’hatof  fulphuric  acid  on  oxide  of  lilver.  Its  cryiials  are 
fmall  needles.  It  melts  when  expofed  to  a  ftrong  heat, 
but  qoes  not  fublime. 

It  is  dccompofed  by  murlat  of  lead 

27.  Sulphat  of  gold.— This  fait  is  unknown. 

28.  Sulphat  of  platinum.  — Unknowm. 

29.  Sulphat  of  tungften.— Probably  no  fucli  combi¬ 
nation  is  poflible. 

30.  Sulphat  of  molybdenum  — Probably  Impoflible. 

31.  Sulphat  of  uranium — This  fait  was  firlt  formed 
by  Mr  Klaproth.  He  formed  it  by  pouring  fulphuric 
acid  on  the  oxide  of  uranium.  Nothing  farther  is 
known  of  it,  except  that  its  cryftals  are  fmall,  and  of  a 
yellow  colour. 

32.  Sulphat  of  titanium. — This  fait  was  firft  formed 
by  MrM‘Gregor.  It  does  not  appear,  from  Klaproth’s 
experiments,  to  be  cryftallizable. 

33.  Sulphat  of  tellurium. — When  one  part  of  tellu¬ 
rium  Is  mixed  cold  in  a  well-ftopped  veflel  with  a  hun¬ 
dred  parts  of  concentrated  fulphuric  acid,  the  latter 
gradually  aflumes  a  beautiful  crimfon  red  colour  :  when 
a  fmall  quantity  of  water  is  added,  drop  by  drop,  the 
colour  difappears,  and  the  metal  is  precipitated  in  the 
form  of  black  flakes.  The  folution  is  deftroyed  by 
heat,  the  colour  difappears,  and  the  metal  feparates  in 
the  ftate  of  a  white  oxide.  When  fulphuric  acid  is  di¬ 
luted  with  two  or  three  parts  of  water,  and  a  fmall 
quantity  of  nitric  acid  is  added,  it  diflblves  a  confider- 
able  quantity  of  tellurium-  The  folution  is  tranfparent 
and  colourlefs,  and  is  not  decompofed  by  the  addition 

^  Klaprothi  of  a  larger  quantity  of  water  § . 
fh'dofophical 

i.  So.  Sect.  II.  Of  Sulphites, 

Salts  compofed  of  fulphurous  acid  united  refpec- 
tlvely  with  alkalies,  earths,  or  oxides,  are  Q?\\td['fulphites, 
Thofe  hitherto  examined  are  the  following  : 

I.  Sulphite  of  potafs.* — This  fait  was  firft  formed  by 
Stahl ;  but  was  firft  accurately  deferibed  by  Berthollet, 
Fourcroy,  and  Vaiiquelin. 

It  may  be  formed  by  paftlng  fulphurous  acid  into  a 
faturated  folution  of  carbonat  of  potafa  till  all  effervef. 
cenee  ceafes.  The  folution  becomes  hot,  and  cryftal¬ 
lizes  by  cooling .||. 

Its  cryftals  are  white  and  tranfparent ;  their  figure 
that  of  rhomboidal  plates.  Its  cryftallization  often  pre- 
fents  fmall  needles  diverging  from  a  common  centre 
Its  tafte  is  penetrating  and  fulphurous.  At  the 
common  temperature  of  the  atmofphere,  it  Is  foluble  in 
its  own  weight  of  water,  but  much  more  foluble  in  boil¬ 
ing  water* 


\  Bergman, 
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Titanium, 
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Tellurium. 
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Sulphite  of 
potafs. 


|1  Fourcroy, 
arid  Vauque- 
tin,  Nichol- 
fons  Journ. 

-  »•  317- 

^  Ibid. 
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When  expofed  to  the  air,  it  e/Horefees,  becomes 
opaque  and  hard,  and  is  gradually  converted  into  fulphat 
of  potafs  by  abforbiiig  oxygen. 

When  expofed  to  a  fudden  heat,  it  decrepitates,  lofes 
its  water :  at  a  red  heat  fome  fulphurous  vapours  are 
emitted  ;  at  laft  a  portion  of  fulphiir  feparates,  and  the 
refiduum  is  fulphat  of  potafs,  with  a  flight  excefs  of  al- 
kali. 

Nitric  and  oxy-murlatic  acids  convert  it  into  fulphat 
of  potafs  by  imparting  oxygen. 

It  decompofcs  the  oxides  of  gold,  filver,  mercury, 
the  red  oxide  of  lead,  the  black  oxide  of  manganefe,  and 
the  brown  oxide  of  iron.  When  the  green  oxide  of  iron 
and  the  white  oxide  of  Iron  are  boiled  with  it  in  water, 
and  an  acid  added,  a  precipitate  takes  place  of  thefe 
bodies  united  to  fome  fulphur,  and  the  fait  is  convert¬ 
ed  into  a  fulphat  :  at  the  fame  time  fulphurated  hydro¬ 
gen  gas  is  emitted. 

By  compound  affinity  it  is  decompofed  by 

All  falts  with  bafe  of  foda,  except  the  borat  and  car¬ 
bonat  ; 

All  metallic  falts  except  carbonats ; 

All  neutral  falts  whofe  acid  has  a  ftronger  affinity 
for  potafs  than  fulphurous  acid  has  *.  *  Uid. 

2.  Sulphite  of  foda, — This  fait  was  firft  accurately  ^ 

deferibed  by  Fourcroy  and  Vaiiquelin.  pjphite  of 

It  is  white  and  perfeftly  tranfparent.  Its  cryftals 
are  foiir-fided  prifms,  with  two  very  broad  fides  and  two 
very  narrow  ones,  terminated  by  dehedral  pyramids. 

Its  tafte  is  cool  and  fulphurous. 

It  is  foluble  ill  four  times  its  weight  of  cold  water, 
but  it  Is  more  foluble  in  hot  water. 

It  is  compofed  of  i8,8  parts  of  foda,  31,2  of  acid, 
and  50  of  water. 

By  expofure  to  air.  It  efllorefces,  and  is  flowly  con- 
verted  into  a  fulphat. 

When  expofed  to  heat.  It  undergoes  the  watery  fu- 
fion,  and  afterwards  exhibits  precifely  the  fame  pheno¬ 
mena  as  the  fulphite  of  potafs. 

Metallic  oxides  and  falts  affe6t  It  precifely  as  they  do 
fulphite  of  potafs. 

It  Is  decompofed  by  compound  affinity  by  carbonat 
of  potafs,  and  the  other  falts  which  decompofe  fulphite 
of  potafs  f.  _ 

3.  Sulphite  of  ammonia. — This  fait  was  firft  deferi-  661 

bed  by  Fourcroy  and  Vauquelin  :j:.  Sulphite  of 

It  cryftallizes  in  fixdided  prifms  terminated  by  fix- 
fided  pyramids. 

Its  tafte  IS  cool  and  penetrating  like  that  of  the  tin, 
other  ammonlacal  falts,  but  it  leaves  a  fulphurous  im-A«’-^  Journ^ 
prelfion  in  the  mouth.  l  3^7* 

It  is  foluble  in  its  own  weight  of  cold  water.  Its 
folubility  is  increafed  by  heat. 

It  is  compofed  of  29,07  parts  of  ammonia,  60,06  of 
acid,  and  10,87  water. 

When  expofed  to  the  air,  it  attrads  moifture,  and  is 
foon  converted  into  a  fulphat. 

Heat  volatilizes  it  without  dccompofition. 

Its  habitudes  with  metallic  oxides  and  falts  are  nearly 
the  fame  with  thofe  of  the  above  deferibed  ftilphites,  . 

only  it  is  capable  of  forming  with  feveral  of  them  triple  barite?, 
falts 

4.  Sulphite  of  barytes. -This  fait  was  firft  deferibed  'I  'i'’";.* 

by  Berthollet  ||.  djtm.ii  57*. 

It  is  Incryftalllzable ;  it  has  no  perceptible  tafte  ; 
and  is  perfectly  infoluble  in  water  f .  tin. 

It 
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It  Is  compofed  of  59  parts  of  barytes,  39  parts  of 
acid,  and  2  of  water. 

It  does  not  eafily  change  into  a  fulphat  by  expofure 
to  air  ;  but  heat  produces  this  elfed  *- 

5.  Sulphite  of  lime. — This  fait  was  hi  ft.  defcribed  by 
Berthullet  f. 

Its  cryftals  are  fix-fided  prifms,  terminated  each  by  a 
very  long  pyramid 

It  has  fcarcely  any  tafte  ;  however,  when  kept  long 
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Sulphite  of 
lime. 
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Chim.  ihtJ. 

Fourcroy 

an^  Fauquc  mouth,  it  communicates  to  the  tongue  a  tafte 

which  is  manifeftly  fulphurous. 

It  is  very  fparingly  foluble  in  water,  except  with  ex¬ 
cels  of  acid. 

It  is  compofed  of  47  parts  of  lime,  48  of  fulphurous 
•acid,  and  5  of  water. 

By  conta6l  of  air  it  is  converted  into  a  fulphat,  but 
very  flovvly. 

Heat  converts  it  into  a  fulphat  by  depriving  it  of  a 
portion  of  fiilphur. 

It  is  decompofed  by  compound  affinity  by 
Carbonates  of  alkalies,  Fluats  of  alkalies, 
Phofphats  of  alkalies,  Moft  metallic  falts  §. 

„  ,  , .  f  6.  Sulphite  of  magnefia. — This  fait  was  firft  deferi- 
bed  by  Fourcroy  and  Vauquelin. 

Its  cryftals  are  white  and  tranfparent,  and  in  the 
form  of  depreffed  tetrahedrons.  . 

Its  tafte  Is  mild  and  earthy  at  firft,  and  afterwards 
fulphurous. 

It  is  fparingly  foluble  in  w^ater,  except  when  there  is 
an  excefs  of  acid. 

It  is  compofed  of  16  parts  of  magnefia,  39  of  acid, 
and  45  of  water. 

It  becomes  opaque  when  expofed  to  the  air  ;  is  very 
llovvly  converted  into  a  fulphat. 

By  expofure  to  heat,  it  foftens,  fwells  up,  and  be- 
comes  dudile  like  gum  j  a  ftrong  heat  decompofes  it 
altogether. 

It  is  decompofed  by 

Alkaline  falts. 

Earthy  falts,  except  thofe  of  alumina  \\, 
7.  Sulphite  of  alumina.— Firft  formed  by  Bertholiet. 
It  does  not  cryftallfze,  but  is  converted  into  a  foft 
Sulphhe  of  dudile  mafs.  It  is  not  foluble  in  water,  but  becomes 
alumina,  abundantly  fo  when  there  is  an  excefs  of  acid. 

It  Is  compofed  of  44  parts  of  alumina,  32  of  acid, 
I  and  24  of  w^ater. 

^  Fourcroy  Heat  decompofes  it 

and  Fauque-  g.  Sulphite  of  iron.— It  was  firft  formed  by  Bcrthol- 
'”•.65  let. 

Suh  hice  cf  Its  cryftals  are  white,  and  have  but  very  little  of  the 
iron.  ftyptic  tafte  of  iron  falts 

*  Ann,  dc  Bertholiet  alfo  formed  the  fulphites  of  zinc  and  tin, 

ii.  he  has  not  defcribed  them. 

Sect.  III.  Of  Nitrats. 

Those  falts,  in  the  compofition  of  which  the  nitric 
acid  forms  one  ingredient,  are  called  nitrats, 

Kkre.  ’•  of  potafs,  nitre,  or  faltpetre. — As  this  fait 

is  produced  naturally  in  confiderable  quantities,  parti¬ 
cularly  in  Egypt,  it  is  highly  probable  that  the  ancients 
•were  acquainted  with  it  ;  but  fcarcely  any  thing  cer¬ 
tain  can  be  colleded  from  their  writings.  If  Pliny 
mentions  it  at  all,  he  confounds  it  with  foda,  which  was 
known  by  the  names  of  nitron  and  nitrum.  It  is  cer¬ 
tain,  however,  that  it  hag  been  known  in  the  eaft  from 
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time  immemorial.  Roger  Bacon  mentions  this  fait  in  Nitrate 
the  13th  century  under  the  name  of  nih'e,  - 

It  cryftalllzes  in  flender  oblong  hexagonal  prifms,  of¬ 
ten  ftriated,  terminated  by  hexagonal  pyramids  oblique¬ 
ly  truncated.  Its  fpecific  gravity  is  1,920. 

Its  tafte  is  fliarp,  bitteriffi,  and  cooling. 

It  is  foluble  in  feven  times  its  weight  of  water  at  the 
temperature  of  60®,  and  in  nearly  its  own  weight  of 
boiling  water  ^  ^  ^Bergman, 

According  to  Bergman,  it  is  compofed  of  31  parts 
of  acid,  61  of  potafs,  and  8  of  water  ;  but  this  propor¬ 
tion  of  acid  is  undoubtedly  too  fmall.  According  to 
Mr  Kirvvan,  it  is  compofed  of  41,2  of  acid,  46,15  of 
alkali,  and  12,63  water  f.  f  Minercit, 

It  is  not  altered  by  expofure  to  the  air.  n.  a/. 

When  expofed  to  a  ftrong  heat,  it  melts  ;  and  con¬ 
geals  by  cooling  into  an  opaque  mafs,  wffiich  has  been 
called  mineral  cryfaL  If  the  heat  be  continued,  the 
acid  is  gradually* decompofed  and  driven  off.  When 
the  folutlon  of  nitre  is  expofed  to  a  boiling  heat,  part  of 
the  fait  Is  evaporated  along  with  the  water,  as  Wallerius, 

KIrwan,  and  Lavolfier,  obferved  fucceffively.  When 
nitre  is  expofed  to  heat  along  with  many  combuftible 
fubftances,  its  acid  is  decompofed ;  the  combuftible 
feizes  the  oxygen,  and  at  the  fame  time  a  lively  white 
flame  appears,  attended  with  a  decrepitation  ;  this  is  * 
called  the  detonation  of  nitre. 

Nitre  mixed  with  charcoal  and  fulphur  in  proper 
proportions  forms  gunpowder. 

Nitre  is  decompofed  by  compound  affinities  by 

Acetite  of  barytes.  668 

No  phenomenon  has  excited  the  attention  of  chemi- Reproduc- 
cal  philofophers  more  than  the  continual  reprodudlion 
of  nitre  in  certain  places  after  it  had  been  extracted  from 
them.  Prodigious  quantities  of  this  fait  are  neceffary 
for  the  purpofes  of  war  ;  and  as  Nature  has  not  laid  up 
great  magazines  of  it  as  Ihe  has  of  fome  other  falts,  this 
annual  reprodudllon  Is  the  only  fource  from  w’hich  it  can 
be  procured.  It  became,  therefore,  of  the  utmoft  con- 
fequence,  if  poffible,  to  difeover  the  means  which  Nature 
employed  in  forming  it,  in  order  to  enable  us  to  imitate  ^ 
her  proceffes  by  art,  or  at  leaft  to  accelerate  and  facilitate 
them  at  pleafurc.  Numerous  attempts  accordingly  have 
been  made  to  explain  and  to  imitate  thefe  proceffes. 

Stahl,  fetting  out  on  the  principle  that  there  is 
only  one  acid  in  nature,  fuppofed  that  nitric  acid  is 
merely  fulphuric  acid  combined  with  phlogifton  ;  andl 
that  this  combination  is  produced  by  putrefadion  :  he 
affirmed  accordingly,  that  nitre  is  compofed  by  uniting 
together  potafs,  fulphuric  acid,  and  phlogifton.  But 
this  opinion,  which  was  merely  fupported  by  very  far¬ 
fetched  analogies,  could  not  ftand  the  teft  of  a  rigorous 
examination. 

Lemery  the  Younger  accordingly  advanced  another; 
affirming,  that  all  the  nitre  obtained  exifts  previoufly 
in  animals  and  vegetables,  and  that  it  is  formed  in  thefe 
fubftances  by  the  proceffes  of  vegetation  and  animali- 
zation.  But  it  was  foon  difeovered  that  nitre  exifts, 
and  is  adually  formed,  in  many  places  where  no  animal 
nor  vegetable  fubftance  has  been  decompofed  ;  and  con- 
fequently  this  theory  was  as  untenable  as  the  former. 

So  far  indeed  is  it  from  being  true  that  nitre  is  formed 
alone  by  thefe  proceffes,  that  the  quantity  of  nitre  in 
plants  has  been  found  to  depend  entirely  gn  the  fpil  in 
which*  they  grow  »  t  Bouillin, 

At 
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At  lad  by  the  numerous  experiments  of  fevcral  French 
>phllofophers,  particularly  by  thofe  of  Thouvenel,  it  was 
difcovered  that  nothing  elfe  is  neceffary  for  the  pro- 
dudion  of  nitre  but  a  balls  of  lime,  heat,  and  an  open 
but  not  too  free  communication  with  dry  atmofpheric 
air.  When  thefe  circumllances  combine,  the  acid  is  firlt 
formed,  and  afterwards  the  alkali  makes  its  appearance. 
How  the  air  furniihes  materials  for  this  produaion  is 
eafily  explained,  now  that  the  component  parts  of  the 
nitric  acid  are  known  to  be  oxygen  and  azot.  But 
how  lime  contributes  to  their  union  it  is  not  fo  eafy  to 
ftfe.  It  is  a  difpofing  affinity,  which,  like  mod  others 
referred  to  that  fingular  clafs,  our  prefent  knowledge  of 
the  nature  of  affinity  does  no{  enable  us  to  explain. 
The  appearance  of  the  potafs  is  equally  extraordinary. 

If  any  thing  can  give  countenance  to  the  hypothelis, 
that  potafs  is  compofed  of  lime  and  azot,  it  is  this  lin¬ 
gular  fafl. 

2.  Nitrat  of  foda.  This  fait  W’as  called  formerly  cu- 

hlc  nitre,  ,  . 

It  forms  rhomboldal  cryllals.  Its  fpecific  gravity  is 

1,870.  ‘  . 

It  has  a  cool  lharp  tafte,  and  is  fomewhat  more  bit¬ 
ter  than  nitre. 

It  is  foluble  in  about  three  parts  of  water  at  the  tern- 
peraturc  of  60'’,  and  is  fcarcely  more  foluble  in  boiling 
water. 

It  is  compofed,  according  to  Bergman,  of  43  parts 
of  acid,  32  of  foda,  and  25  of  water.  From  an  expe¬ 
riment  formerly  defcribed,  Mr  Kirwan  concludes,  that 
it  contains  57,65  of  acid,  and  4^>35  ^  alkali;  but  per¬ 
haps  the  proportion  of  acid  may  be  fomewhat  over-rated, 
as  no  dired  proof  has  been  brought  that  the  fait  con¬ 
tains  no  water. 

When  expofed  to  the  air  it  rather  attrads  moifture. 

Its  phenomena  in  the  fire  are  the  fame  with  thofe  of 
nitre,  only  it  does  not  melt  fo  eafily. 

It  is  decompofed  by  compound  affinity  by  the  fol¬ 
lowing  falts : 

Sulphat  of  barytes, 

— . — - potafs, 

alumina, 
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Nitrat  of 
ammonia. 


Muriat  of  barytes, 
■I.  potafs, 

-  lime. 


Muriat  of  ammonia,^ 
Acetite  of  barytes, 

•  potafs, 


Carbonat  of  barytes, 
— - —  potafs. 
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Acetite  of  lime 

- - - magnefia, 

. . . alumina, 

Muriat  of  barytes, 

- - - potafs, 

•  foda. 


Muriat  of  lime, 

-  magnefia, 

- alumina, 

Carbonat  of  barytes, 

■  foda. 
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4.  Nitrat  of  barytes.  This  fait  may  be  formed  Nitrat^of 
hexagonal  cryftals,  but  it  requires  great  addrefs  to  pro- 

duce  them. 

It  attradls  moifture  from  the  atmofphere. 

Heat  decompofes  it,  and  leaves  pure  barytes.  The 
decompofition  of  this  fait  by  heat  is  the  moil  convenient 
method  of  procuring  pure  barytes  yet  known.  It  was 
lirft  propofed  by  Mr  Vauquelin. 

By  compound  affinity  it  is  decompofed  by 
Alkaline  carbonats, 

Oxalat  of  ammonia 

5.  Nitrat  of  lime.  This  fait  forms  by  cryftallization 
fix-fided  prifms,  terminated  by  dehedral  pyramids,  butyric, 
more  commonly  fmall  regular  octahedral  needlcsii' 

It  has  a  fharp  bitteriffi  tafte. 

It  is  foluble  in  two  parts  of  cold  water,  and  in  its 
own  weight  of  boiling  water.  ^  ^ 

Boiling  alcohol  diffolves  its  own  weight  of  it  +.  T  Bfrgpian, 

According  to  Bergman,  it  is  compofed  of  43  parts 
of  acid,  32  of  lime,  and  25  of  water.  Kirwan  has 
found,  that  ico  parts  of  lime  require  for  Saturation  180 
parts  of  acid:|:.  ,  t  Miner,  iu 

Nitrat  of  lime  deiiquefees  when  expofed  to  the  air.  ^9* 

Heat  decompofes  it  like  all  other  nitrats. 

By  compound  affinity  it  is  decompofed  by 


3.  Nitrat  of  ammonia.  This  fait  cryllallizes  with 
difficulty  into  regular  needles.  It  was  formerly  called 
nit  rum  femivolatile,  and  nitrumjlammans. 

It  has  a  lharp,  acrid,  fomewhat  urinous  tafte.  ^ 

It  is  foluble  in  about  half  its  weight  of  boiling  wa- 
^cr* 

It  is  compofed  of  58  parts  of  acid,  about  26  of  al- 
^ Kirwan,  kali,  and  1 6  of  water*. 

When  expofed  to  the  air  it  deiiquefees. 

When  expofed  to  heat,  it  firft  undergoes  the  watery 
fufion,  afterwards  detonates,  and  is  completely  deconnr- 
pofed.  Berthollet  has  fnewn,  that  this  phenomenon  is 
owing  to  the  hydrogen  of  the  alkali  entering  into  com¬ 
bination  with  the  oxygen  of  the  acid,  and  forming  wa¬ 
ter,  while  the  acid  flies  off  in  a  gafeous  form. 

By  compound  affinity  it  is  decompofed  by  the  follow¬ 
ing  fubftances :  .  r , 

Sulphat  of  barytes,’  Acetite  of  barytes, 

— —  potafs,  * potafs, 

I  »■■■■  alumina,  . . .  ■ —  foda^ 


Sulphat  of  barytes,* 

»  — -  potafs, 

. — •  foda,- 

ammonia, 

- alumina, 

Muriat  of  barytes, 

^ — - potafs, 

Acetite  of  barytes, 


Acetite  of  potafs, 
Carbonat  of  barytes, 
—  potafs, 

- .  foda, 

..  — -  ammonia, 

alumina, 
magnefia, 


}  Sch^eh. 
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..X  Tungftat  of  ammonia^.  ^ 

6.  Nitrat  of  ftrontites.  This  fait,  firft  formed  by  Dr  .  „  . 

Hope,  cryftallizes  readily,  but  the  cryftals  are  very 

gular  in  their  fhape  :  fometimes  they:  ar^  hexagonal 
truncated  pyramids;  fometimes  octahedrons,  confifting 
of  two  four-fided  pyramids  united  at  their  bafes. 

It  is  foluble  in  its  own  weight  of  water,  at  the  tem¬ 
perature  of  6o^  and  in  little  more,  than  half  its  weight 
of  boiling  water.  It  has  a  ftrong  pungent  tafte. 

In  a  dry  air  it  efflorefees,  but  in  a  moift  air  it  deli- 
quefees. 

It  deflagrates  on  hot  coals.  Subjeded  to  heat 'in  a 
crucible,  it  decrepitates  gently,  and  then  melts.  In  a 
red  beat  it  boils,  and  the  acid  is  diffipated.  If  a  com- 
buftible  fubftance  be  at  this  time  brought  into  contaCl 
with  it,  a  deflagration  with*  a  very  vivid  red  flame  is 
produced  11 .  i| 

7.  Nitrat  of  magnefia.  The  compofition  of  this  fait 
was  firft  afeertained  by  Dr  Black. 

Its  cryftals  are  quadrangular  prifms.  It  has  a  very^-^' f  q£ 
bitter  tafte.  It  is  very  foluble  in  water.  Alcohol  dif- magnefia. 
folveS  '^th  of  its  own  weight  of  it  1  Bergman, 

One  hundred  parts  of  magnefia  require  255  :of  nitric 
acid  for  faturation  *.  ^  Kirwan'^- 

It  deiiquefees  in  the  air,  according  to  Bergmail  j  buf* 

Dijonval  affirms,  that  he  has  procured  it  in  cryftals 
which  rather  eiflorefee* 

Ir 
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Nitrat®* 


It  IS  dccompofed  by  beat. 

By  compound  affinity  it  is  decompofed  by 
Sulphat  of  barytes^  Muriat  of  lime, 

- - potafs, 

- foda, 

- ammonia, 

- - —  alumina, 


Acetite  of  barytes, 
potafs, 
foda, 
lime, 


675  ^ 

Nitrat  of 
amnn‘»iia 
and  mag- 
uefia. 


Muriat  of  barytes, 
foda, 


Carbonat  of  barytes, 

- potafs, 

- lime. 


Ann*de 
Chlm.  iv. 
a  13. 

676 

Nit}  at  of 
alumina. 

677 

Nitr»  {»f 
jargouia. 


•f  Vauqus- 
lin,  Ann,  dt 
Ch^.m.  xx  t. 
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678 

Nimat  of 
iron. 

679 

Nitrat  of 
zinc. 


8.  Nitrat  of  ammonia  and  magnefia.  This  triple  fait 
was  difcovered  by  Mr  Fourcroy.  Into  a  faturated  fo- 
lution  of  nitrat  of  rnagnefia,  containing  73  grains  of 
magnefia,  he  poured  ammonia  as  long  as  any  precipi¬ 
tate  could  be  obtained.  Twenty* one  grains  of  magne¬ 
fia  were  precipitated,  52  grains  reihained  combined  with 
the  acid  and  the  ammonia.  He  found  that  52  grains 
of  magnefia  produced,  when  faturated  with  nitric  acid, 

^288  grains  of  nitrat  ;  and  that  the  quantity  of  nitric 
acid  necelTary  to  fatnrate  21  grains  of  magnefia,  when 
faturated  with  ammonia,  produced  84  grains  of  nitrat 
of  amirumia.  He  concludes,  therefore,  though  the  da¬ 
ta  are  not  quite  fatisfaftory,  that  the  triple  fait  is  com- 
pofed  of  2B8  grains  of  nitrat  of  magnefia,  and  84  of  ni¬ 
trat  of  ammuiiia  * , 

9.  Nitrat  ci  alumina.  This  feems  to  have  been  lirfl 
attended  to  by  Beaiime. 

Its  cryfl.ds  are  pyramidal.  It  has  a  very  aftringent 
tafte.  it  is  folublc  in  water,  and  deliqucfccs  in  the 
air. 

10.  Nitrat  of  jargonia.  This  fait  may  be  eafily 
formed  by  pouring  nitric  acid  on  newly  precipitated 
jargonia 

It  always  contains  an  excefs  of  acid.  By  evapora¬ 
tion  a  yellowith  tranfparcnt  matter  is  obtained,  cxceed- 
ingly  tenacious  and  vifeid,  and  wliich  dries  with  diin- 
cuity.  It  has  an  aftringent  tafte,  and  leaves  on  the 
tongue  a  vifeid  matter,  owing  to  its  being  decompofed 
by  the  faliva.  It  is  only  very  fparingly  folnble  in  wa¬ 
ter  ;  the  grcatell  part  remains  under  the  form  oi  gela¬ 
tinous  and  tranfparcnt  flakes.  Tike  all  the  other  falts 
into  wbirh  jargonia  enters,  it  is  decompoled  by  heat.  It 
is  decompofed  alfo  byfulphuric  acid,  which  occafions  a 
white  precipitate,  folnble  in  excefs  of  acid;  by  carbonat 
of  ammonia,  which  produces  a  precipitate  foluble  by 
adding  more  carbonat  ;  and  by  an  infufion  of  nut-galls 
in  alcohol,  wdilch  produces  a  white  precipitate,  folnble 
in  an  excefs  of  the  infufion  ;  iinlcls  the  jargonia  con¬ 
tains  iron  ;  in  which  tafe  the  precipitate  is  a  greyifli 
blue,  and  part  of  it  remains  infoluble,  giving  the  liquor 
a  blue  colour.  This  liquor,  mixed  with  carbonat  of  am¬ 
monia,  produces  a  matter  purple  by  tranfmitted  light, 
but  violet  by  refle^Ied  light.  Gallic  acid  alfo  precipi¬ 
tates  nitrat  of  jargonia  ol  a  greyiih  blue,  but  the  co¬ 
lour  is  not  fo  fine.  Moft  of  the  othtr  vegetable  acids 
decompofe  this  fait,  and  form  combinations  infoluble  in 
water  f . 

11.  Nitrat  of  iron.  The  green  oxide  of  iron  decom- 
pofes,  but  does  not  combine  with  nitric  acid.  Iflie 
Frown  oxide  forms  with  it  a  red  or  browui  folution, 
which  by  evaporation  may  be  reduced  to  a  jelly,  but 
will  not  cryftallize. 

12-  Nitrat  of  zinc.  The  oxide  of  zinc  combines 
with  nitric  acid,  and  forms  with  it  a  fait  which  cryftal- 
lizes  in  compreffed  and  ftriated  tetrahedral  prifms,  termi¬ 
nated  by  four-fided  pyramids. 
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Its  folution  is  CKcectiingly  cauflic.  When  placed  on  Nitrate 
burning  coals  it  melts  and  detonates  as  it  dries.  It 
can  fcarcely  be  dried  without  being  in  fome  meafure  de¬ 
corn  po  fed. 

It  deliqiiefces  in  the  air  *  Pouremy, 

13.  Nitrat  of  manganefe.  This  fait,  cornpofed  of  .^80 
oxuie  of  manganefe  and  nitric  acid,  was  firft  examined 

by  Scheele.  Its  cryftals  are  fmall  and  fhining,  of 

very  bitter  tafte,  and  foluble  in  water  f.  f  Scheele  tn. 

14.  Nitrat  of  cobalt.  It  is  of  a  pale  red  colour,  and 

cryftallizes  in  needles.  It  deliquefees  wffien  expofed  r 

the  air.  Heat  aeeompoles  it.  When  nickel  is  prelent,  cobalt 
this  fait  alTumes  a  green  colour. 

15.  Nitrat  of  nickel.  Its  cryftals  are  of  a  green  co*  of  nickel, 
lour,  and  in  the  form  of  rhomboidul  cubes.  They  are 
deliquefeent,  and  are  gradually  decompofed  wdien  expo- 

fed  to  the  air,  the  acid  leaving  them  j:.  4  Bergman^ 

16.  Nitrat  of  lead.  Nitric  acid  combines  with  theii.  a68. 

w’hite  oxide  of  lead.  The  cryftals  of  this  fait  are  of  a  "  ^83 
wd-ite  colour  ;  their  form  an  irregular  oClagoii,  or  ra-  * 

ther  truncated  hexahedral  pyramid.  AVhen  expofed  to 

heat  it  decrepitates,  and  melts  w'ith  a  yellowilh  flame. 

By  compound  affinity  it  is  decompofed  by 
Muriat  of  potafs, 

- foda, 


ammonia, 


Carbonat  of  foda  f ,  §  Bergmanx 

in.  Nitrat  of  till.  Tin  is  converted  into  an  acid  ^7 
nitric  acid  :  it  is  not  pfobable,  therefore,  that  any  per-  * 
manent  nitrat  of  tin  can  be  formed. 

j8.  Nitrat  of  copper.  This  fait  appears  to  have  been  Of  copper, 
lirft  obtained  by  Macquer. 

Its  form,  when  properly  cryftallized,  is  an  oblong  pa¬ 
rallelogram.  It  is  of  a  fine  bine  colour.  It  is  exceed¬ 
ingly  cauftic.  It  melts  at  77^||.  |j  Sags, 

It  is  deliquefeent  in  a  moift  air,  but  in  a  dry  place  is 
covered  with  a  green  efllorefcence.  It  is  very  foluble  in 
water.  Heat  decompofes  it.  68(J 

19.  Nitrat  of  bifmuth.  This  fait  cryftallizes  in  va- Of bifmuth, 
rioiis  forms.  Fourcroy  obtained  it  in  flattened  rhom¬ 
boids.  It  efflorefees  in  the  air.  Water  decompofes  it. 


It  detonates  in  the  fire. 
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20.  Nitrat  of  antimony.  Little  is  knowm  concern- of autimo- 

ing  this  fait,  except  that  it  is  very  deliquefeent,  and  isny, 
decompofed  by  heat.  ^gg 

21.  Nitrat  of  arfenic.  With  white  oxide  of  arfenic  Of  arfemc» 
nitric  acid  forms  a  fait  which  cryftallizes.  It  is  very 
deliquefeent.  It  does  not  detonate. 

22.  Nitrat  of  mercury.  This  fait  may  be  formed  by  q£ 
diffolving  mercury  in  nitric  acid.  It  cryftallizes  in  thery, 
cold  ill  regular  flat  iq-fided  figures  ;  but  their  form  dif¬ 
fers  according  to  the  manner  in  which  the  cryftaliiza- 
tion  has  been  performed. 

It  is  foluble  in  water. 

This  fait  is  exceedingly  cauftic.  It  detonates  on 
coals.  When  heated  in  a  crucible  it  melts,  and  is  de¬ 
compofed.  The  oxide  attra6ls  oxygen  from  the  acid, 
which  flies  off  in  the  form  of  nitrous  gas,  and  red  oxide 
of  mercury  remains  behind. 

It  is  flowly  decompofed  alfo  in  the  air.  It  Is  decom¬ 
pofed  by  compound  affinity  by 

Sulphat  of  copper,  and  a  great  many  other  fulpbats, 

Phofphat  of  foda, 

Borax.  ^  ^  690 

23.  Nitrat  of  ammonia  and  mercury.  This  triple  Of  ammo- 
falt  may  be  formed  by  pouring  ammonia  into  a 


37- 

691 

Nitrat  of 
fiiver, 


692 

Nitrat  of 
urauium, 
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Muriats,  of  nitrat  of  mercury,  If  only  enough  of  ammonia  to 
faturate  the  acid  be  «fed,  the  triple  fait  precipitates  in 
the  form  of  a  white  powder  ;  but  with  an  exccfs  of  am¬ 
monia  it  remains*  diffolved,  and  forms  by  evaporation 
very  bright  polyhedral  cryftals. 

it  has  a  very  fliarp  tafle.  It  is  foluble  in  1200  parts 
of  water  at  the  temperature  of  55°.  Hot  water  fepa- 
rates  a  little  ammonia,  which  renders  it  ftill  more  Info- 
luble.  It  turns  vegetable  blues  green.  Muriatic  acid 
diifolves  it. 

According  to  Fourcroy’s  unalyfis,  it  is  compofed  of 
68,20  parts  of  oxide  of  mercury,  16  of  ammonia,  and 
15,80  of  nitric  acid  and  water. 

When  diftilled  it  yields  ammonia,  azotic  gas,  oxygen 
*  Fourcroyi  g^s,  yellow  oxide  of  mercury,  and  pure  mercury 

de  24*  Nitrat  of  filver.  This  fait  may  be  formed  by 
diffolving  filver  in  nitric  acid. 

It  forms  flat  tranfparent  cryftals  compofed  of  needles. 
It  is  exceedingly  cauftic.  When  melted  it  forms  a  grey 
mafs  called  lapis  inf  emails  ^  from  its  great  corrofivenefs. 

It  is  very  foluble  in  water.  It  is  not  altered  by  ex- 
pofure  to  the  air.  Light  decompofes  it. 

By  compound  afiinity  it  is  decompofed  by 
The  fulphats, 

The  muriats. 

25*  Nitrat  of  uranium.  This  fait  was  firft  formed  by 
Klaproth.  Its  cryftals  are  hexagonal  plates  of  a  green- 
,  yellow  colour.  The  largeft  were  4ths  of  an  inch  in 

jTrTde  '  breadth  f. 

/'-6jj/.xxxvii.  Nitrat  of  titanium.  It  is  capable  of  cryftallizing, 

158  ^  27*  Nitrat  of  tellurium.  The  folution  of  tellurium 

^  69^  in  nitric  acid  is  tranfparent  and  colourlefs.  When  con- 

7iLamum,  centrated,  ft  produces  in  time  fmall  white  light  cryftals 
Tellurium.  form  of  needles,  which  exhibit  a  dendritic  ag- 

t  Klaproth,  gregation  J. 

Phtl.  _ 

i.  3o.  Sect.  IV.  Of  Nitrites. 

T H E  falts  which  the  nitrous  acid  forms  with  alkalies,, 
earths,  and  metallic  oxides,  are  denominated  nitrites. 
Very  few  of  them  have  been  examined  ;  we  lliall  not 
therefore  attempt  a  defeription  of  them. 

Sect.  V.  Of  Muriats. 

Salts  into  which  the  muriatic  acid  enters  are  called 
muriats. 

Mutut  of  Muriat  of  potafs.  This  fait  was  formerly  called 

potafs.  f^^rlfuge  or  digejllve fait  of  Sylvius,  and  regenerated fea  fait. 

Its  cryftals  are  cubes,  but  rather  Irregular. 

It  has  a  difagreeable  bitter  tafte.  Its  fpecific  gravl- 
^  K\rv}an.  ty  is  1,836- 

It  is  foluble  in  three  times  its  weight  of  water  at  the 
temperature  of  60^,  and  in  double  its  weight  of  boilins* 

H  ^vater  I].  ^ 

It  is  compofed,  according  to  Bergman,  of  3 1  parts 
of  acid,  6r  of  potafs,  and  8  of  water.  Kirwan  has 
m  XT-  .  contain  36  of  acid,  46  of  alkali,  and  18  of 

water 

ii.  30.^"*  *  fuffers  little  alteration  from  expofiire  to  the  air. 

When  expofed  to  heat,  it  firft  decrepitates,  then  melts, 
and  at  laft  is  volatilized,  but  without  decompofition. 

The  following  falts  decompofe  it  by  compound  affinity; 
Sulphat  of  foda,  Nitrat  of  ammonia, 

- ammonia,  >  magnefia, 

— ^ - alumina,  -■■■■■■  ■  ■■  alumina, 

Nitrat  of  foda,  _ _ Lad. 

— '  ■  lime, 
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2.  Muriat  of  foda,  common  or  fea  fait.  This  fait  Muriatb. 
has  been  known,  and  in  common  life,  from  the  earliell 
ages.  It  is  fometimes  called  alfoy2?/^fw. 

Its  cryftals  are  cubes,  but  they  often  affume  other  foda. 
forms.  Its  fpecific  gravity  is  2,1  20  *  Kitxvan. 

Its  tafte  is  univerfally  known,  and  is  what  is  ftri£tly 
fpeaking  denominated  fait. 

It  is  foluble  in  24-4^  times  its  weight  of  water  at  the 
temperature  of  60"^,  and  in  2  54-  its  weight  of  boiling 
water  'f.  -j.  Bergman. 

According  to  Bergman,  it  is  compofed  of  52  parts 
of  acid,  42  of  alkali,  and  6  of  water.  According  to 
the  late  experiments  of  Mr  Kirwan,  of  40  parts  of 
35  alkali,  and  25  of  water. 

It  is  not  affedted  by  expofure  to  the  air.  It  ought  to 
be  obferved,  however,  that  the  muriat  of  foda  in  com¬ 
mon  ufe  contains,  befides  other  Impurities,  a  quantity 
of  muriat  of  magnefia,  which  renders  it  deliquefeent. 

When  heated  it  decrepitates.  Heat  volatilizes,  but 
does  not  decompofe  it. 

^  The  following  falts  decompofe  it  by  compound  affi¬ 
nity  :  *  Fuds^ 

Ann.de 


Sulphat  of  ammonia, 

- alumina, 

- potafs 

■  iron  f. 


Nitrat  of  filver  5, 

Acetite  of  barytes,  jp, 
Pyrolignite  of  barytes  ||,f  huUen^ 

,,  - - lead  II,  ihid.j:u 

Nitrat  of  ammonia,  Carbonat  of  potafs  (a), 

- 'if™:: 

- alumina,  Red  oxide  of  lead  (c).  |j  Mor>veau^ 

— — —  — —  lead  Ann.de 

That  the  red  oxide  of  lead  decompofes  this  fait  is  a^’^*^**’^* 
well  known  fa6l,  and  it  has  been  confidered  as  contrary  (a)Bersrmaft 
to  the  laws  of  affinity.  Mr  Haffenfratz  endeavoured  to  (h)  Cretl, 
account  for  it  by  fuppofing  that  the  oxide  is  combined 
with  carbonic  acid,  and  that  therefore  it  is  a  cafe  of 
compound  affinity.  Mr  Curaudau  has  proved  that 
bonic  acid,  Inftead  of  promoting,  impedes  the  decom-  697 
pofition  ;  and  that,  in  fad,  carbonat  of  lead  is  inca-  How  de- 
pable  of  decompofing  muriat  of  foda.  He  concludes, 
therefore,  that  the  phenomenon  cannot  be  accounted  of 
for  by  the  commonly  received  laws  of  affinity*  Ann.de 

cannot,  however,  think  that  the  phenomenon  is  {oChim.isXyr. 
unaccountable  as  Mr  Curaudau  fuppofes  ;  for  muriatic 
acid  is  capable  of  decompofing  the  red  oxide  of  lead,  of 
xornbining  wuth  part  of  its  oxyg'jn,and  of  being  convert¬ 
ed  into  oxy-muriatic  acid.  Now  if  oxy-muriatic  and 
n  it ro- muriatic  acids  be  merely  the  fame  fubftance  in  a 
different  form,  as  there  is  the  ftrongeft  reafon  for  fup- 
pofing,  the  white  oxide  of  lead  has  a  ftronger  affinity  for 
it  than  foda  has,  and  ought  therefore  to  decompofe  it. 

3.  Muriat  of  ammonia,  or  fal  ammoniac.  This  fait  . 

was  known  to  the  ancients,  and  was  called  by  them  ^/^nuf 
ammoniac,  becaufe  it  was  found  in  great  quantities  near 
the  temple  of  Jupiter  Ammon  in  Africa  f.  t  Pliny, 

It  affumes  the  form  of  plumofe  cryftals.  The  indi  ****• 
vidual  cryftals  are  long  hexahedral  pyramids.  Its  fpe-  e  V P’' 
Clfic  gravity  is  1,420  t.  ^  hal  Ammih- 

‘J  •  .  Encyc. 

It  has  an  acrid,  poignant,  urinous  tafte.  \  Kir-wan. 

It  diffolves  in  about  three  times  its  weight  of  water 
at  the  ternperature  of  60^,  and  in  a  much  fmaller  quan- 
tity  01  boiling  water.  ^ 

It  is  compofed,  according  to  Kirwan,  of  se  parts  of 
acid,  30  of  alkali,  and  45  of  water  §.  r  kt'  i 

noJaffATrr/"''?*  °paq“emafs)  it 

not  affected  by  the  air,  but  its  cryftals  are  liable  to  de-**-  34. 

liquefcc. 

3A 


Heat 


37° 

Murlits. 


M 


nit 
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Heat  volatilizes  v/ithont  decompofing  it. 

The  following  falts  decompofe  it  by  compound  alS- 

7 


Sulphat  of  alumina, 
Nit  rat  of  foda, 

Acetite  of  barytes, 

- -  foda, 

lime, 


Acetite  of  magnefia, 

- - — -  alumina, 

- - lead, 

Carbonat  of  barytes, 

.  — - - potafs, 

- magnefia  (y) 


^  Storr^ 


p.  41. 
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Muriat  of 
baryces, 


When  this  fait  is  fublimed  with  gold  leaf,  there  is 
found  in  the  neck  of  the  retort  an  amethyH  coloured 
matter,  bordering  on  purple,  foluble  in  water,  and  forni- 
jng  a  purple  folution.  W^hen  filtered  there  remains  be¬ 
hind  a  purple  powder.  This  fait  feems  from  this  to  be 

capable  of  oxidating  gold  *.  r  m  j 

Crell*s  New  4.  Muriat  of  barytes.  This  fait  was  firft  defcnbed 
Vi/coveries,  Bergman,  but  it  has  been  moft  particularly  attended 
&c.  Partii.  Crawford. 

It  affords  obloug  fquare  cryftals. 

It  has  an  unpleafant  aftringent  taffe. 

It  is  not  very  foluble  in  water.  It  is  foluble  in  al- 
cohol. 

It  is  not  altered  by  expofure  to  the  air,  nor  does  heat 
in  all  probability  decompofe  it.  ^  ^  ^ 

Dr  Crawford  wrote  a  treatife  on  it  in  179^>  which 
he  recommended  its  ufe  internally  for  fcrofulous  com- 
plaints.  Care  ought  to  be  taken  not  to  give  it  in  too 
large  quantities,  as,  like  the  other  compounds  of  bary¬ 
tes,  it  is  poifonous. 

The  following  falts  decompofe  rt  by  compound  affi- 
nity  (z)  : 

Sulphat  of  foda 

— ^ - ammonia, 

... - magnefia, 

alumina. 


I  S  T  R  Y.  Parc  III, 

It  very  fpeedily  deliquefces  when  expofed  to  the  air.  Muriats. 
By  heat  it  melts  into  a  very  hard  vitreform  fub-  — v— ^ 
(lance. 

The  following  falts  decompofe  it  by  compound  affi¬ 
nity  ; 

Carbonat  of  potafs, 

~ — - foda, 

- - ammonia*,  *  Bergmarn 

.  — - —  barytes, 

- - magnefia, 

alumina. 


Sulphat  of  foda, 

ammonia, 
•  magnefia, 
alumina. 


Nitrat  of  foda, 

- - ammonia, 

- - magnefia, 

- -  alumina. 


Acetite  of  barytes, 

- potafs, 

foda. 


Nitrat  of  lime, 

- ammonia, 

- ■  ,  —  magnefia, 

.  alumina, 


f  Df  Pear- 
/<?». 
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Muriat  of 
ammonia 
and  bary¬ 
te?, 

^  yifin.  de 

Chim.  iv. 

8. 
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Pliofphat  of  lime  f . 


5- 


Nitrat  of  foda,  ,  , 

Muriat  of  ammonia  and  barytes.  This  triple  fait 
was  firft  difcovered  by  Fourcroy.  _  It  may  be  formed 
by  pouring  a  carbonat  of  ammonia  into  a  folution  of 
muriat  of  barytes.  It  is  eafily  decompofed  by  heat,  but 
none  of  the  alkalies  nor  their  carbonats  are  capable  of 

altering  it  , 

6.  Muriat  of  lime.  This  fait  was  formerly  called 
,01  fixed  ammoniac,  becaufe  it.  was  commonly  obtained  by 
Muriat  of  decompofing  fal  ammoniac  by  means  of  lime, 
lime,  Its  cryftals  are  four-fided  ftriated  pnfms,  terminated 

by  a  very  lharp  pyramid  ;  but  it  is  not  eafily  cryftal- 
lized. 

Its  (affe  is  very  bitter. 

It  is  foluble  in  about  parts  of  cold  water,  and  in 
lefs  than  its  own  weight  of  boiling  water.  Alcohol 
diffolves  its  own  weigiit  of  it. 

According  to  Bergman,  it  is  compofed  of  31  parts 
of  acid,  44  of  lime,  and  25  of  Avater.  According  to 
Kirwan,  100  parts  of  lime  require  for  faturation  86 
parts  of  muriatic  acid* 


7.  Muriat  of  ftrontites.  This  fait  was  firft  formed  Muriat  of 
by  Dr  Hope.  Its  cryftals  are  very  long,  flender,  hexa- firoutites, 
gonal  prijfms.  It  has  a  peculiar,  lharp,  penetrating 
tafte. 

Three  parts  of  thefe  cryftals  are  foluble  in  two  parts 
of  water  at  the  temperature  of  60°.  Boiling  water 
diffolves  any  quantity  of  them  whatever. 

They  contain  42  per  cent,  of  water  of  cryftalliza- 
tion. 

They  fuffer  no  change  when  expofed  to  the  air  ex¬ 
cept  it  be  very  moift  ;  in  which  cafe  they  deliquefee. 

When  heated,  they  firft  undergo  the  watery  fufion, 
and  are  then  reduced  to  a  white  powder.  A  very  vio¬ 
lent  heat  decompofes  this  fait. 

Muriatic  acid  precipitates  this  fait  from  its  folution 
in  water.  That  acid,  therefore,  has  a  ftronger  affinity 
for  water  than  the  (alt  has  -j*.  ^  t  Hi?/#, 

8.  Muriat  of  magnefia.  This  fait  abounds  in  fea 

water.  ^  117-3 

It  is  not  eafily  cryftallized.  Bergman’s  method  was  jvxuriat  of 
to  evaporate  it  by  a  confiderable  heat  to  the  proper  de- magnefia, 
gree  of  concentration,  and  then  to  expofe  it  to  a  fud- 
den  cold.  By  this  method  he  obtained.it  in  fmall 
needles  t  Bergmany 

It  has  a  very  bitter  tafte.  It  is  foluble  in  its  ownu  383- 

weight  of  water  §,  and  in  five  parts  of  alcohol  [|.  j  Fourcroy, 

A  faturated  folution  of  it  quickly  forms  a  jelly  ;  on  j|  Bergman^ 
which  if  hot  water  be  poured  fpongy  maffes  are  formed  383- 
not  even  foluble  in  muriatic  acid^.  ^  Bergmaiit 

It  is  compofed,  according  to  Bergman,  of  34  parts 
of  acid,  41  of  earth,  and  25  of  water.  According  to 
Kirwan,  lOO  parts  of  magnefia.  require  for  faturation 
104,275  of  acid  *.  • 

It  deliquefces  very  fpeedily  when  expofed  to  the 

air.  . 

A  ftrong  heat  decompofes  it.  When  dried  in  a  high 
temperature,  it  is  very  cauftic  f .  ^  |  mjtrumi 

The  following  fubftances  decompofe  it  by  compound  ^ 


affinity 

Sulphat  of  foda, 

.  - - ammonia,. 

- alumina, 

Nitrat  of  ammonia. 


Acetite  of  potafs; 

- - - - foda, 

..  —  filver;}:. 


Cbim-  ik 
135* 


I  Bergfnan* 


Carbonat 


(y)  Only  at  the  common  temperature^  At  a  high  temperature  carbonat  of  ammonia  decompofes  muriat  of 

""^fz^Berglan  affirmed,  that  this  fait  decompofed  all  the- fulphats,  and  propofed  it  therefore  as  “ 
of  difcoverlng  the  prefence  of  fulphimic  acid,  however  combined  in  any  folution  ;  for  ® 

moft  entirely  Infoluble  in  water.  But  Mr  Piffis  has  obferved,  that  it  does  not  decompofe  fulphat  of  hme  not  ot 

potafs.  See  Ann,  de  Chim,  xv.  317. 


Part  HI.  C  H  E  M  I 

Murists.  Cavbonat  of  barytes,  Carbonat  of  foda 

- ^ammonia  (y). 

and  magnefia.  This  triple 
fait  was  firft  mentioned,  we  believe,  by  Bergman.  It 


Muriaf  of 
ammonia 
»nti  mag. 
neHa, 


Carbonat  of  barytes, 

- ^ - potafs, 

9.  Muriat  of  ammonia 


^  Ann,  de 
Chm.  iv. 
0,22, 
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Muriat  of 
alumina, 
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Muriat  of 
jargonia, 


may  be  formed  by  pouring  ammonia  into  a  folution  of 
muriat  of  magnefia.  Part  of  the  magnefia  is  precipita¬ 
ted,  but  great  part  of  it  remains  diffolved,  and  com¬ 
bined  with  the  acid  and  the  ammonia.  This  triple  fait 
is  compofed,  according  to  Fourcroy,  of  73  parts  of  mu¬ 
riat  of  magnefia  and  27  of  muriat  of  ammonia  *. 

ro.  Muriat  of  alumina. — This  fait  cryftallizes  with 
difficulty.  It  has  an  aftringent  tafte.  Its  folution  is 
gelatinous,  and  cannot  be  filtrated  without  much  dilu¬ 
tion  in  water.  It  is  deliquefcent.  When  evaporated 
to  drynefs,  it  forms  a  gummy  mafs  :  in  a  ftrong  heat  it 
is  decompofed. 

The  following  falts  deconipofe  it  by  compound  affi¬ 
nity 


Nitrat  of  ammonia, 
Acetite  of  barytes, 

- - -  potafs, 

'  ■  *  foda, 
lime, 


Acetite  of  magnefia, 
Carbonat  of  barytes, 

- - - potafs, 

- - - foda, 


1 1.  Muriat  of  jargonia. — This  fait  is  eafily  formed 
by  pouring  muriatic  acid  on  newly  precipitated  jargo¬ 
nia.  It  is  colourlefs ;  its  tafte  is  very  aftringent  :  by 
evaporation  it  furnifties  fmall  tranfparent  cryftals  in 
needles,  which  lofe  their  tranfparence  in  the  air.  Mu¬ 
riat  of  jargonia  is  very  foluble  in  water  and  in  alcohol  ; 
to  the  flame  of  which  it  does  not  communicate  any  par¬ 
ticular  colour.  Heat  decompofes  it  ;  and  it  is  decom¬ 
pofed  likewife  by  the  faliva  when  taken  into  the  mouth. 

When  muriat  of  jargonia  contains  a  little  filica,  it 
forms  cubic  cryftals  without  confiftence,  and  refembling 
a  jelly.  Thefe  cryftals,  when  expofed  to  the  air,  gra¬ 
dually  lofe  their  tranfparency,  and  diminiffi  in  volume, 
and  there  are  formed  in  the  middle  of  the  fait  white 
filky  needle-fhaped  cryftals. 

Muriat  of  jargonia  is  decompofed  by  fulphuric  acid; 
part  of  the  fulphat  precipitates,  and  part  remains  dif¬ 
folved  in  the  muriatic  acid.  When  this  acid  is  driven 
off  by  heat,  the  remainder  of  the  fulphat  is  gradually 
depofited  ;  if  the  evaporation  be  ftopped  before  the  mafs 
be  reduced  to  drynefs,  it  forms  a  kind  of  jelly  when 
cold.  It  is  alfo  decompofed  by  the  phofphoric,  citric, 
tartarous,  oxalic,  and  facchola<ftic  acids,  which  form 
with  jargonia  infoluble  compounds  that  precipitate  in 
white  flakes. 

The  gallic  acid  poured  into  muriat  of  jargonia  pro¬ 
duces  a  white  precipitate  ;  but  a  green,  bordering  on 
grey,  if  the  jargonia  contain  iron  ;  and  this  laft  pre¬ 
cipitate  becomes,  when  dry,  of  a  bright  black  colour, 
and  refembles  China  ink.  The  liquid  preferves  a  green- 
jfh  colour ;  new  portions  of  gallic  acid  produce  no  far¬ 
ther  precipitation  ;  but  carbonat  of  ammonia  feparates 
in  great  abundance  a  flaky  matter  of  a  purplifh  colour, 
not  unlike  that  of  the  leys  of  wine.  From  thefe  expe¬ 
riments  it  follows,  that  gallic  acid  has  a  greater  affinity 
for  jargonia  than  muriatic  acid  has  ;  and  that  the  gal- 
lats  of  jargonia  and  iron  are  foluble  In  muriatic  acid. 

Carbonat  of  potafs  decompofes  muriat  of  jargonia, 


^  Vauquelin^ 
the  /inn.  de 
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and  part  of  the  carbonic  acid  combines  with  the  earth, 
and  renders  it  eafily  foluble  In  acids  though  dried. 

Carbonat  of  ammonia  occafions  a  precipitate,  which 
is  moftly  diffolved  by  adding  more  carbonat. 

Priiftiat  of  mercury  produces  an  abundant  precipi¬ 
tate,  which  is  foluble  in  muriatic  acid  ;  and  which  con- 
fequently  Is  not  muriat  of  mercury. 

A  plate  of  zinc,  introduced  Into  a  folution  of  muriat 
of  jargonia,  occafions  a  flight  effervefcence  ;  the  liquor 
becomes  milky,  and  In  a  few  days  becomes  a  white  fc- 
mitranfparent  jelly. 

Alumina  decompofes  muriat  of  jargonia  with  the 
afliftance  of  a  flight  heat  :  the  alumina  diflblves,  the  li¬ 
quor  becomes  milky,  and  affumes  the  form  of  a  jelly. 

When  the  muriat  contains  iron,  it  remains  in  the  folii- 
tion,  and  the  precipitated  jargonia  is  quite  pure.  Here", 
then,  is  a  method  of  freeing  jargonia  from  iron  *. 

12.  Muriat  of  iron. — Muriatic  acid  forms  with 
green  oxide  of  iron  a  fait  which  cryftallizes  in  fiat 
needles,  When  expofed  to  the  air,  they  deliquefee, 

and  the  green  oxide  attradls  oxygen,  and  is  gradually  MiJqlt  of 
converted  into  a  brown  oxide.  Heat  decompofes  thisiron> 

...  70S 

13.  Muriat  of  zinc. —This  fait,  procured  by  diflbh  Muriat  of 
ving  zinc  or  its  oxide  in  muriatic  acid,  does  not  cryftal-zinc, 
lize.  Its  folution  is  colourlefs.  When  heated,  it  be¬ 
comes  of  a  blackifh  brown.  By  diftilhtion,  a  part  of 

the  acid  is  feparated,  and  muriat  of  zinc  remains  be¬ 
hind  of  a  milk-white  colour,  folid,  and  formed  of  fmall 
radiated  needles.  It  attra61s  moifture  in  the  air. 

14.  Muriat  of  manganefe. — Muriatic  acid 
the  white  oxide  of  manganefe.  Its  folution  affords  by 
evaporation  angular  fhining  cryftals  f  ;  Tliev  are  deli- 
quefeent  and  foluble  in  alcohol  t. 

I4-  Muriat  of  cobalt. — The  folution  of  oxide  of  co^MineraUiu 
bait  in  muriatic  acid  is  of  a  pale  red,  except  it  be  con- 37- 
taminated  with  nickel  or  iron,  when  It  is  green ifli.  It 
cryftallizes  in  fmall  needles,  which  are  very  deliquefcent.  ‘  * 
Heat  decompofes  it.  71 1 

16.  Muriat  of  nickel. — This  fait  Is  deliquefcent,  and 
lofes  its  acid  when  expofed  to  the  air^. 

17.  Muriat  of  lead. — Muriatic  acid  combines  with  712 
oxide  of  lead  eafily  enough  ;  but  this  fait  Is  more  readi¬ 
ly  procured  by  pouring  muriatic  acid  Into  a  folution  of 
nItrat  of  lead  ;  the  muriat  immediately  precipitates  in 
the  form  of  a  white  powder.  It  is  foluble  In  30  times 
its  weight  of  boiling  water  ;  and  the  folution  yields  by 
evaporation  fmall,  (lender,  brilliant  needles  in  bundles. 

It  is  fomewhat  deliquefcent.  When  expofed  to  heat, 
it  melts  into  a  brown  mafs,  formerly  called  corneous 
lead. 

It  is  decompofed  by  compound  affinity  by 

Sulphat  of  filver  || ,  . 

Carbonat  of  foda. 

18.  Muriat  of  tin. — This  fait  may  be  formed  by  dif- 
folving  tin  in  hot  muriatic  acid.  By  evaporation  it 
affords  needle-fhaped  cryftals,  which  are  deliquefcent. 

This  fait  has  a  ftrong  affinity  for  oxygen.  It  de¬ 
compofes  oxy-murlatic,  nitric,  fulphuroiis,  arfenic,  mo- 
lybdic,  and  tungftic  acids,  the  red  oxide  of  mercury, 
black  oxide  of  manganefe,  oxide  of  antimony,  zinc,  fil- 
3  2.  yer, 
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diflblves  Muriat  of 


Lead, 


'Bergman  ’ 
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Tin, 


(y)  Only  at  a  high  temperature.  See  Murlal  0/  Ammonia^ 


37^. 

Murlats. 
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ver,  and  gold;  and  by  that  means  is  converted  into  oxy- 
muriat  of  tin.  It  even  abforbs  oxygen  when  expofed 


^PeUetiery  to  the  air  Thefe  compofitions  are  doubtlefs  produ 
Ann*de  dijpofmg  affinity* 

19.  Muriat  of  copper. — This  fait  may  be  formed  by 
difiblving  copper  or  its  oxide  in  muriatic  acid.^ 

Its  cryftals  are  prifmatic.  It  is  of  a  beautiful  grafs 
green  colour.  It  has  a  very  aftringerit  and  cauftic  tafle. 
It  deliquefces  when  expofed  to  the  air.  A  moderate 
heat  is  fufficieiit  to  melt  it ;  and  when  cooled  it  congeals 
into  a  mafs.  It  requires  a  ftrong  heat  to  volatilize  it. 

It  is  decompofedby  nitrat  of  filverf. 

20.  Muriat  of  bifmuth.— This  fait  crydallizes  with 
difficulty.  By  fublimation  it  forms  a  foft  fufible  fub- 
ftance,  formerly  called  butter  of  bifmutb, 

21.  Muriat  of  antimony. — This  fait  is  found  native. 

’  It  cryftallizes  in  prifms.  When  heated  it  evaporates.^ 

22.  Muriat  of  arfenic. — This  fait  cryftallizes  ;  it  is 
,  very  volatile,  and  not  very  foliible,  in  water  J. 

23.  Muriat  of  mercury. — This  fait  may  be  prepared 
by  pouring  diluted  muriatic  acid  into  a  diluted  folu- 
tion  of  nitrat  of  mercury  :  the  muriat  of  mercury  is 
immediately  precipitated  in  the  form  of  a  white  pow¬ 
der.  Common  fait  may  be  ufed  inftead  of  inuriatic  acid, 


Chim. 
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copper. 


f  Bergman. 
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Muriat  of 
bifmuth, 
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Antimony; 
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Arfenic, 

1  Bergman 
ii.  5^93. 
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Mercury, 


§  Bergman, 

7^9  ^ 
Muriat  of 
ammonia 
and  mer¬ 
cury, 


11  Foureroy^ 
Ann.  de 
Cbm,  xiv. 
47- 
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Muriat  of 
iilver, 


Muriat  of 
titanium. 


This  fait  was  formerly  called  while  mercurial  precipitate 
and  calomel. 

It  cryftallizes;  but  the  form  of  the  cryftals,  which 
are  very  fmall,  has  not  been  determined. 

It  has  little  tafte.  It  is  almoft  infoluble  in  water. 
It  is  ufed  as  a  medicine. 

It  is  decompofed  by  fulphat  of  ammonia  §•  ^ 

24.  Muriat  of  ammonia  and  mercury.— This  triple 
fait  was  firft  difcovered  by  Fourcroy.  It  may  be  form¬ 
ed  by  pouring  ammonia  into  a  folution  of  corrofive  mu- 
riat  of  mercury.  It  has  the  appearance  of  a  white 
powder.  Its  tafte  is  at  firft  earthy,  afterwards  metallic. 
It  ismearly  infoluble  in  water.  A  ccording  to  Fourcroy’s 
analyfis,  it  is  compofed  of  81  parts  of  oxide  of  mercury, 
16  of  muriatic  acid,  and  3  of  ammonia. 

Heat  decompofes  it;  producing  ammonia,  azotic  gas, 
and  muriat  of  mercury. 

Sulphuric,  nitric,  and  muriatic  acids  decompofe  it  |[. 

25.  Muriat  of  filver.— This  fait  may  be  formed  by 
diiTolving  oxide  of  filver  in  muriatic  acid,  or,  which  is 
better,  by  pouring  muriatic  acid  into  nitrat  of  filver; 
muriat  of  filver  immediately  precipitates.  It  is  very 
little  foluble  in  water  ;  according  to  Monnet,  one  part 
of  it  requires  3072  parts  of  water. 

When  expofed  to  a  fmall  heat,  it  melts  into  a  grey  fe- 
mitranfparent  mafs,  not  unlike  horn  ;  hence  it  was  for¬ 
merly  called  luna  cornea.  A  long  continued  heat  de- 
Gompofes  it.  This  fait  is  very  cauftic  :  it  is  employed 
as  an  efcharotic  under  the  name  of  lunar  caujlic. 

26.  Muriat  of  titanium  has  been  formed  by  Mr  Kla¬ 
proth. 

Sect.  VI.  Of  Oxy-muriats, 

Those  falts,  into  which  the  oxy-muriatic  acid  enters 
as  an  ingredient,  are  called  oxy-muriats.  As  we  confi- 
der  the  nitro-muriatic  acid  to  be  precifely  the  fame 
with  the  oxy-muriatic,  its  combinations  of  courfe  muft 
receive  the  fame  name. 


S  T  R  y.  Part  HI. 

I.  Oxy-muriat  of  potafs.— This  fingular  fait  was  dif-  Oxy-mu, 
covered  by  Mr  Berthollet  in  1786.  It  may  be  formed  ^ 

by  faturating  a  folution  of  potafs  with  oxy-muriatic 
acid  gas.  By  evaporating  this  folution  in  the  dark,Oxy-mu- 
commoii  muriat  of  potafs  is  firft  obtained  :  When  it  isriat  ot  poN 
feparated,  and  the  liquor  allowed  to-  cool,  oxy- muriat 
of  potafs  cryftallizes. 

Its  cryftals  are  rhomboids,  of  a  filvery  brilliancy.  ^ 

It  has  an  infipid  cooling  tafte,  refembling  that  of  nitre. 

It  is  foluble  in  17  parts  of  water  at  the  temperature  of 
60,  and  in  2^  parts  of  boiling  water  *.  It  does  not  ^  Hoyle, 
deliquefee  in  the  air ;  but  light  converts  it  into  com-  Nicbolfon\s 
mon  muriat  by  feparating  oxygen.  When  heated,  it 
melts,  and  gives  out  oxygen  gas  ;  and  this  is  the  beft 
method  hitherto  difcovered  of  obtaining  that  gas  in  a 
ftate  of  purity.  According  to  Mr  Hoyle,  it  contains  . 
about  half  its  weight  of  concrete  oxygen  f .  f  Ibid.. 

When  mixed  with  charcoal,  iron,  and.  many  other 
combuftibles,  and  heated,  it  detonates  with  aftonifhing 
violence.  This  property  induced  the  French  chemifts 
to  propofe  it  as  a  fubftitute  for  nitre  in  the  preparation 
of  gunpowder.  The  attempt  was  made  at  Effons  in 
1788  ;  but  no  fooner  had  the  workmen  begun  to  tritu^ 
rate  the  mixture  of  charcoal,  fulphur,  and  oxy-muriat^ 
than  it  exploded  with  violence,  and  proved  fatal  to  Mr 
Letors  and  Mademoifelle  Chevraud.  The  force  of  this 
gunpowder  when  it  is  prepared  is  much  greater  than  that 
of  the  common  fort  of  powder  ;  but  the  danger  of  pre¬ 
paring  it,  and  even  of  ufing  it  after  it  is  prepared,  is  fo 
great,  that  it  can  hardly  ever  be  fubftituted  with  advan¬ 
tage  for  common  gunpowder. 

Fourcroy  and  Vauquelin  afeertained  by  experiment^ 
that  this  fait  exploded  when  triturated  with  fulphuiv 
charcoal,  antimony,  arfenic,  cinnabar,  fugar,  gums,  oils> 
alcohol,  ether,  and  fulphuret  of  iron.  When  thefe  fub- 
ftances  were  mixed,  and  ftruck  with  a  hammer,  the  ex- 
plofion  took  place.  The  theory  of  thefe^  explofions 
w'as  firft  pointed  out  by  Mr  Berthollet.  T.  he  oxygen 
of  the  oxy-muriatic  acid  combines  with  the  combuf- 
tible,  and  at  the  fame  time  lets  go  a  quantity  of  calo¬ 
ric  ;  and  trituration  or  perciiffion  ads  merely  by  bring¬ 
ing  the  particles  which  combine  within  the  fphere  of 
each  others  attraAIon.  723 

2.  Oxy-muriat  of  foda.  This  fait  was  difcovered  atOxy-mu- 
the  fame  time  by  Mr  Berthollet.  Its  properties  are  of  foda, 
the  fame  with  the  laft,  except  that  it  Is  too  deliquefr 

cent  to  be  ufed.  ^  .... 

3.  Oxy-muriat  of  ammonia. — This  combination  is  im- 

poihble.  The  oxy-muriatic  acid  and  ammonia  decom- 
pofe  each  other.  724 

4.  Oxy-muriat  of  barytes.  1  Thefe  falts  were  dif.  Oxy-mu- 

.  _ i _ lime.  V  covered  by  Berthollet 

I - magnefia.  j  alfo.  They  all 


the  property  of  detonating  with  combuftibles,  and  of 
being  reduced  by  that  means  to  the  ftate  of  common 
muriats.  Mr  Tennant  has  lately  propofed  the  oxy- 
muriat  of  lime  as  a  fubftitute  for  the  other  fubftances 
formerly  ufed  in  the  new  mode  of  bleaching  ;  particu¬ 
larly  for  bleaching  printed  cottons  :  And,  as  far  as  we 
can  learn,  it  anfwers  the  purpofe  remarkably  well  (z). 

7  Oxy-muriat  of  mercury.— This  fait  was  formerly  Oxy-mu- 
called  corrofive  fublimate,  and  afterwards  corrofive  muriat  met- 


(z)  We  have  been  informed,  that  this  fait  had  been  ufed  by  bleaehers  in  Scotland  feme  years  before  Mr  Ten¬ 
nant  propofed  it. 
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of  mercury  .  BertboUet'  firft  pointed  out  the  nature  of 
its  compofition. 

This  fait  was  mentioned  by  Rhafes  in  the  loth  cen¬ 
tury  ;  and  it  feems  to  have  been  known  in  the  eaft  at 
a  much  earlier  period  (a).  The  methods  of  preparing 
it  ufed  by  the  older  cheinifts  were  numerous,  complica¬ 
ted,  and  generally  concealed  as  fecrets.  We  fiiall  not 
attempt,  therefore,  to  give  any  account  of  them  ;  and 
the  methods  ufed  by  later  chemifts  have  been  defcribed 
at  confiderable  length  in  the  article  Chemistry  (En- 
*  cycL  n®  815.) 

It  may  be  prepared  by  diflblving  mercury  in  a  fulH- 
cient  quantity  of  oxy-muriatic  acid,  or  by  diffolving  red 
Gxkle  of  mercury  in  common  muriatic  acid. 

When  •  carefully  cryftallized,  this  fait  affumes  the 
form  of  cubes  or  oblique  parailelopipeds,  or  rather  qua¬ 
drangular  prifms,  with  fides  alternately  narrower,  and 
terminated  by  two  inclined  planes  meeting  together. 

It  has  an  exceedingly  difagreeable  metallic  tafte. 

It  is  foluble  in  19  times  its  weight  of  water  at  the 
*Spklman.  temperature  of  50“’*.  Boiling  water,  according  to  Mac- 
quer,  diffolves  half  its  weight  of  it.  Alcohol,  at  the 
temperature  of  70'",  diffolves  -|ths  of  its  weight  of  this 
f  Maejuer.  fait  'j'. 

It  does  not  attradl  moiflure  from  the  air. 

It  is  foluble  in  fulphiiric,  nitric,  and  mur^iatic  acids. 

When  triturated  with  -jths  of  its  weight  of  mercury 
and  a  little  water,  and  then  fublimed,  it  forms  a  white 
infipid  fait,  called  formerly  calomel  or  fweet  mercury : 
This,  as  Scheele  has  proved,  is  precifely  the  fame  with 
common  muriat  of  mercury. 

The  theory  of  thefe  two  preparations  is  now  pretty 
obvious.  The  experiments  of  Adet  and  Pelletier  have 
fhewn,  that  oxy-muriatic  acid  may  be  obtained  from 
corrofive  muriat  of  mercury  j:.  We  may  conclude, 
therefore,  with  confidence,  that  the  fait  is  an  oxy-mu- 
riat.  It  cannot  be  prepared  by  means  of  common  mu¬ 
riatic  acid,  except  with  red  oxide  of  mercury,  or  fome 
other  fubilance  from  which  it  may  abforb  oxygen. 
When  pure  mercury  is  added  to  oxy-muriat,  it  feizes 
the  oxygen  from  the  oxy-muriat,  and  the  whole  is  con¬ 
verted  into  common  muriat. 

It  is  decompofed  by 

Tartar, 

Moil  metals. 

8.  Oxy-muriat  of  tin.  When  an  amalgam  of  tin  is 
triturated  with  its  own  weight  of  corrofive  muriat  of 
mercury,  and  the  mjxture  is  diftilled  in  a  glafs  retort 
by  means  of  a  very  gentle  heat,  there  pafies  over  a  thick 
white  fmoke,  which  condenfes  into  a  colourlefs  liquor 
that  emits  copious  fumes,  and  has  been  called,  in  con- 
fequence,  fmoklng  liquor  of  Ltbavius.  This  liquor  was 
examined  by  Mr  Adet.  He  found,  that  when  about 
yd  part  of  water  was  added  to  this  liquor,  it  ceafed  to 
fume,  and  affumed  a  cryilalline  form  ;  that  then  it 
might  even  be  made  red  hot  without  fubliming.  It 
therefore  owes  its  volatility  to  want  of  water,  or  rather 
to  a  llrong  attradlion  for  water.  He  found  that  this 
fubftance  was  capable  of  diffolving,  and  therefore  of 
oxidating  more  tin,  without  the  emiflion  of  any  hydro¬ 
gen,  and  confequeritly  without  the  decompofition  of 


J  Ann.  di 
Ct/im.  i.  I . 
and  xii. 
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water  5  he  concluded  from  this,  that  it  was  compofed  of  Phofphats. 

oxy-muriatic  acid  and  tin  *.  This  has  been  completely 

proved  by  Mr  Pelletier,  who  found  that  when  oxide 

tin  was  combined  with  oxy-muriatic  acid,  it  formed  a  ' 

compound  precifely  the  fame  with  the  finoking  liquor 

of  Libavius  f .  t  f* 

This  fait  may  be  prepared,  as  Pelletier  has  proved, 
by  diffolving  tin  in  muriatic  acid,  and  then  faturating  it 
with  oxy-muriatic  acid  gas. 

It  is  ufed  in  dyeing. 

9.  Oxy-muriat  of  iron.  This  fait  is  deliquefeent  ;  Oxy-mu- 
colouriefs  ;  of  a  pure  bitter  tafle,  without  any  of  the  riat  of  iron, 
fweet  aflringeiicy  of  the  common  falts  of  iron  J.  ^  Lamhcy 

Few  of  the  other  oxy-muriats  have  been  hitherto  ex-  Mancbefer 
amiried  with  attention:  Many  of  the  metals,  indeed, 
have  been  difToived  in  aqua-regia;  but  in  moll  of  thefe 
folutions  the  fait  produced  is  a  common  muriat.  The 
nitric  acid  fupplies  oxygen,  and  the  muriatic  acid  dif¬ 
folves  the  oxide. 

Sect.  VII.  Of  Phofphats. 

Those  falts,  into  which  phofphoric  acid  enters  as 
an  ingredient,  are  called  phofphats.  This  clafs  of  falts 
was  fiirfl  difeovered  by  Margraf.  ^ 

1.  Phofphat  of  potafs.  This  fait  cryflallizes  in  fiiortPhofphat 
tetrahedral  prifms,  terminated  by  quadrangular  pyra- 

mids. 

It  is  very  foluble  in  cold  water,  and  flill  more  fo  in 
hot  water. 

It  decrepitates  on  ignited  coals  like  common  fait. 

When  a  very  llrong  heat  is  applied,  it  melts  into  an 
opaque  vitreous  mafs,  flill  foluble  in  water. 

The  following  falts  decompofe  it  by  compound  affi¬ 
nity  : 

Sulphat  of  lime,  Muriat  of  mercury, 

Nitrat  of  mercury,  Acetite  of  lead. 

2.  Phofphat  of  foda. — Dr  Pearfon,  who  firfl  formed  phofphat 
this  fait,  gives  the  following  procefs  for  preparing  it  :  of  foda, 

DifTolve  in  a  long-necked  matrafs  1400  grains  of  cry¬ 
ftallized  carbonat  of  foda  in  2ico  grains  of  water  at  the 
temperature  of  150'^.  Add  gradually  500  grains  of 
phofphoric  acid  of  the  fpecific  gravity  1 ,85.  Boil  the 
liquor  for  fome  minutes  ;  and  wdiile  it  is  boiling  hot, 
filtrate  it,  and  pour  it  into  a  lhailow  veffel.  Let  it  re¬ 
main  in  a  cool  place,  and  cryftals  will  continue  to  form 
for  feveral  days.  PVom  the  above  quantities  of  mate¬ 
rials  he  lias  obtained  from  1450  to  1550  grains  of 
cryftals. 

Its  cryftals  are  rhomboidal  prifms,  of  which  the  acute 
angles  are  6o^  and  the  obtufe  angles  120°,  terminated 
by  a  three- Tided  pyramid. 

Its  tafte  is  aimoft  the  fame  with  that  of  common  fait. 

It  is  foluble  in  water.  When  expofdd  to  the  air  it 
efflorefees. 

This  fait  has  been  introduced  into  medicine  as  a  pur¬ 
gative,  and  on  account  of  its  pleafant  tafte  has  of  late 
been  much  ufed.  It  is  ufually  taken  in  broth,  which 
it  is  employed  to  feafon  inftead  of  common  fait. 

Hellot  remarked  a  particular  fait  in  urine,  different' 
from  thofe  that  had  ufually  been  obferved,  in  1737. 

Haupt  defcribed  it  in  1740  under  the  name  of  fal  ml.- 

rabik 


(a)  If  we  liften  to  Junker,  the  ancients  applied  the  name  mercurlum  to  this  fait  5  mercury  they  called 
turn  vivum. 
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rahlle  perlahnny  or  wonderful  perlated  fih*  It  was  call¬ 
ed  perlattd  from  the  grey,  opaque,  pearl-like  colour 
which  it  afTumed  when  melted  by  the  blow-pipe.  Mar- 
,graf  defcribed  it  in  1749,  and  found  it  would  not  yield 
phofphorua  when  treated  with  charcoal,  as  the  other 
lalts  of  urine  did.  Roiielle  the  Younger  analyfed  it  in 
1776,  and  concluded  from  his  experiments  that  it  was 
a  compound  of  phofplioric  acid  and  foda ;  but  Mr 
Proull,  being  unable  to  obtain  phofphorus  from  it,  con¬ 
cluded,  that  it  did  not  contain  pliofphoric  acid,  but 
tinother  acid  analogous  to  the  boracic.  To  this  fub- 
ftance,  which  Mr  Prouft  adfually  obtained,  Bergman 
gave  the  name  of  perlated  acid^  and  Morveau  afterwards 
called  it  ouretic  acid.  But  Mr  Klaproth  foon  after¬ 
wards  analyfed  it,  and  proved  that  it  con  filled  of  foda 
fuperfatu rated  with  phofphoric  acid.  Scheele  foon  af¬ 
ter  made  the  fame  difcovery.  This  acid  of  Mr  Prouft, 
then,  is  merely  phofphat  of  foda  combined  with  phof. 
phoric  acid,  or  acidulous  phofphat  of  foda, 

3.  Phofphat  of  ammonia. — This  fait  forms  oblong- 
pointed  cryllals,  or,  as  Mr  Lavoifter  affirms,  cryftals  re- 
fembling  thofe  of  alum. 

It  is  foluble  in  water.  Heat  evaporates  it  fo  eafily, 
that  it  is  difficult  to  obtain  it  in  cryftals  except  by  add¬ 
ing  an  excels  of  alkah*. 

Microcofmic  fait,  or  fait  of  urine,  is  merely  a  mixture 
of  tliefe  two  lafl  defcribed  falts. 

4.  Phofphat  of  barytes. — This  fait  is  infoluble  in 
water  * . 

5.  Phofphat  of  lime. — This  fait  is  taftelefs,  and  al- 
moft  perfedlly  infoluble  in  water.  It  forms  the  bafts 
of  bones,  and  is  therefore  often  called  earth  of  bones ^ 
Wenzel  obferved  it  cryftallize  when  held  in  folution  by 
phofphoric  acid. 

It  is  decompofed  by  fulphat  of  ammonia  f . 

Carbonat  of  potafs:(:, 

— - foda  § . 

6.  Phofphat  of  ftrontites. — This  fait  was  firft  formed 
by  Dr  Hope.  It  is  a  white  powder  foluble  in  1920 
parts  of  boiling  water  |[. 

7.  Phofphat  of  magnefia. — This  fait  does  not  cry¬ 
ftallize  except  with  excefs  of  acid,  and  then  the  cry¬ 
ftals  are  very  fmall.  Somewhat  longer  cryftals  may  be 
formed  by  dropping  phofphoric  acid  into  acetite  of  mag¬ 
nefia.  It  moll  commonly  forms  by  evaporation  a  gum¬ 
my  mafs.  It  is  foluble  in  alcohol  ^ . 

It  is  infoluble  in  nitric  acid.  It  melts  by  a  ftrong 
heat  into  a  porcelain-like  fubftance  *. 

8.  Phofphat  of  alumina. — This  is  a  faline  powder, 
infoluble  in  water.  DilTolved  in  phofphoric  acid,  it 
yields  a  gritty  powder,  and  a  gummy  folution,  which 
by  heat  is  converted  into  a  transparent  glafs. 

9.  Phofphat  of  iron. — This  fait  is  merely  a  dry  ad- 
hefive  mafs,  infoluble  in  water,  but  foluble  in  acids. 
With  excefs  of  acid,  it  forms  cryftals  which  do  not  de- 
liquefce,  and  by  heat  are  converted  into  a  garnet-co¬ 
loured  glafs 'f. 

10.  Phofphat  of  zinc. — It  does  not  cryftallize,  but 
when  evaporated  becomes  a  gummy  mafo,  which  may 
be  melted  into  a  tranfparent  glafs 

1 1.  ^Phofphat  of  manganefe. — The  folution  of  the 
oxide  of  manganefe  in  phofphoric  acid  is  reddiffi,  but 
becomes  white  on  expofure  to  the  air. 

1 2  Phofphat  of  nickel. — It  is  greenilh,  and  does  not 
cryftallize 
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13.  Phofphat  of  arfenic,— ^Tt  cryftallizes  in  fmall  Borats. 
grains  hardly  foluble  in  water 

14.  Phofphat  of  uranium. — Firft  formed  by  Klap-Q^^^^^^. 

roth.  It  does  not  cryftallize,  but  aflumes  the  appear- Jtc  Bergman 
ance  of  yeilowiffi  white  flakes,  difficultly  foluble  inn.  290.  ^ 

water.  741 

15.  Phofpliat  of  antimony  and  lime. — Dr  Pearfon 
has  difeovered,  that  the  well  known  medicine  called 
Jatnes^s  Powder  is  a  triple  fait,  compofed  of  phofphoric  James’s 
acid,  oxide  of  antimony,  and  lime.  It  is  very  infoluble  Powder, 
in  water* 

The  remaining  pliofphats  are  fcarcely  known. 

Sect.  VIII.  Of  Borats, 
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The  compounds  into  which  the  boracic  acid  enters 
are  called  borats, 

1.  Borat  of  potafs. — This  fait,  formed  by  combining Borat  of 
boracic  acid  and  potafs,  is  very  little  known.  Baron 

firft  formed  it.  Borat  of  potafs  cryftallizes,  is  foluble 
in  water,  and  may  be  melted  into  a  vitreous  mafs,  fo¬ 
luble  in  water. 

2.  Borat  of  foda  or  borax. — This  fait  is  brought  Of  fodaj 
from  the  Eaft  Indies  in  an  impure  ftate  under  the  name 

of  tinhal.  When  purified  in  Europe,  it  takes  the  name 
of  borax. 

Its  cryftals  are  hexangular  prifms,  of  w'hich  two  Tides 
are  much  broader  than  the  remainder,  terminated  by 
triangular  pyramids.  It  is  of  a  white  colour.  Its  fpe- 
cific  gravity  is  1,740. 

Its  tafte  is  ftyptic  and  alkaline. 

It  is  foluble  in  18  times  its  weight  of  water  of  the 
temperature  of  60S  and  6  times  its  weight  of  boiling 
water. 

It  is  compofed,  according  to  Bergman,  of  17  parts 
of  foda,  39  of  acid,  and  44  of  water. 

When  expofed  to  the  air,  it  eftlorefces  flowly  and 
nightly. 

When  heated,  it  fwells,  lofes  about  four-tenths  of  its 
w^eight,  becomes  ropy,  and  then  affumes  the  form  of  a 
light,  porous,  and  very  friable  mafs,  known  by  the  name 
of  calcined  borax  ;  it  then  melts  into  a  tranfparent  glafs, 

Hill  foluble  in  water. 

By  compound  affinity  it  is  decompofed  by 

Nitrat  of  mercury  -f.  _  |  Birgma,, 

When  two  pieces  of  borax  are  ftruck  together  in  the 
dark,  a  flalh  of  light  is  emitted  :j:.  ^  Accum^ 

Borax  has  the  property  of  facilitating  the  fufion  of  Nicholfons 
a  great  number  of  bodies.  This  property  renders 
ufeful  in  glafs-making,  in  affaying  ores,  and  in  folder- 
ing  metals. 

Borax  turns  fyrup  of  violets  green;  it  appears  there¬ 
fore  to  be  fuperfaturated  with  alkali. 

The  real  borat  of  foda,  or  the  fait  in  which  boracic 
acid  and  foda  faturate  each  other,  has  not  yet  been  exa¬ 
mined  with  attention.  According  to  Dr  Withering, 
foda  requires  twice  its  weight  of  boracic  acid  to  fatu- 
rate  it.  ^  ^ 

3.  Borat  of  ammonia.— This  fait  has  been  examined  of  ammo- 

only  by  Mr  Fourcroy.  nia. 

Its  cryftals  are  polyhedral  pyramids. 

It  has  a  poignant  urinous  tafte,  and  turns  fyrup  of 
violets  green.  It  diffolves  readily  enough  in  water. .  Bauvera 
When  expofed  to  the  air,  it  gradually  lofes  its  cryftal- ^ 
line  form  and  becomes  brown  §.  Partn. 

4.  Borat  ch.  4. 
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4.  Borat  of  barytea. — Unknown, 

5.  Borat  of  lime. — It  is  difficultly  foluble  in  water, 
and  did  not  cryftallize  with  Beau  me. 

6.  Borat  of  ftrontites. — This  fait  was  firft  formed  by 

Dr  Hope. _ It  is  a  white  powder,  foluble  in  about  130 

parts  of  boiling  water.  The  folution  turns  the  fyrup 
of  violets  green 

Tranj.Ji^ain,  gorat  of  magnefia. — It  affumes  the  appearance  ot 
74*8  fmall  irregular  cry  Hals.  It  is  foluble  in  acetous  and  for- 
Of  magne-  mic  acids.  Alcohol  decompofes  it.  It  melts  eafily  in 
the  fire  without  being  decompofed  f . 

+  3,  Borat  of  alumina.— It  does  not  cryflallize,  and  is 

fcarcely  foluble  in  water. 

9.  Borat  of  iron _ Its  cryftals  are  of  a  yellow  colour, 

but  the  fait  has  never  been  examined  with  attention. 

10.  Borat  of  zinc. — This  fait  does  not  appear  to  be 
capable  of  cryftallizing.  By  heat,  it  melts  into  a  light 
green  infoluble  flag 

1 1 .  Borat  of  cobalt.  —  When  oxide  of  cobalt  is  melt¬ 
ed  with  boracic  acid,  a  bluifh  grey  flag  is  produced. 
This,  by  lixiviation  and  evaporation,  yields  cryftals  of 
a  reddifh  white  colour  and  ramified  form  J. 

12.  Borat  of  nickel.— A  faline  fubflance  difficultly 

foluble  II .  '  .  j  j  -j 

1  3.  Borat  of  lead. — When  boracic  acid  and  red  oxide 
of  lead  are  melted  together,  the  produa  is  a  flue  green- 
ifli  yellow^,  tranfparent,  hard,  infoluble  glafs  ^ 

14.  Borat  of  tin. — When  equal  parts  of  boracic  acid 
and  tin  filings  are  melted  together,  the  produd  diffol- 
ved  in  water  yields  by  evaporation  tranfparent  white 
polygon ous  cryftals. 

1 5.  Borat  of  copper. — When  borax  is  poured  into  a 
folution  of  fulphat  of  copper,  borat  of  copper  is  preci¬ 
pitated  in  the  form  of  a  pale  light  green  jelly,  which  when 
dried  is  with  great  difficulty  foluble  in  water.  It  eafily 

#  Bergman*  melts  into  a  dark  red  vitreous  fubftancc*=.  According 
to  Palm,  by  long  trituratioa  of  filings  of  copper  and 
boracic  acid  in  water,  and  then  digefting  the  mixture, 
it  diffolves,  and  cryflds  may  be  obtained  from  it. 

16.  Borat  of  bifmuth.— A  white  powder,  which 
melts  into  a  white  tranfparent  permanent  glafs 

17.  Borat  of  arfenic. — White  oxide  of  arfenic  and 
boracic  acid  form  a  fait  foluble  in  water  and  cryftal- 
lizable 

Sect.  IX.  Of  Fluats. 

Those  falls  into  which  fluoric  acid  enters  are  called 
Jluats,  They  were  firft  formed  by  Scheele. 

1 .  Eluat  of  potafs.  It  forms  a  gelatinous  mafs  al- 
moft  without  tafte. 

It  diffolves  readily  in  water.  When  expofed  to  the 
fire  it  melts  without  any  ebulition  §. 

2.  Fluat  of  foda.^  This,  fait  refembles  exadlly  the 
fluat  of  potafs  1|. 

3.  Fluat  of  ammonia.  It  cryfl;allizes  in  fmall  prifm.s. 
It  is  deliquefeent,  and  is  partly  decompofed  by  heat^j. 

It  is  decompofed  by 

Nitrat  of  mercury,  r 

- - —  filver, 

- lead. 

^arytef,  4^  Tluat  of  barytes.  A  powder  which  requires- a 

#  Bergman,  large  quantity  of  water  to  dilTolve  it 

.763  Fluat  of  lime.  This  fait  abounds  in  nature.  It 

is  known  by  the  name  of  fluor  fpar. 

It  cryftallizc^  moil  commonly  in  the  form  of  cubes* 
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*  Bercrmarft, 
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Alumina, 
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Silica, 


It  is  taftelefs  and  nearly  infoluble  in  water. 

It  is  not  altered  by  the  air.  Its  fpecific  gravity  is 
about  3,1. 

When  expofed  to  a  fudden  heat  it  decrepitates.  A 
very  violent  heat  melts  it  into  a  white  opaque  mafs. 

When  reduced  to  powder  and  heated  it  becomes  phof- 
phorefeent  ;  but  it  lofes  this  quality  altogether  if  it  be 
heated  red  hot. 

6.  Fluat  of  ftrontites.  This  fait  was  formed  by  Dr 
Hope  ;  but  its  properties  have  not  been  examined. 

7.  Fluat  of  magnefia. — It  is  not  foluble  in  water  ex¬ 
cept  there  be  an  excefs  of  acid.  In  that  cafe,  by  fpon- 
taneous  evaporation,  it  forms  hexagonal  prifms,  termi¬ 
nated  by  a  low  pyramid  compofed  of  three  rhomboidal 
fides. 

Thefe  cryftals  are  hardly  foluble  in  water.  Alcohol 
diffolves  a  fmall  portion  of  them.  Heat  does  not  de- 
compofe  them  *. 

8.  Final  of  alumina.  A  faline  mafs;  which  is  fweet 
ifh,  clammy,  and  gelatinous. 

9.  Fluat  of  filica.  Little  is  known  concerning  this 
Angular  combination,  except  that  it  can  exift  in  a  ga- 
feous  form,  and/that  it  depofites  filica  in  cryftals  after  a 
certain  time. 

I  0.  Fluat  of  filica  and  potafs  or  foda.  This  triple 
fait  may  be  formed  by  pouring  fixed  alkali  into  a  folu¬ 
tion  of  fluat  of  filica.  It  contains  an  excefs  of  acid. 

On  evaporation  it  yields  a  kind  of  jelly,  which  when 
dry  feparates  into  gritty  particles  like  fand.  It  is  fo¬ 
luble  in  96  parts  of  hot  water.  In  the  fire  it  readily 
melts  into  a  white  mafs.  If  the  heat  be  continu^  the 
acid  feparates,  and  there  remains  a  tranfparent  glafs, 
which  is  foluble  in  water,  and  forms  a  liquor JtUcum\, 

1 1 .  Fluat  of  iron.  It  is  incryftallizable  ;  but  when 
evaporated  leaves  a  bard  mafs. 

1 2.  Fluat  of  zinc.  It  refembles  that  of  iron. 

13.  Fluat  of  manganefe.  It  may  be  formed  by  pour¬ 
ing  fluat  of  ammonia  into  a  folution  of  oxide  of  zinc  in 
any  of  the  three  mineral  acids.  -  It  cryftallizes. 

14.  Fluat  of  cobalt.  A  yellow  gelatinous  mafs. 

j  5.  Fluat  of  nickel  It  affords  green  cryftals.^ 

^16.  Fluat  of  lead.  A  fvYeet  tailed  powder, 

17.  Fluat  of  tin.  A  naufeous  tafted  jelly. 

18.  Fluat  of  copper.  ^  Blue  cryftals  ;  fome  of  them 
oblong,  others  cubic. 

19.  Fluat  of  arfenic.  SmaU  cryftals. 

20.  Fluat  of  mercury.  A  powder.  Before  the  blow¬ 
pipe  it  melts  into  a  yellow  glafs,  moft  of  which  evapo¬ 
rates  by  a  continued  heat  J:. 

Sect.  X;  Of  Carbdnats,' 

The  compounds  into  which  the  carbonic  acid  enters 
are  called  carlonats.  They  were  firft  analyfed  by  Dr 
Black. 

T.  Carbonat  of  potafs*  This  fait  is  formed  by  fatu- . 
rating  potafs-^with  carbonic  acid,  which  is  bell  done  byof^^otaf^ 
expofing  a  folution  of  potafs  for  a  confiderable  time  to 
carbonic  acid  gas* 

It  cryftallizes,  according  to  Bergman,  in  quadrangular 
prifms  ;  the  apexes  of  which  are  compofod  of  two  in¬ 
verted  triangles,  converging  like  the  roof  of  ^  \\.  ^  Bergmans 

According,  to  Pelletier  they  are  tetrahedral  rhomboidal 
prifms,  with  dihedral  fummits.  The  complete  cryftal 
has  eight  faces,  two  hexagons,  two  redangles,  and  four 

rhombs  * 

Chm,  - 

>  it- 


f  Sche'ele, 
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Carbonats.  It  haa  BH  alkaline,  h\\t  not  a  cauflic  tafte, 

' - It  IS  foluble  at  the  common  temperature  in  about 

^  Bergmariy  times  its  weight  in  water  *.  Boiling  water  dif- 

I  Bclletkr*  folves  4^hs  of  its  weight  f.  Alcohol,  even  when  hot, 


does  not  diflblve  above  Wso  of  it. 

According  to  Bergman,  it  is  compofed  of  48  parts  of 
potafs,  20  of  acid,  and  32  of  water.  According  to  Pel¬ 
letier,  of  43  parts  of  acid,  40’of  potafs,  and  17  of  water. 
Bergman  under-rated  the  quantity  of  acid  from  not  ob- 
ferving  that  the  fait  lofes  part  of  its  acid  when  heated. 
Even  folution  in  hot  water  produces  a  feparation  of 
fome  acid  J. 

It  is  not  altered  by  expofure  to  the  air. 

Heat  deprives  it  of  its  water  and  part  of  its  acid,  but 
does  not  decompofe  it  completely.  The  following  falts 
decompofe  it  by  compound  affinity  : 


I  S  T  R  Y.  Parent 

cold  water.  Hot  water  diffolves  its  own  weight  of  it.  Carbonats. 

According  to  Bergman  it  is  compofed  of  43  parts  of  ^ 

alkali,  45  of  acid,  and  i  2  of  water. 

When  expofed  to  the  air  it  becomes  fomewhat  moift. 

The  fmalleft  heat  is  fufficient  to  evaporate  it. 

The  following  falts  decompofe  it  by  compound  affi¬ 
nity  : 

Acetite  of  barytes, 

- lime, 

- magnefia, 

- — —  alumina. 


Sulphat  of  lime, 

■  ■  ■  ■  barytes, 

— — -  foda, 

- — .  ammonia, 

- - - -  magnefia, 

*  '  '  alumina, 

Muriat  of  barytes, 
- lime. 


§  Bergi 
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Nitrat  of  barytes, 

- foda, 

. . —  ammonia, 

- magnefia, 

■ - - alumina, 

Acetite  of  barytes, 

- - lime, 

. . ammonia, 

- ammonia, - magnefia, 

. . .  magnefia,  - - - *  alumina, 

- -  alumina,  Oxy-muriat  of  mercury, 

— — -  foda  §y  Phofphat  of  lime  ||. 

Nitrat  of  lime. 

When  potafs  is  faturated  with  carbonic  acid  it  al¬ 
ways  lets  fall  a  quantity  of  filica.  Mr  Pelletier  has  pro- 
pofed  this  faturation  as  the  beft  method  of  purifying 
potafs  from  that  earth. 

2.  Carbonat  of  foda.  This  fait  may  be  formed  in  the 
fame  manner  with  carbonat  of  potafs. 

Its  cryftals  are  five-fided  prifms,  with  one  of  the  an¬ 
gles  frequently  truncated,  furmounted  by  dihedral  pyra¬ 
mids  with  rhomboidal  faces. 

Its  talie  is  precifely  the  fame  with  that  of  carbonat 
of  potafs. 

It  is  foluble  in  double  its  weight  of  cold  water. 

It  is  compofed,  according  to  Bergman,  of  16  parts 
of  acid,  20  of  alkali,  and  64  of  water.  ^ 

It  effiorefees  when  expofed  to  the  air.  Heat  is  inca- 
^  Bergmany  of  decompofing  it  completely  f . 

i.  iS.  ^  following  falts  decompofe  it  by  compound  affi- 

nity  : 


J  Bergmatu 


*  Id. 
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Sulphat  of  ammonia, 

- - -  barytes, 

- — ^ —  lime, 

- - -  magnefiaj, 

- alumina, 

Muriat  of  barytes, 

- - ammonia, 

- -  lime, 

- - magnefia, 

alumioa. 


Sulphat  of  alumina, 
Nitrat.  of  lime, 
Muriat  of  lime, 

■  — -  magnefia, 

— — - alumina. 


This  fait  has  been 


77t 

found  Carbonat 
of  barytes, 


4 .  Carbonat  of  barytes, 
native. 

Its  cryftals  have  been  obferved  to  affume  four  diffe¬ 
rent  forms ;  double  fix-fided  and  double  four-fided  py¬ 
ramids,  fix-fided  columns  terminated  by  a  pyramid  with 
the  fame  number  of  faces,  and  fmall  radiated  cryftals 
4  an  inch  in  length,  and  very  thin,  appearing  to  be 
hexagonal  prifms,  rounded  towards  the  point. 

Cold  water  diffolves  boiling  water 

part  of  this  fait.  Water  faturated  with  carbonic 
acid  diffolves  -gy^th  part*.  *  Faurcroy^ 

According  to  Dr  Withering,  who  firft  difeovered  it  Ann.  de 
native,  it  is  compofed  of  80  parts  of  barytes  and  20 
acid.  Bergman  informs  us,  that  artificial  carbonat  is 
compofed  of  7  parts  of  acid,  28  of  water,  and  65  of 
earth  f.  ^  f  Bergman, 

It  is  not  altered  by  expofure  to  the  air.  i.  ai. 

It  is  decompofed  by  the  application  of  a  very  violent 


is  decompofed  by  the  fol 

Nitrat  of  alumina, 
Muriat  of  lime, 

- ammonia, 

- magnefia, 

- alumina, 

Acetite  of  lime, 

magnefia, 
alumina. 
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Acetite  of  barytes, 

- - -  ammonia, 

- lime, 

_ _ _ _  magnefia, 

- - -  alumina, 

Nitrat  of  ammonia, 

- magnefia, 

- alumina, 

- lead*, 

Phofphat  of  lime  f . 

3.  Carbonat  of  ammonia.  This  fait  forms  oftahe- 
dral  cryftals,  having  for  the  moft  part  their  two  oppofite 
apexes  truncated  if. 

Its  tafte  and  fmell,  though  much  weaker,  are  the 
fame  with  thofe  of  pure  ammonia.  Like  all  the  alka¬ 
line  carbonats  it  converts  vegetable  blues  to  green,  pre¬ 
cifely  as  pure  alkalies  do. 

It  is  foluble  in  rather  lefs  than  twice  its  weight  of 


heatj.  ^  ^  ^  ,  ,  .  r  , 

By  compound  affinity  it  ‘  ' 

lowing  falts  : 

Sulphat  of  foda, 

- lime, 

. . - —  ammonia, 

- magnefia, 

- alumina, 

Nitrat  of  foda, 

- lime, 

. —  ammonia, 

■■■  — - magnefia, 

5.  Carbonat  of  lime.  This  fubftance,  under 
names  of  marble,  chalk,  lime  ftone,  &c.  exifts  in  great^^ 
abundance  in  nature,  varioufly  mixed  with  other  bodies. 

Who?!  pure,  it  is  of  a  white  colour,  and  has  very 
little  tafte. 

It  is  infoluble  in  pure  water;  but  water  faturated  with 
carbonic  acid  dlftblves  part  of  it ;  from  this  folu¬ 

tion  it  gradually  precipitates  as  the  acid  leaves  it  in 
the  form  of  fmall  rhomboidal  cryftals  §.  ^  ^ 

It  is  compofed,  according  to  Bergman,  of  ^4  parts i.  ai. 
of  acid,  1 1  of  water,  and  55  of  lime. 

It  fuffers  little  or  no  alteration  by  being  expofed  to 
the  air. 

When  expofed  to  heat,  it  firft  lofes  its  vvater,  and 
afterwards  its  acid  feparates  as  the  heat  is  iiicreafed  ; 

But  to  feparate  the  acid  completely,  a  very  ftrong  heat 
is  required. 

The  following  falts  decompofe  it  by  compound  affi- 
nity  : 

Sulphat  of  alumina, 

- copper.  773 

Carbonat  of  ftrontites.  This  fait,  which  was  firft  Carbonat 

and  foluble  in  i536offtron. 
parts 


[  Bergman, 


6. 


examined  by  Dr  Hope, -is  infipid, 


Part  ni. 

Carbonsts.  parts  of  boiling  water.  It  fs  compofed  of  50,2  part§  of 
acid,  69,8  of  ftrontites.  A  violent  heat  decompofes  it  *. 
^^alnEditt.  7'  Carbonat  of  magnefia.  This  fait  may  be  formed 
by  faturating  the  common  magneiia  of  the  ihops  with 
774  carbonic  acid  gas. 

Carbonatof  difiblves  in  W’ater  faturated  with  carbonic  acid; 
magne  la.  forms  by  evaporation  cryftals,  which  are  tranfparent 
hexagonal  prifms,  terminated  by  a  hexagonal  plane  ; 
thefe  are  partly  in  groups  and  partly  foli.tary  :  their 
f  Butinifttr  length  is  about  fix  lines,  their  breadth  twof.  They 
iaMagnefte,  difcovered  by^  Mr  Butini  of  Geneva. 

Water  at  the  temperature  of  50  diffolves  /-g*  part  of 
its  weight  of  this  fait  When  in  the  ftate  of  powder, 
and  of  courfe  deprived  of  its  water  of  cryftallization,  it 
is  much  more  infbluble ;  and  what  is  very  remarkable, 
it  is  more  foluble  in  cold  than  in  hot  water,  impregna¬ 
ted  with  carbonic  acid  §, 

It  is  compofed,  according  to  Fourcroy,  of  50  parts 
of  acid,  25  of  magnefia,  and  25  of  water. 

When  cxpofed  to  the  air,  it  efflorefces,  and  falls  into 
11  powder  II . 

When  heated,  it  decrepitates,  falls  into  powder,  and 
is  decompofed  <[[. 

The  following  falts  decompofe  it  by  compound  affi¬ 
nity  : 

Siilphat  of  lime, 

- ammonia, 

^75 - alumina, 

Carbonatof  8.  Carbonat  of  alumina, 
alumina. 
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Quantity  of  lofs  by  driviug  of!  the  gas  by  folutlon  Acetites. 


4^  Fourcroy  t 
Ann,  de 
Chim,  ii. 
298. 

^  Butini. 


ibid. 

^  Id.  ibid. 


Nitrat  of  lime, 

Muriat  of  lime, 

Acetite  of  lime. 
Carbonic  acid  is  capable  of 


diffolving  alumina;  for  if  alum  be  decompofed  by  an  al¬ 
kaline  carbonat,  fome  alumina  remains  dilTolved  in  the 
liquor,  and  may  be  precipitated  by  a  heat  fufficient  to 
^Bergmany  drive  off  the  carbonic  acid*.  It  cannot  be  doubted, 
i  a  I.  then,  that  there  may  be  produced  a  carbonat  of  alumi- 
^^6  na;  but  the  fait  has  never  been  examined  with  accuracy. 

Metallic  ^  9.  Carbonat  of  iron.  Water  faturated  with  carbo- 

carbonats.  nic^  acid  diffolves  of  its  weight  of  iron, 

^Bcrgmjn^  which  gradually  precipitates  by  expofiire  to  the  airf. 
^33*  Ruff  of  iron  is  a  kind  of  carbonat,  at  lead  it  always 
contains  carbonic  acid. 

10.  Carbonat  of  zinc.  Zinc  is  copioufly  diffolved 
\Ihld,  by  water  faturated  with  carbonic  acid|.  As  the  me¬ 
tallic  oxides,  when  faturated  with  carbonic  acid,  do  not 
differ  materially  in  their  appearance  from  pure  oxides, 
we  fhall  not  attempt  to  deferibe  any  of  the  metallic  car- 
bonats.  We  fhall,  however,  prefent  our  readers  with 
the  following  Table,  exhibiting  a  view  of*  the  w^eiglit 
which  metallic  oxides  gain  by  being  faturated  with  this 
acid. 

By  Bergman.  By  Wenzel. 
Prcciphated  by 


lOO  parts  of 

Oxide  of  zinc,  -  -  - 

iron, 

maiiganefe,  - 
cobalt,  - 
nickel,  - 
lead,  -  -  - 

tin,  -  -  • 

copper,  -  '  - 
bifmuth, 
antimony, 
mercury, 
filver, 

gold,  .  -  . 

SuppL.  Voi,.I.  Part  I, 


Garb,  of  Soda. 
Weight. 
100,930 
100,250 
100,800 
100,600 
100,350 
100,320 
100,310 
100,940 
100,300 
100,400 
100,100 
100,290 
i00)06q 


Garb,  of  Potafs. 
Weight. 
100,774 
100,863 


100,304 

100,345 

100,884 

100,224 

*00,395 

100,062 

100,288 

100^326 


according  to  Wenzel : 

Zinc, 

Iron, 

Cobalt, 

Lead, 

Tin, 

Copper, 
Bifmuth, 
Antimony, 
Mercury, 
Silver, 

Gold, 


0,137 

o,co9 

0,352 

o»i57 

0,000 

0,174 

0,056 

0,000 

0,038 

0,158 

0,144 


Thefe  determinations  differ  too  widely  from  each 
other  to  be  exadl.  It  is  obvious  that  pait  of  the  weight 
muff  be  owing  to  adhering  water,  and  very  probably 
triple  falts  are  formed,  which  muff  render  the  determi¬ 
nation  Hill  more  erroneous. 

Sect.  XI.  Of  Acetltes. 

The  compounds  which  the  acetous  acid  forms  arc 
called  acetites, 

I.  Acetite  of  potafs.  Pliny  is  fuppofed,  but  pro- Acetitc  of 
bably  without  any  reafon,  to  have  been  acquainted  withro^^ff* 
this  fait,  becaufe  he  recommends  a  mixture  of  vinegar 
and  vine  affies  as  a  cure  for  a  particular  fpecies  of  tu¬ 
mor*.  It  vyas  firff  clearly  deferibed  by  Raymond  Lully.  ^  Plinii,  U 
It  has  received  a  great  number  of  names;  as,  for  in-^^ih-Z^^^f- 
ftance,  arcanum  tartan,  fecret  foliated  earth  of  tartar, 
fentialfalt  of  <wine,  regenerated  tartar,  diuretic  fait,  digef 
five  fait  of  Sylvius, 

Its  cryffals  are  very  white,  and  affume  the  form  of 
thin  plates. 

It  has  a  fharp  warm  taffe. 

It  is  foluble  in  about  ten  times  its  weight  of  w'ater  at 
the  temperature  of  60^ f.  It  is  foluble  alfo  in  alcohol,  f  Bergman, 

According  to  Wenzel,  240  parts  of  acetous  acid  re-''-  In¬ 
quire  for  faturation  24l|tlis  of  potafs.  And  from  the 
experiments  of  Dr  Higgins,  it  appears  that  acetite  of 
potafs  is  compofed  of  61,5  parts  of  alkali  and  38,5  of 
acetous  acid  and  water  _  tOnAcelou, 

Wnen  expofed  to  the  air  it  is  very  deliquefcent.^  p.  8* 
When  heated,  ft  melts  as  readily  as  wax  ;  and  if  a  very 
ffrong  heat  be  applied,  the  acid  is  decompofed^ 

^  The  following  falts  decompofe  it  by  compound  affi¬ 
nity  ; 

Sulphat  of  foda,  Nitrat  of  ammonia, 

— —  lime,  . . .  '■  ■ —  magnefia, 

- ammonia, - alumina, 

- magnefia, - bifmuth^ 

alumina,  ,  — — —  mercury, 


Nitrat  of  foda, 
lime. 


Muriat  of  ammonia, 
•  alumina. 


Acetite  of  foda.  This  fait  was  firff  deferibed  by  Acetite  of 
Mr  Baron.  '  foda. 

Its  cryftals  are  ftriated  prifms,  not  unlike  thofe  of 
fulphat  of  foda. 

It  has  a  fharp  taffe,  approaching  to  bitter. 

It  is  foluble  in  2,86  parts  of  water  at  the  tempera, 
ture  of  60°  §.  j 

According  to  Wenzel,  4.40  parts  of  acetous  acid  re-'^'* 
quire  for  faturation  I574ths  of  foda. 

It  IS  not  affe^ed  by  expofure  to  the  air. 

When  heated*  it  firft  lofes  its  water  of  cryftallization ; 

3B  in 
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in  a  ftrongheat  it  melts;  and  in  a  ftill  Wronger,  its  acid 
is  deftroyed.  This  fait  can  only  be  obtained  in  cry- 
ftals  when  there  is  an  excefs  of  alkali  in  the  folution. 

The  following  falls  decompofe  it  by  compound  affi- 
nity  : 

Sulphat  of  ammonia,  Nitrat  of  alumina, 

_ alumina,  Miiriat  of  lime, 

Nitrat  of  ammonia, - ammonia, 

_ _ _  magnefia,  - - - magnefia. 

Acetite  of  ammonia.  This  fait  was  formerly  call¬ 
ed  of  Mmdererus, 

It  is  too  volatile  to  be  eafily  cryflallized  :  It  may, 
however,  by  gentle  evaporation,  be  made  to  depofite 
needle-fhaped  cryflals.  Mr  de  LafTone  cryftallized  it 
Mm.  fublimation  *.  When  the  fublimation  is  flow,  it 

J^ar.  i.  llender,  flatted  cryflals,  terminating  in  (harp 

points,  of  a  pearl  white  colour,  and  about  an  inch  and 
eight-tenths  in  length  f. 

It  impreffes  the  tongue  at  firft  with  a  fenfe  of  cold- 
nefs,  and  then  of  fweetnefs,  which  is  followed  by  a  tafte 
refembling  that  of  a  mixture  of  fugar  and  nitre,  in 
which  the  fweet  does  not  predominate  over  the  maw- 
kifli  tafle  of  the  nitre 

According  to  Wenzel,  240  parts  of  acetous  acid  fa- 
turate  244  of  ammonia. 

It  is  very  deliquefeent.*  It  melts  at  170%  and  fu- 

blimes  at  about  250®  §.  ^ 

When  a  watery  folution  of  this  fait  is  diftiUed,  there 
comes  over  firft  a  quantity  of  ammonia,  next  a  quantity 
of  acetous  acid,  and  at  laft  of  the  neutral  fait  itfelf.  No 
fuch  decompofltion  takes  place  when  the  cryflals  are 
diftilled  by  a  moderate  heat  1|. 

The  following  falls  decompofe  acetite  of  ammonia 
by  compound  affinity  : 

Sulphat  of  alumina,  Carbonat  of  foda, 

Carbonat  of  potafs,  Nitrat  of  filver  f . 

4.  Acetite  of  barytes.  This  fait  was  firft  formed  by 

Mr  Morveau.  . 

It  is  not  eafily  cryflallized.  Morveau  procured  it 

in  long  prifms  in  groups. 

It  has  a  pleafant,  fomewhat  acid  tafte,  and  always 

contains  an  excefs  of  acid.  ,  r 

It  is  foluble  in  water,  and  does  not  deliquefce  when 

M  jtJT  expofed  to  the  air  *. 

The  following  falls  deccmipofe  it  by  compound  affi- 

ibod.  Chim,  nity  : 

Sulphat  of  potafs, 

- -  foda, 

- - -  lime, 

. .  ammonia, 

- magnefia, 

alumina. 
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According  to  Wenzel,  240  parts  of  acetous  acid  re-  Acetites. 
quire  for  fdturation  125  of  lime  :  according  to  Maret, 

100  parts  of  acetite  of  lime  contain  50  of  lime  From  #  F^cy 

fli#.  o  TYr  P-TinrmnG  it  fnllnws.  that  M^ethoa 
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Acetite  of 
lime. 


Nitrat  of  potafs, 

■  ■  - foda, 

-■  lime, 

"  —  ammonia^ 
magnefia. 


Nitrat  of  alumina, 
Muriat  of  potafs, 

_ _  foda, 

- - - - lime, 

- -  ammonia, 

_ _ magnefia, 

- - - alumina, 

Carbonat  of  potafs, 

- - foda, 

- ammonia, 


the  experiments  of  Dr  Higgins,  it  follows,  that  Method, 
tite  of  lime  is  compofed  of  35,7  parts  of  lime  and  64,3  kp* 
of  acetous  acid  and  water f  On  Acetous 
It  is  not  altered  by  expofure  to  the  air;  at  leaft P*  47* 
Morveau  kept  feme  of  it  for  a  whole  year  merely  co¬ 
vered  with  paper,  and  even  quite  uncovered  for  a  month, 
without  its  undergoing  any  alteration  I  ibid,  En* 

Heat  decompofes  it,  and  at  the  fame  time  partly 
compofes  its  acid. 

The  following  falls  decompofe  it  by  compound  affi- 
nity :  . 

Muriat  of  alumina, 

Carbonat  of  barytes, 

- potafs, 

- foda. 


Sulphat  of  foda, 

- - —  ammonia, 

>  ■  magnefia, 

alumina, 


Nitrat  of  ammonia, 

■ - —  magnefia, 

■  alumina, 


ammonia, 

magnefia, 

alumina. 
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Muriat  of  ammonia, 

6.  Acetite  of  ftrontites.  This  fait  was  firft  formed  Acetite  ol 
by  Dr  Hope.  It  forms  fmall  cryflals,  which  are  not 
affeded  by  expofure  to  the  atmofphere.  49  parts  of 

it  are  foluble  in  120  parts  of  boiling  water  :  It  feems 
to  be  nearly  as  foluble  in  cold  water.  It  renders  vege- 

table  colours  green  §.  Tranf,  £d?ai 

7.  Acetite  of  magnefia.  This  fait  was  firft  mention- 

ed  by  Mr  Wenzel.  ^  783 

It  is  not  cryftallizable  ;  but  forms  by  evaporation  a  Acetite  of 

vifcidmafstl. 

It  has  a  fweetlfh  tafte  ;  leaving,  however,  a  fenfe  offj  ’ 

bitternefs^.  t  Morveau^ 

It  is  very  foluble  both  In  water  and  alcohol  ibid. 

According  to  Wenzel,  240  parts  of  acetous  acid 
quire  for  faturation  i23|^ths  of  magnefia.  '  ^ 

When  expofed  to  the  air,  it  deliquefees.  Heat  de¬ 
compofes  It. 

The  following  falts  decompofe  it  by  compound  affi¬ 
nity  ; 

‘  "  *  Carbonat  of  barytes, 

M  - — . —  potafs, 

- - —  foda, 

- - — ammonia, 

- - -  —  —  alumina. 


Sulphat  of  ammonia, 

- - alumina, 

Nitrat  of  ammonia, 

- - - alumina, 

Muriat  of  ammonia, 
alumina, 
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e.  Acetite  of  lime.  This  fait  was  firft  defcribed  ac- 
cuMtely  by  Crollius.  The  -ancients,  however,  ufed  a 
+  Pl!,;i  1  mixture  of  lime  and  vinegar  in  furgery  -j-. 

Iiivi.cY’4.  It  cryftallizes  in  fine  needles,  of  a  gloffy  appearance 
like  fatin. 

Its  tafte  is  bitter  and  four,  becaufe  it  has  an  excefs 
^of  acid. 

It  is  foluble  in  water. 


8.  Acetite  of  alumina.  This  fait  can  only  be  forin- Acetite  of 
cd  by  digefting  acetous  acid  on  alumina  recently  preci-^*'^*^^^^' 
pitated. 

By  evaporation  needle-fhaped  cryflals  are  obtained, 
which  are  very  deliquefeent.  ^  According  to  Wenzel, 

240  parts  of  acetous  acid  require  2o4ths  of  alumina  for 

faturation.  •  t. 

This  fait  is  decompofed  by  compound  affinity  by  the 

following  falls : 

Nitrat  of  ammonia,  Carbonat  of  potafs, 

Muriat  of  ammonia,  - - foda, 

Carbonat  of  barytes, - ammonia. 

g.  Acetite  of  jargonia.  This  fait  may  be  formed  by  Acetite  of 
pouring  acetous  acid  on  newly  precipitated  jargonia. 

It  has  an  aftringeiit  tafte.  It  does  not  cryftallize  ;  but 
when  evaporated  to  drynefs,  it  forms  a  powder,  which  |  Khproiht 
does  not  attra<a  moifture  from  the  air  as  acetite  of  Journ.de  ^ 
mina  does  f.  It  is  very  foluble  in  water  and  in  alco-  xxxvi. 
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hoL  It  IS  not  fo  eafily  decompofed  by  heat  as  ni'trat 
of  jargonia,  probably  becaufe  it  does  not  adhere  fo 
ftrongly  to  water 

Acetite  of  iron. — This  fait  was  mentioned  by 


10. 


Schrosder  and  Juncker,  It  is  compofed  of  acetous  acid 
and  brown  oxide  of  iron. 

Its  folution  forms  by  gentle  evaporation  fmall  oblong 
iron.  cryftals ;  but  the  greatell  part  of  the  fait  aflumes  the 
f  IVenzd,  form  of  a  gelatinous  mafs  f . 

It  has  a  fweetifli  ftyptic  tafte. 

According  to  Wenzel,  240  parts  of  acetous  acid  re¬ 
quire  for  faturation  186^  of  iron. 

Heat  decompofes  this  fait ;  and  it  feems  alfo  to  be 
787  gradually  decompofed  by  expofure  to  the  air. 

Acetite  of  ij.  Acetite  of  zinc. — This  fait  was.  firft  mentioned 
by  Glauber. 

Its  cryftals  are  rhomboidal,  and  fometimes  hexagonal 
plates,  of  a  white  colour,  and  the  appearance  of  talk. 

It  is  foluble  in  water.  According  to  Wenzel,  240 
parts  of  acetous  acid  require  for  faturation  1 954-ths  of 
zinc. 

It  is  not  altered  by  expofure  to  .the  air.  Heat  de¬ 
compofes  it.  When  thrown  upon  burning  coals,  it  ex¬ 
plodes  with  a  blue  flame. 

12.  Acetite  of  manganefe.— This  fait  is  not  cryftal- 
lizable  ;  and  when  evaporated  to  drynefs,  It  deliquefees. 
Is  it  not  an  acetat  ? 

13.  Acecite  of  cobalt. — This  fait  is  dellquefcent.  Its 
folution  is  of  a  fine  red  colour  while  cold;  but  becomes 
blue  by  being  heated,  and  It  recovers  its  former  colour 
cn  cooling.  According  to  Wenzel,  240  parts  of  ace¬ 
tous  acid  require  for  faturation  24i4ths  of  cobalt. 

14.  Acetite  of  nickel. — This  fait  forms  rhomboidal 
cubes  of  a  green  colour  ;  They  are  not  deliquefeent : 
Their  tafte  is  fweet  §, 

I  r.  Acetite  of  lead. — This  fait  is  mentioned  by  Ifaac 
Hollandus  and  Raymond  Lully.  It  is  compofed  of 
acetous  acid  and  white  oxide  of  lead. 

It  was  formerly  called  fugar  of  leady  fugar  of  Saturn y 
fait  of  Saturn f  vinegar  of  Saturn y  extraB  of  Saturn y  See. 

Its  cryftals  are  flat  parallelopipeds,  terminated  by 
two  inclined  planes  approaching  each  other. 

It  has  a  fweet  and  fornewhat  aftringent  tafte. 

It  Is  not  very  foluble  in  water  ;  but  acetous  acid  dif- 
folves  it  abundantly. 

According  to  Wenzel,  240  parts  of  acetous  acid  re¬ 
quire  for  faturation  503  of  lead. 

When  expofed  to  the  air  it  becomes  yellow,  but  un¬ 
dergoes  no  other  alteration. 

Heat  decompofes  it  by  deftroying  the  acid.  When 
diftilled,  the  refiduum  takes  fire  fpontaneoufly  on  expo¬ 
fure  to  the  air.  Paper  dipped  into  acetite  of  lead  forms 
excellent  matches,  which  are  not  fubjeft  to  go  out,  and 
which  burn  very  {lowly. 

The  following  falts  decompofe  it  by  compound  affi- 
nity  ; 

Muriat  of  ammonia,  Phofphat  of  ammonia, 
Sulphat  of  copper,  Oxalat  of  potafs  ||, 
Phofphat  of  foda,  Malat  of  potafs 

1 6.  Acetite  of  tin. — This  fait  was  firft  deferibed  by 
Lemery, 

Its  cryftals  are  pnTmatic  needles  in  groups*.  Ac¬ 
cording  to  Wenzel,  240  parts  of  acetous  acid  require 
for  faturation  3tV  of  tin. 
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17.  Acetite  of  copper.-— This  fait  was  known  to  the  Acetite^ 
ancients,  and  various  ways  of  preparing  it  are  deferibed 

by  Pliny  *.  It  was  formerly  known  by  the  names  of  Aced^e  of 
cryflals  of  Venus  and  verdigrife,  copper. 

It  is  of  a  deep  green  colour.  Its  cryftals  are  rhom-  ^Lih.xxxiv, 
bolds. 

It  has  a  difagreeable  coppery  tafte. 

It  is  foluble  in  water  and  in  alcohol. 

According  to  Wenzel,  240  parts  of  acetous  acid  re¬ 
quire  16'^th  of  copper  for  faturation. 

It  efflorefees  when  expofed  to  the  air.  Heat  de¬ 
compofes  it.  It  is  ufed  in  painting.  79 j 

18.  Acetite  of  blfmuth.— This  fait  feems  to  have  been  Acetite  of 
firft  mentioned  by  Geoffroi.  He  called  it  fugar  ofbifmuth,^^^^^^^* 

It  is  moft  eafily  procured  by  mixing  together  the  fo- 
lutions  of  nitrat  of  bifmuth  and  acetite  of  potafs.  It 
forms  brilliant,  talky,  filvery  cryftals. 

It  has  a  fweetifh  tafte.  According  to  Wenzel,  240 
parts  of  acetous  acid  require  for  faturation  ijfths  of 
bifmuth. 

It  does  not  deliquefee  when  expofed  to  the  air.  Heat 
decompofes  it.  794 

19.  Acetite  of  antimony.*— It  yields  with  difficulty 
fmall  cryftals  f.  According  to  Wenzel,  240  parts 
acetous  acid  require  for  faturation  i-j-d  of  antimony. 

20.  Acetite  of  arfenic. — This  fait  forms  fmall  cry- Acetite  of 

ftals  in  grains,  hardly  foluble  in  water  J.  arfenic. 

21.  Acetite  of  mercury. — This  fait  is  mentioned  by  ^ 

Schroeder.  ^  Acetite  of 

Its  cryftals  are  fmall  thin  plates.  mercury. 

It  has  a  difagreeable  tafte,  and  excites  coughing. 

It  is  hardly  foluble  in  water.  According  to  Wen¬ 
zel,  240  parts  of  acetous  acid  require  for  faturation 
240yths  of  mercury. 

When  expofed  to  the  air  it  becomes  black,  owing  to 
the  redudlon  of  the  oxide  of  mercury.  Heat  decom- 
pofes  it.  797 

22.  Acetite  of  filver.— This  fait  was  perhaps  firft 

deferibed  by  Margraf.  . 

It  is  beft  formed  by  dropping  acetite  of  foda  or  pot¬ 
afs  into  a  faturated  folution  of  nitrat  of  filver  §,  {  Matef,  . 

It  forms  fmall  oblong  cryftals,  eafily  diffolved  in 
ter  f .  It  has  a  fharp  tafte,  f  Margraf, 

According  to  Wenzel,  240  parts  of  acetous  acid  re¬ 
quire  for  faturation  loi^ths  of  filver. 

Heat  decompofes  it.  It  is  decompofed  by  muriat  of 
magnefia  ^  ‘  ^  Bergmoir.] 

23.  Acetite  of  gold. — This  fait  is  mentioned  by  79^ 
Schroeder  and  Juncker. 

24.  Acetite  of  uranium.— This  fait  was  firft  formed 
by  Klaproth. 

Its  cryftals  are  regular  foiir-fided  {lender  prifms,  ter- cranium, 
minated  at  both  ends  by  regular  quadrilateral  pyramids: 
they  are  tranfparent,  and  of  a  beautiful  topaz  yellow 
colour. 

Heat  decompofes  them  :  and  what  is  Angular,  if  they 
be  heated  gradually  red  hot,  the  oxide  which  remains 
retains  nearly  the  form  of  the  cryftals  *.  .  *  Klaproth 

The  compounds  into  wliich  the  acetic  acid  enters  are'’"  Vranium, 
called  acetats.  They  are  fo  imperfedly  known  at  pre-AceSs. 
fent,  that  v/c  fliall  not  attempt  a  dcfcription  of  them. 

Sect.  XII.  Of  Oxalats, 

T HE  compounds  of  which  oxalic  acid  forms  a  part 
5  B  2  are 
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are  known  by  the  name  cf  cxalatSi 
defcribed  by  Bergman.  ^ 

I.  Oxalat  of  potafs. — This  fait  cryftallizes  with  dif¬ 
ficulty.  It  is  very  foluble  in  water.  When  heated  it 

*  Bergman,  falls  to  powder  ... 

1.262.  2.  Acidulous  oxalat  of  potafs. — The  oxalic  acid  is 

.  alfo  capable  of  combining  with  potafs  iu  excefs,  and 

oxaht  of*  forming  another  fait,  called  acidulous  oxalat  from  its  acid 
tafle  ;  or,  to  fpeak  more  accurately,  this  fait  is  formed 
by  the  combination  of  oxalat  of  potafs  with  oxalic  acid. 
This  fait  exifts  ready  formed  in  oxalis  acetofella  or  wood- 
f  irrel ;  from  w^hich  it  is  extraded  in  fome  parts  of  Eu¬ 
rope  in  great  quantities.  Hence  it  was  formerly  called 
fait  of  wood  forrel.  It  is  mentioned  by  Duclos  in  the 
Memoirs  of  the  French  Academy  for  1668.  Margraf 
firft  proved  that  it  contained  potafs  ;  and  Scheele  dif. 
covered  that  its  acid  is  the  oxalic.  A  great  many  in- 
terefling  experiments’ had  been  previoufly  made  on  it  by 
Wenzel  and  Wiegleb. 

It  may  be  formed,  as  Scheele  has  fhown,  by  drop- 
ping  potafs  very  gradually  into  a  fatiirated  folution  of 
oxalic  acid  and  w^ater  :  as  foon  as  the  proper  quantity  of 
alkali  is  added,  acidulous  oxalat  is  precipitated.  But 
care  mu  ft  be  taken  not  to  add  too  much  alkali,  otherwife 
no  precipitation  will  take  place  at  all. 

Its  cryftals  are  fmall  opaque  parallelopipeds  f . 

It  has  an  acid,  poignant,  bitten*^  tafte. 

It  is  foluble  in  about  ten  times  its  weight  of  boiling 
water,  but  much  lefs  foluble  in  *cold  water. 

It  is  not  altered  by  expofure  to  the  air.  Heat  de- 
compofes  it. 

This  fait  is  fold  in  this  country  under  the  name  of 
ejfential  fait  of  lemons. 

3.  Oxalat  of  foda.—This  fait  agrees  very  much  with 
oxalat  of  potafs.  Its  cryftals  are  fmall,  and  foluble  in 
water. 

From  Bergman’s  defcription,  oxalic  acid  appears  alfo 
capable  of  combining  in  excefs  with  foda,  and  forming 
an  acidulous  oxalat, 

4.  Oxalat  of  ammonia. — Its  cryftals  are  four-fided 
prlfms,  generally  diverging  from  various  points.  They 
redden  the  infufion  of  turnfole. 

.  They  are  eafily  foluble  in  water,  but  not  in  alcohol 

5  ergman.  decompofcd  by  nitrat  of  barytes  §. 

5.  Oxalat  of  barytes.— This  fait  does  not  cryftallize 
805  except  with  excefs  of  acid.  The  addition  of  potafs,  or 

Earthy  ox-  water,  deprives  it  of  this  excefs,  and  then  it 

b'*  crumbles  into  powder.  It  is  infoluble  in  water  1|. 

6.  Oxalat  of  lime.— This  fait  does  not  cryftallize. 
It  is  infoluble  in  water,  but  fomewhat  foluble  in  acids. 
It  is  compofed  of  48  parts  of  acid,  4^  lime,  and  6  of 

t  water.  Heat  deconipofes  it  f .  • 

ibid.  “  7.  Oxalat  of  ftrontites.— i  his  fait  was  firft  formed 

by  Dr  Hope.  It  is  a  white  infipid  powder  ;  foluble 
in  1920  parts  of  boiling  water.  Heat  decompofes  it 
by  deftroying  the  acid'*'.  r  r 

Edin,.  8.  Oxalat  of  magnefia. — This  fait  is  in.  the  rorm  01 
Iv.  I4»  a  white  powder.  It  is  fcarcely  foluble  either  in  water 
or  alcohol.  It  is  compofed  of  35  parts  of  magnefia 
.  T,  and  65  of  acid  and  water.  Heat  decompofes  it  f . 

9*  Oxalat  of  alumina. — It  is  uncry ftalliz able  ;  but 
3* 7,  furnifties  on  evaporation  a  yeilowifh  pellucid  mafs.  It 

is  fpariiigly  foluble  in  alcohol.  It  has  a  fweet  ailrin- 
gent  tafte.  It  is  compofed  of  44  parts  of  alumina  and 
56  of  acid  and  water. 


803 

Oxalat  of 
foda. 


804 

Oxalat  of 
ammonia. 


S  T  R  Y.  Part  HI. 

When  expofed  to  the  air  it  deliquefees ;  and  if  it  has  Oxalats. 
been  previoully  well  dried,  its  weight  is  increafed  by  f 
It  reddens  turnfole ^  f  Bergman^ 

10.  Oxalat  of  iron.— This  fait  forms  prifmatic 

ftals  of  a  yellowifti  green  colour.  ^  Metallic 

It  has  an  aftringent  and  fweet  tafte.  It  is  very  fo- oxalats. 
luble  in  water. 

It  is  compofed  of  45  parts  of  green  oxide,  and  5  5  of 
acid  and  water.  When  expofed  to  heat  it  falls  to  pow¬ 
der  "j* .  ^  f 

From  Bergman’s  defcription,  the  brown  oxide  of 
iron  appears  alfo  capable  ut  combining  with  oxalic  acid. 

The  compound  does  not  cryftallize,  and  is  nearly  info¬ 
luble  in  w^ater  J.  ^  Jlid, 

1 1.  Oxalat  of  zinc. — It  is  hardly  foluble  in  water. 

It  is  compofed  of  75  parts  of  oxide  and  25  of  acid.^ 

12.  Oxalat  of  manganefe. — It  is  compofed  of  oxalic 
acid  and  white  oxide  of  manganefe.  It  appears  capable 

of  cry  ftalliz  ing  §  Uid. 

13.  Oxalat  of  cobalt.*— This  is  a  rofe-coloured  pow¬ 

der,  infoluble  in  water,  but  foluble  in  oxalic  acid  ;  and 
capable,  by  that  means,  of  eryftallizing  \\.  |j  ijyid, 

14.  Oxalat  of  nickel. — This  is  a  green- coloured  pow¬ 

der,  hardly  foluble  in  water.  It  is  compofed  of  two 
parts  of  acid  and  one  of  oxide  ^  ^  Ibid, 

1 5.  Oxalat  of  lead.  — It  forms  fmall  cryftalline  grains. 

They  are  infoluble  in  alcohol,  and  nearly  infoluble  in 
water.  They  contain  55  parts  of  oxide  and  45  of  acid  ibid. 

16.  Oxalat  of  tin.— This  fait  forms  prifmatic  cryftals. 

It  has  an  auftere  tafte.  If  the  folution  of  this  fait  be 
quickly  evaporated,  it  affords  a  mafs  refembling  horn, 
and  foluble  in  water  f .  t 

17.  Oxalat  of  copper.— This  fait  is  uncryftalllzable. 

It  is  a  blulfh  powder,  infoluble  in  water,  except  with 
excefs  of  acid.  It  is  compofed  of  2i  parts  of  copper 
and  29  of  acid  \ 

18.  Oxalat  of  bifmuth.— This  fait  may  be  formed  by 

dropping  oxalic  acid  into  a  folution  of  nitrat  of  bif¬ 
muth.  It  forms  pellucid  polygonous  cryftals.  When 
oxide  of  bifmuth  is  diffolved  by  oxalic  acid,  the  refult  is 
a  white  powder,  fcarcely  foluble  in  water  §.  j 

19.  Oxalat  of  antimony.— This  fait  forms  cryftalline 

grains,  with  difficulty  foluble  in  water  f.  f 

20.  Oxalat  of  arfenic.— This  fait  is  compofed  of  oxalic 
acid  and  white  oxide  of  arfenic.  Its  cryftals  are  prifms 
very  foluble  in  water  and  alcohol.  It  reddens  turnfole. 

Heat  fublimes  it  ;  and  by  a  ftrong  heat  it  may  be  de- 

compofed «[[.  ^  i  ji  ^ 

21.  Oxalat  of  mercury. — A  white  powder,  hardly 

foluble  in  water,  except  with  excefs  of  acid  *.  *  lliJ. 

22.  Oxalat  of  filver. — This  fait  may  be  formed  by 
pouring  oxalic  acid  into  a  folution  of  nitrat  of  filver. 

It  is  a  white  powder,  fcarcely  foluble  in  water,  and  not 
at  all  in  alcohol ;  but  foluble  in  nitric  acid.  It  becomes 
black  by  being  expofed  to  the  air,  owing  to  the  reduc¬ 
tion  of  the  oxide  f .  t 

23.  Oxalat  of  platinum..— This  fait  affords  yellow 

cryftals. 


Sect.  XIII.  OfTarintes. 

The  falls  into  which  tartarous  acid  enters  as  an  in- 
gredient  are  known  by  the  name  of  tartrites.  ^  807 

I.  Acidulous  oxalat  of  potafs  or  tartar. — This  fait, Tartar, 
which  is  compofed  of  potafs  and  an  excefs  of  tartarous 
acid,  or  rather  of  tartrite  of  potafs  and  tartarous  acid, 

has 
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Tartrites.  has  been  long  known 
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It  Is  obtained  in  a  ftate  of  im- 
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by  Dr  Hope.  Its  cryftals  are  fmall  regular  triangular  Tartntes.^ 


nas  oeen  AOng  l^uuwiu  lu  a  V.  ....  —  - - r--  ;  V  1  /V  ^ 

purity  at  the  bottom,  and  adhering  to  the  fides  of  callis  tables,  having  the  edges  and  angles  lharp  and  v/ell  de¬ 
in  which  wine  has  fermented.  It  is  called  tartar^  fays  fined.  It  is  infipid.  It  diflblves  m  320  parts  of  boil- 
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Paracelfus,  hecaufe  it  produces  the  oil,  water,  limellone, 
and  fait,  which  burn  the  patient  as  Hell  does.  Accord¬ 
ing  to  him,  it  was  the  principle  of  every  difeafe  and 
every  remedy,  and  all  things  contain  the  germ  of  it. 

Margraf  and  Rouelle  firil  demonftrated  that  it  con¬ 
tained  potafs  ready  fonned  ;  and  Scheele  firft  obtained 
tartarous  acid  from  it  in  a  ftate  of  purity. 

Its  cryftals  are  very  fmall  and  irregular.  According 
to  Montet,  they  are  prifms,  fomewhat  flat,  and  moftly 
with  fix  fides.  It  has  a  ftrong  acid  tafte.  It  is  foluble 
in  about  30  times  its  weight  of  boiling  water*.  Ac¬ 
cording  to  Bergman,  it  contains  23  parts  of  alkali  and 
77  of  acid. 

It  is  not  altered  by  expofure  to  the  air.  Heat  de- 
compofes  It,  and  at  the  fame  time  deftroys  the  acid.  It 
Is  capable  of  forming  a  great  many  compounds. 

2.  Tartrite  of  potafs.  This  fi^t  may  be  formed  by 
faturating  the  laft  defcribed  fait  with  potafs.  It  was 
formerly  called becanfe  it  is  much  more 
foluble  in  water  than  the  acidulous  tartrite  of  potafs. 
It  cryftallizes  moft  readily  when  there  is  a  fmall  excefs 
of  alkali  in  the  folution.  Its  cryftals  are  fmall  oblongs. 

It  has  an  unpleafant  bitter  tafte.  It  is  foluble  in  4 
parts  of  water  at  the  temperature  of  40®. 

3.  Tartrite  of  foda.  This  fait  has  never  been  accu- 
809  rately  examined. 

Tartrite  of  4.  Tartrite  of  potafs  and  foda.  This  triple  fait,  for- 
poufs  and  merly  known  by  the  name  of  Jalt  of  Seignette^  hecaufe 
firft  formed  by  Mr  Seignette  apothecary  at  Rochelle,  is 
made  by  faturating  tartar  with  foda. 

Its  cryftals  are  prifms  of  eight  or  ten  unequal  fides, 
having  their  ends  truncated  at  right  angles.  They  are 
generally  divided  into  two  in  the  diredlion  of  their  axes, 
and  the  bafe  on  which  they  ftand  is  marked  with  two 
diagonal  lines,  fo  as  to  divide  it  into  four  triangles. 

It  has  a  bitter  tafte.  It  is  almoft  as  foluble  as  tar¬ 
trite  of  potafs. 

It  eiflorefees  when  expofed  to  the  air.  Heat  decom- 
pofes  it. 

4.  Tartrite  of  ammonia.  The  cryftals  of  this  fait  are 
polygonous  prifms,  not  unlike  thofe  df  the  laft  defcribed 
fait. 

It  has  a  cooling  bitter  tafte  like  that  of  nitre.  It  is 
cafily  foluble  in  water.  Heat  decompofes  it. 

5.  Acidulous  tartrite  of  ammonia.  This  fait  may 
be  formed  by  pouring  tartarous  acid  into  a  folution  of 
tartrite  of  ammonia.  Like  acidulous  tartrite  of  potafs 
it  is  very  infoluble  in  water. 

6.  Tartrite  of  potafs  and  ammonia.  This  triple  fait 
may  be  formed  by  pouring  ammonia  into  acidulous  tar¬ 
trite  of  potafs. 

Its  cryftals,  according  to  Macquer,  are  prifms  with* 
four,  five,  or  fix  fides:  according  to  the  Dijon  academi¬ 
cians,  parallelepipeds,  with  two  alternate  Hoping  fides. 

It  has  a  cooling  tafte.  It  is  foluble  enough* in  water.  ^ 
It  efflorefees  in  the  air.  Heat  decompofes  it. 

8fi  7.  Tartrite  of  barytes.  Unknown. 

Earthy  tar-  8.  Tartrite  of  lime.  This  fait,  firft  formed  by  Scheele, 
tiites.  |g  a  taftelefs  and  almoft  infoluble  powder.  By  heat  the 
acid  is  decompofed,  and  the  pure  lime  remains  behind. 

9.  Tartrite  of  ftroritites.  This  fait  was  firft  formed 
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ing  water. 

It  Is  not  altered  by  expofure  to  the  air.  Heat  de¬ 
compofes  it  by  deftroying  the  acid  *.  r 

10.  Tartrite  of  magnefia.  This  fait  is  infoluble  in^^^^*^ 

water  except  there  be  an  excefs  of  acid  prefent.  It  then 
affords  by  evaporation  fmall  cryftals  in  the  form  of  hex- 
angular  truncated  prifms  f.  +  Bergman^ 

It  has  a  more  faline  tafte,  and  Is  more  fufible,  than»-  ^88. 
tartrite  of  lime  J.  ^ 

Heat  firft  melts  and  afterwards  decompofes  it.  ^effent  aciL 

11.  Tartrite  of  alumina.  This  fait  does  not  cryftal- 

lize,  but  forms  by  evaporation  a  clear  tranfparent  gum¬ 
my  mafs.  Its  tafte  is  aftringent.  It  is  foluble  in  wa¬ 
ter.  It  does  not  deliquefee  in  the  air  J.  ^  ^  §  VonPac^ 

12.  Tartrite  of  potafs  and  alumina;  This  triple  falt^^"* 
is  formed  by  faturating  tartar  with  alumina.  It  bears 

a  very  ftrlking  refemblance  to  the  laft  defcribed  fait. 

13.  Tartrite  of  iron.  This  is  a  grey  powder.  When  Metallic 
tartarous  acid  is  poured  into  a  folution  of  fulphat  of  tartrites. 
iron,  fcaly  cryftals  are  formed  by  evaporation.  Thefe 
cryftals  are  doubtlefs  compofed  of  tartarous  acid  com¬ 
bined  with  fulphat  of  iron.  This  triple  fait  might  be 
called  tartro  fulphat  of  iron, 

14.  Tartrite  of  potafs  and  iron.  This  triple  fait  was 
formerly  called  tartarifed  tindure  of  Marsy  chalyheated 
tartar^  and  tartarifed  iro7i.  It  may  be  formed  by  boil¬ 
ing  two  parts  of  tartar  and  one  of  iron  filings,  previouf- 
ly  made  up  into  a  pafte,  in  a  proper  quantity  of  water. 

The  liquor  by  evaporation  depofitos  cryftals,  which  form 
the  fait  wanted. 

15.  Tartrite  of  zinc.  This  fait  is  not  eafily  foluble 
in  water. 

16.  Tartrite  of  potafs  and  zinc.  This  triple*  fait, 

formed  by  combining  tartar  and  oxide  of  zinc,  is  very 
foluble  in  watery.  I  rv 

17.  Tartrite  of  lead.  This  fait,  which  is  compofed 
of  tartarous  acid  and  white  oxide  of  lead,  is  almoft  info* 
luble  in  water.  Nitric  acid  diffolves  it. 

18.  Tartrite  of  potafs  and  lead.  This  fait,  formed 

by  combining  white  oxide  of  lead  with  tartar,  is  very 
foluble  in  watery.  H 

19.  Tartrite  of  tin.  Unknown.  The  tartrite  of  pot-  < 

afs  and  tin,  compofed  of  tartar  and  oxide  of  tin,,  is  ca¬ 
pable  of  cryftallizing. 

20.  Tartrite  of  copper.  This  fait  Is  heft  formed  by 

pouring  tartarous  acid  into  the  folutions  of  muriat  or 
fulphat  of  copper  ;  it  precipitates  in  the  form  of  blue 
cryftals  *.  *  Bergman* 

This  fait  forms  the  heft  kind  of  the  pigment  called 
Brunfwick  grecfi\,  f  LeanhardU 

21.  Tartrite  of  potafs  and  copper.  This  triple  fait 
is  alfo  in  the  form  of  blue  cryftals. 

22.  Tartrite  of  bifmuth.  Small  cryftalline  grains*^:,  1  Bergman, 

23.  Tartrite  of  antimony.  This  fait  has  never  been 
^  examined  with. attention. 

24.  Tartrite  of  potafs  and  antimony,  or  tartar  emetic. 

To  this  fait,  which  is  perhaps  the  moft  powerful  emetic 
known,  a  great  deal  of  attention  has  been  paid,  and  a 
vaft  number  of  methods  have  been  tried  to  prepare  it. 

Thefe  methods  have  been  already  defcribed  in  the  En¬ 
cyclopedia,  It  appears  from  the  experiments  of  Mr 

Bindheim^, 
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Citrats.  Bfudhelm,  that  if  this  fait  be  carefully  prepared,  the 
difference  that  rtfults  from  the  ufe  of  different  oxides  is 
not  fo  great  as  might  have  been  expeded  *. 

It  was  firll  made  known  by  Adrian  in  1631.  It  is 
a  triple  fait,  compofed  of  tartar  and  white  bxide  of  an¬ 
timony. 

It  is  of  n  white  colour  and  tranfparent.  Its  cryftals 
are  trihedral  pyramids. 

It  diffolves  in  60  parts  of  cold  water,  and  in  a  fmaller 
proportion  of  hot  water.  It  is  decompofed  by  lime 
and  alkalies,  iron,  &c.  Care  ought  therefore  to  be  taken 
to  ufe  only  diflilled  water  when  it  is  adminiftered  as  a 
medicine. 

25.  Tartrite  of  arfenic.  This  fait  forms  prifmatic 
'4  Bergman,  cryllals  very  like  thofe  of  oxalat  of  arfenic'j^. 
h.  2V5-  26.  Tartrite  of  mercury.  A  yellow  powder. 

27.  Tartrite  of  potafs  and  mercury.  This  triple  fait 
I  Monnet,  cryftaliizes  ;|l. 

Sect.  XTV.  Of  Cltrats* 

The  compounds  into  which  the  citric  acid  enters 
have  been  denominated  citrats, 

Thefe  falts  are  at  prefent  very  imperfedly  known. 
Mr  Dize  has  promifed  foon  to  fupply  this  defed 

1.  Citrat  of  potafs.  This  fait  does  not  cryftallize. 
It  has  a  cooling  faline  tafte,  and  deliquefces  when  ex- 
pofed  to  the  air. 

2.  Citrat  of  foda.  This  fait  does  not  dellquefce.  It 
has  a  mild,  pleafant,  coaling  tafte  H-  According  to 
Scheele,  it  does  not  cryftallize, 

3.  Citrat  of  ammonia.  This  fait  cry  ftaliizes  in  thin 
needles.  It  has  a  cooling  and  moderately  faline  tafte 
The  ammonia  is  feparated  by  the  application  of  heat 

4.  Citrat  of  barytes.  This  fait  is  fcarcely  foluble  in 
water.  It  afiiimes  the  form  of  a  white  powder  f.  It 
is  foluble  in  citric  acid, 

5.  Citrat  of  lime.  This  is  a  white  powder,  fcarcely 
foluble  in  water 

6.  Citrat  of  magnefia.  Does  not  cryftallize.  It 
forms  a  gummy  faline  mafs  very  foluble  in  water  J.  ^ 

7.  Citrat  of  alumina.  This  fait  is  fcarcely  foluble  m 

water.  r  ,  ^  i 

8.  Citrat  of  iron.  A  folution  of  a  brown  colour. 

9*  Citrat  of  copper.  A  green  gummy  mafs. 

10.  Citrat  of  mercury.  This  fait  may  be  formed 
by  pouring  citric  acid  into  nitrat  or  acetite  of  mercury. 
It  is  a  flaky  fait,  of  a  brick-duft  colour,  more  or  lefs 
red  11. 
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Part  in; 

7.  Malat  of  iron.  A  brov/n  folution,  not  cryflalli-  Ladat^. 

zable  ^ 

8.  Malat  of  zinc.  This  fait  forms  beautiful  cryftalsf .  * 

Sect.  XVI.  Of  LaBats. 

The  neutral  falts  formed  by  the  combination  of  the  Ladtats. 
ladic  acid  with  various  bafes  are  called  laBats,  They 
were  flrft  difeovered  by  Scheele. 

I.  Ladat  of  potafs.  A  deliquefeent  fait,  foluble  in 
alcoh ol  J .  t  Scheele  m 
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Sect.  XV.  Of  Malats. 

The  compounds  into  which  the  malic  acid  enters 
are  called  malats.  This  clafs  of  falts  was  firft  difeover¬ 
ed  by  Scheele.  They  are  no  better  known  than  the  ci- 
trats. 

1 .  Malat  of  potafs.  1 

2.  Malat  of  foda.  >  Thefe  falts  are  deliquefeent f. 

3.  Malat  of  ammonia.  3 

4.  Malat  of  lime.  Small  irregular  cryftals.  They 
require  a  large  quantity  of  boiling  water  for  their  folu¬ 
tion.  With  excefs  of  acid  they  are  readily  foluble  in 
cold  water  f.  They  are  infoluble  in  alcohol  J. 

5.  Malat  of  barytes.  The  properties  of  this  fait  re- 
femhle  pretty  much  thofe  of  malat  of  lime 

6.  Malat  of  magnefia.  Deliquefeent  \\, 


2.  Ladat  of  foda.  This  fait  docs  not  cryftallize. 

is  foluble  in  alcohol  §,  j 

3.  Ladat  «f  ammonia.  Cryftals  which  deliquefee. 

Heat  feparates  a  great  part  of  the  ammonia  before  de- 
ftroying  the  acid. 

4.  Ladat  of  barytes.  1  Thefe  falts  deliquefee  1|.  The  {1 

5.  Ladat  of  lime.  >  ladat  of  lime  is  foluble  in  al- 

6.  Ladat  of  alumina.  J  cohol  ^  Ibid* 

7.  Ladat  of  magnefia.  Small  deliquefeent  cryftals*. 

8.  Ladat  of  iron.  A  browm  folution. 

9.  Ladat  of  zinc.  Cryftalsf.  \  Ibid, 

Thefe  falts  have  a  very  ftrong  refemblancc  to  malats. 

The  only  difference  which  Scheele  obferved  was,  that 
the  malat  of  lime  was  infoluble  iii  alcohol,  while  alcohol 
diffolved  ladat  of  lime. 

Sect.  XVII.  Of  Saccholals, 

The  compounds  into  which  the  faccholadic  acid  cn- 
ters  are  called  faccholats.  They  alfo  were  firft  difeover¬ 
ed  by  Scheele. 

1.  Saccholat  of  potafs.  Small  cryftals,  foluble  in 

eight  times  their  weight  of  boiling  water  f .  ^  Scheele  on 

2.  Saccholat  of  foda.  The  fame;  foluble  in  Sugar  of 

times  their  weight  of  boiling  water  J.  Mili, 

3.  Saccholat  of  ammonia.  A  fait  which  has  a  fourifh  5 

tafte.  Heat  feparates  the  ammonia  H  Ibid* 

4.  Saccholat  of  barytes,  “I 

5.  Saccholat  of  lime.  (Thefe  falts  are  infoluble 

6.  Saccholat  of  magnefia.  fin  water*.  *  Uid» 

7.  Saccholat  of  alumina,  j 

Sect.  XVIII.  Of  Gallats. 

The  compounds  into  which  the  gallic  acid  enters  are 
denominated  gallats.  They  were  firft  attended  to  by 
the  Dijon  academicians  and  by  Scheele. 

'  I.  Gallat  of  potafs.  ”1  We  only  know  that  thefe 

2.  Gallat  of  foda.  >  compofitions  are  pofiible, 

3.  Gallat  of  ammonia.  3  their  properties 

arc  different  from  thofe  of  all  other  falts. 

4.  Gallat  of  barytes.  7  Thefe  falts  are  foluble  in  wa- 

5.  Gallat  of  lime.  J  ter,  efpecially  when  there  is 
cxcefs  of  acid. 

6.  Gallat  of  magnefia.  This  fait  is  a  yellow  powder, 

foluble  in  water  and  in  alcohol  *  Bartholdi 

7.  Gallat  of  alumina.  This  fait,  according  to  B^Y-Ann,de  ^ 
tholdi,  exifte  ready  formed  in  nut  galls.  It  is  very  fo- 

luble  in  water. 

8.  Gallat  of  iron.  This  fait,  which  Mr  Prouft  has 
difeovered  to  he  formed  of  gallic  acid  and  brown  oxide 
of  iron,  is  of  a  black  colour,  and  does  not  feem  capable 
of  cryftallizing.  It  is  foluble  in  the  three  mineral  acids, 
and  by  that  means  is  deprived  of  its  black  colour.  It 
is  to  this  fait  that  ink  partly  owes  its  black  colour. 

Gallat  of  iron  is  decompofed  by  alkalies. 

We  fhall  not  attempt  any  farther  account  of  this  clafs 

of 
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Benzoats.  of  falts.  Scarcely  any  addition  has  yet  been  made  to 
'  V  ~  the  experiments  of  Scheele  which  have  been  given  al¬ 
ready  in  the  article  Chemistry,  Encych 

Sect.  XIX.  Of  Ben%oats, 

The  compounds  into  which  the  benzoic  acid-enters 
have  been  called  hen%oats» 

1.  Benzoat  of  potafs.  This  fait  forms  pointed  fea¬ 
thery  cryftals.  It  has  a  faline  (harp  tafte.  It  is  very  fo- 
luhle  in  water.  It  deliquefces  when  expofed  to  the  air*, 

2.  Benzoat  of  foda.  The  cryftals  of  this  fait  are  lar¬ 
ger,  but  its  tafte  is  the  fame  with  that  of  benzoat  of 
potafs.  It  is  alfo  very  foluble  in  water.  It  efflorefces 
in  the  air  f. 

3.  Benzoat  of  ammonia.  This  fait  cryftallizes  with 
difficulty.  Its  cryftals  are  feather-fhaped.  It  deli- 
quefcesj. 

4.  Benzoat  of  lime.  This  fait  forms  white,  ihining, 
pointed  cryftals,  of  a  fweetifh  tafte,  and  not  eafily  fo¬ 
luble  in  water  J. 

5.  Benzoat  of  magnefia.  Feather-fhaped  cryftals,  of 
a  fharp  bitter  tafte,  and  eafily  foluble  in  water 

6.  Benzoat  of  alumina,  an  aftringent  fait. 

7.  Benzoat  of  iron.  This  fait  forms  yellow  cryftals. 
It  has  a  fweet  tafte.  It  is  foluble  in  water  and  alcohol. 
It  efflorefces  in  the  air.  Heat  difengages  the  acid 

8.  Benzoat  of  zinc-  This  fait  forms  arborefcent  cry¬ 
ftals.  It  is  foluble  in  water  and  alcohol.  When  expo- 
fed  to  the  air  it  is  dllTipated.  Heat  decompofes  it*. 

9.  Benzoat  of  manganefe.  This  fait,  which  is  form¬ 
ed  of  benzoic  acid  and  white  oxide  of  manganefe,  cry¬ 
ftallizes  in  fmall  fcales.  It  diffblves  readily  in  water  ; 
with  difficulty  in  alcohol.  It  is  not  altered  by  expofure 
to  the  air  f. 

10..  Benzoat  of  cobalt.  Flat  cryftals 
17.  Benzoat  of  lead.  Very  white  cryftals,  foluble  in 
water  and  alcohol.  They  are  not  altered  by  expofure 
to  the  air.  Heat  difengages  the  acid  §. 

12.  Benzoat  of  tin.  This  fait  may  be  formed  by 
pouring  benzoat  of  potafs  into  a  folution  of  tin  in  the 
nitro-muriatic  acid.  The  benzoat  of  tin  is  precipitated. 
It  is  foluble  in  hot  water,  but  infoluble  in  alcohol.  Heat 
decompofes  it  ||. 

13.  Benzoat  of  copper.  Small  cryftals  of  a  deep 
green  colour.  They  arc  with  difficulty  foluble  in  wa¬ 
ter,  and  not  at  all  in  alcohol  . 

14.  Benzoat  of  bifmuth.  This  fait  forms  white 
needle-fhaped  cryftals.  They  are  foluble  in  water,  and 
in  a  very  fmall  proportion  in  alcohol.  They  are  not 
altered  by  expofure  to  the  air.  Heat  decompofes 
them 

15.  Benzoat  of  antimony.  Cryftals  which  effiorefcs 
in  the  air,  and  are  decompofed  by  heat  f . 

16.  Benzoat  of  arfenic.  Small  feather-fhaped  cry¬ 
ftals,  It  is  foluble  in  hot  water,  but  cryftallizes  in  the 
cooling.  A  moderate  heat  fnblimes  it ;  a  ftrong  heat 
decompofes  it.  Sulphur  decompofes  iti  It  is  not  de¬ 
compofed  by  alkalies 

17.  Benzoat  of  mercury.  A  white  powder,  It  is 
infoluble  in  water,  but  diffblves  in  a  fmall  quantity  in 
alcohol.  It  is  not  altered  by  expofure  to  the  air.  A 
fmall  heat  fublimes  it  ;  a'greater  decompofes  it.  It  is 
decompofed  by  fulphur  §. 

1 8-  Benzoat  of  fftver.  This  fait  is.  foluble  in  w^ater, 
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and  alfo  in  a  very  fmall  proportion  in  alcohol.  It  is  Campho- 
not  altered  by  expofure  to  the  air,  but  the  rays  of  the  ,  ^ 

fun  render  it  brown.  Heat  difengages  its  acid  *,  «  Id.  ibid. 

19.  Benzoat  of  gold.  Small  irregular  cryftals,  not 
eafily  foluble  in  water  ;  infoluble  in  alcohol.  It  is  not 
altered  by  expofure  to  the  air.  Heat  decompofes  itf.  \  Id.  ibid, 

20.  Benzoat  of  platinum.  This  fait  forms  fmall 
brownifli  cryftals,  with  difficulty  foluble  in  water  ;  not 
foluble  in  alcohol.  When  expofed  to  heat,  it  is  decom¬ 
pofed,  and  there  remains  behind  a  brown  powder:]:,  i  Id.ihid* 

Sect.  XX.  Of  Succinats. 

The  neutral  falts,  formed  by  the  combination  of  the 
fuccinic  acid  with  various  bafes,  have  been  called  fucct~ 
nats. 

We  fhall  not  defcribe  thefe  falts,  as  we  could  not  add 
much  to  the  account  given  in  the  Appendix  to  the  ar¬ 
ticle  Chemistry  in  the  Encycl.  That  account  was  ta- 
ken  from  Mr  Kier’s  Chemical  Didlionary,  and  that 
gentleman  borrowed  it  from  Leonhardi, 

Sect.  XXI.  Of  Camphorats. 

The  neutral  falts  into  the  compofition  of  which  cam" 
phoric  acid  enters,  have  been  denominated  camphorati^ 

The  only  chemift  who  has  hitherto  examined  them  is 
Bouillon  la  Grange  ;  his  experiments  have  been  publifh- 
ed  in  the  27th  volume  of  the  Jinnales  de  Chlmle. 

1.  Camphorat  of  potafs.  To  prepare  this  fait,  car-p  ^ 

bonat  of  potafs  is  to  be  diffolved  in  water,  and  the-  folu-^/^,tafsr* 
tion  faturated  with  camphoric  acid.  When  the  effervef- 

cence  is  over,  the  liquor  is  to  be  evaporated  by  a  gentle 
heat  to  the  proper  confiftence,  and  cryftals  of  campho- 
rat  of  potafs  will  be  depofited  when  the  liquor  cools. 

Camphorat  of  potafs  is  white  and  tranfparent  ;  its 
cryftals  are  regular  hexagons.  Its  tafte  is  bitterifh  and 
nightly  aromatic. 

Water  at  the  temperature  of  60°  diffblves  -  Joth  part 
of  its  weight  of  this  fait  5  boiling  water  diffblves  ^th 
part  of  its  weight. 

It  is  foluble  in  alcohol,  and  the  folution  burns  with  a 
deep  blue  flame. 

When  expofed’ to  moift  air,  it  lofes  a  little  of  itS’^ 
tranfparency,  but  in  dry  air  it  fuffers  no  change. 

When  expofed  to  heat  it  melts,  fwells,  and  the  acid 
is  volatilized  in  a  thick  fmoke,  which  has  an  aromat.'e 
odour.  Before,  the  Wow-pipe  it  burns  with  a  blue  flame's 
and  the  potafs  remains  behind  in  a  ftate  of  purity. 

By  compound  affinity  this  fait  is  decompofed  by 
Nitrat  of  barytes, 

All  the  falts  vvhofe  bafe  is  lime, , 

Nitrat  of  filver, 

Sulpliat  of  iron, , 

Muriat  of  tin,  • 

lead  ^  BduiWm 

2.  Canriphorat  of  foda.  This  fait  may  be  formed 
precifely  in  the  fame  manner  with  the  camphorat 

potafs.  xxvil. 

It  IS  ^whke  and  tranfparent ;  . Its  tafte  I's  fomewhat'^%24 
bitter  ; :  its  cryftals  are. irregular.  Camphorat 

Water  at- the  temperature  of.  60°  difiblves  lefs  than"^^"^** 

Ti^sth  part  of  its  weight  of  this  fait ;  boiling  water  dif. 
folves  -Jth  of  its  weight. 

It  is  alfo  foluble  in  alcohol. 

When  expofed  to  the  air  it  lofes  its  tranfparency,  and 

efflorefces  ' 
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cfflorcfccs  (lightly,  but  Is  never  completely  reduced  to 
^powder. 

Heat  produces  the  fame  effed  upon  it  as  on  cam- 
phorat  of  potafs  :  the  acid  burns  with  a  blue  flame, 
which  becomes  reddifli  towards  the  end. 

By  compound  affinity  it  is  decompofed  by 


Nitrat  of  lime, 

- filver, 

Muriat  of  magnefia, 

- barytes, 

- alumina, 


Muriat  of  lime, 

- iron, 

Sulphat  of  alumina, 

— -  - - iron  ;  and  ma¬ 

ny  other  falts  with  me- 

♦  BtuUlon  tallic  bafes 

La  Grange,  Caiuphorat  of  ammonia.  This  fait  may  be  pre- 

pared  by  dilTolving  carbonat  of  ammonia  in  hot  water, 
a6.  and  adding  camphoric  acid  flowly  till  the  alkali  is  fatu- 

815  rated.  It  muft  then  be  evaporated  with  a  very  mode- 
Camphorat  prevent  the  difengaging  of  ammonia, 

of^ammo-  difficult  to  obtain  this  fait  in  regular  cry- 

{lals.  When  evaporated  to  drynefs,  there  is  obtained  a 
folld  opaque  mafs  of  a  fliarp  and  bitterlffi  tafte. 

Water  at  the  temperature  of  about  60*^  diflblves  near¬ 
ly  T-^^th  part  of  Its  weight  of  this  fait ;  boiling  water 
•diflblves  -fd  of  its  weight ;  But  this  and  the  two  falts 
above  deferibed  are  a  good  deal  more  foluble  when  there 
is  excefs  of  bafe. 

*It  is  entirely  foluble  In  alcohol. 

When  expofed  to  the  air  it  attrads  moifture,  but  not 
in  fiifficient  quantity  to  enable  it  to  affume  a  liquid 
form. 

When  expofed  to  heat  it  fwells,  melts,  and  is  con- 
Arerted  Into  vapour ;  before  the  blow-pipe  it  burns  with 
a  blue  and  red  flame,  and  is  entirely  volatilized. 

Moil  of  the  calcareous  falts  form  triple  falts  with 
camphorat  of  ammonia. 

It  decompofes  in  part  all  the  aluminous  falts  except 
"I*  the  fulphat  of  alumina  f- 

Camphorat  4-  Camphorat  of  barytes.  In  order  to  prepare  this 
of  barytes,  fait,  barytes  Is  to  be  diflblved  in  water,  and  camphoric 
acid  added  to  the  folutlon  ;  the  mixture  is  then  to  be 
boiled,  and  afterwards  filtered  and  evaporated  to  dry- 
nefs. 

Camphorat  of  barytes  does  not  cryftallize;  when  the 
evaporation  is  condudled  flowly,  the  fait  Is  depofited  in 
thin  plates  one  above  another,  which  appear  tranfpa- 
rent  while  immerfed  in  the  liquor,  but  become  opaque 
whenever  they  come  into  contadl  with  the  air. 

It  has  very  little  tafte,  though  It  leaves  at  laft  upon 
the  tongue  a  flight  imprelTion  of  acidity  mixed  with  bit- 

ternefs.  . 

Water  diflblves  only  a  very  fmall  quantity  ot  this 
fait,  boiling  water  being  capable  of  takmg  up  only 
3-^^th  part  of  It.  ^ 

It  is  not  altered  by  expolure  to  the  air. 

When  expofed  to  heat  it  melts  eafily,  and  the  acid  is 
volatilized.  When  the  heat  is  conliderable,  the  acid 
burns  with  a  lively  blue  flame,  which  becomes  red  and 
at  laft  white. 

It  is  decompofed  by 

Nitrat  of  potafs,  foda,  lime,  ammonia,  and  magnefia. 
Muriat  of  lime,  potafs,  alumina,  and  magnefia. 

All  the  fulphats. 

t  Bouillon  Carbonat  of  potafs  and  foda. 

^v^Tr’Phofphat  of  potafs,  foda,  and  ammonia*. 

Camphorat  of  lime.  This  fait  may  be  prepared 
Camphorat  by  dropping  into  lime-water  cryftallized  camphoric  acid, 
.tf  lime. 
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The  mixture  is  then  to  be  made  boiling  hot,  pajfed  Camphor 
through  a  Alter,  and  evaporated  to  about  -Iths  of  its  rats, 
volume.  On  cooling,  camphorat  of  lime  is  depofited. 

It  has  no  regular  fhape  ;  but  if  the  evaporation  has 
been  properly  conducted,  it  is  in  plates  lying  one  above 
another.  It  is  of  a  white  colour,  and  has  a  tafte  flightly 
bitter. 

Water  at  the  temperature  of  60°  diflblves  very  little 
'of  this  fait;  boiling  water  is  capable  of  diflblving  about 
part  of  its  weight  of  it.  It  is  infoluble  in  alco- 

hol. 

It  is  compofed  of  43  parts  of  lime,  50  of  acid,  and 
7  of  water. 

When  expofed  to  the  air  it  dries  and  falls  into  pow¬ 
der. 

When  expofed  to  a  moderate  heat  it  melts  and  fwells 
up  ;  when  placed  on  burning  coals,  or  when  heated  in 
clofe  veffels,  the  acid  is  decompofed  and  volatilized,  and 
the  lime  remains  pure. 

When  fulphuric  acid  is  poured  Into  a  folutlon  of  this 
fait,  it  produces  an  infoluble  precipitate;  nitric  and  mu¬ 
riatic  acids  precipitate  the  camphoric  acid. 

It  is  decompofed  by  compound  affinity  by 
Carbonat  of  potafs, 

Nitrat  of  barytes, 

Muriat  of  alumina, 

Sulphat  of  alumina, 

Phofphdt  of  foda  *.  *  Bouillon 

6.  Camphorat  of  magnefia.  This  fait  may  be  pre-  Grange^ 
pared  by  pouring  water  on  carbonat  of  magnefia,  and 

then  adding  cryftallized  camphoric  acid  :  heat  is  then 
applied,  the  folutlon  is  filtrated,  and  evaporated  to  dry-  828 
nefs.  The  fait  obtained  is  diflblved  In  hot  water,  pafled  Camphorat 
through  a  filter,  and  evaporated  by  means  of  a  mode- 
rate  heat  till  a  pellicle  forms  on  the  furface  of  the  folu- 
tion.  On  cooling,  the  fait  is  depofited  in  thin  plates. 

The  fecond  folution  is  to  remove  any  excefs  of  magne¬ 
fia  that  may  happen  to  be  prefent. 

This  fait  does  not  cryftalllze.  It  is  white,  opaque, 
and  has  a  bitter  tafte. 

It  Is  fcarcely  more  foluble  In  water  than  camphorat 
of  lime. 

Alcohol  has  no  a6lIon  on  it  while  cold,  but  when  hot 
it  diflblves  the  acid  and  leaves  the  magnefia  ;  and  the 
acid  precipitates  again  as  the  alcohol  cools. 

When  expofed  to  the  air  It  dries  and  becomes  cover¬ 
ed  with  a  little  powder  ;  but  this  effed  Is  produced 
flowly,  and  only  in  a  warm  place. 

When  this  fait  is  placed  on  burning  coals,  the  acid 
is  volatilized,  and  the  magnefia  remains  pure.  Before  the 
blow-pipe  it  bums  like  the  other  camphorats  with  a 
blue  flame. 

The  nitrats,  muriats,  and  fulphats,  do  not  complete¬ 
ly  decompofe  this  fait,  if  we  except  the  nitrat  of  lime 
and  muriat  of  alumina  f .  f  Id/ibid, 

7.  Camphorat  of  alumina.  To  prepare  this  fait,  alu-  829 
mlna,  precipitated  by  means  of  ammonia,  and  well  ^alh- 

ed,  is  to  be  mixed  with  water,  and  cryftals  of  campho¬ 
ric  acid  added.  The  mixture  is  then  to  be  heated,  fil¬ 
tered,  and  concentrated  by  evaporation. 

This  fait  Is  a  white  powder,  of  an  acid  bitterifli  tafte, 
leaving  on  the  tongue,  like  moft  of  the  aluminous  falts, 
a  fenfatlon  of  aftringency. 

Water  at  the  temperature  of  60®  diflblves  about 
part  of  its  weight  of  this  fait.  Bolling  water  diflblves 

it 
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Stiberats.  it  in  coTifidernble  quantitksj  but  it  precipitates  again  as 
the  folution  cools. 

Alcohol,  while  cold,  diflblves  it  very  fparingly  ;  but 
when  hot  it  difiblves  a  confiderable  quantity  of  it,  which 
precipitates  alfo  as  the  folution  cools. 

This  fait  undergoes  very  little  alteration  in  the  air  ; 
but  it  rather  parts  with  than  attrads  moifture. 

Heat  volatilizes  the  acid ;  and  when  the  fait  is  thrown 
on  burning  coals  it  burns  with  a  blue  flame. 

It  is  decompofed  by  the  nitrats  of  lime  and  ba- 
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Of  Suberats* 

The  falts  formed  by  the  fuberic  acid  have  obtained 
the  appellation  of  fuherats.  They  have  hitherto  been 
examined  only  by  Bouillon  la  Grange. 

1.  Suberat  of  potafs. — This  fait  ought  to  be  formed 
by  means  of  cryllallized  carbonat  of  potafs. 

it  cryftallizes  in  prifms,  having  four  unequal  fides. 
It  has  a  bitter  faltifh  tafte,  and  it  reddens  vegetable 
blues.  It  is  very  foluble  in  water.  Caloric  melts  it, 
and  at  lad  volatilizes  the  acid. 

It  is  decompofed  by  mod  of  the  metallic  falts,  and 
by  fulphat  of  alumina,  muriat  of  alumina,  and  of  lime  ; 
nitrat  of  alumina  and  of  lime ;  and  phofphat  of  alu¬ 
mina  f, 

2.  Suberat  of  foda. — This  fait  does  not  crydallize.  It 
reddens  the  tinfture  of  turnfole.  Its  tade  is  flightly 
bitter.  It  is  very  foluble  in  water  and  in -alcohol.  It 
attradls  moidure  from  the  air.  Caloric  produces  the 
fame  effedi  on  it  that  it  does  on  fuberat  of  potafs. 

It  is  decompofed  by  the  calcareous,  aluminous,  and 
magnefiaii  falts  :j:. 

Suberat  of  ammonia. — This  fait  crydallizes  in  pa- 
rallelopipeds  Its  tade  is  faltilh,  and  it  leaves  an  im- 
preflion  of  bitternefs  :  It  reddens  vegetable  blues. 

It  is  very  foluble  in  water.  It  attradls  moidure  from 
the  air.  When  placed  upon  burning  coals,  it  lofes  its 
w^atcr  of  crydallization,  and  fwells  up  ;  and  before  the 
blow-pipe  it  evaporates  entirely. 

It  is  decompofed  by  the  aluminous  and  magnefian 
falts 

4.  Suberat  of  barytes. — This  fait  does  not  crydallize. 
Heat  makes  it  fw^ell  up,  and  melts  it.  It  is  fcarcely  fo¬ 
luble  in  water  except  there  be  an  excefs  of  acid. 

It  is  decompofed  by  mod  of  the  neutral  falts,  except 
the  barytic  falts  and  the  fluat  of  lime  ((. 

5.  Suberat  of  lime. — This  fait  does  not  crydallize. 
It  is  perfedlly  wdiite  :  It  has  a  faltifh  tade  :  It  does  not 
redden  the  tindlure  of  turnfole. 

It  is  very  fparingly  foluble  in  water  except  wdien  hot; 
and  as  the  folution  cools  mod  of  the  fait  precipitates 
again. 

When  placed  upon  burning  coals  it  fwells  up,  the 
acid  is  decompofed,  and  there  remains  only  the  lime  in 
the  date  of  powder. 

It  is  decompofed  by 

The  muriat  of  alumina, 

The  carbonats  of  potafs  and  foda, 

The  fluat  of  magnefia. 

The  phofphats  of  alumina  and  foda, 

The  borat  of  potafs, 

All  the  metallic  folutions 

6.  Suberat  of  magnefia. — This  fait  is  in  the  form  of 
Suberat  of  a  powder :.  It  reddens  the  tindure  of  turnfole.  It  has  a 
magnefia.  SuPPL.  VoL.  I.  Part  I. 


§  Id,  ibid, 

P-  55. 
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Suberat  of 
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11  Id,  ibid, 
p.  52. 
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bitter  tade :  It  is  foluble  in  water,  and  attracts  fume 
moidure  when  expofed  to  the  air. 

When  heated  it  fwells  up  and  melts  ;  before  the 
blow-pipe  the  acid  is  decompofed,  and  the  magnefia  re¬ 
mains  in  a  date  of  purity. 

It  is  decompofed  by 

Muriat  of  alumina, 

Nitrat  of  lime  and  alumina, 

Borat  of  potafs, 

Fluat  of  foda, 

Phofphat  of  alumina 

7.  Suberat  of  alumina. — This  fait  does  not  crydallize. 

When  its  folution  is  evaporated  by  a  moderate  heat  in 
a  wide  veflel,  the  fait  obtained  is  of  a  yellow  colour, 
traiifparent,  having  a  dyptic  tade,  and  leaving  an  im- 
preflion  of  bitternefs  on  the  tongue.  When  too  much 
heat  is  employed  it  melts  and  blackens.  It  reddens  the 
tindlure  of  turnfole,  and  attracts  moidure  trom  the  air. 

Before  the  blow-pipe  it  fwells  up,  the  acid  is  volatilized 
and  decompofed,  and  nothing  remains  but  the  alumina. 

It  is  decompofed  by 

The  carbonats  of  potafs  and  foda. 

The  fulphat  of  iron. 

The  muriat  of  iron. 

The  nitrats  of  filver,  mercury,  and  leadf 

Suberic  acid  forms  alfo  compounds  with  the  oxides  of 
filver,  mercury,  lead,  copper,  tin,  iron,  bifmutb,  arfenic, 
cobalt,  zinc,  antimony,  mangaiiefe,  and  molybdenum  ; 
mod  of  which  are  incrydallizable,  and  have  an  excefs 
of  acid  J. 

Sect.  XXIII.  Of  Prufiats, 

The  compounds  into  which  the  pruflic  acid  enters 
are  called  Prujfiats. 

Thefe  fubdances,  the  mod  important  of  which  are 
triple  falts,  have  fomelhing  very  peculiar  in  their  affi¬ 
nities.  The  pruffic  acid  appears  to  have  a  dronger  af¬ 
finity  for  alkalies  and  earths  than  for  metals,  at  lead  thefe 
fubdances  are  capable  of  decompofmg  metallic  pruffiats  ; 
yet  acids  fcarcely  decompofe  the  metallic  pruffiats,  while 
the  weaked  acid  known  decompofes  the  pruffiats  of  al¬ 
kalies  and  earths.  Thefe  phenomena  have  not  yet  been 
fatisfadlorlly  accounted  for. 

2’.  Prufiial  of  }  Thefe  falts  were  firft  ob.Alk|L 

talned  pure  by  Mr  Scheele.  They  are  foluble  in  wa¬ 
ter  ;  but  they  are  of  little  ufe,  as  mere  expofure  to  the 
air  decompofes  them. 

3.  Pruffiat  of  ammonia. — This  fait  has  the  fmell  of 
ammonia.  It  is  very  volatile  and  as  eafily  decompofed 

as  the  other  two.  g^g 

4.  Pruffiat  of  lime. — This  fait  is  foluble  in  water.  Earthy 

It  is  alfo  decompofed  by  expofure  to  the  air.  pruffiats, 

c.  Pruffiat  of  barytes.  1  rr.i  r  n  .... 

6.  Pruffiat  of  magnefia.  J  Thefe  falts  are  alfo  fo- 

luble  in  water,  and  decompofed  by  all  acids. 

Pruffic  acid  does  not  combine  with  alumina.  839 

7.  Pruffiat  of  iron,  or  Pruffian  blue. — This  fubdance  Brnlhan 
IS  compofed,  as  Mr  Proud  has  fliewn,  of  the  pruffic 

acid  and  brown  oxide  of  iron.  With  the  green  oxide 
the  pruffic  acid  forms  a  white  compound,  which,  how¬ 
ever,  becomes  gradually  blue  when  expofed  to  the  at- 
mofphere,  becaufe  the  oxide  abforbs  oxygen,  and  is  con- . 
verted  into  brown  oxide  §,  §  Nhboh 

Pruffiat  of  iron  is  a  deep  blue  coloured  powder. 

3  C  is 
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Is  infoluble  in  waiter,  and  fcarcely  foluble  in  acids.  It 
is  compofed,  according  to  the  moft  accurate  experiments 
hitherto  made,  of  equal  parts  of  oxide  of  iron  and  prul- 
fic  acid.  It  is  not  affeaed  by  expofure  to  the  air.  Heat 
decompofes  it  by  deftroying  the  acid,  and  the  oxide  ol 

iron  remains  behind.  . 

The  Prufiian  blue  of  commerce,  befides  other  impuri¬ 
ties,  contains  mixed  with  it  a  great  quantity  of  alumina. 
Its  ufe  as  a  pigment,  and  the  attempts  which  have  been 
made  to  introduce  it  as  a  dye,  are  well  known. 

Prufliat  of  iron  may  alfo  exift^  in  another  ftate  :  It 
may  have  a  fuperabundance  of  oxide  ;  its  colour  is  then 
more  or  lefs  yellow.  To  this  Rate  it  may  be  reduced 
by  digefting  it  with  alkalies  or  any  of  the  alkaline 
earths.  Thefe  fubilances  deprive  it  of  part  ol  its  acid, 

but  not  of  the  whole. 

This  yellow  prufliat  is  foluble  in  acids. 

Were  we  to  attempt  an  explanation  of  this,  and  the 
other  phenomena  which  the  pruflic  acid  difplays  in  its 
combinations,  we  would  conjeaure,  that  this  yellow 
pruffiat  is  the  fubflance  formed  by  the  direa  combina¬ 
tion  of  brown  oxide  of  iron  and  pruflic  acid,  and  that 
the  blue  prufliat  is  formed  of  the  y  ellow  prufliat  combi¬ 
ned  as  an  integrant  with  pruflic  acid  :  That  the  aflinity 
betw^een  the  pruflic  acid  and  oxide  of  iron  is  much  ftrong- 
cr  than  that  between  yellow  prufliat  of  iron  and  pruflic 
aeid  ;  that  therefore  alkalies  and  earths  have  a  ftronger 
affinity  for  pruflic  acid  than  the  yellow  prufliat  has,  but 
a  much  weaker  affinity  than  oxide  of  iron,  and  perhaps 
every  other  oxide  ;~hence  the  apparent  fuperiority  of 
alkalies  and  earths  in  fome  cafes,  while  in  others  th^ey 
appear  very  inferior.  We  would  fuppofe,  then,  that 
the  pruflic  acid  has  a  much  ftronger  affinity  for  oxide 
of  iron,  and  perhaps  for  all  other  oxides,  than  for  other 
bodies  ;  that  the  prufiiats,  thus  formed,  are  capable  of 
combining  with  pruflic  acid  ;  but  that  their  affinity  for 
it  is  much  lefs  than  that  of  the  alkalies  and  earths.  This 
conjeaure  is  fupported  by  all  the  phenomena  at  prefent 
known  ;  it  would  remove  all  the  apparent  anomalies 
which  the  combinations  of  this  Angular  acid  prelent, 
and  reduce  the  whole  of  them  under  the  known  laws 

of  affinity.  ^  1  n  j  d  /• 

8  Prufliat  of  potafs  and  iron,  commonly  called  FruJ- 

r, an  alkali,  or  Prujlan  tej.  This  fuba-ance  is  a  triple 
fait,  compofed  of  pruflic  acid,  potafs,  and  oxide  of  iron 
combined  together.  To  cheraias  and  mineralog.as  it 
is  one  of  the  moa  important  inaruments  ever  invented  ; 
as,  when  properly  prepared,  it  is  capable  of  indicating 
whether  any  metallic  fubaance  (platinum  excepted)  be 
prefent  in  any  folution  whatever,  and  even  of  pointing 
out  the  particular  metal,  and  of  afcertaining  its  quan^ 
tity  :  This  it  does  by  means  of  a  compound  athmtp 
which,  after  what  has  been  faid  above,  may  be  eafily 
underftood.  The  Pruffian  alkali  may  be  ^nceived  to 
be  a  combination  of  two  fubftances,  prufliat  of  pot¬ 
afs  and  blue  pruffiat  of  iron.  Now  every  metallic  oxide 
has  a  ftronger  affinity  for  pruflic  acid  than  petals  has 
(and,  in  fad, Teems  to  have  a  ftronger  affinity  for  it 
than  for  any  other  fubftance).  If,  therefore,  there  hap. 
pen  to  be  any^  oxide  in*  the  folution,  it  immediately  feizes 
the  pruflic  acid  with  w’^^hich  the  potafs  is  combined,  and 
by  that  means  decompofes  the  triple  fait.  A  pruffiat 
of  the  particular  metal  is  formed,  and,  as  moft-  prumats 
of  metals  are  infoluble,  it  is  precipitated  ;  and  it  indb 
cates  by  its  colour  the  particular  metal,  and  by  its 


Partin, 

weight  the  quantity  of  metal  that  happens  to  be  pre-  Prufliats. 
fent.  At  the  fame  time  fire  blue  pruffiat  of  iron  is  ah 
fo  precipitated,  and  its  weight  muft  be  dedudfed  from 
the  quantity  of  the  precipitate. 

In  order  to  he  certain  of  the  accuracy  of  thefe  re- 
fults,  it  is  neceflary  to  have  a  fruffian  alkali  perfedlly 
pure,  and  to  be  certain  before  hand  of  the  quantity,  or 
rather  of  the  proportions  of  its  ingredients.  To  ob¬ 
tain  a  tell  of  this  kind  has  been  the  objedl  of  chemifts 
ever  Ance  the  difeoveries  of  Macquer  pointed  out  its 
importance.  It  is  to  the  ufe  of  impure  tefts  that  a 
great  part  of  the  contradictory  refults  of  mineralogical 
analyfes  by  difierent  chemifts  is  to  be  aferibed. 

There  are  two  *  ways  in  which  this  teft  may  be  ren-  *  See  Kir^ 
dered  impure,  befides  the  introduction  of  foreign  in- 
gredients,  which  we  do  not  mention,  becaufe  it  is 
vious  that  it  muft  be  guarded  againft.  i.  There  may  be  (liable  to 
a  fuperabundance  of  alkali  prefent,  or,  which  is  the  impuritiest- 
fame  thing,  there  may  be  mixed  with  the  Pruffian  teft 
a  quantity  of  pure  alkali  ;  or,  2.  There  may  be  contain*, 
ed  in  it  a  quantity  of  yellow  prufliat  of  iron,  for  which 
prufliat  of  potafs  has  alfo  a  confiderable  affinity. 

If  the  Pruffian  teft  contain  a  fuperabundance  of  al¬ 
kali,  two  inconveniences  follow.  This  fuperabundant 
quantity  will  precipitate  thofe  earthy  falts  which  are  li¬ 
able  to  contain  an  excefs  of  acid,  and  which  are  only 
foluble  by  that  excefs  :  Hence  alumina  and  barytes  will 
be  precipitated.  It  is  to  the  ufe  of  impure  tefts  of 
this  kind  that  we  owe  the  opinion,  that  barytes  and 
alumina  are  precipitated  by  the  Pruffian  alkali,  and  the 
confequent  theories  of  the  metallic  nature  of  thefe  earths. 

This  miftake  was  Aril  correCted,  we  believe,  by  Mr  Kla¬ 
proth. 

Another  inconvenience  ariAng  from  the  fuperabun¬ 
dance  of  alkali  in  the  Prufiian  teft  is,  that  it  gradually 
decorapofes  the  blue  prufliat  which  the  teft  contains, 
and  converts  it  into  yellow  prufliat.  In  what  manner 
it  does  this  will  be  underftood,  after  what  has  been  faid, 
without  any  explanation. 

On  the  other  hand,  when  the  Pruffian  alkali  contains 
a  quantity  of  yellow  pruffiat  of  iron,  as  great  inconve¬ 
niences  follow.  This  yellow  prufliat  has  an  affinity  for 
pruflic  acid,  which,  though  inferior  to  that  of  the  pot¬ 
afs,  is  ftill  confiderable  ;  and,^  on  the  other  hand,  the 
potafs  has  a  ftronger  affinity  for  every  other  acid  than 
for  the  pruflic.  When,  therefore,  the  teft  is  expofed-- 
to  the  air,  the  carbonic  acid,  which  the  atmofphere  al« 
ways  contains,  afiifted  by  the  affinity  between  the  yel¬ 
low  pruffiat  and  the  pruflic  acid,  decompofes  the  pruf- 
Aat  of  potafs  in  the  teft;.  and  the  yellow  pruffiat  is  pre¬ 
cipitated  in  the  form  of  Pruffian  blue  :  And  every  other 
acid  produces^  the  fame  efte6l.  A  teft  of  this  kind>- 
therefore,  would  indicate  the  prefence  of  iron  in  every 
mixture  which  contains  an  acid  (for  a  precipitation  of 
Prufiian  blue  would  appear)  ;  and  could  not,  therefore^ 
be  trufted  to  with  any  confidence.  843  *  ^ 

We  will  not  attempt  to  deferibe  the  various  methods  Klaproth’* 
which  different  chemifts  have  adopted  of  preparing  this  " 

tell  ;  but  ffiair  fatisfy  ourfelves  with  deferibing  the  ®  ^ 

method  of  Klaproth,  which  anfwers  the;  purpofe  com¬ 
pletely,  This  we  lhall.do  nearly  in  the  words  of  Mr 
Kir  wan. 

Prepare  a  pure  potafs,  by  gradually  projeamg  into  a 
large  crucible  heated  to  whitnefs  a  mixture  of  equal  parts 
of  purified  nitre  and  cryftals  of  tartar  ;  when  the  who.tC 
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PrulTiats.  i*s  injeded,  let  it  be  kept  at  a  white  heat  for  half  an 
hour,  to  burn  off  the  coal. 

Detach  the  alkali  thus  obtained  from  the  crucible, 
reduce  it  to  powder^  fpread  it  on  a  muffle,  and  expofe 
It  to  a  white  heat  for  half  an  hour. 

DifTolve  it  in  fix  times  its  weight  of  water,  and  filter 
the  folution  while  warm. 

Pour  this  folution  into  a  glafs  receiver,  placed  in  a 
fand  furnace,  heated  to  170°  or  i8o^  and  then  gradu¬ 
ally  add  the  bell  Pruflian  blue  in  powder,  injeiSling  new 
portions  according  as  the  former  becomes  grey,  and 
fupplying  water  as  fail  as  it  evaporates  ;  continue  until 
the  added  portions  are  no  longer  difcoloured,  then  in- 
creafe  the  heat  to  212°  for  half  an  hour. 

Filter  the  ley  thus  obtained,  and  faturate  it  with  ful- 
phuric  acid  moderately  diluted  ;  a  precipitate  wilf  ap¬ 
pear  ;  when  this  ceafes,  filter  off  the  whole,  and  wafh 
the  precipitate. 

Evaporate  the  filtered  liquor  to  about  one  quarter, 
and  fet  it  by  to  cryftallize  ;  after  a  few  days,  yellowifh 
cryftals  of  a  cubic  or  quadrangular  form  will  be  found 
mixed  with  fome  fulphat  of  potafs  and  oxide  of  iron  ; 
pick  out  the  yellowifh  cryftals,  lay  them  on  blotting 
paper,  and  rediffolve  them  in  four  times  their  weight  of 
cold  water,  to  exclude  the  fulphat  of  potafs. 

7.  Effay  a  few  drops  of  this  folution  with  barytic 
water,  to  fee  whether  it  contains  any  fulphuric  acid,  and 
add  fome  barytic  water  to  the  remainder  if  neceffary  : 
filter  off  the  folution  from  the  fulphat  of  barytes,  which 
will  have  precipitated,  and  fet  it  by  to  cryftallize  for  a 
few  days  ;  that  the  barytes,  if  any  ftiould  remain,  may 
be  precipitated.  If  the  cryftals  now  obtained  be  of  a 
pale  yellow  colour,  and  difeover  no  bluifh  ftreaks  when 
fprinkled  over  with  muriatic  acid,  they  are  fit  for  ufe ; 
but  if  they  ft  ill  difeover  bluilh  or  green  ftreaks,  the  fo- 
lutions  and  cryftallizations  muft  be  repeated. 

Thefe  cryftals  muft  be  kept  in  a  well-ftopped  bottle, 
which  to  preferve  them  from  the  air  fhould  be  filled  with 
alcohol,  as  they  are  infoluble  in  it. 

Before  they  are  ufed,  the  quantity  of  iron  they  con- 
fain  ftiould  be  afeertained,  by  heating  100  grains  to 
rednefs  for  half  an  hour  in  an  open  crucible  :  the  pruf- 
fic  acid  will  be  confumed,  and  the  iron  will  remain  in 
the  ftate  of  a  reddlfh  brown  magnetic  oxide,  which  ftiould 
be  weighed  and  noted  :  This  oxide  is  half  the  weight 
of  the  pruflian  blue  afforded  by  the  Pruflian  alkali  ;  its 
weight  muft  therefore  be  fubtra<Sled  from  that  of  me¬ 
tallic  precipitates  formed  by  this  teft.  Hence  the  weight 
of  the  cryftals,  in  a  given  quantity  of  the  folution,  ftiould 
be  noted,  that  the  quantity  employed  in  precipitation 
may  be  known.  Care  muft  be  taken  to  continue  the  cal¬ 
cination  till  the  oxide  of  iron  becomes  brown  ;  for  while 
♦  Ktrv)ans\X  is  black  it  weighs  confiderably  more  than  it  ftiould  *. 
Mineral,  Prufliat  of  foda  and  iron.  The  only  difcernible 

494*  difference  between  this  fait  and  the  laft  is,  that  it  cry- 
f  Serthollet,  ftallizes  differently  f . 

S44  10.  Prufliat  of  ammonia  and  iron.  This  triple  fait 

Pruffiat  of  jjgg  employed  as  a  teft  ;  but  it  is  not  fo  eafy 

and  iron.  obtain  it  in  a  iiate  or  purity  as  the  other  two.  It 
was  difeovered  by  Macquer,  and  firft  recommended  by 
Meyer. 

It  forms  fiat  hexangular  cryftals,  foluble  in  water, 
%Wculfe  dehquefees  in  the  air.  Pleat  decompofes  it  like  the 

Journ.  de  .  ^  rr 

lor.  We  ftiall  not  give  any  defcription  of  the  triple  falts 
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formed  by  digefting  tbc  alkaline  earths  on  prufliat  of  Sebat.«. 
iron  ;  they  are  fufficiently  knowm,  and  are  not  of  any 
ufe  except  as  tefts  5  and  in  that  refpe£l  they  are  inferior 
to  that  above  deferibed.  They  are  all  foluble  in  water, 
and  are  moft  of  them  capable  of  cryftallizing.  g  ;5 

II.  Prufliat  of  mercury.  This  fait,  which  was  firft  Prufliat  of 
formed  by  Scheele,  is  compofed  of  the  priiflic 
combined  with  the  red  oxide  of  mercury.  It  may  be 
formed  by  boiling  the  red  oxide  of  mercury  with  Pruf- 
fian  blue.  It  cryftallizes  in  tetrahedral  prifms,  termi¬ 
nated  by  quadrangular  pyramids,  the  fides  of  which  cor- 
refpond  with  the  angles  of  the  prifm. 

This  fait  is  capable  of  combining  with  fulphuric  and 
muriatic  acids,  and  forming  triple  falts,  which  have  not 
yet  been  examined  *.  •  BerMk^ 

Sect.  XXIV.  Of  Formats. 

The  compounds  into  which  the  formic  acid  enters 
are  called  formats.  We  fhall  not  deferibe  them,  as  little 
has  been  added  to  the  account  already  given  in  the  Ap¬ 
pendix  to  the  article  Chemistry  in  the  Encyclopaedia. 

Sect.  XXV.  Of  Sebafs. 

The  compounds  into  which  the  febacic  acid  enters 
are  called  febats.  For  our  knowledge  of  this  clafs  of 
falts  we  are  chiefly  indebted  to  the  celebrated  Crell, 
who  publiftied  a  differtation  on  the  febacic  acid  and  its 
combinations  in  the  Philofophical  Tranfa^Iions  for  1780 
and  1782.  ...  S46 

1.  Sebat  of  potafs.  This  fait  is  of  a  wdn’te  colour.  Alkaline  fe¬ 
lts  cryftals  are  quadrangular  pyramids,  of  which  two 
oppofite  fides  are  narrower  than  the  others.  It  has  a 

lharp  faline  tafte  like  muriat  of  ammonia,  but  milder. 

It  is  foluble  in  w^ater,  infoluble  in  alcohol,  and  does  not 
deliquefee  when  expofed  to  the  air.  Heat  decompofes  it. 

2.  Sebat  of  foda.  This  fait  is  white.  Its  cryftals 
are  pyramids,  with  three  or  four  fides  :  a  very  mode¬ 
rate  heat  melts  them. 

3.  Sebat  of  ammonia.  This  fait  in  tafte  and  folubi- 
lity  refcmbles  muriat  of  ammonia,  but  it  differs  from  it 
in  not  being  capable  of  fublimlng  iron. 

4.  Sebat  of  lime.  The  cryftals  of  this  fait  are  hex- Earthy  fe- 
agons,  terminated  by  a  plane  furface  :  they  have  a  ftiarpbats. 
acrid  tafte  ;  are  very  foluble  in  w^ater,  but  not  in  alco¬ 
hol  :  they  do  not  deliquefee. 

5.  Sebat  of  magnefia.  A  gummy,  faline,  uncry ftal- 
lizable  mafs. 

6.  Sebat  of  alumina.  A  gummy  faline  mafs,  which 
does  not  cryftallize,  and  has  an  auftere  aftringent  tafte.  «  » 

7.  Sebat  of  iron.  Needle- fhaped  cryftals,  which  de- Metallic f<2« 

liquefee.  bats. 

8.  Sebat  of  lead.  Needle-fhaped  cryftals,  very  folu¬ 
ble  in  water. 

9.  Sebat  of  tin.  A  white  deliquefeent  fait. 

10.  Sebat  of  copper.  This  fait  is  capable  of  cryftal¬ 
lizing,  but  is  very  deliquefeent.  ^ 

11.  Sebat  of  antimony.  A  cryftallizable  fait,  which 
does  not  deliquefee. 

12.  Sebat  of  arfenic.  Small  cryftals. 

13.  Sebat  of  mercury.  A  white  powder,  very  dif¬ 
ficultly  foluble  in  water. 

14.  Sebat  of  gold.  Yellow  cryftals. 

15.  Sebat  of  platinum.  Brownifh  yellow  cryftals. 

The  bombats  or  compounds  which  the  bombic  acid 

forms  are  ftill  unknown. 
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Sect.  XXV I.  Of  Arfmats. 

The  compounds  formed  by  the  combination  of  the 
arfenic  acid  with  bafes  are  called  arfeniats.  This  clafs 
of  falts  was  firft  difcovered  by  Macquer  ;  but  little  ac¬ 
curate  was  known  concerning  it  till  Schcele  made  known 
the  arfenic  acid. 

An  abflrad  of  Scheele’s  experiments  has  been  given 
hi  the  article  Chemistry,  EncycL 

To  his  defcription  of  arfeniats  feveral  additions  might 
be  made,  but  not  of  fufficient  confequence  to  warrant  a 
repetition  of  what  has  been  given  in  that  article  ;  and 
without  fuch  a  repetition  thefe  additions  would  fcarcely 
be  intelligible. 


Sect.  XXVIT.  Of  Metallic  Add  Salts. 

It  has  been  conjedured  that  all  metals  may  be  con¬ 
verted  into  acids  by  combining  them  with  a  fufficient 
quantity  of  oxygen.  This  conjedure  has  been  veiified 
in  a  confiderable  number  of  inftances.  We  have  feen 
the  arfenic  acid,  the  tungftic  acid,  the  molybdic  acid, 
and  the  new  metallic  acid  of  Vauquelin.  Berthollet 
has  difcovered  that  platinum  becomes  an  acid;  and 
the  fame  thing  has  been  afcertained  with  regard  to  tin. 
Even  thofe  metallic  oxides  which  do  not  poflefs  many 
of  the  charaders  of  acids  are  capable  of  combining  with 
alkalies  and  earths,  and  of  forming  peculiar  neutral  falts. 
Thefe  oxides,  therefore,  perform  the  office  of  acidp  ; 
and  confequently  muft  be  confidered  as  partaking  of 
their  nature,  or  rather  as  a  kind'  of  intermediate  fub- 
ftances  between  acids  and  thofe  bodies  wiiich  unite  only 
with  acids. 

Some  of  thefe  neutral  falts  we  ffiall  proceed  to  enu¬ 


merate.  ^  ^ 

I.  Aiirat  of  ammonia,  or  fulminating  gold.  This 
dnSd  fait  is  compofed  of  the  oxide  of  gold  and  ammonia. 

’  This  compound  maybe  formed  by  precipitating  gold 
from  nitro-muriatic  acid  by  ammonia.  The  precipitate 
is  fulminating  gold.  Bergman  was  the  hid  who  clear¬ 
ly  demonftrated  that  this  powder  Is  compofed  of  oxide 
of  gold  and  ammonia.  When  heated  a  little  above  the 
boiling  temperature  it  explodes  with  aftonlflilng  vio¬ 
lence.  ^  Chemifts  had  made  many  attempts  to  explain 
the  caufe  of  this  phenomenon,  but  without  fuccefs,  till 
Mr  Berthollet  difcovered  the  compofition  of  ammonia. 
After  making  that  difeovery,  he  proved,  by  a  number 
of  delicate  and  hazardous  experiments,  that  during  the 
fulmination  the  amimonia  is  decompofed,  that  its  hydro¬ 
gen  combines  with  the  oxygen  of  the  oxide  and  forms 
water,  while  the  azot  flies  off  In  a  gafeous  form,  and 
8^0  occafions  the  explofion.  ^ 

Fulmina-  2.  Argentat  of  ammonia,  or  fulminating  filver.  This 
ting  filver*  fubftance  was  difcovered  by  Mr  Berthollet.  It  may  be 
formed  by  diffolving  oxide  of  filver  in  ammonia.  It  is 
a  black  powder.  It  poffefles  the  fulminating  property 
much  more  powerfully  than  the  lafl;  defcribed  fubftance. 
The  flighteft  fridlion  makes  It  explode  with  violence. 
^  Berihollet.Thk  property,  as  Mr  Berthollet  has  proved*,  Is  owing 
jinn.cte  the  fame  decompofition  of  ammonia  and  formation 

Cbht,  L  water  that  caufes  the  explofion  of  fulminating  gold. 

If  a  fmall  retort  be  filled  with  the  liquor  from  which 
the:  fulminating  filver  has  been  precipitated,  and  be  made 
to  boil,  fome  azot  is  difengaged,  and  fmall  opaque  cry- 
ftals  are  formed  confifting  of  the  fame  fubftance;  which 
explode  when  touched,  though  they  be  covered  with 
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water.  Nitrat  and  muriat  of  barytes  precipitate  filver  Hydroful- 
from  this  fait.  .  .  ,  . 

3.  Mercurial  of  lime.  Oxide  of  mercury  boiled  with  j 

lime-water  forms,  by  evaporation,  fmall  tranfparent  yel- Mercuriat 
low  cryftals  *.  enure  and 

4.  Mercuriat  of  ammonia.  Oxide  of  mercury 
folves  in  ammonia  In  large  quantity,  and  by  ovapora- . 

tion  furnifhes  a  white  fait-]*.  ^  f  La^ofer^ 

5.  Cuprat  of  ammonia.  Oxide  of  copper  dlflblves^W. 
in  ammonia.  Mr  wSage  has  deicribed  its  cryftallization. 

It  is  decompofed  by  lime  and  potafs,  and  cuprat  of  ftnie 
and  potafs  are  formed.  ^  ^  833 

6.  Stannat  of  gold.  When  gold  Is  precipitated  byStannatof 
tin  it  unites  with  it.  Vogel  and  Beaurae  firft  obferved 

that  the  precipitate,  which  is  purple,  contained  tin.  854 

y.  Plumbat  of  lime.  Lime-water  boiled  on  the  red  Pl^mbat 
oxide  of  lead  diffolved  it.  This  folution,  evaporated  in  a^^ 
retort,  gave  very  fmall  tranfparent  cryftals,  forming  prif- 
matic  colours,  and  not  more  foluble  in  water  than  lime. 

It  is  decompofed  by  all  the  fulphats  of  alkalies  and  by  ful- 
phurated  hydrogen  gas.  The  fulphuric  and  muriatic 
acids  precipitate  the  lead.  It  blackens  wool,  the  nails, 
the  hair,  white  of  eggs  ;  but  it  does  not  affect  the  colour 
of  filk,  the  fl<in,  the  yoke  of  eggs,  nor  animal  oil.  It  is 
the  lead  which  is  precipitated  on  thefe  coloured  fub- 
ftances  in  the  ftate  of  oxide;  for  all  acids  can  diffolve  ii.  f  BertMIet, 
The  fimple  mixture  of  lime  and  oxide  of  lead  blackens 
thefe  fubftances  ;  a  proof  that  the  fait  Is  eafily  formed  37- 

8.  ZIncat  of  ammonia.  De  Caffone  has  publiflied  a^liucitof 
great  number  of  experiments  on  the  property  which 
ammonia  has  of  diffolving  oxide  of  zinc.  Lime-water  §  Id.  ibid, 
and  potafs  alfo  diffolve  it  J.  ^  ^ 

p.  Antimoniat  of  potafs.  When  antimony  is  ^ntimoniat 
nated  with  nitre  in  a  crucible,  part  of  Its  oxide  unites Q£pQjafs. 
with  the  potafs  of  the  nitre  ||.  \\  Id.  ibid. 


Chap.  Ill,  (yHYDROSULPHURETs. 

Sulphurated  hydrogen  gas,  which  has  been  deferi- Properties 
bed  in  the  firft  part  of  this  article,  poffeffes  almoft 
the  properties  of  acids.  It  combines  with  water, 
the  folution  gives  a  red  colour  to  vegetable  blues.  It 
decompofes  foaps  and  fulphurets,  and  Is  capable  of  com¬ 
bining  with  alkalies,  earths,  and  metallic  oxides,  and  of 
forming  compounds,  to  which  Mr  Berthollet,  to  whom 
we  are  indebted  for  difeovering  them,  has  given  the 
name  of  hydrofulphurets  f .  1  •  t 

Before  giving  any  account  of  thefe  compounds,  which  ckim,  xxv* 
we  fhall  do  from  the  paper  of  Berthollet  juft  quoted,  233. 
we  beg  leave  to  make  a  few^  previous  obfervations,  in 
order  to  redlify  fome  inaccuracies  into  which  we  have 
fallen  from  not  being  acquainted  with  the  expenments 

of  that  phllofopher.  ^  1 

Sulphur  is  capable  of  combining  with  alkalies,  earths,  Remarks 
metals,  and  metallic  oxides,  and  forming  the  compounds  on  fulphu- 
known  by  the  name  of  fulphurets.  The  alkaline,  earthy, 
and  even  fome  of  the  metallic  fulphurets,  can  only  exift 
in  a  ftate  of  drynefs;  the  Inftant  they  are  molftened  with, 
water,  a  quantity  of  fulphurated  hydrogen  gas  is  form¬ 
ed,  which  combines  with  the  fulphuret,  and  forms  a  new- 
compound.  To  thefe  triple  compounds  Mr  Berthollet 
has  given  the  name  of  hydrogenous  fulphurets.  All  fo- 
lutlons  of  fulphurets  In  water  are  In  tacTt  hydrogenous 
fulphurets.  Were  it  not  for  the  formation  and  combi¬ 
nation  of  fulphurated  hydrogen,  the  alkaline  fulphurets 

would 
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Hydroful-  would  be  completely  decompofed  by  water,  and  their 
^  ptmrets.  fulphur  precipitated  ;  for  water  has  a  ftronger  affinity 
for  the  alkalies  than  fulphur  has.  This  Bei  thollet  pro¬ 
ved  by  the  following  experiment  :  To  a  folution  of  ful- 
phiiret  of  potafs  in  water  (that  is,  to  hydrogenous  ful- 
phuret  of  potafs),  a  quantity  of  oxy-muriatic  acid  fu- 
perfaturated  with  potafs  was  added,  and  the  fulphnr 
was  immediately  precipitated.  In  this  experiment  the 
fulphurated  hydrogen  was  deftroyed  by  the  oxygen  of 
the  oxy-mnriatic  acid  ;  and  th^  precipitation  of  the  ful¬ 
phur  fhews  that  its  affinity  for  potafs  was  not  fufficient 
to  keep  it  dilTolved,  or,  which  is  the  fame  thing,  that 
its  affinity  for  potafs  was  inferior  to  that  of  water. 

The  fuhftance  which  we  deferibed  in  Part  I.  chap.  iii. 
fedl.  4.  of  this  article,  under  the  name  of  Black  Svl~ 
phuret  of  MercuKy^  is  a  hydrogenous  fulphuret  of  mer¬ 
cury,  and  therefore  dlft'ers  from  the  red  fulphuret  of 
mercury  or  cinnabar  by  containing  a  quantity  of  ful¬ 
phurated  hydrogen.  Potafs  has  a  ftronger  affinity  for 
this  laft  fubftance  than  the  fulphuret  ;  potafs  therefore, 
by  the  affillance  of  heat,  deprives  the  black  or  hydro¬ 
genous  fulphuret  of  its  fulphurated  hydrogen,  and  re¬ 
duces  it  to  the  ftate  of  red  fulphuret.  This  explains 
the  method  of  forming  cinnabar  deferibed  in  the  fedlion 
above  referred  to,  and  points  out  a  much  eafier  procefs 
for  obtaining  that  ufefnl  pigment. 

We  fhall  now  proceed  to  the  method  of  forming  the 
hydrofulphurets.  Berthollet  obtained  fulphurated  hy¬ 
drogen  gas  from  fulphuret  of  iron  in  the  ufual  manner, 
by  means  of  fulphuric  acid.  It  was  made  to  pafs  thro’ 
a  vefiel  filled  with  water  before  it  entered  that  in  which 
the  combination  was  to  take  place.  By  this  method  a 
folution  of  potafs  was  impregnated  with  fulphurated  hy¬ 
drogen  ;  and  in  order  to  be  certain  of  faturating  the 
alkali  completely,  the  gas  was  added  in  excefs,  and  the 
excefs  was  afterwards  driven  off  by  means  of  heat.  By 
th  is  method  hydrofulphurets  of  potafs,  foda,  and  ammo¬ 
nia,  may  be  formed. 

In  order  to  form  hydrofulphuret  of  lime,  that  earth 
was  mixed  with  diftilled  water,  and  fulphurated  hydro¬ 
gen  gas  paffed  into  this  mixture  till  a  fufficient  quan¬ 
tity  of  hydrofulphuret  was  judged  to  be  formed  ;  the  li- 
quid,  which  contained  it  in  folution,  was  poured  off  the 
undiffolved  lime,  and  faturated  to  excefs  with  fulphura¬ 
ted  hydrogen,  and  this  excefs  was  afterwards  driven  off 
by  means  of  heat. 

Hydrofulphuret  of  magnefia  may  be  formed  by  dif- 
folving  magnefia  in  water  impregnated  with  fulphura¬ 
ted  hydrogen  gas. 

If  a  folution  of  fulphuret  of  barytes  in  water,  or, 
more  properly,  if  hydrogenous  fulphuret  of  barytes  be 
evaporated,  a  great  number  of  confufed  cryftals  are 
formed  ;  if  thefe  be  feparated  quickly  by  filtration,  and 
placed  upon  blotting  paper  to  dry,  a  white  cryftalline 
fubftance  is  obtained,  which  is  hydrofulphuret  of  ba¬ 
rytes. 

The  affinities  of  the  alkalies  and  earths  for  fulphura¬ 
ted  hydrogen  appear,  from  the  experiments  of  Berthol¬ 
let,  to  be  as  follows  ; 

Barytes, 

Potafs, 

Soda, 

Lime, 

Ammonia, 
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Magnefia,  Hydrrful- 

Jargonia.  ^  1  ^  ^ 

Almoft  all  the  metallic  oxides  have  a  ftronger  affinity 
for  fulphurated  hydrogen  than  the  earths  have, 

When  the  hydrofiilphiirats  are  prepared  with  the  ne-  Properties 


ceffary  precautions  to  prevent  the  contaift  of  atmofphe- hydro- 
rical  air,  they  arc  colourlefs,  but  the  adlion  of  the  air  ^  P 
renders  them  yellow. 

If  they  be  decompofed  while  they*  are  colourlefs,  by 
pouring  upon  them  fulphuric  acid,  muriatic  acid,  or 
any  other  acid  which  does  not  a£l  upon  hydrogen,  the 
fulphurated  hydrogen  gas  exhales  without  the  dtpofition 
of  a  fingle  particle  of  fulphur  ;  but  if  the  hydroliilphu- 
ret  has  become  yellow,  fome  fulphur  is  always  depofited 
during  its  decoiiipofition,  and  the  quantity  of  fulphur  is 
proportional  to  the  dcepnefs  of  the  colour. 

The  yellow  colour,  therefore,  which  hydrofulphurets 
acquire  by  expofure  to  the  atmofphere  is  owing  to  a 
commencement  of  decompofition.  Part  of  the  hydro- 
gen  of  the  fulphurated  hydrogen  abandons  the  fulphur, 
combines  with  the  oxygen  of  the  atmofphere,  and 
forms  water.  By  degrees,  however,  a  portion  of  the 
fulphur  is  alfo  converted  into  an  acid  ;  and  when  the 
proportion  of  fulphurated  hydrogen  is  diminiflied,  and 
that  of  the  fulphur  inereafed  to  a  certain  point,  the  ful¬ 
phur  and  the  hydrogen  combine  equally  with  oxygen. 

If  fulphuric  or  muriatic  acids  be  poured  upon  a  hy¬ 
drofulphuret  after  it  has  been  for  fome  time  expofed  to 
the  air,  a  quantity  of  fulphurated  hydrogen  gas  exhales, 
fulphur  is  depofited,  and  after  an  interval  of  time  fulphu- 
rous  acid  is  difengaged.  It  is  therefore  fulphurous,  and 
not  fulphuric  acid,  which  is  formed  while  the  hydro¬ 
fulphuret  fpontaneoufiy  abforbs  oxygen.  This  acid, 
however,  is  not  perceptible  till  after  a  certain  interval 
of  time  when  feparated  from  the  hydrofulphuret  by 
means  of  an  acid  ;  becaufe  as  long  as  It  meets  with  ful- 
phurated  hydrogen  a  reciprocal  decompofition  takes 
place.  The  oxygen  of  the  acid  combines  with  the  hy¬ 
drogen  of  the  gas,  and  the  fulphur  of  both  is  precipi¬ 
tated.  S63 

Sulphurated  hydrogen  is  capable  of  combining  with  Metallin®' 
feveral  of  the  metals,  mercury,  for  inftance,  and  lilver  :  hydroful- 
it  combines  with  the  greater  number  of  the  metallic  ox- ^ 
ides,  and  forms  hydrofulphurets,  on  which  the  alkalies 
have  no  acftlon  at  the  temperature  of  the  atmofphere  : 

But  concentrated  acids  combine  with  the  oxides  of  thefe 
hydrofulphurets,  and  feparate  the  fulphurated  hydrogen 
in  the  form  of  gas. 

In  the  greater  number  of  thefe  metallic  oxide  hydro- 
fulphuret s,  the  tendency  which  oxygen  and  hydrogen 
have  to  combine  occafions  a  partial  decompofition  of 
the  fulphurated  hydrogen,  and  brings  the  oxides  nearer 
to  the  metallic  ftate.  In  fome  of  thefe  hydrofulphurets 
part  of  the  fulphur  alfo  combines  with  oxygen,  and 
forms  fulphuric  acid. 

The  alkaline  hydrofulphurets  precipitate  all  the  me¬ 
tals  from  their  combination  with  acids ;  they  are  there¬ 
fore  very  valuable  tefts  of  the  prefence  of  metals  in  any 
folution,  as  they  do  not  precipitate  any  of  the  earths 
except  alumina  and  jargonia.  The  following  Table  ex¬ 
hibits  a  view  of  the  effe£I  of  hydrofulphuret  of  potafs,. 
hydrogenous  fulphuret  of  potafs,  and  water  impregna¬ 
ted  with  fulphurated  hydrogen  gas,  upon  various  me¬ 
tallic  folution  s» 


Metallic 
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Metallic  Solutions. 

Solution  of  Hydn  genous  Sul- 
j'huret  of  Potafs. 

Water  impi  egnated  wrh  Sul- 
phuratea  Hydiogen  Gas. 

Hydrofulphuret  of  Potafs. 

Green  fiilphat  of 
iron. 

A  black  precipitate,  which 
becomes  yellow  by  the  con* 
ta£f  of  the  air. 

A  black  precipitate.  The 
potafs  feparated. 

Red  oxide  of  iron. 

Becomes  black.  The  liquor 
remains  very  deep  coloured 
if  there  be  an  excefs  of  ful- 
phurated  hydrogen. 

Becomes  black. 

Sulphat  of  zinc. 

A  white  precipitate. 

A  white  precipitate. 

A  white  precipitate. 

Acetite  of  lead. 

A  white  precipitate,  which  by 
an  addition  becomes  black. 

A  black  precipitate. 

A  black  precipitate. 

Red  oxide  of  lead. 

liecomes  black. 

The  potafs  feparated. 

Nitrat  of  bifmuth. 

A  black  precipitate. 

A  black  precipitate. 

Oxide  of  bifmuth. 

Becomes  black. 

Nitrat  of  filver. 

A  black  precipitate. 

A  black  precipitate. 

A  black  precipitate. 

Sulphat  of  copper. 

A  brown  precipitate. 

A  black  precipitate. 

A  black  precipitate. 

Green  oxide  of  cop¬ 
per. 

Becomes  black. 

Separation  of  the  potafs. 

Nitrat  of  mercury. 

In  a  great  deal  of  water,  a 
brown  colour. 

A  brownilh  black  precipi¬ 
tate. 

A  brownilh  black  precipi¬ 
tate. 

Oxy-rauriat  of  mer¬ 
cury. 

A  white  precipitate,  which 
becomes  black  by  addition. 

A  white  precipitate,  beco¬ 
ming  black  by  an  addition. 

White,  becomes  black  by  ad¬ 
dition. 

Red  oxide  of  mcr- 
cury. 

Blackifh. 

A  heat  produced  which  cau- 
fed  the  hydrofulphuret  to  boil. 
The  alkali  feparated  (a). 

Muriat  of  tin. 

A  black  precipitate. 

Oxy-muriat  of  tin. 

A  precipitation  of  fulphur, 
and  of  the  oxide. 

No  change. 

A  precipitate  of  white  oxide 
of  tin,  and  a  difengagement 
of  fulphurated  hydrogen  gas. 

White  oxide  of  tin. 

No  change. 

Difengagement  of  fulphura¬ 
ted  hydrogen  gas. 

Sulphat  of  manga- 
nefe. 

No  change. 

A  white  precipitate. 

Black  oxide  of  man- 
ganefe. 

The  odour  difappears.  An 
excefs  of  the  water  diflblves 
the  oxide. 

Ammonia  difengaged.  Heat. 
The  liquor  boils  (a). 

Nitrat  of  antimony. 

A  reddifh orange  precipitate. 

Tartrite  of  antimo¬ 
ny. 

A  yellow  orange  precipitate. 

An  orange  colour,  but  no 
precipitate. 

An  orange  red  precipitate, 
rediflblved  by  an  Excefs  of 
hydrofulphuret. 

White  oxide  of  an¬ 
timony. 

Becomes  yellow  after  fome 
feconds. 

Theliquor  lofes  its  colour(A). 

Metallic 


(a)  In  thefe,  hydrofulphuret  of  ammonia  was  ufed  inllead  of  hydrofulphuret  of  potafs. 
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Metallic  Solutions. 

Solution  of  Hydroj^enous  Sul- 
phuret  of  Potaf;*. 

Water  impregnated  with  Sul¬ 
phurated  Hydrogen  Gas. 

Hydrofulphuret  of  Potafs. 

Oxide  of  antimony 
fublimed. 

Scarcely  changes  colour. 

Solution  of  oxide  of 
arfenic. 

Sulphuret  decompofed  as  by 
an  acid. 

Becomes  fomewhat  muddy, 
and  of  a  yellow  colour. 

A  yellow  colour,  but  no  pre¬ 
cipitate. 

Sulphat  of  titanium. 

A  precipitate  of  a  deep  green. 

Molybdic  acid. 

A  brown  precipitate. 

A  brown  precipitate. 
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Chap.  IV.  0/ Crystallization. 

The  word  cr^al,  in  its  {lri(^  and  proper  fenfe,  fig- 
nifies  a  tranfparent  body  poflefTed  of  a  regular  figure. 
But  it  is  now  ufed  to  denote  a  body  which  has  affumed 
a  regular  figure  whether  it  be  tranfparent  or  not.  Cry^ 
Jlalli^ation  is  the  aa  by  which  this  regular  figure  is 
formed. 

As  the  greater  number  of  cryftals  belong  to  the  clafs 
of  neutral  falts,  it  may  not  be  improper,  before  we  con¬ 
clude  this  part  of  the  article,  to  make  a  few  obfervations 
on  the  phenomena  of  cryftallization. 

As  cryftallization  is  confefledly  nothing  elfe  than  the 
regular  arrangement  of  the  particles  of  bodies^  it  is  evi¬ 
dent  that  before  it  can  take  place  the  particles  of  the 
body  to  be  cryftallized  muft  be  at  fome  diftance  from 
each  other,  and  that  they  muft  be  at  liberty  to  obey  the 
laws  of  attradfion,  They  may  be  put  into  this  fit  nation 
by  three  methods,  foliition,  fufpenfion,  and  fufion. 

u  Solution  is  the  common  method  of  eryftallizing 
falts.  They  are  diflblved  in  water  :  The  water  is  flow- 
ly  evaporated,  the  faline  particles  gradually  approach 
each  other,  combine  together,  and  form  fmall  cryftals ; 
which  become  conftantly  larger  by  the  addition  of  other 
particles  till  at  iaft  they  fall  by  their  gravity  to  the  bot¬ 
tom  of  the  veflel.  It  ought  to  be  remarked,  however, 
that  there  are  two  kinds  of  folution,  each  of  which  pre- 
fents  different  phenomena  of  cryftallization.  Some  falts 
diffolve  in  very  fmall  proportions  in  cold  water,  but  are 
very  foluble  in  hot  water  ;  that  is  to  fay,  water  at  the 
common  temperature  has  little- effedl  upon  them,  but 
water  combined  with  caloric  diffolves  them  readily. 
When  hot  water  faturated  with  any  of  thefe  falts  cools, 
it  becomes  incapable  of  holding  them  in  folution  :  tlie 
confequence  of  which  is,  that  the  faline  particles  gra¬ 
dually  approach  each  other  and  cryftallize,  Sulphat  of 
foda  is  a  fait  of  this  kind.  To  cryftallize  fuch  ffalts, 
nothing  more  is  neceffary  than  to  faturate  hot  water 
with  them,  and  fet  it  by  to  cool^  But  were  we  to  at¬ 
tempt  to  cryftallize  them  by  evaporating  the  hot  water, 
we  fhould  not  fucceed  ;  nothing:  would  be  procured  but 
a  fhapelefs  mafs.  Many  of  the  falts  which  follow  this 
law  of  cryftallization  combine  with  a  great  deal  of  wa¬ 
ter  ;  or,  which  is  the  fame-thiHg,  many  cryftals  formed 
in.  this  manner  contain  a  great  deal  of  water  of  cryftai- 
iizationr 

There  are  other  falls  again  which  arc  nearly  equally 
foluble  in  hot  and  cold  water ;  common  fait  for  inftance. 
It  is  evident  that  fuch  falts  cannot  be  cryftallized  by 


cooling  ;  but  they  cryftallize  very  well  by  evaporating 
tlieir  folution  while  hot.  Thefe  falts  generally  contain 
but  little  water  of  cryftallization. 

2.  It  appears,  too,  that  fome  fubftances  arc  capable 

of  affuming  a  cryftalline  form  merely  by  having  their 
particles  fufpended  in  water,  without  any  regular  folu¬ 
tion  ;  at  leaft  it  is  not  eafy,  on  any  other  fuppofition, 
to  explain  the  cryftallizations  of  carbonat  of  lime  fome- 
times  depofited  by  waters  that  run  over  quantities  of 
that  mineral,  ^ 

3.  There  are  many  fubftances,  however,  neither  fo-^ndfu- 
lubie  in  water,  nor  capable  of  being  fo  minutely  divided  flon. 

as  to  continue  long  fufpended  in  that  fluid;  and  which, 
notwithftanding,  are  capable  of  affuming  a  cryftalline 
form.  This  is  the  cafe  with  the  metals,  with  glafs,  and 
fome  other  bodies.  The  method  employed  to  cryftal¬ 
lize  them  is  fufion^  which  is  a  folution  by  means  of  ca¬ 
loric.  By  this  method  the  particles  are  feparated  from 
one  another;  and  if  the  cooling  goes  on  gradu^ally,  they 
are  at  liberty  to  arrange  themfelves  in  regular  cryftals. 

There  are  many  fubftances,  however,  which  it  has  been  > 
hitherto  impoffible  to  reduce  to  a  cryftalline  form,  either^ 
by  thefe  or  any  other  method.  Whether  this  be  owing  * 
to  the  nature  of  thefe  bodies  themfelves,  or  to  our  ig¬ 
norance  of  the  laws  by  which  cryftals  are  formed,  as  is  ? 
much  more  likely,  cannot  be  determined.^  , 

The  phenomena  of  cryftallization  feem  to  have 
tra£led  but  little  of  the  attention  of  the  ancient  philo-  zarion  ex- 
fophers.  Their  theory  indeed,  that  the  elements  of  bo-  plained, 
dies  poffefs  certain  regular*  geometrical  figures,  may 
have  been  fuggefted  -by  thefe  phenomena  ;  but-  we  are 
ignorant  of  their  having  .made  any  regular  attempt  to 
explain  them.  The  fchoolmen  aferibed  the  regular  fi¬ 
gure  of  cryftals  to  their  fubftantial  forms,  without  giving 
themfelves  much  trouble. about  explaining  the  meaning  ; 
of  the  term.  This  notion  was  attacked  by  Boyle  ;  who 
proved  that  cryftals  were  formed  by  the  mere  aggrega¬ 
tion  of  particles  But  it  ftill  remained  to  explain, 
why  that  aggregation  took  place?  and  why  the  parti- 
cles  united  in  fueh  a  manner  as  to  form  regular  Forms  and 

Thefe  quellions  were  anfwered  by  Newton.  Accord- 
ing  to  him,  the  aggr.egation  is  produced  by  t}\e  at- 
traction  which  he  had  proved  to  exift  between  the  par¬ 
ticles  of  all  bodies,  and  which  acts  as  foon  as  thefe 
particles  are  brought  within  a  certain  diftance  of  each 
other  by  the  evaporation  of  the  liquid  in  which  they  are 
diflblved.  The  regularity  of  their  figures  he  explained 
by  fuppofing,  that  while  in  a  ftate  of  folution  they  were 
arranged  in  the  liquid  in  regular  rank  and  file;  the  con-  - 
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fequence  of  which,  as  they  at*e  a(3:ed  upon  by  a  power 
which  at  equal  diftances  is  equal,  at  unequal  diftances 
Unequal,  will  be  cryftals  of  determinate  figures 

This  explanation,  which  is  worthy  of  Newton,  is 
now  univeifally  admitted  as  the  true  one,  and  has  con¬ 
tributed  much  towards  elucidating  this  important  part 
of  cbemillry. 

Still,  however,  there  remain  various  phenomena  re¬ 
lating  to  cryftallization,  which  it  is  no  eafy  matter  to 
explain. 

It  has  been  obferved,  that  thofe  falts  which  cryllaK 
lize  upon  cooling,  do  not  afTume  a  cryftalline  form  fo 
readily  if  they  are  allowed  to  cool  in  clofe  veflels.  If 
a  faturated  foliition  of  fulphat  of  foda,  for  iuftance,  in 
hot  water  be  put  into  a  phial,  corked  up  clofely,  and 
allowed  to  cool  without  being  moved,  no  cryftals  are 
formed  at  all  ;  but  the  moment  the  glafs  is  opened,  the 
fait  cryftallizes  with  fuch  rapidity  that  the  whole  of  the 
folution  in  a  manner  becomes  folid.  This  phenomenon 
has  been  explained  by  fuppofing  that  there  is  an  affi¬ 
nity  between  the  fait  and  caloric,  and  that  while  the 
caloric  continues  combined  with  it  the  fait  does  not  cry- 
ftallizc;  that  the  caloric  does  not  leave  the  fait  fo  readi¬ 
ly  when  external  air  is  not  admitted,  as  glafs  receives  it 
very  flowly  and  parts  with  it  very  flovvly.  In  ftiort, 
the  atmofpherical  air  feems  to  be  the  agent  employ¬ 
ed  to  carry  olT  the  caloric  ;  a  talk  for  which  it  is  re¬ 
markably  well  fitted,  on  account  of  the  change  of  den- 
fity  which  it  undergoes  by  every  addition  of  caloric. 
This  is  confirmed  by  the  quantity  of  caloric  which 
always  makes  its  appearance  during  thefe  fudden  cry- 
ftallizations.  This  explanation  might  be  put  to  the 
tell  of  experiment,  by  putting  two  folutions  of  fulphat 
of  foda  in  hot  water  in  two  limilar  vefiels;  one  of  glafs, 
the  other  of  metal,  and  both  clofed  in  the  fame  man¬ 
ner.  If  the  fait  contained  in  the  metallic  velTcl  cry- 
ftallized,  which  ought  to  be  the  cafe  on  account  of  the 
great  cond lifting  power  of  metals,  while  that  in  the 
glafs  veflel  remained  liquid,  this  would  be  a  confirma¬ 
tion  of  the  theory,  amounting  almoll  to  demonftration. 
On  the  contrary,  if  both  folutions  remained  liquid,  it 
would  be  a  proof  that  the  phenomenon  was  ftill  incom¬ 
pletely  underftood. 

Not  only  falts,  but  water  itfelf,  which  commonly  cry¬ 
ftallizes  at  32^,  may  be  made  to  exhibit  the  fame  phe¬ 
nomenon  ;  it  may  be  cooled  much  lower  than  32*^  with¬ 
out  freezing.  This,  as  Dr  Black  has  completely  pro¬ 
ved,  depends  entirely  upon  the  retention  of  caloric. 

If  the  regular  form  of  cryftals  depends  upon  the  ag¬ 
gregation  of  particles,  and  if  during  all  cryftallizations 
this  aggregation  goes  on  in  the  fame  manner,  why  have 
not  all  cryftals  the  fame  form  ?  Some  have  aferibed 
thefe  differences  to  a  certain  polarity  which  the  par¬ 
ticles  of  bodies  are  fuppofed  to  poffefs,  and  which  dif- 
pofes  each  kind  of  particles  to  arrange  themfelves  ac¬ 
cording  to  a  certain  law.  Sir  Ifaac  Newton  appears  ra¬ 
ther  to  have  aferibed  it  to  the  forms  of  the  particles 
‘  themfelves  j'  ;  and  this  feems  to  be  the  real  folution  of 
the  problem.  For  fuppofing  that  all  particles  have  the 
fame  form,  they  muft  of  courfe  poffefs  the  fame  polari¬ 
ty;  and  therefore  every  cryftal  muft  have  the  fame  form. 
It  is  impoffibie,  then,  to  account  for  the  different  forms 
of  cryftals  without  fuppofing  that  the  particles  which 
compofe  them  have  alfo  different  forms.  And  if  the 
particles  of  bodies  have  different  forms,  their  regular 
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aggregation  muft  produce  cryftals  of  various  fhnpea  j  Cryflallua- 
and  therefore  their  polarity,  which  is  merely  a  fuppofi-  *^1*^”* 
tion  founded  on  this  difference  in  the  appearance  of  ^ 
cryftals,  cannot  be  admitted.  Sappofe,  for  inftance, 
that  eight  cubic  particles  were  regularly  arranged  in 
water,  and  that  by  the  gradual  evaporation  of  the  li¬ 
quid  were  to  approach,  and  at  laft  to  combine,  it  is 
evident  that  the  cryftal  which  they  would  produce 
would  be  a  cube.  Eight  fix-fided  prifms  would  alfo 
produce  a  fix-fided  prifm;  and  eight  tetrahedrons  would 
form  a  very  different  figure. 

But  it  will  be  aflced,  if  the  figure  of  cryftals  depends 
entirely  upon  the  form  of  the  particles  that  compofc 
them,  how  comes  it  that  the  fame  fubftance  does  not 
always  cryftallize  in  the  fame  way,  but  prefents  often 
fuch  a  variety  of  forms  that  it  is  fenreely  pcffible  to 
reckon  them?  We  aiifwer,  that  thefe  various  forms  are 
fometimes  owing  to  variations  in  the  ingredients  which 
compofe  the  integrant  particles  of  any  particular  body. 

Alum,  for  inftance,  cryftallizes  in  octahedrons;  but 
when  a  quantity  of  alumina  is  added,  it  cryftallizes  in 
cubes  ;  and  when  there  is  an  excefs  of  alumina,  it  does 
not  cryftallize  at  all.  If  the  proportion  of  alumina  va¬ 
ries  between  that  which  produces  octahedrons  and  what 
produces  cubic  cryftals,  the  cryftals  become  figures  with 
fourteen  Tides  ;  fix  of  which  are  parallel  to  thofe  of  the 
cube  and  eight  to  thofe  of  the  octahedron  ;  and  ac¬ 
cording  as  the  proportions  approach  nearer  to  thofe 
which  form  cubes  or  octahedrons,  the  cryftals  affume 
more  or  lefs  of  the  form  of  cubes  or  octahedrons.  What 
is  ftill  more,  if  a  cubic  cryftal  of  alum  be  put  into  a 
folution  that  would  afford  octahedral  cryftals,  it  paffes 
into  an  octahedron  :  and,  on  the  other  hand,  an  octahe¬ 
dral  cryftal  put  into  a  folution  that  would  afford  cubic 
cryftals,  becomes  itfelf  a  cube  Now,  how  difficult  a  # 
matter  it  is  to  proportion  the  different  ingredients  with^;,«. 
abfolute  exactnefs,  muft  appear  evident  to  all.  Chim.  aWP 

Another  circiimftance  which  contributes  much  to  va- ^^9- 
ry  the  form  of  cryftals,  is  the  difi'erent  degree  of  con- 
centratioii  to  which  their  folution  has  been  reduced,  and 
the  rapidity  or  flownefs  with  which  they  are  formed. 

For  it  is  too  evident  to  require  illuftration,  that  when 
cryftals  are  depofited  very  rapidly  they  muft  obftru£l 
one  another,  and  mix  together  fo  as  very  much  to  ob- 
feure  the  natural  regularity  of  their  form. 

Even  the  nature  of  the  veffel  in  which  the  cryftalliza¬ 
tion  is  performed  is  not  without  fome  influence. 

But,  independent  of  thefe  accidental  circumftances,  ^  ^ 

Mr  Hauy  has  ffiewn  that  every  particular  ipecies  ot  Qj.y  ^ry, 
cryftals  has  a  primitive  figure,  and  that  the  variations ftals. 
are  owing  to  the  different  ways  in  which  the  particles 
arrange  themfelves.  Of  this  theory,  which  is  certainly^ 
exceedingly  ingenious,  and  even  fatisfa6lory,  we  fhall 
attempt  to  give  a  fhort  view. 

Happening  to  take  up  a  hexangular  prifm  of  calca¬ 
reous  fpar,  or  carbonat  of  lime,  which  had  been  detached 
from  a  group  of  the  fame  kind  of  cryftals,  he  obferved 
that  a  fmall  portion  of  the  cryftal  was  wanting,  and  that 
the  fra6lure  prefented  a  very  fmooth  furface.  Let  abode 
fg  h  (fig.  8.)  be  the  cryftal;  the  fradure  lay  obliquely  as 
the  trapezium psut,  and  made  an  angle  of  I35°>  both 
with  the  remainder  of  the  bafe  ahesph  and  with/w^y*,  the 
remainder  of  the  fide  In  ef.  Obferving  that  the  fegment 
psutin  thus  cut  offhad  for  its  vertex  /«,  one  of  the  edges 
of  the  bafe  abenihoi  the  prifm,  he  attempted  to  detach 

a 
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Cryftalliza-a  fimilar  fegment  in  the  part  to  which  the  next  edge 
,  .  c  n  belonged,  employed  for  that  purpofe  the  blade  of 

a  knife,  directed  in  the  fame  degree  of  obliquity  as  the 
trapezium/)  s  u  ty  and  aflifted  by  the  ftrokes  of  a  ham¬ 
mer.  He  could  not  fucceed :  But  upon  making  the 
attempt  upon  the  next  edge  b  r,  he  detached  another 
fegment,  precifely  fimilar  to  the  lirft,  and  which  had  for 
its  vertex  the  edge  b  c.  He  could  produce  no  effedl  on 
the  next  edge  a  b  ;  but  from  the  next  following,  a  hy 
he  cut  a  fegment  fimilar  to  the  other  two.  The  fixth 
edge  likewife  proved  refradlory.  He  then  went  to  the 
other  bafe  of  the  prifm  d  e  f  g  h  Vy  and  found,  that  the 
edges  which  admitted  fedions  fimilar  to  the  preceding 
ones  were  not  the  edges  e  fy  d  r,  g  ky  correfponding  wnth 
thofe  which  had  been  found  divifible  at  the  oppofite 
bafe,  but  the  intermediate  edges  dcyhry  gf.  The  tra¬ 
pezium  I  q  y  V  reprefents  the  fedlion  of  the  fegment, 
which  had  h  r  for  its  vertex.  This  fedlion  was  evident¬ 
ly  parallel  to  the  fedion  p  s  ut  ;  and  the  other  four  fec- 
tions  were  alfo  parallel  two  and  tw’’o.  Thefe  fedions 
were,  without  doubt,  the  natural  joinings  of  the  layers 
of  the  cryftal.  And  he  eafily  fucceeded  in  making 
others  parallel  to  them,  without  its  being  pollible  for 
him  to  divide  the  cryftal  in  any  other  diredlion.  In 
this  manner  he  detached  layer  after  layer,  approaching 
always  nearer  and  nearer  the  axis  of  the  prifm,  till  at 
laft  the  bafes  difappeared  altogether,  and  the  prifm  was 
converted  into  a  folid  OX  (fig.  9.),  terminated  by 
twelve  pentagons,  parallel  tw^o  and  two  ;  of  which 
thofe  at  the  extremities,  that  is  to  fay,  ASRIO,  IG 
EDO,  BAODC  at  one  end,  and  FKNPQ^MNPXU, 
other,  were  the  refults  of  mechanical 
divilion,  and  had  their  common  vertices  O,  P  fituated 
at  the  centre  of  the  bafes  of  the  original  prifm.  The 
fix  lateral  pentagons  RSUXY,  ZYRIG,  &c.  were  the 
remains  of  the  fix  fides  of  the  original  prifm. 

By  continuing  fedions  parallel  to  the  former  ones, 
the  lateral  pentagons  diminifhed  in  length  ;  and  at  laft 
the  points  R,  G  coinciding  with  the  points  Y,  Z,  the 
points  S,  R  with  the  points  U,  Y,  See.  there  remained 
nothing  of  the  lateral  pentagons  but  the  triangles  YIZ, 
UXY,  See,  (fig.  10.).  By  continuing  the  fame  fec- 
tions,  thefe  triangles  at  laft  difappeared,  and  the  prifm 
was  converted  into  the  rhomboid  a  e  (fig.  i  r.). 

So  unexpeded  a  refult  induced  him  to  make  the 
fame  aUempt  upon  more  of  thefe  cryftals  ;  and  he  found 
that  all  of  them  could  be  reduced  to  fimilar  rhomboids. 
He  found  alfo,  that  the  cryftals  of  other  fubftances 
could  be  reduced  in  the  fame  manner  to  certain  primi¬ 
tive  forms  ;  always  the  fame  in  the  fame  fubftances,  but 
every  fubftance  having  its  own  peculiar  form.  The 
primitive  form  of  Juat  lime,  for  inftance,  was  an  oc 
tahedron  ;  of  fulphat  of  barytes,  a  prifm  with  rhomboi- 
dal  bales  ;  of  field-fpath,  an  oblique  angled  parallelopi- 
ped,  but  not  rhomboidal  ;  of  adamantine  fpar,  a  rhom¬ 
boid,  fomewhat  acute  ;  of  blende,  a  dodecahedron,  with 
.  rhomboidal  fides  ;  and  fo  on. 

I’hefe  mull  be  conlldered  as  the  real  primitive  forms 
of  the  cryftals ;  the  other  forms  which  they  often  af- 
fume  may  be  called  fecendary  forms. 

The  primitive  cryftals  obtained  by  the  above  procefs 
maybe  divided  byfedions  parallel  to  their  different  fides; 
all  the  matter  which  fiirroimded  this  primitive  crvftal 
SuppL,  VoL,  1.  Parti, 
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may  alfo  be  divided  by  fedlions  parallel  to  the  fides  of  Ciyflaiiizu'. 
the  primitive  cryftal.  It  follows  from  this,  that  the  , 
parts  detached  by  means  of  thefe  fedlions  are  fimilar,  * " 
and  differ  from  one  another  only  in  fize,  which  dimini- 
fhes  in  proportion  to  the  length  that  the  diviTion  is  car¬ 
ried.  But  the  divifion  of  the  cryftals  into  fimilar  folid s. 
has  a  term,  beyond  which  we  fliould  come  to  the  fmall- 
eft  particles  of  the  body,  which  could  not  be  divided 
without  chemical  decompofition.  It  is  probable,  there¬ 
fore,  that  the  form  of  the  integrant  particles  of  a  body 
is  the  fame  with  the  primitive  form  of  its  cryftals.  Here, 
then,  we  have  a  method  of  difeovering  the  form  of  the 
particles  of  bodies  ;  and  if  this  method  could  be  applied 
to  all  fubftances  whatever,  it  would  enable  us  to  afeer- 
tain  the  affinity  of  all  bodies  for  each  other  by  accurate 
calculation.  It  muft  be  allowed  that  feveral  objeftions 
.might  be  made  to  the  conclufions  of  Mr  Hauy  ;  but  his  * 
theory  is,  on  the  whole,  fo  plaufible,  that  it  would  cer¬ 
tainly  be  worth  while  to  extend  it,  and  apply  it  to  the 
calculation  of  affinities  as  far  as  it  is  fufccptible  of  the 
application.  If  the  cryftals  obtained  by  the  above  pro¬ 
cefs  be  the  primitive  forms,  it  becomes  a  qiieftion  of 
fome  confequence  to  determine  in  what  manner  the  fe- 
condary  forms  are  produced. 

According  to  Hauy,  all  the  parts  fuperadded  to  the 
primitive  cryftals,  in  order  to  form  the  fecondary  cry¬ 
ftal,  confift  of  plates,  which  decreafe  regularly  by  the 
fubtradlion  of  one  or  more  rows  of  integrant  particles, 
in  filch  a  manner,  that  the  number  of  thefe  ranks,  and 
confequently  the  form  of  the  fecondary  cryftal,  may  be 
determined  by  theory  (c).  ^ 

To  explain  this,  let  us  fuppofe  that  EP  (fig.  12.)  re¬ 
prefents  a  dodecahedron,  terminated  by  equal  and  fimi¬ 
lar  rhombs  ;  that  this  dodecahedron  is  a  fecondary  cry¬ 
ftal,  the  primitive  form  of  which  is  a  cube  ;  the  fitua- 
tion  of  this  cube  in  the  dodecahedron  may  be  conceived 
from  fig.  13.  The  fmaller  diagonals  DC,  CG,  GF, 

FD,  of  four  fides  of  the  dodecahedron,  united  round 
the  fame  folid  angle  L,  form  the  fquare  CDFG.  Now 
there  are  fix  folid  angles,  compofed  of  four  plains,  to- 
wit,  the  angles  L,  O,  E,  N,  R,  P  (fig.  ,2.)  ;  and  con- 
lequently,  by  making  fedions  through  the  fmaller  dia¬ 
gonals  of  the  fides  that  form  thefe  angles,  fix  fquares 

will  _  r  s*  •,  ^ , 


will  be  made  apparent,  winch  are  the  fix  fides  of  the 
primitive  cube,  three  of  which  are  reprefented  in  fiff.  i  •’ 
CDFG,  ABCD,  BCGH.  ^  ^ 

This  cube  being  compofed  of  cubic  integrant  parti¬ 
cles,  each  of  the  pyramids,  LCDFG  for  .-nftance  (fig. 

13. )  which  repofe  upon  its  fides,  muft  alfo,  according 
to  the  theory,  be  compofed  of  fimilar  cubic  particles, 
lo  make  this  appear,  let  us  fuppofe  that  ABFG  (fig 

14.  )  IS  a  cube  compofed  of  729  fmall  cubes :  Each  of 
Its  fides  will  coniift  of  81  fquares,  being  the  external 
fides  of  as  many  cubic  particles,  which  together  con- 
fiitute  the  cube.  Upon  ABCD,  one  of  fhe  fides  of 
this  cube,  let  us  apply  a  fquare  lamina,  compofed  of 
cubes  equal  to  thofe  of  which  the  primitive  cryftal  con- 
fifts,  but  which  has  on  each  fide  a  row  of  cubes  lefs 
than  t  ne  outermoft  layer  of  the  primitive  cube.  It  will 

,  of  courfe  be  compofed  of  49  cubes,  7  on  each  fide ;  fo 
that  Its  lower  bafe  0  nfg  (fig.  ^5.)  „,ill  fall  exadlyon 
the  fquare  marked  with  the -fame  letters  in  fig 

Above  this  lamina  let  us  apply  a  fecond  /  u  Vfig 
- 3  D 


(c)  The  explanation  of  Bergman  is  not  very  different.  See  his  Ot^urc. 
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Cryftalliza- 16.),  Gompofed  of  25  cubes  ;  it  will  be  fituated  exa6lly 
tion.  ^  above  the  fquare  marked  with  the  fame  letters  (fig. 

^  '  14.)  Upon  this  fecond  let  us  apply  a  third  lamina 

*v  X  y  z  (fig.  17.)  confining  only  of  9  cubes  ;  fo  that 
its  bafe  fiiall  reft  upon  the  letters  v  x  y  z  (fig.  14.). 
Laftly,  on  the  middle  fquare  r  let  us  place  the  fmall 
cube  r  (fig.  18. )»  which  will  reprefent  the  laft  lamina. 

It  is  evident,  that  by  this  procefs  a  quadrangular  py¬ 
ramid  has  been  formed  upon  the  face  ABCD  (fig.  I4.)> 
the  bafe  of  which  is  this  face,  and  the  vertex  the  cube 
r  (fig.  18.).  By  continuing  the  fame  operation  on  the 
other  five  fides  of  the  cube,  as  many  fimilar  pyramids  will 
be  formed  ;  which  will  envelope  the  cube  on  every  fide. 

It  is  evident,  however,  that  the  fides  of  thefe  pyra¬ 
mids  will  not  form  continued  planes,  but  that,  owing  to 
the  gradual  diminution  of  the  laminse  of  the  cubes  which 
compofe  them,  thefe  fides  will  refemble  the  fteps  of  a 
ftair.  We  can  fuppofe,  however  (what  muft  certainly 
be  the  cafe),  that  the  cubes  of  which  the  nucleus  is 
formed  are  exceedingly  fmall,  almoft  imperceptible  ; 
that  therefore  a  vaft  number  of  laminae  are  required  to 
form  the  pyramids,  and  confequently  that  the  channels 
which  they  form  arc  imperceptible.  Now  DCBE  (fig. 
19.)  being  the  pyramid  refting  upon  the  face  ABCD 
(fig.  14.),  and  CBOG  (fig.  19.)  the  pyramid  applied 
to  the  next  face  BCGH  (fig.  iq.)?  if  vve  confider  that 
every  thing  is  uniform  from  E  to  O  (fig.  19.)  in  the 
manner  in  which  the  edges  of  the  lamin<s  of  fuperpofition 
(as  the  Abbe  Hauy  calls  the  laminae  which  compofe  the 
pyramids)  mutually  proje6l  beyond  each  other,  it  will 
readily  be  conceived,  that  the  face  CEB  of  the  firft 
pyramid  ought  to  be  exa6ily  in  the  fame  plane  with  the 
face  COB  of  the  adjacent  pyramid ;  and  that  therefore 
the  two  faces  together  will  form  one  rhomb  ECOB. 
But  all  the  fides  of  the  fix  pyramids  amount  to  24  tri¬ 
angles  fimilar  to  CEB  ;  confequently  they  will  form  12 
rhombs,  and  the  figure  of  the  whole  cryftal  will  be  a  do¬ 
decahedron,  fimilar  to  that  reprefented  in  fig.  I2.  and  13. 

If  the  decreafe  of  the  laminae  of  fuperpofition  took 
place  according  to  a  more  rapid  law,  if  each  lamina 
had  on  its  circumference  two,  three,  or  four  rows  of 
cubes  lefs  than  the  inferior  lamina — in  that  cafe,  the 
pyramids  produced  being  lower,  their  adjacent  faces 
would  no  longer  form  one  plane;  and  therefore  the  fur- 
face  of  the  fecondary  cryftal  would  confift  of  24  ifo- 
fceles  triangles,  all  inclined  towards  each  other. 

In  this  manner  Mr  Hauy  has  fhewn,  that  a  variety 
of  fecondary  cryftals  are  formed,  and  that  their  forms 
vary  by  means  of  flight  variations  in  the  ratio  of  th.e 
dterement »  Dodecahedral  fulphuret  of  iron,  for  inftance, 
is  formed  from  a  cubic  nucleus,  by  the  addition  of  la¬ 
minae,  decreafing,  as  in  the  example  given  above,  with 
this  difference,  that  from  every  lamina  laid  upon  the 
face  ABCD  (fig.  14.)  only  one  row  of  cubes  are  fub- 
tra£fed  at  the  fides  AD  and  BC  refpeftively  ;  whereas 
two  rows  are  fiibtrafted  at  each  of  the  fides  AB  and 
CD.  The  confequence  of  this  more  rapid  decrement 
on  two  parallel  fides  than  on  the  other  two  will  be, 
that  the  pyramid  raifed  on  the  face  ABCD  (fig.  14* )> 
inftead  of  terminating  in  a  fingle  cube  as  in  the  example 
given  above,  will  terminate  in  a  range  of  cubes  ;  or 
(fuppofing  the  cubes  infinitely  fmall)  inftead  of  termi¬ 
nating  in  a  point,  it  will  terminate  in  a  ridge.  The 
pyramid  will  therefore  have  for  its  two  fides,  contigu¬ 
ous  to  AB  and  DCj  two  trapeziums,  and  for  its  fides, 
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contiguous  to  AD  and  BC,  two  triangles.  Let  usCryftalliza- 
fuppofe  alfo,  that  with  regard  to  the  laminae  of  fuper-  , 

pofition  which  arife  on  the  face  BCGH  (fig.  14.),  the 
decrements  follow  the  fame  law,  and  that  each  lamina 
decreafes  by  two  rows  of  cubes  towards  the  lines  BC 
and  HG,  and  only  by  one  row  towards  the  lines  CG, 

BH  :  The  pyramid,  in  that  cafe,  will  be  placed  in  a 
diredlion  oppofite  to  the  pyramid  on  ABCD,  the  ridge 
at  the  vertex  of  it  running  parallel  to  BC  :  the  vertex 
of  the  pyramid  raifed  upon  CDFG  muft  be  parallel  to 
CG:  the  pyramids  on  the  three  other  fides  of  the  cube 
ought  to  (land  each  like  that  which  arifes  on  the  op¬ 
pofite  face. 

The  fides  of  all  the  fix  pyramids  thus  formed  amount 
to  twelve  trapeziums  and  twelve  triangles.  Every  tri¬ 
angle  is  evidently  contiguous  and  in  the  fame  plane 
with  a  trapezium  of  the  neareft  pyramid  ;  confequently 
the  fecondary  cryftal  thus  formed  confifts  of  twelve 
fides,  each  of  which  is  a  pentagon. 

Several  other  examples  have  been  given  by  Mr  Hauy; 
but  thefe  are  fufficient  to  fhew  in  what  manner  the  va¬ 
rious  fecondary  forms  of  cryftals  are  conftrufted,  ac¬ 
cording  to  the  theory  of  that  ingenious  philofopher. 

In  his  refearches  on  this  fubjedf,  Mr  Hauy  percei¬ 
ved,  that  fome  cryftals  affumed  fecondary  forms  which 
could  not  be  accounted  for  by  any  decrement  whatever 
along  the  edges.  Thus,  for  inftance,  fome  bodies,  the 
primary  form  of  which  is  cubic,  are  fometimes  found 
cryflallized  in  regular  odiagons.  Mr  Hauy  explains 
the  formation  of  thefe  fecondary  cryftals,  by  fuppofing 
that  the  decrement  took  place  parallel,  not  to  the  edges,, 
but  to  the  diagonals  of  the  faces  of  the  primaiy  cubes. 

In  order  to  comprehend  this,  let  us  fuppofe  ABCD 
(fig.  20.)  to  be  the  furface  of  a  lamina  compofed  of 
fmall  cubes,  the  bafes  of  which  are  reprefented  by  the 
little  fquares  in  the  figure.  It  is  evident,  that  the  cubes 
a,  by  c,  dy  eyfygy  ky  ty  are  in  the  diredlion  of  the  diago¬ 
nal  of  the  fquare  ABCD  ;  that  the  row  of  cubes  Vy 
ky  Uy  .v,j,  Zy  is  parallel  to  the  diagonal ;  as  alfo  the  row 
tiy  ty  /,  rriypy  Oy  T,  s  /  aoft  that  the  whole  figure  might 
be  divided  into  rows  of  fquares,  each  of  which  would, 
be  parallel  either  to  the  diagonal  AC  or  DB. 

Now  vve  may  conceive  that  the  laminae  of  fuperpo¬ 
fition,  inftead  of  decreafing  by  rows  of  cubes  parallel  to 
the  edges  AB,  AD,  decreafe  by  rows  parallel  to  the 
diagonals. 

Let  it  be  propofed  to  conftrudf  around  the  cube  AB- 
GE  (fig.  21.),  confidered  as  a  nucleus,  a  fecondary  fo- 
lid,  in  which  the  laminae  of  fuperpofition  fhall  decreafe 
on  all  fides  by  fingle  rows  of  cubes,  but  in  a  direction 
parallel  to  the  diagonals.  Let  ABCD  (fig.  22.),  the 
fuperior  bafe  of  the  nucleus,  be  divided  into  81  fquares, 
reprefenting  the  faces  of  the  fmall  cubes  of  which  it  is 
compofed.  Figure  23.  reprefents  the  fuperior  furface 
of  the.  firft  lamina  of  fuperpofition ;  which  muft  be 
placed  above  ABCD  (fig.  22.)  in  fuch  a  manner  that 
the  points  a'y  b\  /,  d'y  (fig.  23.)  aiifwer  to  the  points- 
ay  by  Cy  dy  (fig.  22.).  By  tHs  difpofition  the  fquares 
A  B  C  r,  D  ^  (fig.  22.),  which  compofe  the  four 
outermoft  rows  of  fquares  parallel  to  the  diagonals  AC, 

BD,  remain  uncovered.  It  is  evident  alfo,  that  the 
borders  QV,  ON,  IL,  GF  (fig.  23.),  projed  by'one 
range  beyond  the  borders  AB,  AD,  CD,  BC  (fig* 

22.),  which  is  neceffary,  that  the  nucleus  may  be  en¬ 
veloped  towards  thefe  edges ;  For  if  this  were  not  the 
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Cryftalliza-  cafe,  re-entenng  angle?  would  be  formed  towards  tbe 
tion.  parts  AB,  BC,  CD,  DA,  of  the  cryllal;  which  angles 
appear  to  be  excluded  by  the  laws  which  determine  the 
formation  of  fimple  cryftals,  or,  which  comes  to  the 
fame  thing,  no  fuch  angles  are  ever  obferved  in  any  cry. 
flal.  The  folid  mutl  increafe,  then,  in  thofe  parts  to 
which  the  decrement  does  not  extend.  But  as  this  de¬ 
crement  is  alone  fufficient  to  determine  the  form  of  the 
fecondary^  crytlal,  we  may  fet  afide  all  the  other  varia¬ 
tions  which  iiiteiwene  only  in  a  fubfidiary  manner,  ex¬ 
cept  when  it  is  wifhed,  as  in  the  prefent'  cafe,  to  con- 
ftruct  artificially  a  folid  reprefentation  of  a  cryftal,  and 
to  exhibit  all  the  details  w  hich  relate  to  its  ftructure. 

The  fuperior  face  of  the  fecond  lamina  will  be  A' 
G  LTv  (tig.  24.).  It  mud  be  placed  fo  that  the  points 
d'\  correfpond  to  the  points^  b  c’  ct  {^g  23.), 
which  will  leave  uncovered  a  lecond  row  of  cubes  at 
each  angle  parallel  to  the  diagonals  AC  and  BD. 
The  folid  dill  increafes  towards  the  iides.  The  large 
faces  of  the  laminae  of  fuperpofition,  which  in  fig.  25. 
were  odlagons,  in  fig.  24.  arrive  at  that  of  a  fquare  ; 
and  when  they  pals  that  term  they  decreafe  on  all 
fides  ;  fo  that  the  next  lamina  has  for  its  fuperior  face 
the  fquare  B'M US'  (fig.  25.),  lefs  by  one  range  in 
eve^y  direftion  than  the  preceding  Lamina  (fig.  24.). 
This  fquare  mud  be  placed  fo  that  the  points  //, 

(fig.  25.)  correfpond  to  the  points  ^,/,  ^,  h  (fig.  24.). 
Figures  26,  27,  28,  and  29,  reprefent  the  four  lamiiias 
W’hich  ought  to  rife  fucceflively  above  the  preceding;  the 
manner  of  placing  them  being  pointed  out  by  corre- 
fponding  letters,  as  was  done  with  refptcl  to  the  three 
tird  laminae.  The  lad  lamina  z'  (fig.  30. )  is  a  lingle  cube, 
wdiich  ought  to  be  placed  upon  the  fquare  z  (fig.  29.). 

The  laminae  of  fuperpofition,  thus  applied  upon  the 
fide  ABCD  (fig.  22.),  evidently  produce  four  faces, 
which  correfpond  to  the  points  A,  B,  C,  D,  and  form 
a  pyramid.  Thefe  faces,  having  been  iormed  by  laminje, 
which  began  by  increafing,  and  afterwards  decreafed, 
mud  be  quadrilaterals  of  the  figure  reprefented  in  fig. 
31.  ;  in  which  the  inferior  angle  C  is  the  fame  point 
with  the  angle  C  of  the  nucleus  (fig.  21.  and  22.)  ; 
and  the  diagonal  LQ^reprefents  DG'  of  the  lamina 
A'GL'K'  (fig.  24.).  And  as  the  number  of  laminas 
compofing  the  triangle  L  Q^C  (fig.  31.)  is  much 
fmaller  than  that  of  the  laminae  forming  the  triangle 
ZLQ^it  is  evident  that  the  latter  triangle  will  have  a 
much  greater  height  than  the  former. 

The  furface,  then,  of  the  fecondary  cry  dal  thus  pro¬ 
duced,  mud  evidently  confid  of  24  quadrilaterals  (for 
pyramids  are  raifed  on  the  other  5  fides  of  the  primary- 
cube  exadlly  in  the  fame  manner),  difpofed  3  and  3 
around  each  folid  angle  of  the  nucleus.  But  in  confe- 
quence  of  the  decrement  by  one  range,  the  three  qua¬ 
drilaterals  which  belong  to  each  folid  angle,  as  C  (fig. 
21.)  will  be  in  the  fame  plane,  and  will  form  an  equila¬ 
teral  triangle  ZIN  (fig.  32.).  The  24  quadrilaterals, 
then,  will  produce  8  equilateral  triangles  ;  and  confe- 
quently  the  fecondary  crydal  will  be  a  regular  oAagon. 
This  is  the  drufture  of  the  oftahedral  fulphuret  of  lead 
and  of  muriat  of  foda. 

Decrements  which  take  place  in  this  mariner  have 
been  called  by  Mr  Hauy  decrements  on  the  angles. 

There  are  certain  crydals  in  which  the  decrements 
on  the  angles  do  not  take  place  in  lines  parallel  to  the 
diagonals,  but  parallel  to  lines  fituated  between  the  dia« 
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gonals  and  the  edges.  This  is  the  cafe  when  the  fub-  Cryftalliza- 
tradions  are  made  by  ranges  of  double,  triple,  &c. .  , 

molecnlae.  Fig.  33.  exhibits  an  inftance  of  the  fub-  ^ 
tractions  in  quefiiori  ;  and  it  is  feen  that  the  mole- 
culae  which  compofe  the  range  reprefented  by  that  fi¬ 
gure  are  aflbrted  in  fuch  a  manner  as  if  of  two  there 
were  formed  only  one  ;  fo  that  we  need  only  to  con¬ 
ceive  the  cryftal  compofed  of  parallelopipedons  having 
their  bafes  equal  to  the  fmall  rectangles  a  h  c  dy  e  d  f  g^ 
h  g  i  ly  &c.  to  reduce  this  cafe  under  that  of  the  com¬ 
mon  decrements  on  the  angles.  I'o  this  particular 
kind  of  decrement  Mr  Hauy  has  given  the  name  of  i«- 
termediate. 

Til  other  cryftals  the  decrements,  either  on  the  edges 
or  on  the  angles,  vary  according  to  laws,  the  proportion 
of  which  cannot  be  exprefled  but  by  the  fraeflion  ^  or 
It  may  happen,  for  example,  that  each  lamina  ex¬ 
ceeds  the  following  by  two  ranges  parallel  to  the  edges, 
and  that  it  may  at  the  fame  time  have  an  altitude  triple 
that  of  a  fimple  molecule.  Figure  34.  reprefent  '  a  ver¬ 
tical  geometrical  feiBion  of  one  of  the  kinds  of  pyrar.i  ds 
which  would  refult  from  this  decrement  ;  the  efTed.  of 
which  may  be  readily  conceived,  by  coiifidering  that  AB 
is  a  horizontal  line  taken  on  the  upper  bafe  of  the  nu¬ 
cleus,  h  a  r  the  fedion  of  the  firft  lamina  of  fuperpo- 
fition,  g  f  en  that  of  the  fecond,  &c.  Thefe  decrements 
Mr  Hauy  has  called  mixed, 

Thefe  two  laft  fpecies  of  decrements  occur  but  rarely; 

Mr  Hauy  found  them  only  in  certain  metallic  fubftances. 

All  the  nietamorphofes  to  which  cryfials  are  fubjedl- 
ed  depend,  according  to  Mr  Hauy,  on  the  laws  of 
ftrudure  juft  explained,  and  others  of  the  like  kind. 

Sometimes  the  decrements  take  place  at  the  fame  time 
on  all  the  edges ;  as  in  the  dodecahedron  having  rhom- 
bufes  for  its  planes,  as  before  mentioned  ;  or  on  all  the 
angles,  as  in  the  odtahedion  originating  from  a  cube. 

Sometimes  they  take  place  only  on  certain  edges  or 
certain  angles.  Sometimes  there  is  an  uniformity  be¬ 
tween  them  ;  fo  that  it  is  one  fingle  law  by  one,  two, 
three  ranges,  &c.  which  ads  on  the  different  edges,  or 
the  different  angles.  Sometimes  the  law  varies  from 
one  edge  to  the  other,  or  from  one  angle  to  the  other; 
and  this  happens  above  all  when  the  nucleus  has  not  a 
fymnietrical  form  ;  for  example,  when  it  is  a  parallelo- 
pipedon,  the  faces  of  which  differ  by  their  refpedive 
inclinations,  or  by  the  meafure  of  their  angles.  In 
certain  cafes  the  decrements  on  the  edges  concur 
with  the  decrements  on  the  angles  to  produce  the  fame 
cryftalline  form.  It  happens  alfo  fometimes  that  the 
fame  edge,  or  the  fame  angle,  is  fubjeded  to  feveral 
laws  of  decrement  that  fucceed  each  other.  In  fhort, 
there  are  cafes  where  the  fecondary  cryftal  has  faces  pa¬ 
rallel  to  thofe  of  the  primitive  form,  and  which  combine 
with  the  faces  produced  by  the  decrements  to  modify 
the  figure  of  the  cryftal. 

The  cryftals  arifmg  from  a  fingle  law  of  decrement 
have  been  called  by  Mr  Hauy  fimple  fecondary  forms  / 
thofe  which  arife  from  feveral  fimultaneous  laws  of  de¬ 
crement  he  has  called  compound  fecondary  forms, 

“  If  amidft  this  diverfity  of  laws  (he  obferves),  fome- 
'  times  infulated,  fometimes  united  by  combinations  more 
or  lefs  complex,  the  number  of  the  ranges  fubtraded 
were  itfelf  extremely  variable  ;  for  example,  were  thefe 
decrements  by  twelve,  twenty,  thirty,  or  forty  ranges, 
or  more,  as  might  abfolutely  be  poffiblei  the  multitude 
Dd  2  of 
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Lryftailiza-  of  the  forms  which  might  exift  in  each  kind  of  mineral 
ticn.  ^vould  be  immenfe,  and  exceed  what  could  be  imagined. 

'  But  the  power  which  effeds  the  fubtraaions  feeins  to 
have  a  very  limited  a^ion.  Thefe  fubtra6tions,  for  the 
moil  part,  take  place  by  one  or  two  ranges  of  molecules. 

T  have  found  none  which  exceeded  four  ranges,  except 
in  a  variety  of  calcareous  fpar,  forming  part  of  the  col¬ 
lection  of  C.  Gillet  Laumorit,  the  ftriidure  of  which  de¬ 
pends  on  a  decrement  by  fix  ranges;  fo  that  if  there  exift 
laws  which  exceed  the  decrements  by  four  ranges,  there 
is  reafon  to  believe  that  they  rarely  take  place  in  nature. 
Yet,  notwithftanding  thefe  narrow  limits  by  which  the 
laws  of  cryftallization  are  circumferibed,  I  have  found, 
by  confining  myfelf  to  two  of  the  fimpleft  laws,  that  is 
to  fay,  thofc  which  produce  fiibtraClions  by  one  or  two 
ranges,  that  calcareous  fpar  is  fufceptible  of  two  thou- 
fand  and  forty-four  different  forms :  a  number  which 
exceeds  more  than  fifty  times  that  of  the  forms  already 
known  ;  and  if  we  admit  into  the  combination  decre¬ 
ments  by  three  and  four  ranges,  calculation  will  give 
8,388,6o4.pofIible  forms  in  regard  to  the  fame  fubftance. 
This  number  may  be  ftill  very  much  augmented  in  con- 
fequence  of  decrements  either  mixed  or  intermediary, 

“  The  firiae  remarked  on  the  furface  of  a  multitude 
of  cryftals  afford  a  new  proof  in  favour  of  theory,  as 
they  always  have  direClions  parallel  to  the  projeCling 
edges  of  the  laminae  of  fuperpofition,  which  mutually 
go  beyond  each  other,  unlefs  they  arife  froni  fome  par- 
ticular  w^ant  of  regularity.  Not  that  the  inequalities 
refulting  from  the  decrements  muft  be  always  fenfible, 
fuppofing  the  form  of  the  cryftak  had  always  that  degree 
of  finifhing  of  which  it  is  fufceptible;  for,  on  account  of 
the  extreme  minutenefs  of  the  molecules,  the  furface 
would  appear  of  a  beautiful  polifh,  and  the  ftriae  would 
elude  our  fenfes.  There  are  therefore  fccondary  cry- 
flals  where  they  are  not  at  all  obferved,  while  they 
are  very  vifible  in  other  cryftals  of  the  fame  nature 
arid  form.  In  the  latter  cafe,  the  a<^ion  of  the  caufes 
which  produce  cryftallization  not  having  fully  enjoyed 
all  the  conditions  neceffary  for  perfeding  that  fo  deli¬ 
cate  operation  of  nature,  there  have  been  Harts  and  in¬ 
terruptions  in  their  progrefs,  fo  that,  the  law  of  conti¬ 
nuity  not  having  been  exadfly  obferved,  there  have  re¬ 
mained  on  the  furface  of  the  cryftal  vacancies  apparent 
to  our  eyes.  Thefe  fmall  deviations  are  attended  with 
this  advantage,  that  they  point  out  the  dlre<ftion  accord¬ 
ing  to  which  the  ftriae  are  arranged  in  lines  on  tlie  perfei^ 
forms  where  they  efcape  our  organs,  and  thus  contri¬ 
bute  to  unfold  to  us  the  real  mechanifm  of  the  ftruclure. 

‘‘  The  fmall  vacuities  which  the  edges  of  the  laminae 
of  fuperpofition  leave  on  the  furface  of  even  the  moft  per- 
fe£l  fecondary  cryftals,  by  their  re-entering  and  falient 
angles,  thus  afford  a  fatisfaftory  folution  ot  the  difficul¬ 
ty  a  little  before  mentioned  ;  which  is,  that  the  frag¬ 
ments  obtained  by  divifion,  the  external  fides  of  which 
form  part  of  the  faces  of  the  fecondary  cryftal,  are  not 
like  thofe  drawn  from  the  interior  part.  For  this  di- 
verfity,  which  is  only  apparent,  arifes  from  the  fides 
in  queftion  being  compofed  of  a  multitude  of  fmall 
planes,,  really  inclined  to  one  another,  but  which,  on 
account  of  their  fmallnefs,  prefent  the  appearance  of 
one  plane  ;  fo  that  if  the  divifion  could  reach  its  utmoft 
bounds,  all-  thefe  fragment's  would  be  refolved  into  mole¬ 
cules  fimiiar  to  each  other,  and  to  thofe  fituated  to¬ 
wards  the  centre. 
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“  The  fecundity  of  the  laws  on  which  the  variations  CJjyflaJlIza* 
of  cryftalline  forms  depend,  is  not  confined  to  the 
producing  of  a  multitude  of  very  different  forms  with 
the  fame  molecules.  It  often  happens  alfo,  that  mole¬ 
cules  of  different  figures  arrange  themfelves  in  fuch  a 
manner  as  gives  rife  to  like  polyhedra  in  different  kinds 
of  minerals.  Thus  the  dodecahedron  with  rhombufes 
for  its  planes,  which  we  obtained  by  combining  cubic 
molecules,  exifts  in  the  granite  with  a  ftrudfure  com¬ 
pofed  of  fmall  tetrahedra,  having  ifofceles  triangular 
faces  ;  and  I  have  found  it  in  fparry  iluor  (Jluat  of 
lime ),  where  there  is  alfo  an  affemblage  of  tetrahedra, 
but  r^ular ;  that  is  to  fay,  the  faces  of  which  are  equi- 
lateraltriangles.  Nay  more,  it  is  polfible  that  fimiiar 
molecules  may  produce  the  fame  cryftalline  form  by  dif¬ 
ferent  lav/s  of  decrement.  In  ftiort,  calculation  has 
condudled  me  to  another  refult,  which  appeared  to  me 
ftill  more  remarkable,  which  is,  that,  in  confequence  of 
a  fimple  law  of  decrement,  there  may  exift  a  cryftal 
which  externally  has  a  perfect  refemblance  to  the  nu¬ 
cleus,  that  is  to  fay,  to  a  folid  that  does  not  arife  from 
any  law  of  decrement 

Such  is  a  ftiort  view  of  the  theory  by  w'hich 
Hauy  explains  the  various  cryftalline  forms  of  the 
fame  fubftance.  We  would  with  pleafure  have  entered 
more  into  detail,  had  not  raoft  of  his  examples  been 
deduced  from  fubftances  which  belong  rather  to  mi¬ 
neralogy  than  to  the  elements  of  chemiftry.  This 
theory,  to  fay  no  more  of  it,  is,  in  point  of  ingenuity, 
inferior  to  few ;  and  the  mathematical  ficill  and  induftry 
of  its  author  are  intitled  to  the  greateft  applaufe. 

But  what  we  confider  as  the  moft  important  part  of 
that  philofopher’s  labours,  is  the  method  which  they 
point  out  of  difeovering  the  figure  of  the  integrant 
particles  of  cryftals;  becaufe  it  may  pave  the  way  for 
calculating  the  affinities  of  bodies,  which  is  certainly  by 
far  the  moft  important  part  of  chemiftry.  This  part  of 
the  fubjedl,  therefore,  deferves  to  be  inveftigated  with 
the  greateft  care. 

Mr  Hauy  has  found,  that  the  primitive  form  of  all 
the  cryftals  which  he  has  examined  may  be  reduced  to 
fix;  I.  The  parallelopipedon  in  general,  comprehending 
the  cube,  the  rhomboid,  and  all  folids  terminated  by  fix 
fides  parallel  two  and  two;  2.  The  regular  tetrahedron  ; 

3.  The  oftahedroii  with  triangular  fides;  4.  The  hex¬ 
agonal  prifm  ;  5.  The  dodecahedron  bounded  by 

rhombs  ;  6.  The  dodecahedron  bounded  by  ifofceles >  ^ 

triangles.  Were  we  to  fuppofe  that  thefe  primitive 
forms  are  exadlly  fimiiar  to  the  form  of  the  integrant 
particles  which  compofe  them,  it  would  follow,  that  the 
integrant  particles  of  all  the  cryftals  hithertu  formed 
have  only  fix  different  forms.  This  fuppofition,  how¬ 
ever,  is  not  probable  ;  becaufe  the  fame  nucleus  has 
been  difeovered  in  different  fpecies  of  minerals,  and  be¬ 
caufe  we  can  eafily  conceive  integrant  particles  of  diffe¬ 
rent  forms,  combining  in  fuch  a  manner  as  to  compofe 
nuclei  of  the  fame  figure,  juft  as  we  have  feen  that  dif¬ 
ferent  primitive  forms  are  capable  of  producing  the  fame 
fecondary  form.  Still,  therefore, in  endeavouring  to  difeo- 
ver  the  integrant  particles  of  bodies,  there  are  difficulties 
to  remove,  which  hitherto,  at  leaft,  have  been  unfurmount- 
able.  But  the  theory  of  Mr  Hauy  may  be  confidered  as 
a  firft;  ftep  towards  the  difeovery ;  and  ?ijlep  in  refearches 
of  fo  difficult  £' nature  is  of  very  great  confequence. 

We 


JKical  nc- 
jneijclature.  ^ 


Partin.  C  H  E  M 

Conclufion.  We  liave  now  finiflied  the  three  firft  parts  of  this  ar- 
^  tide,  which  comprehend  all  the  elementary  part  of  che- 

mlftry.  We  ought  now  to  proceed  to  the  fourth  part, 
which  was  to  confift  of  a  chemical  examination  of  fub- 
{lances  as  they  exift  In  nature  in  the  mineral,  vegetable, 
and  animal  kingdoms;  but  this,  for  various  reafons,  we 
(hall  defer  till  we  come  to  the  words  Mineralogy, 
and  Animal  and  Vegetable  Substances* 

We  fhall  finifh  this  article  with  a  few  remarks  upon 
the  chemical  nomenclature,  which  for  fome  time  pafl 
has  been  an  objeft  of  ferlous  attention. 

Remarks  Chemlilry  was  unfortunately  firft  cultivated  by  a  fet 
ontheche-  of  Ignorant  men,  filled  with  the  higheft  notions  of  their 
own  Importance,  and  buoyed  up  with  the  mighty  feats 
•which  they  were  to  perform  by  their  art.  The  little 
which  they  did  know  they  were  anxious  to  conceal;  and 
their  anxiety  was  no  lefs  to  infplre  the  world  with  high 
ideas  of  their  knowledge  and  power.  The  confequence 
of  this  v/as,  that  they  loaded  chemillry  with  the  moft  ri¬ 
diculous  and  whlmfical  names  that  can  well  be  conceived. 
Liver  of  fulphur^  mercury  of  life,  horned  moony  butter  of 
antimony  y  the  double  fecrety  the  corr  aline  fecrety  the  fee  ret 
of  vitriol y  the  ^wonderful  falty  the  fecret  falty  the  fait  nviih 
many  virtuesy  the  fait  of  Hvo  ingredientsy  the  foliated  earth 
of  tartary  w^ere  the  names  by  which  they  dillinguilhed 
fome  of  the  moll  familiar  preparations  ;  and,  were  it 
worth'  while,  a  great  many  more  names  of  the  fame 
{lamp  might  eafily  be  added. 

As  foon  as  chemiflry  had  attradled  the  attention  of 
men  of  fcience,  the  abfurdity  of  its  nomenclature  was 
felt,  and  fevcral  partial  improvements  were  at  different 
times  made  in  it.  Macquer,  in  particular,  difearded 
many  of  the  ancient  names,  and  fubftituted  others  lefs 
exceptionable  in  their  place. 

But  foon  after  the  publication  of  the  firfl  edition  of 
his  Di6lIonary,  an  evil  began  to  be  felt  feverely,  which 
never  could  have  occurred  to  the  earlier  chemifls.  Hi¬ 
therto  the  number  of  objeds  which  had  engaged  the 
attention  of  thofe  who  cultivated  the  fcience  had  been 
very  limited;  the  acids  amounted  only  to  five,  the 
earths  to  four,  the  metals  to  i  2  or  14,  and  the  neutral 
falts  fcarcely  exceeded  20  or  30.-  To  remember  names 
for  fo  fmall  a  number  of  bodies,  however  ridiculous  they 
happened  to  be,  was  *io  very  dlfHcult  matter.  But  about 
that  time,  In  confequence  chiefly  of  the  difeovery  of 
fixed  air  by  Dr  Black,  which  laid  the  foundation  of 
pneumatic  chemillry,  the  fcience  began  to  extend  itfelf, 
and  to  enlarge  its  boundaries  with .  inconceivable  rapi¬ 
dity.  The  number  of  bodies  connected  with  It,  and 
which,  it  had  to  deferibe,  foon  became  immenfe;  and  if" 
every  one  of  them  received  names  not  dependant  iif)on  > 
one  another,  the  moll  retentive  memory  cauld  not  have 
remembered  the  thoufandth  part  of  them; 

The  difficulty  of  iludylug  chemiflry  from  that,  time 
till  the  year  mull  have,  been'  very  great 


even  perceived  and  complained  of  by  the  mailers  of  the^ 
fcience.  In  j  782  Mr  de  Morvean,  w'ho  had  undertaken 
the  chemical  part  of  the  Encyclopedle  Methodiqucy  pub-* 
ilfhed  In  the  Journal  de  Phyfique  a  new  chemical  no¬ 
menclature,  and  at  the  fame  time  invited  all  thofe  per- 
fons  who  were  fond  of  chemiflry,  and  Interefled  in  its 
progrefs,  to  propofe  objedlions  and  Improvements. 

This  new  nomenclature  was  formed  agreeable  to^  the 
five  following  rules  : . 


I  s  T  R  y.  397 

1.  Every  fubflance  ought  to  have  a  name,  and  not  to  Conclufion* 

be  denoted  by  a  phrafe.  1— y— 

2.  Names  ought  to  be  as  much  as  pofiible  conformable 
to  the  nature  of  the  things  fignified  by  them. 

3.  When  the  charadler  of  a  fubflance  is  not  well 
enough  known  to  determine  the  denomination,  a  name 
which  has  no  meaning  is  preferable  to  one  which  con¬ 
veys  a  falfe  Idea. 

4.  Ill  the  choice  of  new  words  thofe  ought  to  be  pre¬ 
ferred  which  have  their  roots  in  the  dead  languages 
mod  generally  known,  that  the  word  may  be  eafily  fug- 
gefled  by  the  fenfe,  and  the  fenfe  by  the  word.  . 

5.  The  new  words  ought  to  be  as  fuitable  as  poffible 
to  the  genius  of  the  languages  for  which  they  are  formed. 

This  nomenclature  was  approved  of  by  Macquer,  and 
by  Bergman,  who  had  hlmfclf  propofed  one  upon  a  plan 
not  very  different  (d).  He  wrote  to  Morveau,  and  ex¬ 
horted  him  to  profecute  his  undertaking  with  courage. 

“  Do  not  fpare  (fays  he)  a  fingle  Improper  denomina¬ 
tion  ;  thofe  that  are  already  learned  will  be  always  fo, 
and  thofe  that  are  not  will  learn  the  fooner*.’’  JV^ethld^ 

This  nomenclature  was  adopted  by  feveral  chemifls,  Prew 
and  It  was  ufed  in  the  greatefl  part  of  the  firfl  volumeiace.  ‘ 
of  the  chemical  part  of  the  Encyclopedie  Methodique ; 
but  the  new  dlfcoverles  in  chemiflry  had  produced  a 
more  accurate  method  of  reafoning,  and  had  enabled 
Lavoifier  to  explain  the  phenomena  of  the  fcience 
without  the  affiflanco  of  the  hypothetical  principle  of 
phlogiflon,  which  had  hitherto  been  neceffary.  As  the 
language,  even  in  Its  improved  flate,  was  accommodated 
to  this  principle,  and  prefuppofed  Its  exiftence,  new 
changes  became  evidently  neceffary,  in  order  that,  ac¬ 
cording  to  Morveau’s-  rule,  . the*  words  might  denote  the 
mofl  effential  properties  of  the  things  intended  to  be 
fignified.  Accordingly,  when  Morveau  was  in  Paris  in 
1787,  Lavoifier,  Berthollet,  and  Fourcroy, .agreed  to 
labour  In  concert  with  him  to  bring  the  chemical  no¬ 
menclature  flill  nearer  to  perfeftlon.  Thefe  philofo- 
phers,  affifted  by  the  mathematicians  of  the  Royal  Aca¬ 
demy  and  by  feveral  chemifls, Formed  a  new  nomencla¬ 
ture,  which  they  made  public  in  1787, 

For  fome  time  little  attention  waS' paid  to  this  no¬ 
menclature  by  foreign  chemifls,  and  it  feemed  generally 
to  be  difapproved.  The  adherents  of  the  phlogiflic 
fyflem  in  France,  who  were  exceedingly  numerous, 
viewed  It  as  an  engine  artfully  formed  to  undermine  and^ 
deflroy  their  favourite  theory.  They  refolved,  there-  - 
fore,  unanimoufly,  to  crufli.  If  poffible,  this  new  inflru- 
ment,  which  they  confidered  as 

- . —  in  noflros  fahricat a  machtna  murosy 

IhfpfPura  domosy  venturaque  defuper  urhi. 

And  for  this  purpofe -they  exerted  themfelves  with  a  vi¬ 
gour,  which  was  only  equalled  by  the  zeal  and  indefati- 
it  was  -  gable  exertions  of  their  antagonifls.-  A  kind  of  civil 


war  was  thus  kindled  in  the  republic  of  letters*,  which  ‘ 
was  carried  on  with  great*  animofity :  And  poflerlty 
will  fee,  with  regret,  men  of  undoubted  genius  at  times 
divefling  themfelves  of  the  armour  of  truth  and  of  can¬ 
dour,  and  endeavouring  to  ferve  their  party,  and  flab 
their  adverfaries  with  darts  fleeped  in  the  poifoii  of  ca¬ 
lumny  and  falfehood  This  contefl,  however,  which  | 
was  not  confined  to  France,  was  produdllve  of  good  fi.de 

fedls,  which  Infinitely  furpafled  all  the  bad  ones. 

17^8,89, 
qoy  qiypaf: 


ocea-^ 


(d)  See  his  thoughts  on  a  natural  hiflory  of  foffils  in  the  4th  voh  of  his  Opufe^ 
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Conc'ufion.  occafioned  an  accumulation  of  fa€ls,  produced  a  rigid 
examination  of  theories  and  opinions,  introduced  an  ac¬ 
curacy  into  chemical  expenmcnts  which  has  been  of  the 
moft  eflential  fervice,  and  gave  that  tone  and  vigour  to 
the  cultivators  of  chemiftry  which  have  brought  to  light 
the  moft  fublime  and  unlooked-for  truths.  It  defervea 
attention,  and  the  faft  is  no  inconfiderable  evidence  in 
favour  of  the  antiphlogiftic  theory,  that  almoft  all  the 
iiluftrious  chemifts  who  at  prefent  adhere  to  it  declared 
originally  againft  it.  Berthollet,  Morveau,  Black,  Kir- 
wan,  and  many  other  chemifts  who  are  now  its  ableft 
defenders,  were  at  firft  its  moft  powerful  opponents. 

This  fyftem  had  hardly  been  publifhed  in  France 
(fays  Dr  Prieftlcy,  who  ftill  continues  to  adhere  to  the 
doftrine  of  phlogifton)  before  the  principal  philofophers 
and  chemifts  of  England,  notwithftanding  the  rivalfhip 
which  has  long  fubfifted  between  the  two  countries,  ea¬ 
gerly  adopted  it.  Dr  Black  in  Edinburgh,  and  as  far 
as  I  hear  all  the  Scots,  have  declared  themfelves  con- 
verts,  and,  what  is  more,  the  fame  has  been  done  by  Mr 
Kirwan,  who  wrote  a  pretty  large  treatife  in  opposition 
to  it.  The  Englifh  reviewers  of  books,  I  perceive,  uni- 
verfally  favour  the  new  dodfrine.  In  America,  alfo,  I 
hear  of  nothing  elfe.  It  is  taught,  I  believe,  in  all  the 
fchools  on  this  continent,  and  the  old  fyftem  is  entirely 
exploded.  And  now  that  Dr  Crawford  is  dead,  I 
hardly  know  of  any  perfon  except  my  friends  of  the 
Lunar  Society  at  Birmingham,  who  adhere  to  the  doc¬ 
trine  of  phlogifton  ;  and  what  may  now  be  the  cafe 
with  them  in  this  age  of  revolutions,  philofophical  as 
well  as  civil,  I  will  not  at  this  diftance  anfwer  for. 

“  It  is  no  doubt  time^  and  of  courfe  opportunity  of 
examination  and  difculfion,  that  gives  ftability  to  any 
principles.  But  this  new  theory  has  not  only  kept  its 
ground,  but  has  been  conftantly  and  uniformly  advan¬ 
cing  in  reputation  more  than  ten y ears ^  which,  as  the  at¬ 
tention  of  fo  many  perfons,  the  beft  judges  of  every 
thing  relating  to  the  fnbjedl,  has  been  unremittingly 
given  to  it,  is  no  inconfiderable  period.  Every  year  of 
the  laft  twenty  or  thirty  has  been  of  more  importance 
to  fcience,  and  efpecially  to  chemiftry,  than  any  ten  in 
tUmonthe  the  preceding  century 

io^arZe  of  We  have  endeavoured  in  the  preceding  article  to  ftate 
phlogifon^  the  different  theories  which  have  fucceftively  made  their 
Introduc-  appearance  in  chemljlry  with  as  much  fairnefsas  poffible. 

If  we  have  fucceeded,  the  reader  will  be  enabled  to 
judge  for  himfelf  which  of  thefe  theories  is  the  moft  con- 
fiftent  with  truth  ;  or  rather,  if  we  have  fucceeded,  he 
will  join  with  us  in  thinking  that  the  theory  of  Lavoi- 
fier  is  in  moft  points  an  accurate  account  of  what  takes 
place  in  nature. 

This  vve  confider  as  a  fufficient  reafon  for  having 
adopted  the  new  nomenclature ;  for,  as  Morveau  long 
ago  obferved,  moft  of  the  objedftions  that  were  made 
to  it  were  rather  levelled  at  the  doClrine  of  tliofe  who 
formed  it,  than  at  the  nomenclature  itfelf.  Its  fu- 
periority  to  every  other  nomenclature  cannot  be  dif- 
puted  for  an  inftant ;  and  the  vaft  facility  which  it  has 
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added  to  the  acquiTition  of  chemiftry,  muft  be  acknow-Conclufion^ 
ledged  by  every  one  who  knows  any  thing  about  the 
fcience.  The  Table  of  the  new  nomenclature  will  not 
be  expelled  here,  as  it  has  been  already  given  in  the 
Appendix  to  the  article  ChemistxIY  in  the  Encyclo^ 
pedia.  At  any  rate,  it  would  have  been  unneceffary, 
as  we  have  iifed  the  new  names  all  along;  and  therefore 
our  readers  muft  by  this^time  be  well  acquainted  with 
them. 

Upon  the  almoft  infinite  number  of  criticifms  which 
have  been  made  on  the  new  nomenclature,  and  the  ma¬ 
ny  new  terms  which  fince  its  publication  have  been  fuc¬ 
ceftively  propofed,  w^e  do  not  mean  to  enter.  Few  of 
thefe  terms  can  bear  a  comparifon  with  the  French  no¬ 
menclature,  and  ftill  fewer  have  any  claim  to  be  pre¬ 
ferred  to  it ;  and  the  philofophers  who  perfift  in  thefe 
ufelefs  innovations,  are  more  probably  actuated  by  the 
defire  of  appearing  to  have  a  /hare  in  the  great  revolu- 
tion  which  chemiftry  has  undergone,  than  by  any  hopes 
of  being  able  to  improve  the  accuracy  or  the  elegance 
of  its  language.  How  few  have  difplayed  the  magna¬ 
nimity  of  an  iiluftrious  philofopher  of  our  own  country, 
who,  though  he  had  invented  a  new  nomenclature  him. 
felf,  exhorted  his  pupils  not  to  ufe  it,  but  to  adopt  that 
of  the  French  chemifts,  which  was  likely  foon  to  come 
into  univerfal  ufe. 

Even  the  etymological  remarks  which  have  been  made 
on  the  new  nomenclature,  we  cOnfider  as  either  of  little 
confequence  or  as  ill-founded.  The  philofophers  who 
formed  it  have  difplayed  a  fagacity  and  a  moderation 
which  could  not  be  excelled,  and  have,  upon  the  whole, 
formed  a  language  much  more  fyftematic,  and  much 
more  perfedf,  than  could  have  been  expelled;  and  who¬ 
ever  compares  it  with  the  nomenclature  propofed  in 
1782  by  Morveau,  will  fee  how  great  a  ftiare  of  hpH 
due  to  that  iiluftrious  philofopher. 

Notwithftanding  what  we  have  here  faid,  we  would 
not  be  underftood  to  confider  the  new  nomenclature  as 
already  arrived  at  a  ftate  of  fuch  abfolute;  perfedlion,  that 
no  alteration  whatever  can  be  made  in  it  except  for  the 
worfe.  Such  perfedion  belongs  not  to  the  works  of 
man  ;  nor  if  it  did,  could  it  be  expelled  in  this  cafe,  if 
we  confider  for  a  moment  the  prefent  ftate  of  chemiftry. 

New  difeoveries  muft  occafion  additions  and  alterations 
in  the  nomenclature;  but  the  authors  of  the  new  nomen¬ 
clature  have  given  ufi  the  rules  by  which  changes  and 
additions  are  to  be  made  ;  and  if  they  are  adhered  to, 
we  may  expedl  with  confidence  that  the  language  of 
chemiftry  will  in  its  advancement  to  perfedlion  keep 
pace  with  the  fcience.  We  have  in  the  preceding  ar¬ 
ticle  ventured  in  an  inftance  or  two  to  adopt  little  im¬ 
provements  that  have  been  fuggefted  by  later  writers. 

We  have  taken  the  liberty,  too,  of  choofing,  from  the 
variety  which  the  Britifti  chemifts  have  propofed,  that 
mode  of  fpelling  each  of  the  terms  which  appeared  to 
us  moft  agreeable  to  the  Englifti  idiom,  and  moft  con¬ 
formable  to  analogy  :  Whether  or  not  we  have  made  a 
proper  choice  muft  be  left  for  others  to  determine. 
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A 

jJCETArS,  n®  800. 

Acetltesj  464,  andPartlll. 
chap.  h.  fedl.  1 1» 

Acetic  add,  Part  II.  chap.  v. 
fe£l.  12. 

Acetous  acid,  Part  II.  chap.  v. 
fed.  II. 

Acid  principle,  388. 

^d^,real,lnfulphurlc  acid, 398. 
in  nitric  acid,  412. 

Acid  foaps.  Part  III.  chap  i. 
fed.  2. 

Aclds^  Part  II.  chap.  v. 

Acids,  animal,  549. 
metallic,  559. 
vegetable,  526. 

Actdum  pingue,  374. 

Adhejion  explained,  566. 

experiments  on,  577. 

Aerial  acid,  457. 

Ms,  meaning  of  the  word,  p. 
239,  note. 

.y^/2i/j;explain ed,  n®  1 3 ,  and  Part 
II.  chap,  vi, 

AJfmlty,  compound,  580. 
dlfpofing,  581. 
fimple,  579. 

Agujlina,  239. 

Air,  a  non-condudor  of  calo¬ 
ric,  260. 
artificial,  457- 

Alcohol,  Part  II.  ch.  ii. 

analyfis  of,  353. 
fubftances,  foluble  In, 

358- 

Alhalles,  Part  II.  ch.  iv. 

Alkali  vegetabile  vitriolatum, 
p.  359,  note. 

Alkaline  foaps.  Part  III.  ch.  i, 

fed.  I. 

Alloy  explained,  p.  226,  note. 

Alum,  n®  636. 

fpirit  of,  p.  362,  note. 

Alumen,  n°  636. 

Alumina,  Part  I.  ch.  iv.  fed.  5. 
acetite  of,  784. 
benzoat  of,  821. 
bo  rat  of,  749. 
camphorat  of,  829. 
carbon  at  of,  775. 
dtrat  of,  814. 
iluat  of,  765. 
ladat  of,  817. 

Eiurlat  of,  705. 
nitrat  of,  676. 
oxalat  of,  805. 
phofphat  of,  735. 
faccholat  of,  818. 


Alumina,  febat  of,  n°  847. 
foap  of,  594. 
fuberat  of,  836. 
fulphat  of,  627. 
fulphite  of,  665. 
tartrite  of,  81 1. 

Amalgam,  what,  93. 

Amler,  502. 

Ammonia,  Part  II.  ch.  iv.  fed.  3. 
acetite  of,  779. 
aurat  of,  849. 
benzoat  of,  820. 
borat  of,  725. 
camphorat  of,  825. 
carbonat  of,  770. 
citrat  of,  813. 
cuprat  of,  852. 

Iluat  of,  761. 
ladat  of,  817.- 
malat  of,  816. 
mdcuriat  of,  851. 
rauriat  of,  697. 
nitrat  of,  670. 
oxalat  of,  804. 
phofphat  of,  730. 
prufiiat  of,  837. 
faccholat  of,  818. 
febat  of,  846. 
foap  of,  591. 
fuberat  of,  832. 
fulphat  of,  627. 
fulphite  of,  661. 
tartrite  of,  8  i  o. 
zincat  of,  855. 

Animal  acids,  549- 

Antimony,  Parti.  ch.Iii.  fed.lO. 
acetite  of,  794. 
benzoat  of,  822. 
muriat  of,  7  1 6. 
nitrat  of,  687. 
oxalat  of,  806.. 
febat  of,  848. 
fulphat  of,  650. 
tartrite  of,  812. 

Antiphlogiftic  theory,  p.  277, 
note. 

Ants,  acid  of.  Part  II.  ch.  v. 
fed.  29. 

Apulum,.n°  240. 

Aqua-fortis,  407.. 

Aqua~regla,  p.  224,  note., 

Arcanum  dupllcatum,  n'^  624. 
tartari,,  777. 

Arfenlats,*  ^^2,  and  Part  III. 
ch.  ii.  fed.  26. 

Arfenic,  Part  I.  ch.  iii.  fed.  12.. 
acid,  550. 
acetite  of,  795. 
benzoat  of>  822». 


Arfenic,  borat  of,  n^  738. 
fluat  of,  767. 
muriat  of,  717. 
nitrat  of,  688. 
oxalat  of,  806. 
phofphat  of,  740. 
febat  of,  848. 
fulphat  of,  651. 
tartrite  of,  812.^ 

Atmofpheric  air,  compofition  of, 

53* 

Aurum  mufivum,  120. 

Aiijlrum,  240. 

A%ot,  Part  I.  ch.  ii.  fed.  5. 

how  combined  with  oxy¬ 
gen,  421. 

B 

Balfam  of  fulphur,  370. 

Balm  of  Peru,  foap  of,  609. 

Barytes,  Part  I.  ch.  iv.  fed.  3. 
acetite  of,  780. 
borat  of,  725. 
camphorat  of,  826. 
carbonat,  771. 
citrat  of,  814. 
fluat  of,  762. 
ladat  of,  817. 
rnalat  of,  816. 
muriat  of,  699. 
nitrat  of,  671. 
oxalat  of,  805. 
oxy muriat  of,  724. 
phofphat  of,  731. 
prufiiat  of,  838. 
faccholat  of,  818.. 
foap  of,  595. 
fuberat  of,  834. 
fulphat  of,  628. 
fulphite  of,  661. 

B  ary  tic,  water,  2  09. 

Beer,  when  firfl;  known,  340. 

Bell  metal,  122. 

Benxoats,  501,  and  Part  IIL 
ch.  ii.  fed.  19. 

Benxolc  acid,  Part  LI.  ch.  v. 
fed.  20. 

Benzoin,  499. 

foap  of,  608. 

Bergman,  charader  of,  114. 

Bifmuth,  Part  I.  ch.  Iii*  fed.  1 
acetite  of,  793. 
benzoat  of,  822. 
borat  of,  757. 
muriat  of,  715. 
nitrat  of,  686. 
oxalat  of,  806. 
fulphat  of,  649. 
tartrite  of;  812- 


Black,  Dr,  difcovers  latent  heat, 
268. 

difcovers  the  compo- 
fitlon  of  the  carbo- 
nats,  200,  373. 

Black  bodies  fooneft  heated  by 

light.  325- 

lead,  109. 

Blende,  p.  247,  note. 

Blue,  liquid,  n°  513, 

Bailing  point  of  water,  experi¬ 
ments  on,  337,  338. 

Bologna  {lone,  629. 

Bomhyc  acid,  546. 

Boracic  acid.  Part  II.  ch.  v. 
fed.  8. 

Borats,  447,  and  Part  II.  ch.  if. 
fed.  8. 

Borax,  441,  744. 

Barhonium,  240. 

Brafs,  140. 

Brittlenefs,  to  what  owing,  303^ 
Bronze,  122. 

Brunfwick  green,  812*. 

C 


Cadmea,  134. 

Careous  acid,  457— 

Calchantum,  641. 

Calcination^  6  i . 

Calomel,  718,  725. 

Caloric,  Part  I.  ch.  v. 

whether  a  fubflance,. 
241,  312. 

equilibrium  of,  246. 
of  fluidity,  269. 
of  evaporation,  270. 
methods  of  obtaining, 
292. 

whether  the  fame  with 
light,  328. 
CaUrimeier,  265,, 

Calx,  61. 

Camphor,  506. 

Camphorats,  510,  and  Part  ITL, 
ch.  ii.  fed.  21. 

Camphoric  acid.  Part.  II.  ch.  v, 
fed.  22. 

Cantonas  pyrophorus,.  320. 
Capacity  for  caloric  explained, 
262. 

Carbon,  Part  I.  ch.  ii.  fed.  3. 
attempts  to  decompofe, 
44. 

Carbonat s,  462,  and  Part  III. 
ch.  ii.  fed.  10. 

Carbonated  hydrogen  gas,  42, 
and  Part  III.  ch.  iii. 
Carbonated  azotic  gas,  50. 

Carbonh 
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Carbonic  acid,  32,  and  Part  II. 

cli.  Y.  10. 

Carhunets^  35. 

Carhunet  of  iron,  109. 

manganefe,  175, 
zinc,  139. 

Cavallo^  experiments  on  light, 

'Cavendlfi^  Henry,  difeovers  the 
cornpofition  of  wa- 
ter,  341.  ^ 
and  of  nitric  acid, 
409. 

fCauJlicum  acid  urn,  374. 
Cementation ,  1 1 3 . 

Chalyheated  tartar,  812. 
Charcoal,  cond  ailing  power  of, 
252. 

Chemiflry,  definition  of,  i. 
Chronic  acid,  Part  II.  ch.  v. 

fed.  35. 

Chromum,  189. 

Cinnabar,  91. 

Cilrats,  478,  and  Part  III.  ch. 

ii.  fe^l.  14. 

Citric  acid,  476. 

Cobalt,  Part  I.  ch.  iii.  fed.  13. 
acetite  of,  790. 
benzoat  of,  822. 
borat  of,  752. 
fluat  of,  767. 
muriat  of,  710. 
nitrat  of,  680. 
oxalat  of,  806. 
foap  of,  598. 
fulphat  of,  646. 

Cohefton,  570. 

Cold,  methodofproducing,  280. 
why  produced  by  mix¬ 
tures,  282. 

Colour  effeds  the  heating  of 
bodies  by  light,  335. 
Colouring  matter  of  Prulfian 
blue,  533. 

Comhujlion  explained,  293. 
Common  falts,  696. 

Compound  affinity,  583. 
Compound  bodies,  Part  II. 
Condenfation  diminifhes  fpecific 
caloric,  303. 

Conducing  powers  of  bodies, 
251,  286. 

Contact,  no  abfolute,  568. 
Copper,  Part  I.  ch.  iii.  fed.  5. 
acetite  of,  792. 
benzoat  of,  822. 
borat  of,  756. 
citrat  of,  815. 
fluat  of,  767. 
muriat  of,  714, 
nitrat  of,  685. 
oxalat  of,  806. 
febat  of,  848. 
foap  of,  602. 
fulphat  of,  684. 
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Corh,  n°  51 1. 

Corroftve  muriat  of  mercury, 
7?5- 

fublimate,  725. 
Corundum,  236. 

Crawford,  Dr,  his  experiments 
oil  fpecific  caloric, 
264. 

his  theory  of  corn- 
bullion,  297. 
Cryjlal,  rock,  216. 
Cryflallixation,  Part  III.  ch.  iv. 
Cryjlals,  what,  18,  864. 
Cuprum,  when  firll  ufed,  page 
239,  note. 

D 

Decrepitation  explained,  p.  359. 
notes. 

De  Luc^%  theory  of  light,  332. 
Denfity,  increafed  by  hammer- 
ing. 

of  different  mixtures  of 
acidsand  water,  aoy. 
^411,  424. 
Dephlogijlicated  air,  6. 

muriatic  acid, 
428. 

Detonation  of  nitre,  667. 
Diamond,  38. 

Digejiive  fait  of  Sylvius,  777. 
Difpoftng  affinity,  584. 

Diuretic  fait,  777. 

DuBility,  60. 

Earths,  Part  I.  ch.  iv. 

properties  of,  192. 
combinations  with  each 
other,  205,  217. 

225. 

remarks  on,  240. 
Effervefcence,  what,  page  214, 
note. 

EJ/lorefcing  explained,  n®  626, 
and  note. 

Eggs  hatched  by  eledricity, 

313- 

Eledrive  attradion,  what,  13. 
Ele&ricity,  analogy  between  and 
caloric,  246. 
whether  an  agent  in 
producing  heat  by 
fridion,  314. 
Emetic  tartar,  812. 

Empyreal  air,  6. 

Epfom  fait,  633. 

Equilibrium  of  caloric,  246. 

■  Ether,  355. 

Ethiops  mineral,  90. 

Eudiometer,  420. 

Euler\  theory  of  light,  315. 
Expanfion  of  bodies,  table  of, 
242. 

Extras  of  Saturn,  790. 

F 

Eat,  acjd  of,  543. 


Feathers,  why  a  warm  cover¬ 
ing,  n®  260. 

Febrifuge  fait  of  Sylvius,  695. 
Fire  damp,  36. 

Fixed  air,  200,  457. 
ammonia,  701. 
oil,  361. 

Fluats,  455,  and  Part  III.  ch. 
ii.  fed.  9. 

Fluids,  whether  coiidudors  of 
caloric,  256. 
proved  that  they  are,  259. 
Fluor,  449." 

Fluoric  acid,  Part  II.  ch.  v. 
fed.  9. 

Formic  529. 

Formica  rufa,  539. 

Franklin^  experiments  on  the 
heating  of  bodies  by  light, 

FriSion,  caloric  produced  by, 
307>3»o* 

Fulminating  gold,  849. 

lilver,  850. 

Furs,  in  what  their  warmth  con- 
fifts,  260. 

Fufthle  fpar,  449. 

Fufton,  867. 

Gallats,  498,  and  Part  III.  ch, 
ii.  fed.  18. 

Gallic  acid.  Part  II.  ch.  v.  fed. 
19. 

Galls,  493. 

Gas  explained,  5,  457. 

Gafeous  form  of  bodies,  to  what 
owing,  279. 

Gafes,  not  heated  red  hot,  327. 
Glafs,  377. 

condudiiigpowerof,253. 
of  antimony,  145. 
Glauber^  fait,  626. 

Glucina,  236,  237. 

Gold,  Part  I.  ch.  iii.  fed.  i. 
aded  on  by  nitric  acid, 

413-  . 

fulminating,  848. 

-  acetite  of,  798. 
benzoat  of,  822. 
febat  of,  848. 
foap  of,  605. 
ftannat  of,  853. 

Guaic,  foap  of,  610. 
Gunpowder,  667. 

Gypfum,  630. 

H 

Hartjhom,  382. 

Hauy^s  theory  of  cryftallization, 
872. 

Heat,  Part  I.  ch.  v. 

makes  bodies  luminous, 
326. 

Hepatic  gas,  40. 

Hot  bodies  lighter  than  cold, 
^^48. 


Index. 

Houi  pQun,  n'*  44 1 . 

Hutton\  theory  of  light,  333. 

explanation  of  the  ap¬ 
parent  refiedion  of 
cold,  page  283,  note. 

Hydrogen  gas,  Part  I.  ch.  ii. 
fed.  4. 

Hydrogenous  fulplmrets,  858. 

Hydrofulphurets,  Part  III.  ch# 
iii, 

1 

fames^^  powder,  742. 

Jargon,  243. 

Jargonia,  Part  I.  eh,  iv,  fed,  7. 

&  page  363,  note, 
acetite  of,  n«  785. 
muriat  of,  706. 
nitrat  of,  677. 
fulphat  of,  640. 

335-  . 

Inflammable  air,  page  217. 

Iron,  Part  I.  ch.  iii.  fed.  6%. 
caft,  113. 
cold  fhort,  108. 
wrought.  III. 
acetite  of,  786. 
benzoat  of,  822. 
borat  of,  750. 
carbonat  of,  776. 
citrat  of,  815. 

-  fluat  of,  767. 

green  fulphat  of,  641$ 
ladat  of,  817. 
malat  of,  816. 
muriat  of,  707. 
nitrat  of,  678. 
oxalat  of,  806. 
phofphat  of,  736. 
pruffiat  of,  839. 
red  fulphat  of,  642. 
febat  of,  848. 
foap  of,  601. 
fulphite  of,  666. 
tartrite  of,  812. 

Irvine,  Dr,  his  theory  of  heat> 
296. 

theorem  to  difeoverthe 
real  zeno,  272. 

K 

Kirwan*^  theory  of  phlogifton, 

299- 

experiments  on  the 
flrength  of  acids, 
497,  511. 

D 

Lac,  white  517. 

Laccic  acid,  Part  II.  ch.  v.  fed* 
24. 

LaSats,  486,  and  Part  III.  ch. 
ii.  fed.  16. 

Z/^i<^iracid,Part  Il.ch.v.fed.i  7* 

Lana  philofophica,  page,  23 S. 
note. 

Latent  caloric,  n®  269. 

Lavoificr  and  La  Place;  experi¬ 
ments 


Index. 

ments  of  on  fpecific  caloric, 
265. 

-Lead^  Part  L  ch.  iii,  fe£f.  8. 
acetite  of,  782. 
benzoat  of,  822. 
borat  of,  754. 
fluat  of,  767. 
niuriat  of,  712. 
nitrat  of,  683. 
oxalat  of,  806. 
febat  of,  8^8. 
foap  of,  603. 
fulphat  of,  647. 

Lemonsy  effential  fait  of,  802. 

highly  Part  I.  ch.  vi. 

JLtgneous  acid,  page  333,  note. 
L 

hlmcy  Part  I.  ch,  iv.  feil,  i, 
acetite  of,  781. 
benzoat  of,  821. 
borat  of,  746. 
camphorat  of,  827. 
citrat  of,  814. 
fluat  of,  763. 
ladfat  of,  817. 
malat  of,  8 1 6. 
tnercuriat  of,  851. 
muriat  of,  701. 

.  nitrat  of,  672. 
oxalat  of,  805. 
oxy- muriat  of,  724. 
phofphat  of,  732. 
plumbat  of,  85^. 
prulfiat  of,  83 S. 
faccholat  of,  818. 
febat  of,  847. 
foap  of,  592. 
fuberat  of,  834. 
fulphat  of,  630. 
fulphite  of,  663, 
tartrite  of,  81 1. 

hlme-watery  195. 

Uquidh\\ity  513. 

Liquor  filicum,  215,  377. 

Lutey  what,  7. 

M 

Mncquer'%  opinion  about  phlo- 
gillon,  296. 

JMagneJiay  Part  I.  ch.  iv.  fe£f.  2. 
acetite  of,  783. 
benzoat  of,  821. 
borat  of,  748. 
camphorat  of,  828. 
citrat  of,  814. 
fliiat  of,  764. 

Ia61;at  of,  817. 
malat  of,  816. 
muriat  of,  703. 
nitrat  of,  674. 
oxalat  of,  805. 
oxy-muriat  of,  724. 
phofphat  of,  734. 
prufiiat  of,  838. 
faccholat  of,  818. 
febat  of,  847. 

SuppL.  VoL.  I.  Part  II. 
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Magnejluy  foap  of,  n®  593. 

fuberat  of,  835. 
fulphat  of,  633. 
fulphite  of,  664. 
tartrite  of,  8 r  t. 
MafatSy  483,  and  Part  III,  ch. 

ii.  fed.  15.  » 

Malic  acid,  480, 

Malleability y  39. 

Manganefcy  Part  I.  ch.  iii.  fed. 

15- 

ben  zoat  of,  822. 
fluat  of,  767. 
muriat  of,  709. 
nitrat  of,  680. 
oxalat  of,  8c6. 
phofphat  of,  738. 
foap  of,  606. 
fulphat  of,  644. 
Marcajite  of  gold,  1 34. 

Marks  given  to  metals  by  the 
ancients,  ‘130. 

Marine  acid,  422. 

MaJJicoty  1 25. 

Menach  anile  y  186. 

Mephetic  acid,  457. 

Mercury y  Part  I.  ch.  iii.  fed.  4. 

a  noncoududor  of  ca¬ 
loric,  259. 
acetite  of,  796. 
benzoat  of,  822. 
citrat  of,  815. 
fluat  of,  767. 
hydrogenous  fulphu- 
ret  of,  85 9. 
muriat  of,  7  1 S. 
nitrat  of,  689. 
oxalat  of,  806. 

.  oxy-muriat  of,  725. 
prufliat  of,  845, 
febat  of,  848. 
foap  of,  596. 
tartrite  of,  81 2. 
white  fulphat  of,  651. 
yellow  fulphat  of, 65 3. 
Metallic  acids,  559. 

Metals y  Part  I.  ch.  iii. 

expanflon  of,  242. 
conduding  power  of, 

^  254. 

Mtafmatay  how  deflroyed,  426. 
Microcofmic  fait,  730. 

Mineral  cryftal,  667. 

Minium  y  125. 

Mi  pouuy  441. 

Mifyy  641. 

Molybdendy  180. 

Molyhdenumy  Part  I.  ch.  iii.  fed. 
^7- 

MolybdatSy  ggg, 

Molybdic  acid,  555. 

Mother  ley,  explained,  page  25  r> 
note. 

Muriatic  acid,  Part  II.  ch.  v. 
left.  5. 
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Muriatic  acid  dephlogifticated, 
n<?428. 

oxygenated,  428. 
Compofition  of, 
434- 

MuriatSy  425,  and  Part  III. 
ch.  ii.  fed.  j. 

N 

Names  given  to  metals  by  the 
ancients,  130. 

Narcotic  fait,  442. 

^  Nekton* s  theory  of  light,  315. 
Nickel y  Part  I.  ch.  iii.  fed.  14. 
acetite  of,  789. 
borat  of,  753. 
fluat  of,  767. 
muriat  of,  7 1 1, 
nitrat  of,  682. 
oxalat  of,  806. 
phofphat  of,  739. 
foap  of,  599. 
fulphat  of,  643. 

Nitratsy  414,  and  Part  IIL  ch. 

ii.  fed.  3. 

Nitre y  667. 

ads  on  platinum,  p,  312, 
note. 

cubic,  669. 

Nitric  acid,  51,  and  Part  II. 
ch  ii.  fed.  3. 
its  ad  ion  on  oils,  413 
Nitrites,  417,  and  Part  IIL  ch. 
ii.  fed.  4. 

Nitrous  air  or  gas,  409,  418. 
acid.  Part  II.  ch.  v. 
fed.  4. 

Nitro -muriatic  acid,  43 1. 

Nit  rum  fix  urn,  624. 

flammans,  670. 
femivolatile,  670. 

o 

Oil  of  vitriol,  391. 

Oilsy  Part  tr.  ch.  iii. 
drying,  365. 

noncondudors  of  heat, 
295. 

Olivcy  when  firft  cultivated  irt 
Europe,  330. 

Olive  oil  analyfed,  363. 
Orichalcuniy  what,  140. 

Orpimenty  155. 

Ouretic  acid,  729. 

Oxalatsy  470,  and  Part  III,  ch. 
ii.  fed.  12. 

Oxalic  acid,  Part  II.  ch.  v.  fed. 

13- 

Oxide  and  oxydationy  68. 

Oxides  of  antimony,  144. 
arfenic,  154. 
bifmuth,  149, 
cobalt,  160. 
copper,  96. 
gold,  71. 
iron,  loj. 
lead,  125. 
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Oxides  of  manganefe,  173. 
mercury,  85. 
molybdenum,  18 1  • 
nickel,  167. 
platinum,  81. 
fiiver,  74. 
tellurium,  188. 
tin,  119. 
titanium,  185. 
tungllen,  179. 
uranium,  183. 
zinc,  136. 

metallic,  remarks  on, 
191. 

Oxygeuy  Part  I.  ch.  i. 

gas  contains  light,  322, 
caloric  it  gives  out, 
278. 

Oxy-muriatsy  432,  and  Part  III. 
ch.  ii,  fed.  6. 

Oxy  muriatic  acid.  Part  II.  ch. 
V.  fed,  6. 

P 

Panacea  holfatica,  624. 

P e-lay  page  332,  note. 

PercuJJion  produces  heat,  and 
why,  n®  302. 

Perlated  fait,  729. 

acid,  729, 

Pe^wiery  140,  152. 

Phlogijion  explained,  295,  20. 

its  exiftencc  difpro- 
ved,  301. 

Phlogijlic  theory,  page  277, 
note. 

Phlogijliccted  air,  n°  52. 

Phofphat s  438,  and  Part  III. 
ch.  ii.  fed.  7. 

Phofphorated  hydrogen  gas,  41. 

azotic  gas,  50. 

Phofphoric  acid,  28,  and  Part 
II.  ch.  V.  fed.  7. 

Phofphorous  acid,  440. 

Phofphorusy  Part  I.  ch.  ii.  fed. 

2. 

whether  an  ingre¬ 
dient  of  fteel,  1 15, 

Phofphuret  of  antimony,  145. 

arfenic,  156. 
bifmuth,  151, 
cobalt,  162. 
copper,  100. 
gold,  72. 
iron,  108. 
lead,  127, 
lime,  197, 
manganefe,  174^ 
mercury,  92. 
molybdenum, 

181. 

tiickel,  169. 
platinum,  82. 
potafs,  375. 
filver,  76. 
tin,  I2I. 

Phofphuret 
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Phofphuret  of  tungften,  00179. 

Zinc,  138. 

Pidet^^  experiments  on  light  and 
caloric,  325,  and  p. 
284,  note, 

Pinchhechy  140. 

Pin  poun^  441. 

Plqjier  of  Paris,  631. 

Platinum^  Part  I.  ch.  iii.  Tea.  3. 
benzoat  of,  822. 
oxalat  of,  8c6. 
febat  of,  B48. 

Phtnhago^  109. 

Pneumatic  apparatus,  7. 

Pompholyx,  page  240,  note. 

Potafs,  Part  \L  cb.  iv.  fea.  I. 
acetite  of,  777. 
acidulous  oxalat  of,  802. 
antimoniat  of,  85 6. 
benzoat  of,  820. 
borat  of,  743. 
camphorat  of,  823. 
carbonat  of,  768. 
citrat  of,  813. 
fluat  of,  759. 
haatof,  817. 

n\alat  of,  8 1 6. 
muriat  of,  695. 
nkrat  of,  667. 
oxalat  of,  801. 
oxy-muriat  of,  722. 
phofphat  of,  728^ 
pruffiat  of,  837. 
faccholat  of,  818. 
febat  of,  846. 
fuberat  of,  830. 
fulpbat  of,  624. 
fulpbite  of,  659. 
tart  rite  of,  808.  ^ 

Pounxay  441. 

Precipitate  per  fe,  88. 

Priejlley's  theory  of  combuftion, 

"^97: 

experiments  on  ni- 
nitrous  gas,  409. 

Prince'* s  metal,  140. 

PriJJlan  blue,  839- 
alkali,  532,  841. 

Prujpatsy  537. 

Prujfic  acid.  Part  II.  ch.  v.  fea. 
28. 

affinities  of,  840. 

Pyroltgnites^  524. 

Pyrolignous  acid.  Part  IL  ch.  v. 
fea  26. 

Pyromucitesy  522. 

Pyromucous  acid.  Part  II.  ch.  v. 
fea.  25. 

Pyrophoriy  32r. 

Pyrophorus  of  Homberg,  639. 

Py rotUrt rites  y  528. 

Pyrotartarous  acid.  Part  IL  ch. 

V.  fea.  27. 

^Icklime}  19S‘ 
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^ikh/thefy  Part  I.  ch.  iii.  fea. 

R 

Rancidity y  n®  364. 

Realgar  y  155. 

Red  heat  explained,  326. 

lead  ore  of  Siberia,  page 
299,  note, 
precipitate,  n'*  88. 

ReduEticn  explained,  page  232, 
note. 

Regenerated  tartar,  n'^  777. 
Reftduumy  what,  19. 

ReJin  explained,  p.  299,  note. 
Rock  cr^ftal,  216. 

Rujl  of  iron,  T05. 

S 

Saccharine  acid,  467. 

SaccholatSy  492,  and  Part  III. 

ch.  ii.  fea.  17. 

Sal  ammoniac,  697- 

catharticus  amarus,  633. 
de  duobiis,  624. 
gem,  696. 
mirabile,  626. 

perlatum,  629. 
poly cr eft  Glaferi,  624. 

Sait  of  Saturn,  790. 

Saltsy  622. 

neutral,  623. 

Saturation  explained,  571. 
Scammonyy  foap  of,  6 1 1 . 

Scheeky  account  of,  331,  and 
note  in  page  286. 

Sea  fait,  696. 

SebatSy  545,  and  Part  III.  ch. 
ii.  fea.  25. 

Secret  foliated  earth  of  tartar, 

lal  ammoniac,  027. 

Selenite y  630. 

Semimetalsy  69* 

Seydler  fait,  633. 

Siderumy  1 08. 

Sidneiay  239. 

SiHcay  Part  I.  ch.  iv.  fea.  5. 

Scheele's  theory  of  the 
formation  of,  450. 
fluat  of,  766. 

Silky  why  a  warm  covering, 
260. 

Silkworm  contains  an  acid, 

54^* 

Silver i  Part  I.  ch.  iii.  fea.  2. 
fulminating,  850. 
acetite  of,  797. 
benzoat  of,  822. 
muriat  of,  720. 

^nitrat  of,  691. 
oxalat  of,  806. 
foap  of,  604. 
fulpbat  of,  655. 

Simple  affinity,  582. 

bodies  what,  3. 

SmQking  li(]^uor  of  Libavius,  726. 
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Snow  of  antimony,  144. 

Soapy  378.^ 

origin  of  the  term,  586. 
method  of  forming,  587. 
hard,  586. 
foft,  59c. 
of  wool,  590. 
of  fifh,  590. 

SoapSy  Part  III,  ch.  i. 

Soday  Part'll,  ch.  iv.  fea.  2. 
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Suberic  acid.  Part  II.  ch.  v* 
fea.  23. 

Succinatsy  n^yo^f. 

Succinic  acid.  Part  II.  ch.  5. 

fea.  21. 

Sugary  465. 

acid  of,  466. 
of  bifmuth,  793. 
of  lead,  790. 
of  milk,  488. 


acetite  of,  778. 

of  Saturn,  790. 

benzoat  of,  820. 

Sulphatsy  399.  and  Part  III. 

borat  of,  744. 

ch.  ii.  fed.  I. 

camphorat  of,  824. 

Sulphites y  4oy.  and  Part  III. 

carbonat  of,  769. 

ch.  ii.  fed.  2. 

citrat  of,  813. 

Sulphury  Part  I.  ch.  ii.  fed.  i. 

fluat  of,  760. 

Sulphurated  hydrogen  gas,  40, 

laclat  of,  817. 

malat  of,  816. 

Sulphur et  of  ammonia,  386. 

muriat  of,  696. 

antimony,  I4y. 

nitrat  of,  669. 

arfenic,  lyy. 

oxalat  of,  803. 

barytes,  210. 

oxy-murlat  of,  723. 

bifmuth,  lyo. 

phofphat  of,  729. 

cobalt,  1 61. 

pruffiat  of,  837. 

copper,  99. 

faccholat  of,  818* 

iron,  107. 

febat  of,  848. 

lead,  126, 

fuberat  of,  831. 

lime,  196. 

fulpbat  of,  626. 

magnefia,  204. 

fulpbite  of,  6€o. 

mercury,  90,  91^ 

le  tartar,  808. 

8J9- 

Solutiony  865. 

wliy  haftened  by  heat, 
291. 

Soryy  641. 

Sparks  produced  by  the  colli- 
lion  of  quartz,  305. 

Specific  caloric,  what,  262,  290. 
table  of,  267. 

Specificum  purgans,  624. 

Spelter  y  134. 

of  Mindererus,  779. 
nitre,  407. 
fait,  422. 

Stahl* %  theory  of  combuftion, 

295- 

Steamy  336. 

a  nonconduaor  of  calo¬ 
ric,  261. 

Steely  1 12. 

Stibium  of  the  ancients,  what, 
142. 

5'/(?/?fx,conduaing  power  of,255. 

Strength  of  acids,  397,  41 1- 

Strontitesy  Part  I.  cb.  iv.  fed.  4. 
acetite  of,  782. 
carbonat  of,  773. 
muriat  of,  702. 
nitrat  of,  673, 
oxalat  of,  805. 
phofphat  of,  733. 
fulpbat  of,  633. 
tartrite  of,  811. 

Suberatsy  514.  and  Part  III. 
ch.  ii.  22. 


molybdenum,  18 1* 
nickel,  168. 
potafs,  375. 
filvcr,  yy. 
tellurium,  188. 
tin,  120. 
tungften,  179* 
uranium,  183. 
zinc,  137. 

SuiphuretSy  remarks  on,  8y8. 
Sulphuric  acid.  Part  II.  ch.  v. 
fe(ft.  I. 

Sulphurous  zci^y  Part  II.  ch.  v. 
fe£l.  2. 

SylvanitCy  page  247,  note. 
Syrupous  acid,  page  333,  note. 

T 

Tanning  principle,  page  327, 
Tartary  472,  807. 

emetic,  812. 

Tartari%ed  tindlure  of  Mars, 
812. 

iron,  812. 

Tartarous  acidj  P^rt  II.  ch.  Vo 
fe<ft.  14. 

Tartritesy  474.  and  Part  III. 

ch.  ii.  feft.  I  3. 

Telluriuniy  Part  I.  ch.  in. 

20. 

fulpbat  of,  6y8. 
Temperature  explained,  290. 
Tennant y  Smithfon,  decompofe^ 
carbonic  acid,  4y9. 

Tetifion  of  caloric  explained,  247, 
T  erra 
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Index. 

Tefra  pendcrof^i  207* 
Tbermometery  244. 

how  a  meafure  of 
temperature, 
248, 

hands  higher  when 
its  bulb  is  black¬ 
ened,  325. 
finks  in  an  ex- 
haufted  receiver, 
241. 

VVedgewood’s, 

224. 

Part  I.  ch.  iii.  fed,  7. 
acetite  of,  791. 
benzoat  of,  822, 
borat  of,  7  c 5. 
fluat  of,  707. 
muriat  of,  713, 
nitrat  of,  684. 
oxalat  of,  8c6. 
oxy-muriat  of,  726. 
febat  of,  848. 
foap  of,  600. 
fulphat  of,  647* 

*TinfoiU  iiS. 

^InplaUi  n“  128. 


Tincah  441, 

Titanium^  Part  I.  ch.  iii.  fed. 
19. 

muriat  of,  721. 
fulphat  of,  657. 
Tomhacy  white,  157, 

TungstatSy  554. 

Tungsteuy  Part  I.  ch.  iii.  fed.  1 6. 
tungstic  acid,  553. 
l^urbith  mineral,  653. 

Turpentine y  foap.  of,  607. 

Typesy  printers,  compofiuon  of, 
147. 

U 

Vegetable  acids,  526. 

Venusy  cryftals  of,  792. 
Verdigrifcy  792. 

Vermiliony  91. 

Vinegary  Part  II.  ch,  v.  fed. 

II. 

of  Saturn,  790. 

Vital  airy  6. 

Vitrloly  blue,  648. 

green,  641. 
white,  643. 

Vitriol  of  potafs,  p.  359,  note, 
mother  water  of,  642. 


Vltriolated  ammonia,  627. 

tartar,  624. 

Vitriolic  acid,  391. 

Volatile  and  volatillxatlony  what, 

17-. 

Volatile  ^M^Aiy  382, 
oils,  369. 

Uraniuniy  Part  I.  ch.  hi.  fed. 
18. 

acetite  of,  799. 
phofphat  of,  741. 
fulphat  of,  655, 

W 

Watery  38,  Part  II.  ch.  i. 
weight  of,  334. 
hiftory  of  its  decompo- 
fition,  341. 

.  proofs  of  its  decompp- 
fition,  342. 

a  noncondudor  of  heat, 

2^6. 

of  nitre,  407. 

Watery  fufion  explained,  626, 
and  note. 

Wedgenjjoody  Thomas,  his  expe¬ 
riments  oil  light,  325,  326, 

327>  329- 
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WedgenvQod^^  thermometer,  224* 

Wilckles^s  experiments  on  fpeci- 
iic  caloric,  263. 

Wincy  cfferitial  fait  of,  777. 

WoodiCond\x€tn\g  power  of, 2 5 2. 
Y 

Tttriay  238. 

Z 

Zeroy  real  attempt  to  difeover^ 
271. 

Zincy  Part  I.  ch.  iii.  fed.  9. 
acetite  of»  787. 
benZoat  of,  822. 
borat  of,  750. 
carbon  at  of,  776. 
fluat  of,  767. 

'  ladatof,  817. 
malat  of,  816. 
muriat  of,  708. 
nitrat  of,  679. 
oxalat  of,  806. 
pholpbat  of,  737. 
ibap  of,  597,  ' 
fulphat  of,  643. 
tart  rite  of,  812. 

Zirconiay  page  363,  note*, 

Zoonic  acid,  547. 


CHE 

Cherubim.  CHERUBIM  were  emblematical  figures  ;  of  which 
^  an  account,  a  very  vague  one  indeed,  has  been  given  in 
the  Encyclopedia  Britannica.  We  are  far  from  think¬ 
ing  ourfelves  qualified  to  improve  that  account,  or  to 
explain  emblems  in  the  Jewifh  worfliip,  which  even  Jo- 
fephus  did  not  underftand  f  and  we  certainly  fliould  not 
have  refumed  the  fub}ed  but  to  gratify  a  numerous 
clafs  of  our  readers,  and  to  comply  with  the  requeft  of 
fome  highly  refpeded  friends. 

The  followers  of  Mr  Hutchinfon,  who  are  firmly  per- 
fuaded  that  their  mafter  brought  to  light  from  the 
writings  of  the  Old  Teftament  many  important  doc- 
trfnes  which  had  lain  concealed  from  all  the  piety,  all 
the  induflry,  and  all  the  learning  of  1700  years,  be¬ 
lieve  that,  among  other  things,  he  and  they  hav?  been 
able  to  afeertain  the  form  and  the  import  of  the  He¬ 
brew  Cherubim.  Their  difeoveries  on  this  fubjed,  as 
w^e  have  been  told  by  better  judges  than  we  pretend  to 
be,  are  more  clearly  Hated  by  Mr  Parkhurft  in  his  He¬ 
brew  Lexicon,  than  by  any  other  Writer  of  that  fchool. 
We  (hall  therefore  lay  before  our  readers  his  dodrine 
refpeding  the  form  of  the  artificial  cherubs,  as  well  as 
uf  tbeir  emblematical  meaning  ^  and  fubjoin  a  few  re¬ 
marks,  which  the  nature  of  his  reafoning  has  forced 
from  us. 

“  Firjly  then,  as  to  the  form  of  the  artificial  cherubs^ 
in  the  tabernacle  and  temple,  Mofes  (fays  our  author) 
was  commanded  (Exod.  xxv.  18,  19.)  «  Thou  flialt 
make  two  cherubs  :  of  beaten  gold  fhalt  thou  make 
them  at  the  two  ends  of  the  mercy-feat.  And  thou 
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/halt  make  one  cherub  at  the  one  end,  and  the  other  Cherubim^ 
cherub  at  the  other  end  :  nisin  out  of  the  mercy-  ^  "'"w  '  ^ 
feat  (Margin  Eng.  Trafiat.  of  the  matter  of  the  mer¬ 
cy-feat)  fhall  ye  make  the  cherubs  at  the  two  ends 
thereof.’  All  which  was  accordingly  performed  (Exod* 
xxxvii,  7,  8.),  and  thefe  cherubs  were  with  the  ark  pla¬ 
ced  in  the  holy  of  holies  of  the  tabernacle  (Exod.  xxvi. 

33 »  34*  20.)  ;  as  thofe  made  by  Solomon  \vere  af¬ 

terwards  in  the  holy  of  holies  of  the  temple  (i  Kings 
vii.  23,  27.) 

We  may  obferve  that  in  Exodus  Jehovah  fpeaks  to 
Mofes  of  the  cherubs  as  of  figures  well  known  }  and  no 
wonder  fince  they  had  always  been  among  believers  in 
the  holy  tabernacle  from  the  beginning.  (See  Gen.  iii. 

24.  Wifd.  ix.  8.  And  though  mention  is  made  of  their 
faces  (Exod.  xxv.  20.  2  Chron.  iii.  13.),  and  of  their 
wings,  (Exod.  xxv.  20.^  i  Kings  viii.  7.  2  Chron.  iii. 

II,  12.);  yet  neither  in  Exodus,  Kings,  nor  Chro¬ 
nicles,  have  we  any  particular  defeription  of  their  form. 

This  is  however  very  exadly,  and,  as  it  were,  anxioufiy 
fupplied  by  the  prophet  Ezekiel,  ch.  i.  5.  ‘  Out  of  the 
midft  thereof  (  L  e,  of  the  fire  infolding  itfelf,  ver.  4.) 
niDT  the  likenefs  of  four  livings  creatures  or  animals  • 
n^nbDiKnwthe  likenefs  of  a  man  (being)  with  them.’ 

This  laft  Hebrew  exprefiion  cannot  mean  that  they, 
i.  e,  the  four  animals,  had  the  likenefs  of  a  man,  which 
interpretation  woiild  indeed  make  the  prophet  con- 
tradia  himfelf  (comp.  ver.  10.);  but  it  imports  that 
the  likenefs  of  a  man  in  glory,  called  fverfe  26  ) 

OIK  the  likenefs  as  the  appearance  of  a  mail, 

3  E  2  arid 


CHE  [  404  ]  CHE 


Cherubiiw,  and  pai*ticularly  defcrlbed  in  that  and  the  following 
‘  verfcs,  was  with  them.  Ver.  6.  ‘  And  there  were  four 
faces  to  one  (r»w  or  fimilitude),  and  four  wings  to  one, 
CDHb  to  them.  So  there  were  at  leaft  two  compound  fi¬ 
gures.  Ver.  10.  ‘  And  the  likenefs  of  their  faces  ;  the 
face  of  a  man,  and  the  face  of  a  lion,  on  the  right  lide, 
to  them  four  ;  and  the  face  of  an  ox  to  them  four  ;  and 
the  face  of  an  eagle  to  them  four.’  Ezekiel  knew  (ch. 
X.  I.— ?o.)  that  thefe  were  cherubs.  Ver.  21.  ‘  Four 
faces  to  one  (cherub)  and  four  wings  to  one.’ 

This  text  alfo  proves  that  the  prophet  faw  more  cherubs 
than  one,  and  that  each  had  four  faces  and  four  wings. 
And  we  may  be  certain  that  the  cherubs  placed  in  the 
holy  of  holies  were  of  the  form  here  defcribed  by  the 
priell  and  prophet  of  Ezekiel,  becaufe  we  have  already 
feen  from  Exodus,  i  Kings,  and  2  Chronicles,  that 
they  likewife  had  faces  and  wings,  and  becaufe  Ezekiel 
knew  what  he  faw  to  be  cherubs,  and  becaufe  there 
were  no  four.faced  cherubs  any  where  elfe  but  in  the 
holy  of  holies  ;  for  it  is  plain  from  a  comparifon  of 
Exod.  xxvi.  1,31.  I  Kings  vi.  29,  32.  and  2  Chron. 
sii.  14.  with  Ezekiel  xH.  18,  19,  20.  that  the  artificial 
cherubs  on  the  curtains  and  vail  of  the  tabernacle,  and 
on  the  walls,  doors,  and  vail  of  the  temple,  had  only 
two  faces  ;  namelv>  thofe  of  a  lion  and  of  a  man. 

“  For  it  muft  be  obferved  further,  that,  as  the  word 
is  ufed  for  one  compound  figure  with  four  faces, 
and  in  the  plural  for  feveral  fuch  compounds  (fee 

Exod.  XXV.  18,  19.  xxxvii,  8.  1  Kings  vi.  23  — 26. ), 
fo  is  applied  to  one  of  the  cherubic  animals,  as  to 
the  ox,  Ezek.  x.  14.  ;  (compare  ch.  1.  10.)  to  the 
coupled  cherub,  or  lion-man,  Ezek.  xli.  18. ;  and 
to  feveral  of  the  cherubic  animals,  as  to  feveral  oxen,  i 
Kings  vii.  36.  (compare  ver.  29.)  to  feveral  coupled 
cherubs,  Exod.  xxvi.  1.  i  Kings  vi.  32,  35  &  al.  I 
proceed  to  fhew. 

‘‘  Secondly,  of  what  the  cherubs  were  emblems^  and 
with  what  propriety. 

“  That  the  cherubic  figures  were  emblems  or  vepre- 
fentativcs  of  fomething  beyond  themfelves  is,  I  think, 
agreed  by  all,  both  Jews  and  Chriftians.  13ut  the  qnef- 
tion  is.  Of  what  they  were  emblematical?  To  which  I 
anfwer  in  a  word,  Thofe  in  the  holy  of  holies  were  em¬ 
blematical  of  the  ever-bleffed  Trinity  in  covenant  to  re¬ 
deem  man,  by  uniting  the  human  nature  to  the  Second 
Perfon;  which  union  was  fignified  by  the  union  of  the 
f^ces  of  the  lion  and  of  the  man  in  the  cherubic  exhi¬ 
bition,  Ezek.  i.  10.  compare  Ezek.  xli.  18,  19.  1  he 

cherubs  in  the  holy  of  holies  were  certainly  intended  to 
reprefent  fome  beings  in  heaven,  becaufe  St  Paul  has 
exprefsly  and  infallibly  determined  that  the  holy  of  ho¬ 
lies  was  a  figure  or  type  of  heaven,  even  of  that  heaven 
where  is  the  peculiar  refidence  of  God  (Heb.  ix.  24.). 
And  therefore  thefe  cherubs  reprefented  either  the  ever 
bleffed  Trinity  with  the  man  taken  into  the  effence,  or 
created  fpiritual  angels.  The  following  reafons  will,  I 
hope,  clearly  prove  them  to  be  emblematical  of  the 
former,  not  of  the  latter  :  ^  . 

“  ly?.  Not  of  angels;  becaufe  (not  now  to  infill  on 
other  circumftances  in  the  cherubic  form)  no  tolerable 
reafon  can  be  afligned  w^hy  angels  Ihould  be  exhibited 
with  four  faces  apiece. 

“  2dly,  Becaufe  the  cherubs  in  the  holy  of  holies  of 
the  tabernacle  were,  by  Jehovah’s  order,  ‘  made  out  of 
the  matter  of  the  mercy-feat,  or  beaten  out  of  the  fame 


piece  of  gold  as  that  was’  (Exod.  xxv.  18,  19.  xxxvii.  CferuhiW 
9.).  Now  the  mercy-feat,  made  of  gold  and  crowned, 
was  an  emblem  of  the  Divinity  of  Chrift  (See  Rom.  iii. 

25.  The  cherubs  therefore  reprefented  not  the  ange¬ 
lic,  but  the  Divine  nature. 

“  typical  blood  of  Chrift  was  fprinkled 

before  them  on  the  great  day  of  atonement  (compare 
Exod.  xxxvii.  9.  Lev.  xvi.  14.  Heb.  ix.  7,  12.)  :  And 
this  cannot  in  any  fenfe  be  referred  to  created  angels, 
but  muft  be  referred  to  Jehovah  only  ;  becaufe, 

“  c^thly,  Th^*  high  prieft’s  entering  into  the  holy  of 
holies  on  that  day,  reprefented  Chrift’s  entering  with 
his  own  blood  into  heaven  ‘  to  appear  in  the  prefeiice 
of  God  for  us’  (Heb.  ix.  7,  24.)  And, 

^thly,  When  God  ‘  raifed  Chrift  (the  humanity) 
from  the  dead,  he  fet  him  at  his  own  right  hand  in  the 
heavenly  places,  far  above,  ^rnEPANn,  all  principality 
and  power,  and  might  and  dominion,  and  every  name 
that  is  named,  not  only  in  this  world,  but  alfo  in  that 
which  is  to  come  (Eph.  i.  21.).  Angels  and  autho¬ 
rities  and  powers  being  made  fubje(ft  unto  him’  ( i  Peter 
iii.  22.) 

6/^/y,  The  prophet  Ezekiel  faith  (ch.  x.  20.), 

‘  This  is  the  living  creature,  n'nn  (which  muft  mean 
one  compound  figure,  comp.  ver.  14.)  that  I  faw’  rinn 
inftead  of,  a  fubftitute  of  ‘  the  Aleim  of  Ifrael. 
it  is  granted,  may  refer  either  to  fituation  or  fubftitu- 
tioD,  (fee  Gen.  xxx.  2.  1.  19.)  as  the  Tenfe  requires. 

Here,  notwithftanding  w-hat  is  faid  ver.  19.  the  latter 
fenfe  is  preferable  ;  becaufe  it  was  the  glory  of  the  God 
of  Ifrael,  /.  e,  the  God-man  in  glory,  (compare  ch.  i. 

26. )  not  the  Aleim  (the  Trinity)  of  Ifrael  that  were 

over  the  cherubim  ;  and  the  text  fays  not,  thefe  wcrt 
the  living  creatures,  but,  this  was  the  living  creature, 
which  I  faw  'nbK  nnn.  Now  the  glory  was  over 

both  the  cherubims,  ver.  1 9.  but  one  compound  cherub 
only  was  a  fubftitute  of  the  Aleim^ 

If  it  fhould  be  here  al]<ed.  Why  then  were  there 
tw^o  compound  cherubs  in  the  holy  of  holies  ?  I  anfwer. 

Had  there  not  in  this  place  been  two  compound  che¬ 
rubs,  it  would  have  been  naturally  impollible  for  them 
to  reprefent  what  was  there  defigned  ;  for  otherwufe, 
all  the  faces  could  not  have  looked  inwards  tow^ard  each 
other,  and  down  upon  the  mercy-feat,  and  on  the  inter¬ 
ceding  high  priell  fprinkling  the  typical  blood  of  Chrift,. 

(fee  Exod.  xxxvii.  9.)  and  at  the  fame  time  have  look¬ 
ed  outward  tow^ard  the  temple,  (Vulg.  ad  domum 
exteriorum,  to  the  outer- houfe,)  2  Chron.  iii.  I3»  Or, 
in  other  words,  the  Divine  PcrfonS  could  not  have  been 
reprefented  as  witnefiing  to  each  other’s  voluntary  en¬ 
gagements  for  man’s  redemption,  as  beholding  the  fa- 
crifice  of  Chrift’s  death,  typified  in  the  Jewilh  church, 
and  at  the  fame  time  as  extending  their  gracious  re¬ 
gards  to  the  whole  world.  (See  Ifa.  liv.  5.  and  Spear¬ 
man’s -Inquiry,  p.  382.  edit.  Edinburgh. 

“  The  coupled  cherub,  or  lion-man,  on  the  vail  and 
curtains  of  the  outer  tabernacle,  and  on  the  vail,  doors, 
and  walls  of  the  temple,  accompanied  wuth  the  emble¬ 
matic  palm-tree,  is  fuch  a  ftriking  emblem  of  the  lion  of 
the  tribe  of  Judah  (Rev.  v.  5.)  united  to  the  man 
Chrift  Jefus,  as  is  eafy  to  be  perceived,  but  hard  to  be 
evaded.  Thefe  coupled  cherubs  appropriate  the  taber¬ 
nacle  or  temple,  and  their  vails,  as  emblems  of  thrift, 
and  exprefs  in  vifible  fymbols  what  he  and  his  apoftles 
do  in  words.  See  John  ii.  19,  21.  Heb*  viii.  2*  ix.  ii. 

X*  20^ 
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GheruMm.  X.  20.  comp.  Matt,  xxvii.  jr.  And  as  the  texts  juft 
“nr—  cited  from  the  New  Teftament  afford  us  divine  anthori- 
ty  for  afferting  that  the  outer  tabernacle  or  temple  was 
a' type  of  the  body  of  Chrift,  fo  they  furnidi  us  with 
an  irrefragable  argument  to  prove  that  the  cherubs  on 
their  curtains  or  walls  could  not  reprefent  angels.  For 
did  aiigels  dwell  in  ClirifFs  body  ?  No,  furely  ;  But 
‘  in  him  dwelt  all  the  fulnefs  of  the  Godhead  bodily.’ 
(Col.  ii.  9.) 

‘‘  I  go  on  to  confider  the  propriety  of  the  animals  in 
the  cherubic  exhibition  reprefenting  the  Three  Perfons 
in  the  ever-bleffed  Trinity.  And  here  to  obviate  any 
undue  prejudice  which  may  have  been  conceived  againft 
the  Divine  Perfons  being  fyinbolically  reprefented  under 
any  animal  forms  whatever,  let  it  be  remarked  that  Je¬ 
hovah  appeared  as  three  men  to  Abraham  (Gen.  xviii.); 
that  the  ferpent  of  brafs  fet  up  by  God’s  command  in 
the  wlldernefs  was  a  type  or  emblem  of  Chrift,  God- 
man,  lifted  up  on  the  crofs  (comp.  Num.  xxxi.  i — 9. 
with  John  iii.  14,  15.);  that  at  jefus’s  baptifrn  the  Ho¬ 
ly  Spirit  defeended  in  a  bodily  fhape,  like  a  dove,  upon 
him  (Luke  iii.  21,  22.) ;  that  Cliriil,  as  above  intima¬ 
ted,  is  exprefsly  called  the  lion  of  the  tribe  of  Judah 
(Rev.  V.  5.)  ;  and  continually  in  that  fymbolical  book 
fet  before  us  under  the  iimilitude  of  a  lamb.  All  thefe 
are  plain  fcriptural  reprefentations,  each  of  them  admi-^ 
rably  fuited,  as  the  attentive  reader  will  eafily  obferve, 
to  the  particular  circumftances  or  fpeclfic  defign  of  the 
exhibition.  Why  then  fhould  it  appear  a  thing  incre¬ 
dible,  yea  why  not  highly  probable,  that  Jehovah  Aleim 
fhould,  under  the  typical  ftate,  order  his  own  Perfons 
and  the  union  of  the  manhood  with  the  effence  to  be 
reprefented  by  animal  forms  in  the  cherubim  of  glory  ? 
Efpecially  if  it  be  confidered  that  the  three  animal 
forms,  exclufive  of  the  man  (who  flood  for  the  very 
human  nature  itfelf)  are  the  chief  of  their  refpedlive 
genera  :  the  ox  or  bull  of  the  tame  or  graminivorous ; 
the  lion,  of  the  wild  or  carnivorous  ;  and  the  eagle,  of 
the  winged  kind. — But  this  is  by  no  means  all  :  For 
as  the  great  agents  in  nature,  which  carry  on  all  its 
operations,  certainly  are  the  fluid  of  the  heavens,  or,  in 
other  words,  the  fire  at  the  orb  of  the  fun,  the  light  if- 
fuing  from  it,  and  the  fpirit  or  grofs  air  conftantly  fup- 
porting,  and  concurring  to  the  a(ftions  and  effeefts  of  the 
other  two  ;  fo  we  are  told  (Pfal.  xix.  i.)  that 
bn  maa  onsDD  the  heavens  (are)  the  means  of  declaring, 
recounting,  or  particularly  exhibiting  the  glory  of  God, 
even  his  eternal  power  and  godhead,  as  St  Paul  fpeaks, 
Rom.  i.  20.  And  accordingly  Jehovah  himfelf  is  fome- 
times,  though  rarely  (1  prefume  for  fear  of  miftakes) 
called  by  the  very  name  or  heavens  in  the  Old 
Teftament,  fee  2  Chron.  xxxii.  20.  (comp.  2  Kings 
xix.  14.  Ila.  xxxvii.  15.)  Dan,  iv,  23.  or  26.;  as  he  is 
more  frequently  expreffed  by  heaven  in  the  New. 

(See  Mat.  xxi.  25.  Mark  xi.  30.  31.  Luke  xv.  18,  21. 
XX.  4,  5.  John  iii.  27.)  Yea  net  only  fo,  but  we  find 
in  the  Scriptures  both  of  the  Old  and  New  Teftament,, 
that  the  Perfons  of  the  eternal  Three  and  their  econo- 
micaLoperations  in  the  fpiritual,  are  reprefented  by  the 
three  conditions  of  the  celeftial  fluid  and  their  opera¬ 
tions  in  the  material  world.  Thus  the  peculiar  emblem 
of  the  Word  or  Second  Perfon  is  the  or  light,  and 
he  is  and  does  that  to  the  fouls  or  fpirits  of  men  which 
the  material  or  natural  light  is  and  does  to  their  bo¬ 
dies.  (See  inter  al.  2  Sam.  xxiii.  4.  Ifa.  xlix.  6.  lx.  i. 
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Mai.  iv.  2.  or  iii.  2C.  Luk  i.  78.  Ii.  32.  John  i.  4 — 9.  Cherubim, 
viii.  12.  xii.  33,  36,  46.)  The  'riiird  Perfon  has  no 
other  diftindive  name  in  fcriptiire  but  nn  in  Hebrew, 
and  nvtyux  H  Greek  (both  which  words  iii  their  pri¬ 
mary  fenfe  denote  the  material  fpirit  or  air  in  motion), 
to  which  appellation  the  epithet  ctyto*  holy,  or  one 
of  the  names  of  God,  is  ufually  added  :  and  the  aftions 
of  the  Holy  Spirit  in  the  fpiritual  fyftem  are  deferibed 
by  tliofe  of  the  air  in  the  natural  (See  John  iii.  8.  xx. 

22.  Acts  ii.  2.)  Thus,  then,  the  fecond  and  Third  Per¬ 
fons  of  the  ever-bleffed  Trinity  are  plainly  reprefented 
in'fcripture  by  the  material  light  and  air.  But  it  is 
further  written,  Jehovah  tliy  Aleim  is  a  confuming 
fire.  Deut.  iv.  24.  (Comp.  Deut.  ix.  23.  Heb.  xii. 

29,  Pfal,  xxi.  ic.  Ixxviii.  21.  Nah.  i.  2.)  And  by  fire, 
derived  either  immediately  or  mediately  from  heaven, 
were  the  typical  facriiices  corifumed  under  the  old  dif- 
penfation.  Since,  then,  Jehovah  is  in  feripture  repre¬ 
fented  by  the  material  heavens,  and  tfven  called  by  their 
name,  and  efpecially  by  that  of  fire,  and  fince  the  Se¬ 
cond  and  Third  Perfons  are  exhibited  refpedlively  by 
the  two  conditions  of  light  and  fpirit,  and  fince  fire  is 
really  a  condition  of  the  heavenly  fluid  as  much  diftindb 
from  the  other  two  as  they  are  from  each  other,  it  re¬ 
mains  that  the  peculiar  emblem  of  the  Firft  Perfon  (as 
we  ufually  fpeak)  of  the  eternal  Trinity,  confidered 
with  refpe<ft  to  the  other  two,  be  the  fire. 

“  Bearing  then  in  mind  that  the  perfonality  in  Jeho¬ 
vah  is  in  feripture  reprefented  by  the  material  Trinity 
of  nature  ;  which  alfo,  like  their  divine  antitype,  are 
of  one  fubftance,  that  the  primary  fcriptural  type  of 
the  Father  is  fire  ;  of  the  Word,  light  ;  and  of  the 
Holy  Ghoft,  fpirit,  or  air  in  motion  ;  we  ftiall  eafily 
perceive  the  propriety  of  the  cherubic  emblems.  Fur 
the  ox  or  bull,  on  account  of  his  horns,  the  curling  hair 
on  his  forehead,  and  his  unrelenting  fuiy  when  provo¬ 
ked  (fee  Pfal.  xxil.  13.)  is  a  very  proper  animal  em¬ 
blem  of  fire  ;  as  the  lion  from  his  nfual  tawny  gold¬ 
like  colour,  his  flowing  mane,  his  fliining  eyes,  his  great 
vigilancy  and  prodigious  ftrength,  is  of  light;  and  thus 
likewife  the  eagle  is  of  the  fpirk  or  air  in  adlon,  from 
his  being  chief  among  fowls,  from  his  impetuous  njo- 
tion  (fee  2  Sam.  i.  23.  Job  ix.  26.  Jcr.  iv.  13.  Lam.  iv. 

19.),  and  from  his  towering  and  fiirprifing  flights  In 
the  air  (fee  Job  xxxix.  27.  Prov.  xxiii.  5.  xxx.  19.  Ifa. 
xl.  31.  and  Bochart,  vol.  iii.  p.  173.)  And  the  heathen, 
iifed  thefe  emblematic  animals,  or  the  like,  fometimes 
feparate,  fometimes  joined,  in  various  manners,  as  repre- 
fentatives  of  the  material  Trinity  of  nature,  which  they 
adored.  Thefe  particulars  Mr  Hutchinfon  has  pro- 
ved  wuth  a  variety  of  ufeful  learning,  vol.  vii.  p.  381, 
et  feq.  and  any  perfon  who  is  tolerably  acquainted  with 
the  heathen  mythology  will  be  able  to  incrcafe  his  va¬ 
luable  colleaion  with  many  luftanccs  of  the  fame  kind 
trom  modern  as  w'cll  as  ancient  accounts  of  the  pagan 
religions. 

“  Thus,  then,  the  faces  of  the  ox,  the  lion,  and  the^ 
eagle,  reprefenting  at  fecond  hand  the  Three  Perfons 
of  Jehovah,  the  Father,  the  Word,  and  the  Holy  Spi¬ 
rit  ;  and  the  union  of  the  divine  light  with  man 'being 
plainly  pointed  out  by  the  union  of  the  faces  of  the 
Hon  and  the  man  (fee  Ezek.  i.  10.  xii.  18,),  we  may 
lafely  affert,  that  the  cherubim  of  glory  (Heb.  ix.  c.) 
in  the  holy  of  holies  were  divinely  inftituted  and  proper 
emblems  of  the  Three  Eternal  Perfons  in  covenant  to 

redeem 
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iCr.heruT)lm.  redeem  man,  and  of  the  union  of  the  divine  and  human  any  propriety,  or  without  the  greateft  foleclfm,  be  faid  CHcrubi  r,^ 
natures  in  the  perfon'of  Chriil.  And  we  find  (Gen,  and  defcrihed  to  fail  down  before  and  worfltip  other 
iii.  24  )  that  immediately  on  Adam’s  expulfion  from  emblematical  reprefentations  of  the  fame  divine  nature 
■paradife,  and  the  ceffation  of  the  firil  or  paradifiacal  and  perfedlions  :  And  therefore,  whatever  thefe  beafts 
‘difpenfatioTi  of  religion,  Jehovah  Aleim  himfelf  fet  up  were  emblems  of,  they  could  not  be  cherubim  in  Mr 
thefe  emblems,  together  with  the  burning  flame  Hutchinfon’s  fenfe  of  that  word  ;  it  being  as  contrary 
rsanmn  rolling  upon  itfelf,  to  keep  the  way  to  the  tree  to  the  rational  explanation  of  a  vifion  to  fay  that  one 
of  life;  undoubtedly,  confidering  the  fervices performed  emblem  of  the  divinity  lliould  worfliip  another  emblem 
before  them,  not  to  hinder,  but  to  enable,  man  to  pafs  of  it,  as  it  is  contrary  to  the  reafon  of  mankind,  and  to 
through  it.”  ^  otir  notions  either  of  the  Godhead  or  of  worfliip,  to 

Thus  far  Mr  Park hurft;  and  to  his  difiertation  where  fay  that  the  ^Trinity  worfliipped  the  Trinity,  or  any 
is  the  man  who  will  deny  the  merit  of  erudition,  com-  one  Perfon  in  the  Trinity.”  j 

‘bined  with  iiigenuity  ?  To  the  latter  part  of  his  rea-  This  objedion  is  admitted  by  our  learned  author  to 
foning,  however,  objeftions  obtrude  themfelves  upon  us  be  a  very  plau Able  one.  To  us  it  appears  unanfwerable. 
of  fuch  force,  that  we  know  not  how  to  anfwer  them.  He  anfwers  it,  however,  in  the  following  words : 

T’he  reader  obfeiTes,  that,  according  to  this  account,  Let  it  be  carefully  obferved,  that  thefe  reprefenta- 

the  cherubim  are  only  at  emblematical  of  the  tions  in  Rev.  ch.  v.  and  xix.  are  not  only  vifional  but 

.Holy  Trinity,  and  that  the  primary  emblem  is  that  fluid  hieroglyphical,  and  therefore  mull  be  explained  accord- 
which  the  author  conceives  to  fill  the  folar  fyftem,  and  ing  to  the  analogy  of  fuch  emblematical  exhibitions; 
to  be  one  fubftance  under  the  different  appearances  or  and  as  at  ver.  6.  ‘  the  lamb,  as  it  had  been  flain,  having 
modifications  of  Jircy  Ughty  and  grofs  air.  But  unfortu-  feven  horns  and  feven  eyes,  Handing  in  the  midft  of  the 
nately  for  this  reafoning,  we  are  as  certain  as  we  can  throne,  and  of  the  four  animals,  and  of  the  four-and- 
be  of  any  matter  of  fadt,  that  Jire  and  air  are  not  one  twenty  elders,’  is  evidently  fymbolical  of  the  Lamb  of 
lubflance  ;  that  the  grofs  air  itfelf  is  compounded  of  God  now  raifed  from  the  dead,  and  invefted  with  all 
very  different  fubftances ;  and  that  even  light  is  a  diffe-  knowledge  and  power  both  in  heaven  and  in  earth  ; 
rent  fiibHance  from  that  which  caufes  in  us  the  fenfa-  fo  ‘  the  four  animals  falling  down  before  him’  (ver.  8.), 
tion  of  heat,  and  to  which  modern  chemiHs  have  given  and,  as  it  is  exprefled  (ch.  xix.  4.),  ‘  worfliippmg  God 
the  uame  of  cfl/onV  (See  CHEMiSTRY-/«^/rx  in  thisSup-  who  fat  upon  the  throne,*  muft,  in  all  reafon,  be  ex- 
plement).  We  admit,  that  the  primary  atoms  of  all  plained  fymbolically  likewife,  not  from  any  abilradl  or 
matter  may  be  fubftances  of  the  very  fame  kind,  though  metaphyfical  notions  we  may  have  framed  to  ourfelves 
we  do  not  certainly  know  that  they  are:  but  this  makes  of  worlhip  in  general,  but  from  the  fpecific  and  pe- 
nothing  for  our  author’s  hypothefis ;  becaufe  the  fun  culiar  circumftances  of  the  cafe  before  us.  Thus, 
and  all  the  planets  muft,  in  that  cafe,  be  added  to  his  one  likewife,  when  in  1  Chron.  xxix.  20.  ‘All  the  con» 
fubftance,  which  would  no  longer  appear  under  a  triple  gregation  worfhipped  Jehovah  and  the  king,  namely 
form.  Could  it  indeed  be  proved,  that  all  men  from  David,  the  worfliip  to  both  is  exprefled  by  the  fame 
Adam  downwards,  who  made  ufe  of  cherubic  figures  ftrong  phrafe—'?  T^nnr^v  proftrated  themfelves  to,  LXX. 
for  the  very  fame  purpofe  with  the  ancient  Jews,  belie-  Ttpoenv-wmav ;  yet  furely  no  one  will  fay  that  the  people 
Wthat  fire,  air,  and  light,  are  different  modifications  meant  to  worfliip  David  as  God,  but  only  to  acknow- 
of  the  fame  fubftance,  their  belief,  though  erroneous,  ledge  him  as  king.  So  Adonijah,  who  had  contefted 
would  be  a  fuflicieut  foundation  for  our  author’s  reafon-  the  crown  with  Solomon,  came,  innin  and  worlhipped 
ing;  but  of  this  no, proof  is  attempted,  and  certainly  King  Solomon  (i  Kings  i.  53')>  God  doubt- 

none  that  is  fatisfadory  could  be  brought.  lefs,  but  as  king,  thereby  furrendering  his  own  claim  to 

Our  learned  author,  indeed,  takes  much  for  granted  the  throne.  However  ‘  contrary  therefore  it  may  be 
without  proof.  He  has  not  proved  that  anywhere  to  the  reafon  of  mankind,  and  to  all  our  notions  either 
the  bull  was  the  emblem  or  hieroglyphic  of  fre,  the  V)f  the  Godhead  or  of  worfliip,  to  fay  that  the  Trinity 
lion  of  Ughty  or  the  eagle  oi  air.  We  do  not,  it  muft  worftiipped  the  Trinity,  or  any  one  Perfon  of  the  Tri¬ 
be  owned,  know  that  fuch  hieroglyphics  were  not  ufed  nity,’  /.  e.  with  divine  worfliip  as  a  creature  worfliips 
in  Egypt  and  other  countries  before  the  introdudion  his  Creator  ;  yet  it  is  by  no  means  contrary  to  the  ra- 
of  alphabetical  charaders  ;  but  unlefs  they  were  fo  ufed  tional  and  fcriptural  explanation  of  an  emblematic  vi- 
by  Adam,  all  that  is  here  faid  of  the  propriety  of  thefe  fion,  to  fay  that  the  hierqglyphical  emblems  of  the 
emblems  muft  go  for  nothing;  Indeed  we  fee  not  their  whole  ever-blelTed  Trinity  fell  down  and  worftiipped 
peculiar  propriety.  The  tawny  colour,  flowing  mane,  the  hieroglyphical  emblem  of  the  God-man,  or  God 
Ld  fiercenefs  of  the  lion,  might,  for  any  thing  that  who  fat  upon  the  throne.  Since  fuch  falling  down, 
we  can  perceive  to  the  contrary,  reprefent  Jire  as  fitly  proftration,  or  worfhipping,  was  the  ufual  fymbolical 
as  the  horns,  curling  hair,  and  fury  of  the  bull ;  and  if  ad,  as  it  ftill  is  in  the  eaft,  not  only  of  divine  worfliip, 

'it  be  true,  as  is  generally  faid,  that  the  eagle  can  look  but  of  acknowledging  the  regal  power  to  be  in  the  per- 
fteadily  on  the  fun,  he  feems,  of  all  the  three,  to  be  fon  fo  worfliipped  ;  and  thefe  ads  of  the  cherubic  ani- 
the  fitted  emblem  of  light.  ^  mals  in  Rev.  v.  6.  xix.  4.  meant  nothing  more  than 

But  there  are  other  objedions  to  this  interpretation  either  a  cefiion  of  the  adminiftration  of  all  divine  power 
of  the  word  cherubim.  The  four  animals  in  the  Revela-  to  Chrift  God-man,  or  a  declaration  o*  the  divine 
tion,  which  were  undoubtedly  cherubim,  as  well  as  the  fons,  by  their  hieroglyphical  reprefentatives,  that  He 
four  and  twenty  elders,  fell  down  before  the  Lamb,  muft  reign  till  all  his  enemies  were  made  his  footftooL 
*Ch.v.  S-  and  worfhipped  God*.  Now,  fays  Dr  Gregory  Sharp,  Comp.  Mat.  xxviii.  18.  1  Cor.  xv.  25.’ 
xir.  4*  “  it  is  fcarce  to  be  conceived,  if  thefe  four  beafts  were  re-  With  every  inclination  to  honour  the  memory  of  Mr 

prefeiitatives  of  the  divine  perfons,  that  they  could  with  Parkhurft,  who  was  certainly  a  fcholar^  and,  which  is 

of 
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'Chef*,  of  more  value^  a  pious  and  a  good  man,  we  cannot  help  horfe  ;  then  the  boat  and  before  them  all,  (ouv  foot-fol- 
confidering  this  anfwer  as  mere  trifling.  Ih  the  i8th  diets  ;  but  the  boat  mull  be  placed  in  the  angle  of  the 
Pfalm,  the  Lord  is  faid  to  ride  upon  ^  cherub;”  board.” 

and  in  Ezekiel,  chap.  i.  there  is  faid  to  have  ‘‘been  “  From  this  paffage  (fays  the  prefident)  it  clearly 
over  the  heads  of  the  cherubim  a  throncy  znd  upon  that  appears,  that  an  army  with  its  four  angas  mud  be  pla- 
throne  the  likenefs  or  appearance  of  a  many'*  whom  we  ced  on  each  fide  of  the  board,  fince  an  ekphant  could 
take  to  be  the  Son  of  God  incarnate.  But  is  there  not  Hand,  in  any  cSther  pofition,  on  the  left  hand  of  each; 
any  country  in  which  the  regal  power  of  the  fovereign  king  ;  and  Radhacant  (a  Pandit)  informed  me,  that 
♦  is  acknowledged  by*his  riding,  not  upon  his  fubjeds,  the  board  confided,  like  our’ s,  of  64  fquares,  half  of  them 

but  Upon  other  co-equal  fovereigns  ?  or,'  in  which  it  is  occupied  by  the  forces,  and  half  vacant.  He  added, 
the  cudom  for  the  fovereign  to  place  his  viceroy  (for  that  this  game  is  mentioned  in  the  oldcd  law-books,, 
fuch  our  Saviour  in  his  human  nature  certainly  is)  in  and  that  it  was  invented  by  the  wife  of  a  king,  to  amufe 
his  throne  above  himfelf  ?  him  with  an  image  of  war,  while  his  metropolis  was  be- 

We  mud  therefore  confefs,  that  we  know  not  of  fieged,  in  the  fecond  age  of  the  world.  A  Jhip  or  boat 
what  the  cherubic  figures  were  emblematical,  and  that  is  abfurdly  fubdituted,  we  fee,  in  this  complex  game  for 
he  who  labours  to  edablifh  the  doftrine  of  the  ever  the  radhy  or  armed  eharlot,  vfhich  the  Bengalefe  pro- 
bleffed  Trinity  by  fuch  criticifms  and  reafonings  as  thofe  liounce  rot*by  and  which  the  PerfianS  changed  into  rokh; 
which  we  have  examined,  is  either  a  fectet  enemy  to  whence  came  the  rCok  of  fome  European  nations  ;  as 
that  doctrine,  or  a  very  injudicious  friend.  the  wrge  and  fal  of  the  French  are  fuppofed  to  be  cor- 

CHESS,  the  celebrated  game,  of  which  a  copious  ruptions  of  fer%  and  Jily  the  prime  minifler  elephant 
account  has  been  given  in  the  Encyclopaedia,  is  affirm-  of  the  Perfians  and  Arabs.”  ^ 

ed  by  Sir  William  Jones  to  have  been  invented  by  the  As  fortune  is  fuppofed  to  have  a  great  (hare  in  de- 
Hindoos.  “  If  evidence  were  required  to  provC  this  ciding  the  fate  of  a  battle,  the  ufe  of  dice  is  introduced; 
^AftaticRe  (f^ys  he  *),  we  may  be  .Satisfied  with  the  tedimo-  into  this  game  to  regulate  its  moves  ;  for  (fays  the  Pu. 
fearches^^eA.n^  of  the  Perfians,  who,  though  as  much  inclined  as  ran)  “if  cinque  be  thrown,  the  king  or  pa^wti' be  • 
li.  Mem.  9.  other  nations  to  appropriate  the  ingenious  inventions  of  moved  ;  if  qualre^  the  elephant  ;  if  troisy  the  horfe  ;  and 
a  foreign  people,  unanimoufly  agree  that  the  game  was  if  deuxy  the  boat.  The  king  palTes  freely  on  all  'fides, 
imported  from  the  wed  of  India  in  the  fixth  century  of  but  over  one  fquare  Only  ;  and  with  the  fame  limitation 
our  era.  It  feems  to  have  been  immemorially  known  the  pa<wn  moves,  but  he  advances  draight  forward,  and 
in  Hindofan  by  the  name  of  CheturangUy  i.  e.  the  four  kills  his  enemy  through  an  angle.  The  elephant  marches 
angd*Sy  or  members  of  an  army  ;  which  are  thefe,  ele-  in  all  diredions  as  far  as  his  driver  pleafes  ;  the  horfe 
phantsy  horfesy  chariotSy  and  foot  foldiers ;  and  in  this  runs  obliquely,  traverfing  the  fquares ;  and  the  fh'tp 
fenfe  the  word  is  frequently  ufed  by  epic  poets  in  their  goes  over  two  fquares  diagonally.”  The  elepbanty  we 
deferiptiofts  of  real  armies.  By  a  natural  corruption  of  find,  has  the  powers  of  our  queeny  as  we  are  pleafed  to 
the  pure  Sanferit  word,  it  was  changed  by  the  old  Per-  call  the  general  or  minijler  of  the  Perfians  ;  and  the  Jhip- 
fians  into  Chetrang  ;  but  the  Arabs,  who  foon  after  has  the  motion  of  the  piece  to  which  we  give  the  unac- 
took  poffeffion  of  their  country,  had  neither  the  initial  countable  appellation  of  bifoopy  but  with  a  redridion 
nor  final  letter  of  that  word  in  their  alphabet,  and  con-  which  mud  greatly  leffen  its  value, 
fequently  altered  it  further  into  Shetranjy  which  found  In  the  Fur  an  are  next  exhibited  a  few  general  rules 
its  way  prefently  into  the  modern  Perftany  and  at  length  and  fuperficial  diredions  for  the  condild  of  the  game, 
into  the  dialeds  of  India,  where  the  true  derivation  of  Thus,  “the  pawns  and  the  Jhip  both  kill  and  may  be 
the  name  is  known  only  to  the  learned.  Thus  has  a  voluntarily  killed  ;  while  the  kingy  the  elephanty  and  the 
.  very  figuificant  word  in  the  facred  language  of  the  horfey  may  day  the. foe,  but  mud  not  expofe  thcmfelves 
Brahmins  been  transformed  by  fucceffive  changes  inta  to  be  dain.  Let  each  player  preferve  his  own  forces 
axedrezy  fcacchiy  ech’ecsy  chefs y  and,  by  a  whimfical  con-  with  extreme  care,  fecuring  his  above  all,  and  not 
currence  of  circumdances,  has  given  birth  to  the  Eng-  facrificing  a  fuperior  to- keep  an  inferior  piece.”  Here  ^ 
liffi  viox^  cheeky  and  even  a  name  to^  ^e  exchequer^  of  (fays  the  prefident)  the  commentator  on  the  Puran  ob- 

Great  Britain.”  '  ferves,  that  the who  has  the  choice  of  moves 

It  is  confidently  afferted  that  Sanferit  books  on  chefi  from^any  central  pofition,  mud  be  preferred  to  theV^^^, 
exid  in  Bengal ;  .but  Sir  William  had  feen  none  of  them  which  has  only  the  choice  of  fours  Biit  the  argument 
when  he  wrote  the  memoir  which  we  have  quoted.  He  would  not  hold  in  the  common  game,  where  the  bifhop 
.  exhibits,  however,  a  defeription  of  a  very  ancient  Indian  and  tower  command  a  whole  line,  and  where  a  knight  ^ 
game  of  the  fame.kind,  birt  more  complex,  and  in  his  always  of  lefs  value  than  a  tower  in  a6lion,  or  the  bi¬ 
opinion  more  modern,  than  the  fimple  chefs  of  the  Per-  fhop  of  that  fide  on  which  the  attack  is  begun.  “  It 
fans.  This  game  is  alfo  called  but  more  is  by  the  overbearing  power  of  the  (continues 

frequently  Chaturajiy  or  the  four  kingSy  fince  it  is  played  the  Puran)  that  the  king  fights  boldly  ;  let  the  whole 
by  four  perfons  reprefeiiting  asmany  princes^  two  allied  army,  therefore,  be  abandoned  in  order  to  fecure  the 
armies  combating  on  each  fide;  The  defeription  is  ta-  ekphant.  The  king  mud.  never  place  one be- 
ken  from  a  book  called  Bhawifljya  Puran  -;  in  which  the  fore  another,  unlefs  he  be  compelled  by  want  of  room 
form  and  principal  rules  of  this'  faditious  v/arefare  are  for  he  would  thus  commit  a  dangerous  fault  ;  and  if  he  ' 
tluis  laid  down  :  “  Eight  fquares  being  marked  on  all  can  day  one  of  two  hodile  elephants,  he.  mud  deftrov 
fides,  the  red  army  .isto  be  placed  to  the  ead,  the  ;^r^f«  that  on  his  left  hand.”  ^ 

to  the  fouth,  the  yellow  to  the  wed,'  and  the  black  to  All  that  remains  of  the  paffage  which  was  copied  for 
the  north.  Let  the  elephant  (fays  the  author  of  the  Sir  William  Jones  relates  to  the  feveral  modes  in  which 
PMran)  dand  on  the  left  of  the  king  ;  next  to  him  the  a  partial  fuccefs  or  complete  victory  niay  be  obtained  : 

by- 
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Chefs,  by  any  one  of  the  foux*  players  ;  for,  as  in  a  difpute  be- 
Chevrette.  two  allies,  one  of  the  kings  may  fometimes  af- 

fume  the  command  of  all  the  forces,  and  aim  at  a  fepa- 
rate  conqueft.  Firft,  When  any  one  king  has  placed 
himfelf  on  the  fquare  of  another  king  (which  advantage 
is  called  JinhaJana  or  the  throne)  he  wins  a  Hake,  which 
is  doubled  if  he  kill  the  adverfe  monarch  when  he  feizes 
his  place  ;  and  if  he  can  feat  himfelf  on  the  throne  of 
his  ally,  he  takes  the  command  of  the  whole  army/’ 
Secondly,  “  If  he  can  occupy  fucceffively  the  thrones 
of  all  the  three  princes,  he  obtains  the  vidory,  which  is 
named  cheturaji;  and  the  Hake  is  doubled  if  he  kill  the 
laft  of  the  three,  juH  before  he  takes  poflefiion  of  his 
throne  ;  but  if  he  kill  him  on  his  throne,  the  Hake  is 
quadrupled.  Both  in  giving  the  finhafana  and  the  che- 
turaji  the  king  muft  be  fupported  by  the  elephants^  or 
by  all  the  foi'ces  united.”  Thirdly,  “  When  one  player 
has  his  own  king  on  the  board,  but  the  king  of  his 
partner  has  been  taken,  he  may  replace  his  captive  ally, 
if  he  can  feize  both  the  adverfe  Mngs  ;  or  if  he  cannot 
effed  their  capture-,  he  may  exchange  his  king  for  one 
of  them,  againft  the  general  rule,  and  thus  redeem  the 
allied  prince,  who  will  fupply  his  place.”  This  advan¬ 
tage  has  the  name  of  nrlpacrijhta  or  recervered  hy  the 
king.  Fourthly,  “  If  a  pawn  can  march  to  any  fquare 
on  the  oppofite  extremity  of  the  board,  except  that  of 
the  king,  or  that  of  the  (hip,  he  afiumes  whatever 
power  belonged  to  that  fquare.”  Here  we  find  the 
rule,  with  a  flight  exception,  concerning  the  advance¬ 
ment  of  pawnsy  which  often  occafions  a  moll  intereft- 
ing  Hi  uggle  at  our  common  chefs  ;  but  It  appears  that, 
in  the  opinion  of  one  ancient  writer  on  the  Indian 
game,  this  privilege  is  not  allowable  when  a  player  has 
three  pawns  on  the  board  ;  but  when  only  one  pawn 
and  one  fhip  remains,  the  pawn  may  advance  even  to^ 
the  fquare  of  a  king  or  d  (hip,  and  affume  the  power  oi 
either.  Fifthly,  According  to  the  people  of  Lanesy 
where  the  game  was  invented,  “there  could  be  neither 
vidory  nor  defeat  if  a  king  were  left  on  the  plain  with¬ 
out  force  ;  a  fituation  which  they  named  cacacaJht'haP 
Sixthly,  “  If  three  fliips  happen  to  meet,  and  the  fourth 
ihip  can  be  brought  up  to  them  in  the  remaining  angle, 
this  has  the  name  of  vrihannauca  ;  and  the  player  of 
the  fourth  feizes  all  the  others.” 

The  account  of  this  game  in  the  original  Sanferit  is 
in  verfe,  and  there  are  two  or  three  couplets  Hill  remain- 
ing,  fo  very  dark,  either  from  an  error  in  the  inanu- 
feript,  or  from  the  antiquity  of  the  language,  that  Sir 
William  Jones  could  not  underHand  the  Pandit*s  expla¬ 
nation  of  them,  and  fufpeds  that  even  to  him  they 
gave  very  indiHindl  ideas.  It  would  be  eafy,  however, 
he  thinks,  if  it  be  judged  worth  while,  to  play  at, the 
game  by  the  preceding  rules  ;  and  a  little  pradice  would 
perhaps  make  the  whole  intelligible. 

CHEVRETTE,  in  artillery.  Is  an  engine  ernployed 
to  raife  guns  or  mortars  Into  their  carriage.  It  is  form¬ 
ed  of  two  pieces  of  wood  about  four  feet  long.  Handing 
upon  a  third,  which  is  fquare.  The  uprights  are  about 
a  foot  afunder,  and  pierced  with  holes  exadly  oppofite 
to  one  another,  to  receive  a  bolt  of  iron,  which  is  put 
in,  either  higher  or  lower  at  pleafure,  to  ferve  as  a  fup- 
poit  to  a  liandfpike,  by  which  the  gun  is  ralfed  up. 


By  the  author  of  the  Military  Guide,  this  is  faid  to  be  Chkh* 
the  moH  ufeful  of  all  the  Inventions  for  raifing  guns  ..H 
Into  their  carriages.;  and  it^feems  thefe  inventions  have  /  ^ 
been  many. 

CHICHA,  the  name  given  by  the  natives  to  the 
ifland  of  Jeffo,  which  lies  to  the  fouth  of  Oku-Jeffo,  or 
Segalian  {(land.  See  Segalian  in  this  Supplement. 

CHIME  RE,  the  upper  robe  worn  by  bifliops  in 
church  and  in  the  Houfe  of  Peers,  to  which  the  lawn 
(leeves  are  generally  fewed.  Be  tore  the  Reformation, 
and  even  after  it  till  the  reign  of  Qjueeii  Elizabeth,  the 
chimere  was  always  of  JcarletJilk  ;  but  biHiop  Hooper, 
fcrupling  firH  at  the  robe  itfelf,  and  then  at  the  colour 
of  it,  as  too  light  and  gay  for  the  epifcopal  gravity,  the 
dliimere  was  afterwards  made  of  black  fatln.  The  ar- 
chieplfcopal  chimere  has  a  long  train. 

CHIMNEY,  a  particular  part  of  a  houfe  well  known, 
which  ProfefTor  Beckmann  has,  in  our  opinion,  proved 
to  be  an  invention  comparatively  modern.  It  would  be 
very  unlair  dealing  in  us  to  give  even  a  large  abHrad 
of  one  of  the  moH  curious  differtations  of  a  curious 
book,  which  has  been  but  lately  publillied,  and  thereby 
injure  the  intereH  of  him  to  whom  the  native  of  Britain 
is  indebted  for  the  pleafure  of  perufing  it  in  his  own 
tongue.  No  man,  however,  can  blame  us  for  here  Ha¬ 
ting,  in  fupport  of  our  own  opinion,  the  profefTor’s  an? 
fwer  to  the  palTage  of  Ferrari,  which  we  have  quoted 
under  the  word  Chimney  in  the  Encyclopjedia. 

“When  the  triumviri,  fays  Applan  caufed  De  heWs 

who  had  been  proferibed  by  them  to  be  fought  for  by<^k^*^*  hb.  iy, 
the  military,  fome  of  them,  to  avoid  the  bloody  hands,^^9|^?* 
of  their  perfefcutors,  hid  themfelves  in  wells,  and  others, 
as  Ferrarlus  tranflates  the  w^ords,  in  fumaria  fuh  te^Oy 
qua  fcilicet  fumus  e  te^o  cvqlwiur  (a).  The  true  tranf- 
lation,  however  (fays  Mr  Beckmann ),  is  fumofa  canacula. 

The  principal  perfons  of  Rome  endeavoured  to  conceal 
themfelves  in  the  fmoky  apartments  of  the  upper  Hory 
under  the  roof,  which,  in  general,  were  inhabited  only 
by  poor  people  ;  and  this  feems  to  be  confirmed  by 
what  Juvenal  f  exprefsly  fays,  Rarus  venit  in  ccenacida  ^  Sat.x. 
miles.  ^  ver.  17. 

“  Thofe  paffages  of  the  ancients  which  fpeak  of 
fmoke  rlfiiig  up  from  houfes,  have  with  equal  impro¬ 
priety  been  fuppofed  to  allude  to  chimneys,  as  if  the 
fmoke  could  not  make  Its  way  through  doors  and  win¬ 
dows.  Seneca  writes,  ‘  LaH  evening  I  had  ^  6^. 

friends  with  me,  and  on  that  account  a  Hronger  fmoke 
was  raifed ;  not  fuchafmoke,hawever,asburH3  forth  from 
the  kitchens  of  the  great,  and  which  alarms  the  watch¬ 
men,  but  fuch  a  one  as  fignifies  that  gueHs  are  arrived.* 

Thofe  whofe  judgments  are  not  already  warped  by 
prejudice,  will  undoubtedly  find  the  true  feiife  of  thefe 
words  to  be,  that  the  fmoke  forced  its  way  through  the 
kitchen  windows.  Had  the  houfes  been  built  with 
chimney-funnels,  one  cannot  conceive  why  the  watch¬ 
men  Hiould  have  been  alarmed  when  they  obferyed  a 
Hronger  fmoke  than  ufual  arifing  from  them  ;  but  as 
the  kitchens  had  no  conveniences  of  that  nature,  an  ap- 
prehenfion  of  fire,  when  extraordinary  entertainments 
were  to  be  provided  in  the  houfes  of  the  rich  for  large 
companies,  feems  to  have  been  well  founded ;  and  on 
fuch  occafions  people  appointed  for  that  purpofe  were 
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Rationed  in  the  neighbourhood  to  be  conftantly  on  the 
watch,  and  to  be  ready  to  extinguilh  the  flames  in  cafe 
a  fire  fliould  happen.  There  are  many  other  pafiages 
to  be  found  in  Roman  authors  of  the' like  kind,  which 
^  Eclog.  i.  it  is  hardly  neceflary  to  mention ;  fuch  as  that  of  Virgil*, 
ver.  83, 

‘  Et  jam  fumma  procul  villarum  culmina  fumant/ 

f  AMar,  and  the  following  words  of  Plautus f,  deferiptive  of  a 
a<5lU.  fc.  4.  mifer  : 

*  Quin  divum  atque  hominum  clamat  continuo  fidem, 
<  Siiam  rem  periifie,  feque  eradicarier, 

‘  De  fuo  tigillo  fuinus  li  qua  exit  foras/ 

In  the  Fefpa  of  Ariftophanes,  referred  to  in  the  En¬ 
cyclopaedia,  old  Plulocleon  wilhes  to  efcape  through 
the  kitchen.  Some  one  aflcs,  «  What  is  that  which 
•  makes  a  noife  in  the  chimney  V*  I  am  the  fmoke 
(replies  the  old  man),  and  am  endeavouring  to  get  out 
at  the  chimney.”  “  This  paflage,  however  (fays  the 
Profefior),  which,  according  to  the  ufual  tra’iflation, 
feems  to  allude  to  a  common  chimney,  can,  in  my  opi¬ 
nion,  efpecially  when  we  confider  the  illuflration  of  the 
fcholialls,  be  explained  alfo  by  a  Ample  hole  in  the  roof, 
as  Reiike  has  determined  ;  and  indeed  this  appears  to 
be  more  probable,  as  we  find  mention  made  of  a  top  or 
covering  j  with  which  the  hole  was  clofed.” 

In  the  Encyclopaedia  we  have  faid,  that  the  inftances 
of  chimneys  remaining  among  the  ruins  of  ancient  build¬ 
ings  are  few,  and  that  the  rules  given  by  Vitruvius  for 
building  them  are  obfeure  ;  but  we  are  now  fatisfied 
that  there  are  no  remains  of  ancient  chimneys,  and 
that  Vitruvius  gives  no  rules,  either  obfeure  or  perfpi- 
cuous,  for  building  what,  in  the  modern  acceptation  of 
the  word,  deferves  the  name  of  a  chimney. 

The  ancient  mafon-work  ftill  to  be  found  in  Italy 
does  not  determine  the  queftion.  Of  the  walls  of  towns, 
temples,  amphitheatres,  baths,  aqiiediids,  and  bridges, 
there  are  fome  though  very  imperfedf  remains,  in  wdiich 
chimneys  cannot  be  expeded  ;  but  of  common  dwell- 
ing-houfes  none  are  to  be  feen  except  at  Herculaneum, 
and  there  no  traces  of  chimneys  have  been  difeovered. 
The  paintings  and  pieces  of  fculpture  wdiich  are  prefer- 
ved  afford  us  as  little  information  ;  for  nothing  can  be 
perceived  in  them  that  bears  the  fmalleft  refemblance  ^o 
a  modern  chimney. 

^  ff  there  were  no  funnels  in  the  houfes  of  the  an¬ 
cients  to  carry  off  the  fmoke,  the  direaions  given  by 
Columella,  to  make  kitchens  fo  high  that  the  roof  fhould 
not  catch  fire,  was  of  the  utmoft  importance.  An 
accident  of  the  kind,  which  that  author  feems  to  have 
apprelie  Kled,  had  almoft  happened  at  Beneventum,  when 
the  landlord  who  entertained  Maecenas  and  his  company 
was  making  a  firong  fire  in  order  to  get  fome  birds 
fooner  roatted. 
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*  Paene  arfit,  macros  dum  turdos  verfat  in  igne; 

*  Nam  vaga  per  veterem  dilapfo  flamma  culinam 
$  Herat,  ‘  Vulcano  fummum  proporabat  lambere  teduni 

.1.  fat.5.  there  been  chimneys  in  the  Roman  houfes,  Vitru¬ 
vius  certainly  would  not  have  failed  to  deferibe  their 
conflrudion,  which  is  fometimes  attended  with  confider- 
able  difficulties,  and  which  is  intimately  connefted  with 
the  regulation  of  the  plan  of  the  whole  edifice.  He 
does  not,  however,  fay  a  word  on  this  fubjeft ;  neither 
Suppi..  VoL.  I.  Part  II, 


does  Julius  Pollux,  who  has  colle5:ed  with  great  care  Chimney, 
the  Greek  names  of  every  part  of  3  dwelling-lioufe  ;  ^ 

and  Grapaldus,  who  in  later  times  made  a  collcdion 
of  the  Eatin  terms,  has  not  given  a  Eatin  word  expref- 
five  of  a  modern  chimney  ^  ^ 

Our  author  admits  the  derivation  of  the  word  chlm- Marii  Gra^ 
ney  to  be  as  we  have  given  it  in  the  Encyclopiedia; 

(lay  he)  “  Cammus  lignified,  as  far  as  I  have  been  ablej'^"^! 
to  learn,  firfl:  a  chemical  or  raetallurgic  furnace,  hi  ^  * 

which  a  crucible  w^as  placed  for  melting  and  refining 
metals;  fecondly,  a  fmith’s  forge;  and,  thirdly,  a 
hearth  on  which  portable  fioves  or  fire-pans  were  pla¬ 
ced  for  warming  the  apartment.  In  all  thefe,  however, 
there  appears  no  trace  of  a  chimney.”  Herodotus  re¬ 
lates  (lib.  viii.  c.  137.),  that  a  king  of  Eibya,  w^hen 
one  of  his  fervants  afked  for  liis  wages,  oflered  him 
in  jeft  the  fun,  which  at  that  time  flione  into  the  houfe 
through  an  opening  in  the  roof,  under  which  the  fire 
was  perhaps  made  in  the  middle  of  the  edifice.  If  fuch 
a  hole  mull  be  called  a  chimney,  our  author  admits  that 
chimneys  were  in  ufe  among  the  ancients,  efpecially  in 
their  kitchens  ;  but  it  is  obvious  that  fuch  chimneys 
bore  no  refemblance  to  our’s,  through  which  the  fun 
could  not  dart  his  rays  upon  the  floor  of  any  apartment. 

Plowever  iniperfea  may  be  the  information  which 
can  be  colleded  from  the  Greek  and  Roman  authors  re- 
fpeding  the  manner  in  which  the  ancients  unarmed  their 
apartments,  it  neverthelels  fliews  that  they  commonly 
ufed  for  that  purpofe  a  large  fire-pan  or  portable  Hove, 
in  which  they  kindled  wood,  and,  when  the  w^ood  w^as 
well  lighted,  carried  it  into  the  room,  or  which  they 
filled  with  burning  coals.  When  Alexander  the  Great 
was  entertained  by  a  friend  in  winter,  as  the  weather 
was  cold  and  raw,  a  fmall  fire  bafon  was  brought  into 
the  apartment  to  warm  it.  The  prince,  obferving  the 
fize  of  the  v'eflel,  and  that  it  contained  only  a  few  coals, 
defired  his  liofl,  in  a  jeering  manner,  to  briug  ’more 
wood  or  frankincenfe  ;  giving  him  thus  to  underlland 
that  the  fire  was  fitter  for  burning  perfumes  than  to 
produce  heat.  Anacharfis,  the  Scythian  philofopher, 
though  difpleafed  with  many  of  the  Grecian  cuftoms, 
praifed  the  Greeks,  however,  becaufe  they  fliut  out  the 
fmoke  and  brought  only  fire  into  their  houfes  f .  AVe  f  Plutarch 
are  informed  by  Eampridius,  that  the  extravagant  He-  ^,y^Pf- 
liogabulus  caufed  to  be  burned  in  thefe  iloves,  inflead  7* 
of  wood,  Indian  fpiceries  and  coftly  perfume?  It  is^ 
alfo  worthy  of  notice,  that  coals  were  found  in  fome  of 
the  apartments  of  Herculaneum,  as  we  are  told  hyHeliogab. 
Winklemann,  but  neither  (loves  nor  chimneys.”  cap.  31* 

It  is  well  known  to  every  fcholar,  that  the  ufeful  arts 
of  life  were  invented  in  the  eaft,  and  that  the  cuftoms, 
manners,  and  furniture  of  eaftern  nations,  have  remain¬ 
ed  from  time  immemorial  almoft  unchanged.  In  Per- 
fia,  which  the  late  Sir  William  Jones  feems  to  have  con- 
fidered  as  the  original  country  of  mankind,  the  me¬ 
thods  employed  by  the  inhabitants  for  warming  th-em- 
felves  have  a  great  refemblance  to  thofe  employed  by 
the  ancient  Greeks  and  Romans  for  the  fame  purpofe. 

According  to  De  la  Valle,  the  Perfians  make  fires  in 
their  apartments,  not  in  chimneys  as  we  do,  but  in 
ftoves  in  the  earth,  which  they  call  tennor,  Thefe  (loves 
confift:  of  a  fquare  or  round  hole,  two  fpans  or  a  little 
more  in  depth,  and  in  ftiape  not  unlike  an  Italian  cafle. 

That  this  hole  may  throw  out  heat  fooner,  and  with 
more  ftrength,  there  is  placed  in  it  an  iron  veflel  of  the 
3  P  fame 
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Chimney,  fame  fize,  which  is  either  filled  with  burning  coals,  or 

‘ -  •'  a  fire  of  wood  and  other  inflammable  fubftances  is  made 

in  it.  When  this  is  done,  they  place  over  the  hole  or 
Hove  a  wooden  top,  like  a  fmall  low  table,  and  fpread 
above  it  a  large  coverlet  quilted  with  cotton,  which 
hangs  down  on  all  fides  to  the  floor.  This  covering 
condenfes  the  heat,  and  cauTes  it  to  warm  the  whole 
apartment.  The  people  who  eat  or  converfe  there, 
and  fome  who  deep  in  it,  lie  down  on  the  floor  above 
the  carpet,  and  lean,  with  their  fhoulders  againft  the 
wall,  on  fquare  cufhions,  upon  which  they  fometimes 
alio  fit  ;  for  the  termor  is  conflruaed  in  a  place  equally 
diflant  from  the  walls  on  both  fides.  Thofe  who  are 
not  very  cold  only  put  their  feet  under  the  table  or  co¬ 
vering  ;  but  thofe  w^ho  require  more  heat  can  put  their 
hand^  under  it,  or  creep  under  it  altogether.  By  thefe 
means  the  Hove  diffufes  over  the  whole  body,  without 
caufing  uneafinefs  to  the  head,  fo  penetrating  and  a- 
greeable  a  warmth,  that  I  never  in  winter  experienced 
any  thing  more  pleafant.  Thofe,  however,  who  re¬ 
quire  lefs  heat  let  the  coverlet  hang  down  on  their  fide 
to  the -floor,  and  enjoy  without  any  inconvenience  from 
the  Hove  the  moderately  heated  air  of  the  apartment. 
They  have  a  method  alfo  of  Hirring  up  or  blowing  the 
fire  when  neceffary,  by  means  of  a  fmall  pipe  united 
with  the  tennor  or  Hove  under  the  earth,  and  made  to 
projedf  above  the  floor  as  high  as  one  choofes  y  fo  that 
the  wind,  when  a  perfon  blows  into  it,  becaufe  it  has  no 
other  vent,  afts  immediately  upon  the  fire  like  a  pair  of 
^bellows.  When  there  is  no  longer  occafion  to  ufe  this 
Hove,  both  holes  are  clofed  up,  that  is  to  fay,  the 
mouth  of  the  Hove  and  that  of  the  pipe  which  conveys 
the  air  to  it,  by  a  fiat  Hone  made  for  that  purpofe. 
Scarcely  any  appearance  of  them  is  then  to  be  percei¬ 
ved,  nor  do  they  occafion  inconvenience,  efpecially  in  a 
country  where  it  is  always  cuHoraary  to  cover  the  floor 
with  a  carpet,  and  where  the  walls  are  plaHered.  In 
many  parts  thefe  ovens  are  ufed  to  cook  vidluals,  by 
placing  kettles  over  them.  They  are  employed  alfo  to 
bake  bread;  and  for  this  purpofe  they  are  covered  with' 
a  large  broad  metal  plate,  on  which  the  cake  is  laid  ; 
hut  if  the  bread  is  thick  and  requires  more  heat,  it  is 
put  into  the  Hove  itfelf.^’ 

Our  learned  author  having  proved,  to  our  entire  fa- 
tisfaaion,  that  chimneys,  fuch  as  we  have  now  in  every 
comfortable  room,  were  unknown  to  the  moH  polifhed 
nations  of  antiquity,  fets  liimfelf  to  inquire  into  the  era 
of  their  invention  ;  and  the  oldeH  account  of  them 
which  he  finds  is  an  infeription  at  Venice,  -which  relates, 
that  in  the  year  1347  a  great  many  chimneys  were 
thrown  down  by  an  earthquake.  It  would  appear, 
however,  that  in  fome  places  they  had  been  in  ufe  for  a 
confiderable  time  before  that  period  ;  for  De  GatariSy 
in  his  HiHory  of  Padua,  relates,  x}[r3X  Francejeo  de  Car- 
raroy  lord  of  Padua,  came  to  Rome  in  1368,  and  find¬ 
ing  no  chimneys  in  the  inn  where  he  lodged,  becaufe  at 
that  time  fire  was  kindled  in  a  hall  in  the  middle  ot  the 
floor,  he  caufed  two  chimneys  like  thofe  which  had  long 
been  ufed  at  Padua  to  be  conHrudled  by  mafons  and 
carpenters,  whom  he  had  brought  along  with  him. 
Over  thefe  chimneys',  the  firlt  ever  feen  at  Rome,  he 
affixed  his  arms,  which  were  Hill  remaining  in  the  time 
of  De  Gataris,  who  died  of  the  plague  in  1405. 

Though  chimneys  have  been  thus  long  in  ufe,  they 
are  yet  far  enough  from  being  brought  to  perfedion. 
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^fhere  is  hardly  a  modern  houfe,  efpecially  if  highly  fi-  Chimney.^ 

niflied,  in  which  there  is  not  one  room  at  leaH  liable  to 

be  filled  with  fmoke  when  it  is  attempted  to  be  heated 

by  an  open  fire  ;  and  there  are  many  houfes  fo  infefl^d 

with  this  plague  as  to  be  almoH  uninhabitable  during 

the  winter  months  ;  not  to  mention  other  great  defeds 

in  common  chimneys,  which  not  being  fo  obvious  have 

attraded  lefs  attention.  Many  ingenious  methods  have 

been  propofed  to  cure  fmokey  chimneys  in  every  fitua- 

tion  (fee  Smoke,  EncycL)  ;  but  Count  Rumford’s  Ef- 

fay  on  this  fiibjed  contains  the  moH  valuable  diredions 

that  we  have  feen,  not  only  for  removing  the  inconve- 

niency  of  fmoke,  but  likewife  for  increafing  the  heat  of 

the  room  by  a  diminiflied  confumption  of  fuel. 

To  thofe  who  are  at  all  acquainted  with  the  nature 
and  properties  of  elaftic  fluids,  it  muH  be  obvious,  that 
the  whole  myHery  of  curing  fmokey  chimneys  confiHs  in 
finding  out  and  removing  the  accidental  caufes  which 
prevent  the  heated  fmoke  from  being  forced  up  the 
chimney  by  the  prefiure  of  the  cool  and  therefore  hea¬ 
vier  air  of  the  room.  Though  thefe  caufes  are  various, 
yet,  fays  our  author,  that  which  will  moH  commonly  be 
found  to  operate,  is  the  bad  conHrudion  of  the  chim¬ 
ney  in  the  neighbourhood  of  the  Jireflace,  “  The  great 
fault  of  all  the  open  fire-places  or  chimneys  for  burning 
wood  or  coals  in  an  open  fire  now  in  common  ufe  is, 
that  they  are  much  too  large  ;  or  rather  it  is  the  throat 
of  the  chimney  y  or  the  lower  part  of  its  open  canal,  in 
the  neighbourhood  of  the  mantle,  and  immediately  over 
the  fire,  which  is  too  large.’’  ^ 

To  this  fault,  therefore,  the  attention  ffiould  be  firft 
turned  in  every  attempt  which  is  made  to  improve  the 
conHrudion  of  chimneys  ;  for  however  perfed  a  fire¬ 
place  may  be  in  other  refpeds,  if  the  opening  left  for 
the  paffage  of  the  fmoke  is  larger  than  is  neceffary  for 
that  purpofe,  nothing  can  prevent  the  warm  air  of  the 
room  from  efcaping  through  it;  and  whenever  this  hap¬ 
pens,  there  is  not  only  an  unneceffary  lofs  of  heat,  but 
the  warm  air  which  leaves  the  room  to  go  up  the  chim¬ 
ney  being  replaced  by  cold  air  from  without,  draughts 
of  cold  air  cannot  fail  to  be  produced  in  the  room,  to 
the  great  annoyance  of  thofe  who  inhabit  it.  But  al¬ 
though  both  thefe  evils  may  be  effedually  remedied  by 
reducing  the  throat  of  the  chimney  to  a  proper  fize,  yet 
in  doing  this  fcvcral  precautions  will  be  neceffary.  A.nd 
firH  of  all,  the  throat  of  the  chimney  fhould  be  in  its 
proper  place  ;  that  is  t<!)Tay,  in  that  place  in  which  it 
ought  to  be,  in  order  that  the  afeent  of  the  fmoke  may 
be  moH  facilitated  :  now  as  the  fmoke  and  hot  vapour 
which  rife  from  a  fire  naturally  tend  upwardsy  the  pro¬ 
per  place  for  the  throat  of  the  chimney  is  evidently 
perpendicularly  over  the  f  re. 

But  there  is  another  circumHance  to  be  attended  to 
in  determining  the  proper  place  for  the  throat  of  a 
chimney,  and  that  is,  to  afeertain  its  diHance  from  the 
fire,  or  how  far  above  the  burning  vfuel  it  ought  to  be 
placed.  In  determining  this  point  there  are  many  things  > 
to  be  confidered,  and  feveral  advantages  and  difadvan- 
tages  to  be  weighed  and  balanced. 

As  the  fmoke  and  vapour  which  afeend  from  burn¬ 
ing  fuel  rife  in  confequence  of  their  being  rarefied  by 
heat,  and  made  lighter  than  the  air  of  the  furrounding 
atmofphere;  and  as  the  degree  of  their  rarefadion,  and 
confequently  their  tendency  to  rife,  is  in  proportion  to 
the  inteufity  of  their  heat;. and  further^  as  they  are  hot- 
'  ter’ 
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Chimney,  ter  near  the  fire  than  at  a  greater  diilance  from  it — it  is 
clear  that  the  nearer  the  throat  of  a  chimney  is  to  the 
fire,  the  flronger  will  be  what  is  commonly  called  its 
draughty  and  the  lefs  danger  there  will  be  of  its  fmoking. 
But,  on  the  other  hand,  when  the  draught  of  a  chim¬ 
ney  is  very  ftrong,  and  particularly  when  this  ftrong 
draught  is  occafioned  by  the  throat  of  the  chimney  be¬ 
ing  very  near  the  fire,  it  may  fo  happen  that  the  draught 
of  air  into  the  fire  may  become  fo  ftrong  as  to  caiife  the 
fuel  to  be  confumed  too  rapidly.  There  are  likewife 
fevcral  other  inconveniences  which  would  attend  the 
placing  of  the  throat  of  a  chimney  very  near  the  burn¬ 
ing  fuel. 

The  pofition  of  the  throat  of  a  chimney  being  once 
determined,  the  next  points  to  be  afeertained  are  its  fize 
and  form,  and  the  manner  in  which  it  ought  to  be  con- 
iieded  with  the  fire-place  below,  and  with  the  open  ca¬ 
nal  of  the  chimney  above.  But  as  thefe  inveftigations 
are  intimately  connected  with  thofe  which  relate  to  the 
form  proper  to  be  given  to  the  fire-place  itfelf,  we  muft 
confider  them  all  together. 

Now  the  defign  of  a  chimney  fire  being  fimply  to 
warm  a  room,  it  is  neceflary,  firft  of  all,  to  contrive 
matters  fo  that  the  room  fiially  be  a<ftually  warmed ;  fe- 
condly,  that  it  be  warmed  with  the  fmalleft  cxpence  of 
fuel  pollible  j  and,  thirdly,  that  in  warming  it,  the  air 
of  the  room  be  preferved  perfedly  pure,  and  fit  for  re- 
fpiration,  and  free  from  fmoke  and  all  difao-reeable 
fniells. 

To  determine  in  what  manner  a  room  is  heated  by 
an  open  chimney  fire,  it  will  be  neceffary  firft  of  all  to 
find  out  under  nvhat  form  the  heat  generated  in  the 
combuftion  of  the  fuel  exifts,  and  then  to  fee  how  it  is 
communicated  to  tliofc  bodies  which  are  heated  by  it. 

In  regard  to  the  firft  of  thefe  fubjeds  of  inquiry,  it 
is  quite  certain  that  the  heat  which  is  generated  in  the 
combuftion  of  the  fuel  exifts  under  two  perfedly  diftind 
and  very  different  forms.  One  part  of  it  is  combined 
with  the  fmoke,  vapour,  and  heated  air  which  rife  from 
the  burning  fuel,  and  goes  off  with  them  into  the  upper 
regions  of  the  atmofphere;  while  the  other  part,  which 
appears  to  be  uncomhinedy  or,  as  fome  ingenious  philofo- 
phers  have  fuppofed,  combined  only  with  light,  and 
therefore  called  radiant  heaty  is  fent  off  from  the  fire  in 
rays  in  all  poffible  diredions. 

With  refped  to  the  fecond  fubjed  of  inquiry,  name- 
ly,  how  this  heat,  exifting  under  thefe' two  different 
forms,  is  communicated  to  other  bodies,  it  is  highly 
probable  that  the  combined  heat  can  only  be  confmu- 
iiicated  to  other  bodies  by  aBual  contaB  with  the  body 
with  which  it  is  combined  ;  and  with  regard  to  the 
rays  which  are  fent  off  by  burning  fuel,  it  is  certain  that 
they  communicate  or  generate  heat  only  when  and  where 
they  are  (topped  or  abforbed.  Tn  pafling  through  air, 
which  is  tranfparent,  they  certainly  do  not  communi¬ 
cate  any  heat  to  it ;  and  it  feems  highly  probable  that 
they  do  not  communicate  heat  to  folid  bodies  by  which 
they  are  refleded. 

As  it  is  the  radiant  heat  alone  which  can  be  em- 
ployed  in  warming  a  room,  when  fuel  is  burnt  for  this 
purpofe  in  an  open  fire-place,  it  becomes  an  objed  of 
much  importance  to  determine  bow  the  greateft  quan¬ 
tity  of  it  may  be  generated  in  the  combuftion  of  the 
fuel,  and  how  the  greateft  proportion  poffible  of  that 
generated  may  be  brought  into  the  room. 
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Now  the  quantity  of  radiant  heat  generated  in  the  Chimney 

combuftion  of  a  given  quantity  of  any  kind  of  fuel  de- ' - 

pends  very  much  upon  the  management  of  the  fire,  or 
upon  the  manner  in  which  the  fuel  is  confumed.  When 
the  fire  burns  bright,  much  radiant  heat  will  be  fent  off 
from  it  ;  but  when  it  is  /mothered  upy  very  little  will  be 
generated,  and  indeed  very  little  combined  heat  that 
can  be  employed  to  any  ufeful  purpofe  :  moft  of  the 
heat  produced  \yill  be  immediately  expended  in  giving 
elafticity  to  a  thick  denfe  vapour  or  fmoke,  which  will 
be  feen  rifing  from  the  fire  ;  and  the  combuftion  being 
veiy  incomplete,  a  great  part  of  the  inflammable  matter 
of  the  fuel  being  merely  rarefied  and  driven  up  the 
chimney  without  being  inflamed,  the  fuel  will  be  waft¬ 
ed 'to  little  purpofe.  And  hence  it  appears  of  how 
much  importance  it  is,  whether  it  be  confidered  with  a 
view  to  economy,  or  to  cleanlinefs,  comfort,  and  de- 
gance,  to  pay  due  attention  to  the  management  of  a 
chimney  fire. 

Nothing  can  be  more  perfedly  void  of  common 
fenfe,  and  wafteful  and  flovenly  at  the  fame  time,  than 
the  manner  in  which  chimney  fires,  and  particularly 
where  coals  are  burned,  are  commonly  managed  by  fer- 
vants.  They  throw  on  a  load  of  coals  at  once,  through 
which  the  ilame  is  hours  in  malcing  its  wav  ;  and  fre¬ 
quently  it  is  not  without  much  trouble  that  the  fire  is 
prevented  from  going  quite  out.  During  this  time  no 
heat  IS  communicated  to  the  room  ;  and  what  is  ftill 
worfe,  the  thioat  of -the  chimney  being  occupied  mere¬ 
ly  by  a  heavy  denfe  vapour,  not  polfelfed  of  any  conli- 
derable  degree  of  heat,  and  confequently  not  havin-r 
much  elafticity,  the  warm  air  of  the  room  finds  lefs  dii^ 
ficulty  in  forcing  its  svay  up  the  chimney  and  efcaping 
than  when  the  fire  burns  bright.  And  it  happens  not 
unfrequently,  efpecially  in  chimneys  and  fire-places  ill- 
conftru^fed,  that  this  current  of  warm  air  from  the 
room  which  preffes  into  the  chimney,  croffing  upon  the 
current  of  heavy  fmoke  svhich  rifes  llowly  from  the 
fire,  obftrudts  ^it  in  its  afeent,  and  beats  it  back  into  the 
room  :  hence  it  is  that  chimneys  fo  often  fmoke  when 
too  large  a  quantity  of  freffi  coals  is  put  upon  the  fire. 

So  many  coals  Ihould  never  be  put  on  the  fire  at  once 
as  to  prevent  the  free  paffiige  of  the  flame  between 
them.  In  fliort,  a  fire  fliould  never  be  fmothtred;  and 
when  proper  attention  is  paid  to  the  quantity  of  coals 
put  on,  there  will  be  very  little  ufe  for  the  pocker  ; 
and  this  circumftance  will  contribute  very  much  t» 
cleanlinefs,  and  to  the  prefervation  of  furniture. 

As  we  have  feen  what  is  necelfary  to  the  geueratioK 
of  the  greateft  quantity  of  radiant  heat,  it  remains  to  be 
determined  how  the  greateft  proportion  of  that  which 
IS  generated  and  fent  off  from  the  fire  in  all  direaions 
may  be  made  to  enter  the  room,  and  aflift  in  warming  it 
This  muft  be  done,  firft,  by  caufing  as  many  as  pof. 
fible  of  the  rays,  as  they  are  fent  off  fr(,m  the  fire  in 
ftraight  lines,  to  come  direaly  into  the  room  ;  which 
can  only  be  effeded  by  bringing  the  fire  as  far  forward 
as  poffible,  and  leaving  the  opening  of  the  fire  place  as 
wide  and  as  high  as  can  be  done  without  inconvenience  • 
and,  fecondly,  by  making  the  fides  and  back  of  the 
fire-place  of  fuch  a  form,  and  conftniaing  them  of  fuch 
materials,  as  to  caufe  the  dired  rays  from  the  fire 
which  ftrike  againft  them,  to  be  fent  into  the  room  by 
lefledtion  111  the  greateft  abundance. 

Now  it  will  be  found  upon  examination,  that  the  beft 
3  ^  ^  form 
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Chimney,  form  for  the  vertical  fides  of  a  fire-place,  or  the  ccvwgs 
'  (as  they  are  called),  is  that  of  an  upright  plane,  ma¬ 
king  an  angle  with  the  plane  of  the  back  of  the  hrc- 
place  of  about  135  degrees.— According  to  the  prefent 
conftrudion  of  chimneys,  this  angle  is  fometimes  only 
go,  and  very  feldom  above  lOO  or  1  lO  degrees  ;  but  it 
is  obvious,  that  in  all  thefe  cafes  the  two  fides  or  co¬ 
verings  of  the  fire-place  are  very  ill-contrived  for  throw¬ 
ing  into  the  room  by  reflexion  the  rays  from  the  fire 
•which  fall  upon  them. 

With  regard  to  the  materials  which  fhould  be  em¬ 
ployed  in  the  conftruaion  of  fire-places,  particularly 
the  backs  and  covings,  it  is  obvious  that  thofe  are  to 
be  preferred  which  ahforh  the  leojl^  and  of  courfe  re- 
jled,  the  greateft  quantity  of  radiant  heat.  Iron,  there¬ 
fore,  and,  in  general,  metals  of  all  kinds,  are  the  very 
worft  materials  which  can  pofTibly  be  employed  for  the 
backs  and  covings  of  chimneys  ;  whilft  fire-ftone  white- 
wafhed,  or  common  bricks  and  mortar,  covered  with  a 
thin  coating  of  plafter,  and  w'hite-wafhed,  anfvver  the 
purpofe  extremely  well.  A  white  colour  fhould,  in¬ 
deed,  be  always  given  to  the  infide  of  a  chimney  of 
•whatever  materials  it  be  conflru6ied  ;  and  black,  which 
is  at  prefent  fo  common,  fhould  be  carefully  avoided, 
becaufe  white  refleds  the  moft,  and  black  the  leaft,  ra¬ 
diant  heat.  The  grate,  however,  cannot  well  be  made 
of  any  thing  clfe  than  iron  ;  but  there  is  no  neceflity 
whatever  for  that  immenfe  quantity  of  iron  which  fur- 
rounds  grates  as  they  arc  commonly  fitted  up,  and 
which  not  only  renders  them  very  expenfive,  but  efien- 
tially  injures  the  fire-place. 

To  have  only  pointed  out  the  faults  of  the  chimneys 
in  ufe,  without  fhewing  how  thefe  faults  may  be  correft- 
ed,  would  have  been  a  work  of  very  little^  value  ;  but 
“  the  Count’s  Treatife  is  complete,  and  contains  the  plain- 
eft  diredtions  for  the  conflruftion  of  fire-places.  Thefe 
diredtions  are  introduced  by  an  explanation  of  fome 
technical  words  and  exprefiions.  Thus,  by  the  throat 
of  a  chimney,  already  mentioned,  he  means  the  lower 
extremity  of  its  canal,  where  it  unites  with  the  upper 
part  of  its  open  fire-place.  This  throat  is  commonly 
found  about  a  foot  above  the  level  of  the  lower  part  of 
the  mantle,  and  it  is  fometimes  contradled  to  a  fmaller 
fize  than  the  reft  of  the  canal  of  the  chimney,  and  fome¬ 
times  not. 

Plate  XX-  Fig.  i.  fhews  the  fedlion  of  a  chimney  on  the  com¬ 
mon  conftrudlion,  in  which  d e  the  throat. 

Fig.  2.  Ihews  the  fedion  of  the  fame  chimney  altered 
and  improved,  in  which  d i  is  the  reduced  throat.  ^ 

TW  bre^l;  of  a  chimney  is  that  part  of  it  which  is 
immediately  behind  the  mantle.  It  is  the  wall  which 
forms  the  entrance  from  below  into  the  throat  of  the 
chimney  in  front,  or  towards  the  room.  It  is  oppofite  to 
the  upper  extremity  of  the  back  of  the  open  fire-place, 
and  parallel  to  it  :  in  fhort,  it  may  be  fald  to  be  the 
back  part  of  the  mantle  itfelf.^ — In  the  figures  i.  and 
2,  it  is  marked  by  the  letter  d.  The  wddth  of  the 
throat  of  the  chimney  [d e  fig.  i.and  di  fig.  2.)  is  ta¬ 
ken  from  the  breaft  of  the  chimney  to  the  back,  and  its 
length  is  taken  at  right  angles  to  its  width,  or  in  a  line 
parallel  to  the  mantle  fig.  1.  and  2.). 

The  bringing  forward  of  the  fire  into  the  room,  or 
rather  bringing  it^earer  to  the  front  of  the  opening  of 
the  fire-place,  and  the  diminifhing  of  the  throat  of  the 
chimney,  being  two  objedfs  principally  had  in  view  in 
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the  alterations  in  fire-places  propofed  by  the  Count,  it  Chinvngy^ 
is  evident  that  both  thefe  may  be  attained  merely  by  ^ 
bringing  forward  the  back  of  the  chimney.  The  only 
queftion  therefore  is,  How  far  it  fhould  be  brought  for¬ 
ward  ?  The  anfwer  is  fhort,  and  eafy  to  be  under- 
ftood  ;  bring  it  forward  as  far  as  poflible,  without  di- 
miniftilng  too  much  the  paflage  which  muft  be  left  for 
the  fmoke.  Now  as  this  paflage,  which  in  its  narrow- 
eft  part  he  calls  the  throat  of  the  chimney y  ought,  for  rea- 
fons  which  have  been  already  explained,  to  be  imme¬ 
diately,  or  perpendicularly  over  the  fire,  it  is  evident 
that  the  back  of  the  chimney  muft  always  be  built  per- 
fedly  upright.  To  determine,  therefore,  the  place  for 
the  new  back,  or  how  far  precifely  it  ought  to  be 
brought  forward,  nothing  more  is  necefiary  than  to  af- 
certain  how  wide  the  throat  of  the  chimney  ought  to 
be  left,  or  what  fpace  muft  be  left  between  the  top  of 
the  breaft  of  the  chimney  where  the  upright  canal  of 
the  chimney  begins,  and  the  new  back  of  the  fire-place 
carried  up  perpendicularly  to  that  height. 

Numerous  experiments  have  convinced  the  Count, 
that,  all  circumftances  being  well  confidered,  and  the 
advantages  and  difadvantages  compared  and  balanced, 
four  inches  is  the  beft  width  that  can  be  given  to  the 
throat  of  a  chimney,  whether  the  fire-place  be  deftined 
to  burn  wood,  coals,  turf,  or  any  other  fuel.  In  very  / 

large  halls  where  great  fires  are  kept  up,  it  may  fome¬ 
times,  though  very  rarely,  be  proper  to  increafe  this 
width  to  four  inches  and  a  half,  or  even  to  five  inches. 

The  next  thing  to  be  confidered  is  the  width  which 
it  will  be  proper  to  give  to  the  back  of  the  chimney 
and,  in  moft  cafes,  this  fhould  be  one-third  of  the  width 
of  the  opening  of  the  fire  place  in  front.  It  is  not  in¬ 
deed  abfolutely  neceflary  to  conform  with  rigour  totlnV 
decifion,  nor  is  it  always  poflible  ;  but  it  fhould  inva¬ 
riably  be  conformed  to  as  far  as  circumftances  will  per¬ 
mit.  Where  a  chimney,  fays  the  Count,  is  defigned 
for  warming  a  room  of  a  middling  fize,  and  where  the 
thicknefs  of  the  wall  of  the  chimney  in  front,  meafured 
from  the  front  of  the  mantle  to  the  breaft  of  the  chim¬ 
ney,  is  nine  inches,  I  fhould  fet  off  four  inches  more  for 
the  width  of  the  throat  of  the  chimney,  which,  fuppo- 
fing  the  back  of  the^  chimney  to  be  built  upright,  as  it 
always  ought  to  be,  will  give  thirteen  inches  for  the 
depth  of  the  fire-place,  meafured  upon  the  hearth,  from, 
the  opening  of  the  fire-place  in  front  to  the  back.  In 
this  cafe,  thirteen  inches  would  be  a  good  fize  for  the 
width  of  the  back  ;  and  three  times  thirteen  inches,  orv 
39  inches,  for  the  width  of  the  opening  of  the  fire¬ 
place  in  front  j  and  the  angle  made  by  the  back  of  the 
fire-place  and  the  tides  of  it,  or  covings,  would  be  juft: 

1^5  degrees,  which  is  the  beft  pofition  they  can  have 
for  throwing  heat  into  the  room.  'Ihis  pofition,  in¬ 
deed,  it  may  fometimes  be  impoflible  to  attain  in.  alter¬ 
ing  chimneys  already  built ;  but  a  deviation  from  it  of 
two  or  three  degrees  will  be  of  no  great  confequence  ; 
for  the  points  of  by  much  the  greateft  importance  in  al- 
tering  fire  places  upon  the  principles  here  recommend¬ 
ed,  are  the  bringing  forward  the  back  to  its  proper 
place,  and  making  it  of  the  proper  width. 

Provifion,  however,  muft  be  made  for  the  paiTage  or 
the  chimney-fweeper  up  the  chimney ;  and  this  rnay 
eafily  be  done  in  the  following  manner  :  In  building 
up  the  new  back  of  the  fire-place  ;  when  this  wall 
(which  need  never  be  more  than  the  width  of  a  Angle  ‘ 

^  brick 
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Chimney,  brick  in  tViicknefs)  is  brought  up  To  high  that  there 
remains  no  more  than  about  ten  or  eleven  inches  be¬ 
tween  what  is  then  the  top  of  it  and  the  infide  of  the 
mantle,  or  lower  extremity  of  the  breaft  of  the  chim- 
ney,  an  opening  or  door  w^ay,  eleven  or  twelve  inches 
wide,  mult  be  begun  in  the  middle  of  the  back,  and 
continued  quite  to  the  top  of  it,  which,  according  to 
the  height  to  which  it  will  commonly  be  neceffary  to 
carrv  up  the  back,  will  make  the  opening  abundantly 
fufficient  to  let  the  chimney*fweeper  pafs.  When  the 
jfire-place  is  finifhed,  this  door-way  is  to  be  clofed  by  a 
tile  or  lit  piece  of  Hone  placed  in  it  without  mortar,  and 
by  means  of  a  rabbit  made  in  the  brick-work,  confined 
in  its  place  in  fuch  a  manner  as  that  it  may  be  eafily 
removed  when  the  chimney  is  to  be  fwept,  and  re- 
ftored  to  its  place  when  that  work  is  over.  Of  this 
contrivance  the  reader  will  be  able  to  form  a  clear  con¬ 
ception  from  fig.  2.  which  reprefents  the  fetfion  of  a 
chimney  after  it  has  been  properly  altered  from  what 
is  exhibited  in  fig.  i.  In  this  improved  chimney  k  I  is 
the  new  back  of  the  fire-place  ;  /  /  the  tile  or  done 
which  clofes  the  door-way  for  the  chimney-fvveeper ; 
d  i  the  throat  of  the  chimney  narrowed  to  four  inches  ; 
a  the  mantle,  and  /j  the  ftone  placed  under  the  mantle, 
fuppofed  to  have  been  too  high,  in  order  to  diminifli 
the  height  of  the  opening  of  the  fire-place  in  front. 

It  has  been  obferved  above,  that  the  new  back,  which 
it  will  always  be  found  neceffary  to  build  in  order  to 
bring  the  fire  fufficiently  forward,  in  altering  a  chim¬ 
ney  conilrufled  on  the  common  principles,  need  never 
be  thicker  than  the  width  of  a  common  brick.  The 
fame  may  be  faid  of  the  thicknefs  neceflary  to  be  given 
to  the  new  Tides  or  covings  of  the  chimney  ;  or  if  the 
new  back  and  covings  are  conftru^ed  of  Hone,  one  inch 
and  three  quarters,  or  two  inches  in  thicknefs,  will  be 
fufficient.  Care  Ihould  be  taken  in  building  up  thefe 
new  walls  to  unite  the  back  to  the  covings  in  a  folid 
manner. 

Whether  the  new  back  and  covings  are  conftru£Ied 
of  ftone  or  built  of  bricks,  the  fpace  between  them  and 
the  old  back  and  covings  of  the  chimney  ought  to  be 
filled  up,  to  give  greater  folidity  to  the  ftrudture.  l^his 
may  be  done  with  loofe  rubbifh,  or  pieces  of  broken 
bricks  or  ftones,  provided  the  work  be  ftrengthened  by 
a  few  layers  or  courfes  of  bricks  laid  in  mortar  ;  but  it 
will  be  indifpenfably  neceftary  to  finifii  the  work  where 
thefe  new  walls  end,  that  is  to  fay,  at  the  top  of  the 
throat  of  the  chimney,  where  it  ends  abruptly  in  the 
open  canal  of  the  chimney,  by  a  horizontal  courfe  ofi 
bricks  well  fecured  with  mortar.  This  courfe  of  bricks- 
will  be  upon  a  level  with  the  top  of  the  door-way  left, 
for  the  chimney-fweeper  ;  and  the  void  behind  the  door^ 
way  mu  ft  be  covered  witli  a  horizontal  ftone  or  tile,  to 
be  removed  at  the  fame  time  the  door  is  removed,  and 
for  the  fame  purpofe. 

From  thefe  deferiptions  it  is  clear,  that  where  the 
throat  of  the  chimney  has  an  end,  that  is  to  fay,  where 
tt  enters  into  the  lower  part  of  the  open  canal  of  the 
*  chimney,  //lere  the  three  walls  which  form  the  two  co¬ 

vings  and  the  back  of  the  fire-place  all  end  abruptly. 

'  It  is  of  much  importance  that  they  fhould  endJn  this 

manner  ;  for  were  they  to  be  floped  outward,  and  rai- 
\  fed  in  fuch  a  manner  as  to  fwell  out  the  upper  extremi¬ 
ty  of  the  throat  of  the  chimney  in  the  form  of  a  trum¬ 
pet,  and  increafe  it  by  degrees  to  the  fize  of  the  canal 
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of  the  chimney,  this  manner  of  uniting  the  lower  cx-  Chimney, 
tremity  of  the  canal  of  the  chimney  with  the  throat 
would  tend  to  allift  the  winds,  which  may  attempt  to 
blow  down  the  chimney,  in  forcing  their  way  through 
the  throat,  and  throwing  the  fmoke  backward  into  the 
room  ;  but  when  the  throat  of  the  chimney  ends  abrupt¬ 
ly,  and  the  ends  of  the  new  walls  form  a  flat  horizontal 
furface,  it  will  be  much  more  difficult  for  any  wind 
from  above  to  find  and  force  its  way  through  the  nar¬ 
row  paffage  of  the  throat  of  the  chimney. 

As  the  two  walls  which  form  the  new  covings  of  the 
chimney  are  not  parallel  to  each  other,  but  inclined, 
prefen  ting  an  oblique  furface  towards  the  front  of  the 
chimney,  and  as  they  are  built  perfectly  upright,  and 
quite  flat,  from  the  hearth  to  the  top' of  the  throat, 
where  they  end,  it  is  evident  that  an  horizontal  fe£Iion 
of  the  throat  will  not  be  art  oblong  fquare  ;  but  its  de¬ 
viation  from  that  form  is  a  matter  of  no  confequence  ; 
and  no  attempts  ftiould  ever  be  made,  by  twilling  the 
covings  above  where  they  approach  the  breaft  of  the 
chimney,  to  bring  it  to  that  form.  All  twifts,  bends, 
prominences,  excavations,  and  other  irregularities  of 
form  in  the  covings  of  a  chimney,  never  fail  to  produce 
eddies  in  the  current  of  air  which  is  continually  paffing 
into,  and  through,  an  open  fire-place  in  which  a  fire  is 
burning  ;  and  all  fuch  eddies  difturb  either  the  fire  or 
the  afeending  current  of  fmoke,  or  both  ;  and  not  un- 
frequently  caufe  the  fmoke  to  be  thrown  back  into  the 
room.  Hence  it  appears,  that  the  covings  of  chimneys 
ftiould  never  be  made  circular,  or  in  the  form  cf  any. 
other  curve,  but  always  quite  flat. 

For  the  fame  reafon,  that  is  to  fay,  to  prevent  ed-- 
dies,  the  breaft  of  the  chimney,  which  forms  that  fide 
of  the  throat  that  is  In  front  or  neareft  to  the  room, 
ftiould  be  neatly  cleaned  off,  and  Its  furface  made  quite 
regular  and  fmooth.  This  may  be  eafily  done  by  co¬ 
vering  it  with  a  coat  of  plafter,  which  may  be  made 
thicker  or  thinner  iii  different  parts,  as-may  be  neceffa¬ 
ry  in  order  to  bring  the  breaft  of  the  chimney  to  be  of 
the  proper  forni- 

With  regard  to  the  form  of  the  breaft  of  a  . chimney, 
this  is  a  matter  of  very  great  importance,  and  whicli 
ought  always  to  be  particularly  attended  to.  The  worft 
form  it  can  have  is  that  of  a  vertical  plane  or  upright 
flat;  and  next  to  this  the  worft  form  is  an  Inclined 
plane.  Both  thefe  forms  caufe  the  current  of  warm  air 
from  the  room,  which  will,  in  fpite  of  every  precaution, 
fometimes  find  its  way  into  the  chimney,  to  crofs  upon 
the  current  of  fmoke  which  rifes  from  the  fire  in  a  man¬ 
ner  moll  likely  to  embarrafs  it  in  its  afeent,  and  drive 
it  back. 

The  current  of  air  which,  paffing  under  the  mantle, . 
gets  into  the  chimney,  Ihould  be  made  gradually  to  bend 
its  courfe  upwards  ;  by  which  means  it  will  unite  quietly 
with  the  afeending  current  of  fmoke,  and  will  be  lefs 
likely  to  check  It,  or  force  It  back  Into  the  room.  Now 
this  may  be  effeded  with  the  greateft  eafe  and  certain¬ 
ty,  merely  by  rounding  off  the  breaft  of  the  chimney  or 
back  part  of  the  mantle,  inftead  of  leaving  it  flat  or  full 
of  holes  and  corners  ;  and  this  of  courfe  ought  always 
to  be  done. 

Having  thus  afeertained  the  form  and  pofitlon  of  the 
new  covings,  the  ingenious  author  next  turns  his  atten- 
tioi^to  the  height  to  which  they\ftiould  be  carried.. 

This  will  depend  not  only  on  the  height  of  the  mantlcj, , 

bitf. 
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but  alfo,  and  more  efpecially,  on  tbe  height  of  the 
breail  of  the  cliimney,  or  of  that  part  of  the  chimney 
where  the  breaft  ends  and  the  upright  canal  begins  — 
The  back  and  covings  mull  rife  a  few  inches,  five  or 
Tik  for  inhance,  higher  than  this  part,  otherwife  the 
throat  of  the  chimney  will  not  be  properly  formed  ; 
but:  no  advantage  w^ould  be  gained  by  carrying  them 
hi-her. 

One  important  circumftance  refpcdling  chimney  fire¬ 
places  flili  remains  to  be  confidered  ;  and  that  is  the 
'grate.  In  placing  the  grate,  the  thing  principally  to 
be  attended  to  is,  to  make  the  back  of  it  coincide  wdth 
the  back  of  the  fire  place.  But  as  m.any  of  the  grates 
now  in  common  ufe  wdll  be  found  to  be  too  large,  when 
the  fire  places  are  altered  and  improved,  it  will  be  ne- 
cefTary  to  diininifii  their  capacities  by  filling  them  up 
■at  the  back  and  fides  with  pieces  of  fire  (lone.  When 
this  is  done,  it  is  the  front  of  the  flat  piece  of  fire-ftone 
which  is  made  to  form  a  new  back  to  the  grate,  which 
muft  be  made  to  coincide  with,  and  make  part  of  the 
back  of  the  fire  place.  —  But  in  diminilhing  the  capaci¬ 
ties  of  grates  wdlh  pieces  of  fire-llone,  care  mull  be  ta¬ 
ken  not  to  make  them  too  narronv. 

The  proper  width  for  grates  deflined  for  rooms  of  a 
middling  fize  will  be  from  fix  to  eight  inches,  and  their 
length  may  be  diminifiied  more  or  lefs  according  as  the 
room  is  heated  with  more  or  lefs  difficulty,  or  as  the 
■weather  is  more  or  lefs  fevere.  —  But  where  the  width 
of  a  grate  is  not  more  than  five  inches  it  wdll  be  very 
difficult  to  prevent  the  fire  from  going  out. 

It  frequently  happens  that  the  iron  backs  of  grates 
are  not  vertical,  or  upright,  but  inclineck backwards,— - 
When  thefe  grates  are  fo  -much  too  wdde  as  to  render 
it  neceffary  to  fill  them  up  behind  with  fire-ftone,  the 
inclination  of  the  back  will  be  of  little  confequence  ; 
for  by  making  the  piece  of  ftone  with  which  the  width 
of  the  grate  is  to  be  diminifhed  in  the  form  of  a  wedge, 
or  thicker  above  than  below,  the  front  of  this  ftone, 
which  in  effedl  will  become  the  back  of  the  grate,  may 
be  made  perfe6lly  vertical ;  and  the  iron  back  of  the 
grate  being  hid  in  the  folid  work  of  the  back  of  the 
fire-place,  will  produce  no  effedl  whatever;  but  if  the 
grate  be  already  fo  narrow  as  not  to  admit  of  any  dimi¬ 
nution  of  its  width,  in  that  cafe  it  will  be  bell  to  take 
away  the  iron  back  of  the  grate  entirely,  and  fixing  the 
grate  firmly  in  the  brickwork,  caufe  the  back  of  the 
fire-place  to  ferve  as  a  back  to  the  grate. 

Where  grates,  which  are  defigned  for  rooms  of  a 
middling  fize,  are  longer  than  14  or  15  inches,  it  will 
always  be  beft,  not  merely  to  diminilh  their  lengths,  by 
filling  them  up  at  their  two  ends  with  fire-llone,  but, 
forming  the  back  of  the  chimney  of  a  proper  width, 
without  paying  any  regard  to  the  length  of  the  grate, 
to  carry  the  covings  through  the  two  ends  of  the  grate 
in  fuch  a  manner  as  to  conceal  them,  or  at  leaft  to  con¬ 
ceal  the  back  corners  of  them  in  the  walls  of  the  covings. 

Had  thefe  diredlions  been  duly  attended  to  by  the 
mafons  who  in  Scotland  pretend  to  alter  chimneys  on 
the  principles  of  Count  Rumford,  we  ftiould  not  have 
obferved  fo  many  of  the  grates  placed  by  them  jutting 
out  beyond  the  mantle  of  the  chimney  ;  nor  of  couvfe 
heard  fo  many  complaints  of  rooms  being  rendered  more 
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fmoke'y,  and  the  confumption  of  fuel  increafed  by  thefe  CMnmey. 
pretended  improvements.  But  when  the  grate  is  not  ' 

fet  in  its  proper  place,  when  its  (loping  iron  back  is 
retained,  when  no  pains  have  been  taken  to  make  its 
ends  coincide  with  the  covings  of  the  fire-place,  when 
the  mantle-,  inftead  of  having  its  back  rounded  olT,  is  a 
vertical  plane  of  iron  cutting  the  column  of  fiiiokc 
which  riles  beneath  it,  and,  above  all,  w’heii  the  throat 
of  the  cliinnriey,  inftead  of  four,  is  made,  as  we  often 
fee,  fourteen  inches  wide  ;  let  it  be  remembered,  that 
not  one  of  Count  Rumford’s  diredlions  has  been  fol¬ 
lowed,  and  that  his  principles  have  as  little  to  do  with  * 

the  conftrudlion  of  fuch  a  chimney  as  with  the  building 
of  the  wall  of  China  or  the  pyramids  of  Egypt. 

To  contribute  our  aid  to  prevent  thefe  blunders  for 
the  future,  we  ftiall  here  fubjoin  the  Count’s  diredlions 
for  laying  out  the  work  ;  not  to  inftrudl  mafons  and 
bricklayers,  to  whom  we  earneftly  recommend  the  ftudy 
of  the  effay  itfelf  (b),  which  contains  much  valuable  in¬ 
formation  that  we  have  omitted  ;  but  merely  to  give  the 
country  gentleman  an  opportunity  of  difeovering  whe¬ 
ther  the  workmen  whom  he  employs  deviates  far  and 
needlefslyfrom  the  principles  which  he  pretends  to  follow. 

When  a  chimney  is  to  be  altered,  after  taking  away 
the  grate  and  removing  the  rubbifti,  firft  draw  a  ftraight 
line  with  chalk,  or  with  a  lead  pencil,  upon  the  hearth, 
from  one  jamb  to  the  other, — even  with  the  front  of 
the  jambs.  The  dotted  line  A  B,  fig.  3.  may  repre- 
fent  this  line. 

From  the  middle  c  of  this  line,  (A  B)  another  line 
f  is  to  be  drawn  perpendicular  to  it,  acrofs  the  hearth, 
to  the  middle  d,  of  the  back  of  the  chimney. 

A  perfon  muft  now  Hand  upright  in  the  chimney, 
with  his  back  to  the  back  of  the  chimney,  and  hold  a 
plumb-line  to  the  middle  of  the  upper  part  of  the  breaft 
of  the  chimney  (</,  fig*  i*),  or  where  the  canal  of  the 
chimney  begins  to  rife  perpendicularly  taking  care 
to  place  the  line  above  in  fuch  a  manner  that  the  plumb 
may  fall  on  the  line  c  d  (fig.  3.)  drawn  on  the  hearth 
from  the  middle  of  the  opening  of  the  chimney  in  front 
to  the  middle  of  the  back,  and  an  affiftant  muft  mark 
the  precife  place  e,  on  that  line  where  the  plumb  falls. 

This  being  done,  and  the  perfon  in  the  chimney  ha¬ 
ving  quitted  his  ftation,  four  inches  are  to  be  fet  off  on 
the  line  c  J,  from  e,  towards  d;  and  the  point  y*,  where 
thefe  four  inches  end,  (which  muft  be  marked  with 
chalk,  or  with  a  pencil),  will  fhow  how  far  the  new 
back  is  to  be  brought  forward. 

Through  fy  draw  the  line  g  h  parallel  to  the  line 
A  B,  and  this  line  g  h  will  fhow  the  dire£lion  of  the 
new  back,  or  the  ground  line  upon  which  it  is  to  be 
built.  The  line  c  f  will  fhow  the  depth  of  the  new 
fire-place  ;  and  if  it  Ihould  happen  that  r /  is  equal  to 
about  one-third  of  the  line  A  B,  and  if  the  grate  can 
be  accommodated  to  the  fire-place,  inftead  of  its  being 
neceffary  to  accommodate  the  fire  place  to  the  grate  ; 
ill  that  cafe,  half  the  length  of  the  line  c  f  is  to  be  fet 
off  from/ on  the  line  gfhyon  one  fide  to  and  on  the 
other  to  and  the  line  i  k  will  fhow  the  ground  line  of 
the  fore  part  of  the  back  of  the  chimney. 

In  all  cafes  where  the  width  of  the  opening  of  the 
fire-place  in  front  ( A  B)  happens  to  be  not  greater,  or 

not 
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(b)  It  cofts  but  two  fhillings ;  and  he  muft  be  a  poor  bricklayer  indeed  who  cannot  afford  to  pay  that  fum  for 
inftrudion  in  the  moft  important,  as  well  as  moft  difficult,  part  of  his  bufineft. 
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Chimney. 


not  more  than  two  or  three  inches  greater  than  three 
times  the  width  of  the  new  back  of  the  chimney  (/  k')^ 
this  opening  may  be  left;  and  lines  drawn  from  i  to  A, 
and  from  k  to  B,  will  (how  the  width  and  polition  of 
the  front  of  the  new  covings  ; — but  when  the  opening 
of  the  fire-place  in  front  is  itill  wider,  it  muft  be  redu¬ 
ced  ;  which  is  to  be  done  in  the  following  manner : 

From  r,  the  middle  of  the  line  A  B,  c  and  c  h 
muft  be  fet  off  equal  to  the  width  of  the  back  (/  k')^ 
added  to  half  its  width  (//)  ;  and  lines  drawn  from  /  to 
<3,  and  from  k  to  by  will  fhow  the  ground  plan  of  the 
fronts  of  the  new  covings. 

When  this  is  done,  nothing  more  will  be  neceflary 
than  to  build  up  the  back  and  covings ;  and  if  the  fire¬ 
place  is  defigried  for  burning  coals,  to  fix  the  grate  in 
its  proper  place,  according  to  the  directions  already 
given. — When  the  width  of  the  fire-place  is>educed, 
the  edges  of  the  covings  a  A  and  h  B  are  to  make  a 
finifh  with  the  front  of  the  jambs. — And  in  general  it 
will  be  beft,  not  only  for  the  fake  of  the  appearance  of 
the  chimney,  but  for  other  reafons  alfo,  to  lower  the 
height  of  the  opening  of  the  fire-place  whenever  its 
width  in  front  is  diminifhed. 

A  front  view  of  the  chimney,  after  it  has  been  thus- 
altered,  is  exhibited  in  fig.  4.  where  the  under  part  of 
the  door-way  is  reprefented,  as  ciofed  by  the  white  dot- 
ted  lines. 

When  the  wall  of  the  chimney  in  front,  meafured 
from  the  upper  part  of  the  breaft  of  the  chimney  to  the 
front  of  the  mantle,  is  very  thin,  it  may  happen,  and 
efpecially  in  chimneys  defigned  for  burning  wood  upon 
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only  four  inches  thick,  four  inches  more  added  to  it  for  Chimney, 
the  width  of  the  throat  would  have  left  the  depth  of  ' 
the  fire-place  meafured  upon  the  hearth  h  c  only  eight 
inches,  which  would  have  been  too  little; — a  niche  c 
and  e  was  therefore  made  in  the  new  back  of  the  fire^ 
place  for  receiving  the  grate,  which  niche  was  fix  inches 
deep  in  the  centre  of  it,  below  inches  wide,  ^or 
equal  in  width  to  the  grate,)  and  23  inches  high  ;  fi- 
nifhing  above  with  a  femicircular  arch,  which,  in  its 
higheft  part,  rofe  feven  inches  above  the  upper  part  of 
the^  grate.— —The  door-way  for  the  chimiiey-fwecper, 
which  begins  juft  above  the  top  of  the  niche,  may  be 

feen  diftindly  in  both  the  figures  6  and  7. _ The  fpace 

marked  gy  fig,  7.  behind  this  door-way,  may  either  be 
filled  withioofe  bricks,  or  may  be  left  void.— The  man¬ 
ner  in  which  the  piece  of  ftone  /,  fig.  7.  which  is  put 
under  the  mantle  of  the  chimney  to  reduce  the  height 
of  the  opening  of  the  fire-place,  is  rounded  off  on  the 
infide  in  order  to  give  a  fair  run  to  the  column  of  fmoke 
in  its  afeent  through  the  throat  of  the  chimney,  is  clear¬ 
ly  exprefled  in  this  figure.  The  plan  fig.  5.  and  eleva¬ 
tion  fig.  6.  fiiow  how  much  the  width  of  the  opening 
of  the  fire-place  in  front  is  diminilhed,  and  how  the  co¬ 
vings  in  the  new  fire-place  are  formed. 

A  perfea  idea  of  the  form  and  dimenfion  of  the  fire¬ 
place  in  its  original  ftate,  as  alfo  after  its  alteration,  may 
be  had  by  a  careful  infpedion  of  thefe  figures. 

In  chimneys,  like  that  reprefented  in  figure  8,  where 
the  jambs  A  and  B  projed  far  into  the  room,  and 
where  the  front  edge  of  the  marble  flab  0,  which  forms 
the  coving,  does  not  come  fo  far  forward  as  the  front 


I  y  J  b  —  “b  r  ^  uuca  uui  come  10  rar  torward  as  the  front 

the  hearth,  or  upon  dogs,  that  the  depth  of  the  chim- .  of  the  jambs,  the  workmen  in  conftruding  the  new  co¬ 
ney,  determiningf  accordinor  to  the  directions  here  criven.  vIhctr  nre  anf  i-/-,  _ _  • 


ney,  determining  according  to  the  directions  here  given 
may  be  too  fmall. 

Thus,  for  example,  fuppofing  the  v/all  of  the  chim- 
iicy,  in  front,  from  the  upper  part  of  the  breaft  of  the 
chimney  to  the  front  of  the  mantle,  to  be  only  four 
inches,  (which  is  fometimes  the  cafe,  particularly  in 
rooms  fituated  near  the  top  of  a  houfe),  in  this  cafe,  if 
we  take  four  inches  for  the  width  of  the  throat,  this 
will  give  eight  inches  only  for  the  depth  of  the  fire¬ 
place,  which  would  be  too  little,  even  were  coals  to  be 
burnt  inftead  of  wood. — In  this  cafe  (fays  the  Count) 
1  Ihould  increafe  the  depth  of  the  fire-place  at  the 
hearth  to  1  2  or  13  inches,  and  Ihould  build  the  back 
perpendicular  to  the  height  of  the  top  of  the  burning 
fuel  (whether  it  be  wood  burnt  upon  the  hearth  or 
coals  in  a  grate)  ;  and  then,  fioping  the  back  by  a  gen¬ 
tle  inclination  forward,  bring  it  to  its  proper  place, 
that  is  to  fay,  perpendicularly  under  the  lack  part  of  the 
throat  of  the  chimney.  This  fiope,  (which  will  bring 
the  back  forward  four  or  five  incheSj  or  juft  as 
much  as  the  depth  of  the  fire-place  is  increafed), 
though  it  ought  not  to  be  too  abrupt,  yet  It  ought 
to  be  quite  finilhed  at  the  height  of  eight  or  ten 
inches  above  the  fire,  otherwife  it  may  perhaps  caufe  the 
chimney  to  fmoke  ;  but  when  it  is  very  near  the  fire, 
the  heat  of  the  fire  will  enable  the  current  of  riling 
fmoke  to  overcome  the  obftacle  which  this  Hope  will 
oppofe  to  its  afeent,  which  it  could  not  do  fo  eafily 
were  the  dope  fituated  at  a  greater  diftance  from  the 
burning  fuel. 

5>  7»  a  plan,  elevation,  and  fedlion 

€>f  a  fire-place  coiiftruded  or  altered  upon  this  principle. 
—The  wall  of  the  chimney  in  front  at  Cy  fig.  7.  being. 


vings  are  very  apt  to  place  tbem,^not  iirthe  line  . 
which  they  ought  to  do,~hiit  in  the  line  which  h 
a  great  fault. — The  covings  of  a  chimney  ftiould  never 
range  behind  the  front  of  the  jambs,  how'ever  thofe  * 
jambs  may  projed  into  the  room  but  it  is  not  abfo- 
lutely  neceflliry  that  the  covings  fliould  make  a  finiftj 
with  the  internal  front  corners  of  the  jambs,  or  that 
they  Ihould  be  continued  from  the  back  c,  quite  to  the 
front  of  the  jambs  at  They  may  finilh  in  front  at 

and  b  ;  and  fmall  corners  v/,  0,  may  be  left  for  phi- 
ciiig  the  Ihovels,  tongs,  &c.  '  ^ 

Were  the  new  coving  to  range  with  the  front’edge  ' 
of  the  old  coving  0,  the  obliquity  of  the  new  covin cr 
would  commonly  be  too  great or  the  angle  d  c%^ 
would  exceed  135  degrees,  which  it  never  Jhould  do y^ 
or  at  leaft  never  be  more  than  a  very  few  degrees.  No 
inconvenience  of  any  importance  will  arife  from  makiivr - 
the  obliquity,  of  the  covings  lefs  than  what  is  here  re'', 
commended  ;  but  many  cannot  fail  to  be  produced  by 
making  it  much  greater.  ^ 

Thefe  extrads,  which  we  have  made  fo  liberally  from 
C^nt  Ilumford’s  effay  on  chimney  fire-places,  will  be 
l^umcient,  we  hope,  to  bring  fully  within  the  compre- 
henfion  of  thofe  who  are  acquainted  with  pneumatics 
and  pneumatic  cliemiftry  the  principles  on  which  diim. 
neys  and  fire-places  fhould  be  coiiftruded  ;  but  fuch  a- 
are  in  a  great  meafure  ftrangers  to  thefe  faiences  will' 
do  well  to  confuk  the  effay  itfelf.  With  a  benevolence 
which  does  him  honour,  the  ingenious  author  has  ex- 
preffed  a  wifh  that  his  dodriries  on  this  important  fub- 
jedmay  be  ividely  propagated  ;  and  to  encourage  ar- 
tifts  to  ftudy  them,  he  lias  declared  to  the  public  in  ge-- 
x>eraJ,.  <^  that  as  he  does  not  intend  to  take  out  himfdf,'> 
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CMmney.  or  to  fuffer  others  to  take  out,  any  patent  for  any  in- 

Sweepers,  of  his  which  may  be  of  public  utility,  all  per- 

are  at  full  liberty  to  imitate  them,  and  vend  them, 
for  their  own  emolument,  when  and  where,  and  in  any 
way  they  may  think  proper.’^ 

CniMNET-Sweepers  are  a  clafs  of  men  who  earn  their 
fubfiftence  by  clearing  chimneys  of  foot,  which  occa- 
fions  them  to  fmoke.  While  chimneys  continued  to  be 
built  ill  fo  fimple  a  manner,  and  of  fuch  a  width  as  they 
are  dill  obferved  to  be  in  old  houfes,  they  were  fo  eafily 
cleaned  that  this  fervice  could  be  performed  by  a  fer- 
vant  with  a  wifp  of  draw,  or  a  little  brulhwood  faden- 
cd  to  a  rope;  but  after  the  dues,  in  order  to  fave  room, 
were  made  narrower,  or  when  feveral  dues  were  united 
together,  the  cleaning  of  them  became  fo  difficult,  that 
they  required  boys,  or  people  of  fmall  fize,  accudomed 
to  that  employment.  The  fird  chimneysweepers  in 
Germany  came  from  Savoy,  Piedmont,  and  the  neigh¬ 
bouring  territories.  Thefe  for  a  long  time  were  the 
only  countries  where  the  cleaning  of  chimneys  was  fol¬ 
lowed  as  a  trade  ;  and  hence  Profedbr  Beckmann  con¬ 
cludes  with  great  probability,  that  chimneys  were  in¬ 
vented  in  Italy.  The  Lotharingians,  however,  under¬ 
took  the  bufiiiefs  of  chimney-fweeping  alfo  ;  on  which 
account  the  duke  of  Lotharingla  was  dyled  the  imperial 
fire-majler.  The  fird  Germans  who  condefeended  to 
clean  chimneys  were  miners ;  and  the  chimney-fweepers 
in  that  empire  dill  procure  their  boys  from  the  fored  of 
Hartz,  where  the  greated  mines  ai'e  wrought.  Very 
lately,  and  perhaps  at  prefent,  the  greater  part  of  the 
chimney-fweepers  in  Paris  w'cre  Savoyards,  many  of  them 
not  above  eight  years  of  age,  who,  for  tlie  paltry  fum 
of  five  fous,  which  they  were  obliged  to  (hare  with  their 
avaricious  mader,  would  fcramble,  at  the  hazard  of 
their  lives,  through  a  narrow  funnel  fifty  feet  in  length, 
and  with  their  befoms  clean  it  from  foot  and  dirt. 
At  what  precife  period  chimney-fvveeping  became  a 
trade  in  England  and  Scotland,  we  have  not  been  able 
to  learn  ;  but  among  us,  as  well  as  elfewhere,  young 
boys  are  employed  in  this  bufinefs,  who  are  faid  to  be 
very  hardily  treated  by  fellows  who  dole  them  from  the 
doors  of  cottages  in  the  country.  That  children  have 
been  fometiines  kidnapped  by  chimney-fweepers,  we  can 
have  no  doubt;  but  that  the  pradice  is  frequent,  we 
do  not  believe.  We  think  however  that  the  bufiiiefs 
might  be  w^holly  abolidied  ;  for  a  narrow  funnel  might 
certainly,  if  not  very  crooked,  be  fvvept  by  a  bundle  of 
draw  or  brufliwood  fadened  tc/ a  rope,  as  well  as  one 
that  is  wider :  and  the  bricks  which  feparate  the  conti¬ 
guous  flues  we  know  to  be  lefs  injured  by  this  method 
of  fweeping,  when  cautioufly  gone  about,  than  by  fend¬ 
ing  boys  up  the  chimneys. 

On  the  4th  July  1796,  letters  patent  were  grant- 
ed  to  Daniel  Davis,  of  the  parifli  of  St  Giles,  Middle- 
fex,  for  his  invention  of  a  machine,  by  which  he  pro- 
pofes  to  fweep  and  cleanfe  chimneys,  and  extinguifh 
chimneys  oif  fire,  without  any  perfon  going  up  the 
fame,  as  is  now  the  pradice.  The  machine  confifls  of 
an  apparatus  of  rack-work,  of  various  lengths,  which, 
by  means  of  a  hand-turn,  is  made  to  afeend  the  chim¬ 
ney.  The  lengths  of  the  rack-work  are  joined  toge¬ 
ther  by  means  of  mortices  and  tenons,  with  a  fpring 
which  holds  them  fad.  In  each  length  is  a  joint,  by 
which  the  rack-work  will  accommodate  Itfelf  to  angles 
turns  in  the  flues.  To  the  fird  or  uppermoft  length 


416  ]  CHI 

is  fixed  a  brufli  of  hair,  or  wire,  or  fpungc,  or  other  China, 
eladic  fubdance  as  the  occafion  may  requit'e.  u—- 

This  invention  is  doubtlefs  well  calculated  to  anfwer 
the  purpofe  intended,  and  may  perhaps  be  the  means  of 
diminifhing  the  number  of  thofe  objeds  of  mifery,  the 
unfortunate  chimney-fweepers. 

CHINA  is  an  empire  of  fuch  antiquity  and  extent, 
the  laws  and  cudoms  of  the  people  are  fo  Angular,  a*nd 
the  populoufiiefs  of  the  country  fo  very  great — that  it 
has  attraded  much  of  the  attention  of  Europeans  tiver 
fince  it  was  vifited  in  the  13th  century  by  Marco  Paulo 
the  Venetian  traveller.  Of  fuch  a  country  it  would  be 
unpardonable  not  to  give  fome  account  in  a  work  of 
this  nature ;  but  we  have  not,  in  truth,  much  to  add  to 
what  has  been  faid  of  China  and  the  Chinefe  in  the 
Encyclopjedla  Britannica.  Since  the  article  China  in 
that  work  was  publifhed,  the  court  of  Pekin  has  indeed 
been  vifited  by  an  embaffy  from  Great  Britain,  and  the 
origin  of  the  people,  as  well  as  the  antiquity  of  their 
empire,  has  been  invedigated  by  Sir  William  Jones 
with  his  iifual  diligence  ;  but  from  his  memoir,  pub- 
liflied  in  the  fecond  volume  of  the  Afiatic  Refearches, 
and  from  Sir  George  Staunton’s  account  of  the  embaf- 
fy,  there  is  not  much  to  be  extraded  which  would  be 
either  amufijig  or  iiidrudive  to  our  readers. 

We  have  already  obferved  from  Groder  and  others, 
that  the  Chinefe  not  only  lay  claim  to  the  liighed  an¬ 
tiquity,  but  even  contend  that  their  fird  emperor  was 
the  fird  man.  Both  thefe  pofitions  are  controverted  by 
Sir  William  Jones,  who,  though  he  allows  the  Chinefe 
empire  to  be  very  ancient  when  compared  with  the 
olded  European  date,  is  yet  decidedly  of  opinion  that 
*it  was  not  founded  at  an  earlier  period  than  the  1 2th 
century  before  the  Chrldian  era ;  and  that  the  people, 
fo  far  from  being  aborigines,  are  a  mixed  race  of  Tar¬ 
tars  and  Hindoos.  Pie  begins  his  invedigation  with  afle- 
ing,  <<  Whence  came  theJlngular  people  who  long  had 
governed  China,  before  they  were  conquered  by  the 
Tartars?  On  this  problem  (fays  he^)  four  o^m{ov\%*  ^ijiatURe* 
have  been  advanced,  and  all  rather  peremptorily  affertedA'^’f^yj, 

than  fupported  by  argument  and  evidence.  By  a  few^^k”* 

^  °  1  1  u  /I/-  r  •  •  niem.Z5. 

writers  it  has  been  urged,  that  the  Chinefe  are  an  origi¬ 
nal  race,  who  have  dwelled  for  ages,  if  not  from  eterni¬ 
ty,  in  the  land  which  they  now  poffefs.  By  others, 
and  chiefly  by  the  miflioiiaries,  it  is  inlided  that  they 
fprung  from  the  fame  dock  with  the  Hebrews  and  the 
Arabs,  A  third  affertion  is  that  of  the  Arabs  thein- 
felves,  and  of  M.  Pauw,  who  hold  it  indubitable,  that 
they  were  originally  Tartars^  defeending  in  wild  clans 
from,  the  deeps  of  Imaus  ;  And  a  fourth,  at  lead  as 
dogmatically  pronounced  as  any  of  the  preceding,  is 
that  of  the  Brahmans^  who  decide,  without  allowing 
any  appeal  from  their  decifion,  that  the  Chinas  (for 
fo  they  are  named  in  Sanferit)  were  Hindoos  of  the 
military  cad,  who,  abandoning  the  privileges  of  their 
tribe,  rambled  in  different  bodies  to  the  north-ead  of 
Bengal;  and  forgetting  by  degrees  the  rites  and  the  re¬ 
ligion  of  their  ancedors,  edablifhed  feparate  principali¬ 
ties,  which  were  afterwards  united  in  the  plains  and  val¬ 
leys  which  are  now  poffeffed  by  them. 

Of  thefe  opinions.  Sir  William  having  very  complete¬ 
ly  demollflied  the  fird  three,  proceeds  to  edablifh  the 
fourth,  which  he  confiders  as  intereding  as  well  as  new 
in  Europe.  In  the  Sanferit  inditutes  of  civil  and  rell- 
gioiis  dutieSi  revealed^  as  the  Hindoos  believe,  by  Menu 

the 
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China,  tlie  fon  of  Brahma,  we  find  (fays  he)  the  following  curl- 
ous  pafTage  ;  ‘  Many  families  of  the  military  clafs,  having 
gradually  abandoned  the  ordinances  of  the  Veda^  ancj  the 
company  of  Brahmans^  lived  in  a  ftate  of  degradation  ; 
as  the  people  of  Pundraca  and  Odra^  thofe  of  Dravira 
and  Camboja,  the  Tanjanas  and  Sacas,  the  Paradas  and 
Pahlavasy  the  Chinas,  and  fome  other  nations/  A 
full  comment  on  this  text  (continues  the  prefident) 
would  be  fiiperfluous ;  but  fince  the  teftimony  of  the 
Indian  author,  who,  though  not  a  divine  perfonage, 
\vas  certainly  a  very  ancient  lawyer,  morallll:,  and  hllto- 
rian,  is  direct  and  pohtive,  difinterefted  and  unfufpedl- 
ed.  It  would  decide  the  queftlon  before  us  If  we  could 
be  hire  that  the  vvord  fignifies  a  ChhiefeP  Of 

this  fa6l  Sir  William  Jones  took  the  very  beif  metliods 
to  be  fatisfied.  He  confulted  a  number  of  Pandits  fe- 
parately,  who  all  affured  him  that  the  word  has 

no  other  fignlficatlon  In  Sanfcrit ;  that  the  Chinas  oi 
Menu  fettled  in  a  fine  country  to  the  north-call  of 
Gaur,  and  to  the  call  of  Camarup  and  Napal ;  that  they 
had  long  been,  and  ftlll  are,  famed  as  ingenious  artifi. 
cers  ;  and  that  they  (the  Pandits)  had  tliernfelves  feen 
old  Chinefe  Idols,  which  bore  a  manifell  relation  to  the 
primitive  religion  of  India.  He  then  laid  before  one 
of  the  beft  Informed  Pandits  a  map  of  Afia  ;  and  when 
his  own  country  was  pointed  out  to  him,  the  Pandit 
immediately  placed  his  huger  on  the  north-weftera  pro¬ 
vinces  of  China,  as  the  place  where  he  fald  the  Chinas 
of  Menu  firft  eftabliflied  themfelves. 

In  the  opinion  or  Sir  William  Jones,  this  Is  complete 
evidence  that  the  Chinefe  are  defeended  from  an  In¬ 
dian  race  ;  but  he  does  not  believe  that  the  Chinefe  em- 
j)ire,  as  we  now  call  It,  was  formed  when  the  laws  of 
Menu  were  colleded ;  and  for  his  calling  this  faa  in 
queltion,  he  offers  reafons,  which  to  us  are  perfectly  fa- 
tistadlory.  By  a  diligent  and  accurate  comparifon  of  an¬ 
cient  Sanfcrit  writings,  he  has  been  able  to  fix  the  period 
of  the  compilation  of  thofe  law's  at  between  1000  and 
1  joo  years  before  Clirlft  ;  but  by  the  evidence  of  Con¬ 
fucius  himfclf,  he  proves,  that  If  the  Chinefe  empire  w'as 
formed,  it  could  be  only  In  its  cradle  In  the  12th  cen- 
tiiry  before  our  era.  In  the  fetond  part  of  the  work, 
intitled  Lfin  Tu,  Confucius  declares,  that  “although 
he,  like  other  men,  could  relate,  as  mere  lelTons  of  mo- 
rality,  the  hiftories  of  the  firfl  and  fecond  imperial 
houfes,  yet,jfQ?r  nvant  of  evidence^  he  could  give  no  eer- 
^in  account  of  them.”  Now,  fays  Sir  William,  if  the 
Chinefe  themfelves  do  not  pretend  that  any  hiflorical 
rnouument  exifted  in  the  age  of  Confucius  pi'eceding 

‘u  oc  dynafty,  about  'i  too  years  before 

the  Chriitian  epoch,  we  may  jiillly  conclude  that  their 
empire  was  then  in  its  infancy,  and  did  not  grow  to 
mat^urily  till  fome  ages  afterwards.  Nay,  he  is  inclined 
to  bnug  Its  origin  ftill  lower  down,  It  was  not,  fays 
he,  till  the  eighth  century  before  the  birth  of  our  Sa- 
yiour,  that  a  fmall  kingdom  was  erefted  in  the  province 
of  Shenji^  the  capital  of  which  ilood  nearly  in  the  35th 
degree  of  northern  latitude,  and  about  five  degrees  to 
the  weft  of  Sugan»  That  country  and  its  metropolis 
were  both  called  Chin  ;  and  the  dominion  of  its  princes 
%vas  gradually  extended  to  the  eaft  and  weft.  The  ter- 
mory  of  Chin,  fo  called  by  the  old  Hindoos,  by  the 
Perfians,  and  by  the  Chinefe,  gave  its  name  to  a  race 
or  emperors,  whofe  tyranny  made  their  memory  fo  un¬ 
popular,  that  the  modern  inhabitants  of  China  hold  the 
ouppL.  VoL.  L  Part  II. 
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word  In  abhorrence,  and  fpeak  of  themfelves  as  the 
people  of  a  milder  and  more  virtuous  dynafty ;  but  it 
is  highly  probable  that  the  whole  nation  defeended  from 
the  Chinas  of  Menu,  and  mixing  with  the  Tartars,  by 
whom, the  plains  of  Honan  and  the  more  fouthern  pro¬ 
vinces  were  thinly  inhabited,  formed  by  degrees  the 
race  of  men  whom  we  now  fee  in  pofTcflion  of  the  no- 
bleft  empire  in  Afia.” 

In  fupport  of  this  opinion,  which  the  accompli/hed 
author  offers  as  the  relult  of  long  and  anxious  inqui¬ 
ries,  he  obferves,  that  the  Chinefe  have  no  ancient  mo¬ 
numents  from  which  their  origin  can  be  traced,  even 
by  plaiifible  conjecture  ;  that  their  feiences  are  wholly 
exotic ;  that  their  mechanic  arts  have  nothing  in  them 
which  any  fet  of  men,  in  a  country  fo  highly  favoured 
by  nature,  might  not  have  difeovered  and  improved; 
that  their  phllofophy  feems  yet  in  fo  rude  a  ftate  as 
hardly  to  deferve  the  appellation  ;  and  that  their  popu¬ 
lar  religion  was  imported  from  India  in  an  age  compa¬ 
ratively  modern.  He  then  inftitutes  a  comparifon  be¬ 
tween  the  mythology  of  the  Chinefe  and  that  of  the 
Hindoos  ;  of  which  the  refult  is,  that  the  former  people 
had  an  ancient  fyftem^  of  ceremonies  and  fuperftitions 
which  has  an  apparent  affinity  with  fome  parts  of  the 
oldwft  Indian  worfhip,  They  believed  111  the  agency 
of  genii  or  tutelary  fpirits',  pr(  fidiiig  over  the  ftars  and 
the  clouds ;  over  lakes  and  rivers,  mountains,  valleys,  ' 
and  v/oods  ;  over  certain  regions  and  towns ;  over  all 
the  elements,  of  which,  like  the  Hindoos,  they  reckon¬ 
ed  live;  and  particularly  over /re,  the  imffi  brilliimt  of 
them.  To  thofe  deities  they  offered  viairns  on  high 
places.  And  the  fudowing  paflage  from  one  of  their 
lacied  books,  fays  Sir  W  illiam,  is  very  much  in  the 
ftylc  of  the  Brahmans  •  *  Even  tliey  who  perlorm  a 
fucrifice  with  due  reverence,  cannot  perfeCtlv  affure 
themielves  that  the  divine  fpirits  accept  their  oblations; 
and  far  !efs  can  they,  who  adore  the  gods  with  languor 
and  ofcitancy,  clearly  perceive  their  facred  illapfes.’ 
Thefe  (continues  the  Prefident)  are  imperfea  traces 
indeed,  but  they  are  traces  of  an  affinity  between  the 
religion  of  Menu  and  that  of  the  Chinas,  whom  he 
names  among  the  apoftates  from  it ;  and  befides  them, 
we  difeover  many  other  very  fingular  marks  of  relation 
between  the  Chinefe  and  the  old  Hindoos. 

‘‘  This  relation  (he  thinks)  appears  in  the  remark¬ 
able  period  of  432,000,  and  the  cycle  of  60  years;  in 
the  prediledfion  lor  the  myftical  number  nine  ;  in  many 
fimilar  falls  and  great  feftivals,  efpcciaHy  at  the  follliees 
and  equinoxes  ;  in  the  obfequies,  confifting  of  rice  and 
fruits  offered  to  the  manes  of  their  ancellors  ;  in  the 
dread  of  dying  childlefs,  left  fuch  offerings  ffiould  be 
intermitted  ;  and  perhaps  in  their  common  abhorrence 
or obJeoLs,  which  the  Indians  carried  fo  far,  that 
Menu  himfelf,  where  he  allows  a  Brahman  to  trade, 
if  he  cannot  otherwife  fupport  life,  abfolutely  forbids  liis 
trading  in  any  fort  of  red  cloths,  whether  linen,  or 
Tirir made  of  woven  bark.  In  a  word,  fays  Sir 
Wilham  Jones,  all  the  circumftances  which  have  been 
mentioned  feem  to  prove  (as  far  as  fuch  a  queftioii  ad¬ 
mits  prooQ,  that  the  Chinefe  and  Hindoos  were  onVi- 
nally  the  fame  people ;  but  having  been  feparated  near 
4000  years,  they  have  retained  few  ftrong  features  of 
their  ancient  confanguity,  efpeciallv  a.  the  Hindoos 

have  preferved  their  oM  language  and  ritual,  while  the 

Chinefe  very  foon  loft  both  ;  and  the  Hindoos  have 
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conftantly  intermarried  among  themfelves,  while 
^  Chinefe,  by  a  mixture  of  Tartarian  blood  from  the  time 
of  their  firft  eilablifhment,  have  at  length  formed  a  race 
diftinft  ill  appearance  both  from  Indians  andT.artais. 

Sir  George  Staunton,  who  accompanied  the  Earl  of 
IVIacartney  on  his  embaffy  to  the  Emperor  of  China, 
does  not  indeed  diredly  controvert  this  reafoiiing  ;  but 
overlooking  it  altogether,  gives  to  the  Chiiiefe  a  much 
higher  antiquity  than  Sir  William  Jones  is  inclined  to 
allow  them.  Taking  it  for  granted  that  their  cycle  is 
their  own,  and  that  it  is  not  the  offspring  of  aftronomi- 
cal  fcience,  but  of  repeated  obfervations,  he  feems  to 
give  implicit  credit  to  thofe  annals  of  the  empire  which 
almoft  every  other  writer  lias  conlidered  as  fabulous. 

« Next  to-  the  ftndies  which  teach  the  economy  of 
life,  the  Chinefe  (fays  he)  value  moil  the  biftory  of  the 
events  of  their  own  country,  which  is,  to  them,  the 
globe  ;  and  of  the  celeftial  movements  which  they  had 
an  opportunity  of  obferving  at  the  fame  time.’^  In  re¬ 
gard  to  the  former,  he  tells  us,  that  “  from  about  three 
centuries  before  theChriftian  era  the  tranfaftions  of  the 
Chinefe  empire  have  been  regularly,  and  without  any 
intervening  chafm,  recorded  both  in  official  documents 
and  by  private  contemporary  writers.  Nowhere  had 
hiftory  become  fo  much  an  objedl  of  public  attention, 
and  nowhere  more  the  occupation  of  learned  individuals. 
Every  confiderable  town  throughout  the  empire  was  a 
kind  of  univerfity,  in  which  degrees  were  conferred  on 
the  proficient  in  the  hiftory  and  government  of  the  ftate. 
Hiftorical  works  were  multiplied  throughout.  The 
accounts  of  recent  events  were  expofed  to  the  correction 
of  the  witneffes  of  the  faCts,  and  compilations  of  former 
tranfadions  to  the  criticifms  of  rival  writers.”  In  re¬ 
gard  to  the  latter,  the  movements  of  the  heavenly  bo¬ 
dies,  he  thinks  that  in  no  country  are  there  ftronger  in¬ 
ducements  or  better  opportunities  to  watch  them  than 
in  China  ;  and  hence  he  infers,  that  the  cycle  of  fixty 
years  is  of  Chinefe  formation.  “  In  a  climate  (fays  he) 
ffivourable  to  aftronomy,  the  balance  of  hours  beyond 
the  number  of  days  during  which  the  fun  appeared  to 
return  oppofite  to,  and  to  obfcure,  or  to  mix  among  the 
fame  fixed  ftars,  might  be  afcertained  in  a  fhort  time  ; 
and  occafioned  the  addition  of  a  day  to  every  fourth 
year,  in  order  to  maintain  regularity  in  the  computation 
of  time,  in  regard  to  the  return  of  the  feafons  ;  but  ma¬ 
ny  ages  muft  have  paft  before  a  period  could  have  been 
difcovered,  in  which  the  unequal  returns  of  the  fun  and 
moon  w'ere  fo  accurately  adjufted,  that  at  its  termina¬ 
tion  the  new  and  full  moons  fhould  return,  not  only  to 
the  fame  day,  but  within  an  hour  and  a  half  of  the  time 
they  had  happened,  when  the  period  commenced.  The 
knowledge  of  fuch  a  period  or  cycle  could  be  obtained 
only  by  a  multiplicity  of  careful  and  accurate  obferva. 
tions.  Many  revolutions  of  thoife  great  luminaries  muft 
have  been  completed,  and  numberlefs  conjundlions  have 
paft  over,  before  their  returns  could  be  afcertained  to 
happen  in  the  fame  day,  at  the  end  of  nineteen  years. 
The  fmall  difference  of  tim|  between  the  returning  pe¬ 
riods  of  this  cycle,  was  pal'tly  leffened  by  the  interven¬ 
tion  of  another  of  60  yearSr  or  of  720  revolutions  of  the 
moon,  wffiich,  with  the  fettled  intercalation  of  22  luna¬ 
tions,  were  at  firft  fuppofed  to  bring  a  perfedl  coinci¬ 
dence  of  the  relative  pofitions  of  the  fun  and  moon  : 
but  even  according  to  this  period,  every  new  year  was 
made  conftantly  to  recede,  in  a  very  fmall  degree,  which 
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LLiv  Chinefe  corralled  afterwards  from  time  to  time. 
This  cycle  anfvvered  a  double  purpofe,  one  as  an  era  for 
chronological  reckoning,  and  the  other  as  a  regulating 
period  for  aluni-folar  year.  Each  year  of  the  cycle  is 
dlftinguifhed  by  the  union  of  two  charadfers,  taken  from 
fuch  an  arrangement  of  an  unequal  number  of  words 
placed  in  oppofite  columns,  that  the  fame  two  charac¬ 
ters  cannot  be  found  again  together  for  fixty  years. 
The  firft  column  contains  a  feries  of  ten  words,  the  other 
twelve  ;  which  laft  are,  in  fad,  the  fame  that  denote  the 
twelve  hours  or  divifions  of  the  day,  each  being  double 
the  European  hour.  The  firft  word  or  cbaradler  of 
the  firft  feries  or  column  of  ten  words,  joined  to  the 
firft  word  of  the  fecond  feries  or  column  of  tvvelve, 
marks  the  firft  year  of  the  cycle  ;  and  fo  on  until  the 
firft  feries  is  exbaufted,  when  the  eleventh  word  of 
the  fecond  feries,  combined  with  the  firft  of  the  firft  fe- 
marks  the  eleventh  year  of  the  cycle  ;  and  the 
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twelfth  or  laft  of  the  fecond  feries,  joined  with  the  le- 
cond  of  the  firft  feries,  ferves  for  denoting  the  twelfth 
year.  The  third  of  the  firft  feries  becomes  united  in 
regular  progreffion  with  the  firft  of  the  fecond  feries,  to 
mark  the  thirteenth  year  ;  and  proceeding  by  this  rule, 
the  firft  charader  in  the  firft  and  in  the  fecond  feries  can¬ 
not  come  again  together  for  fixty  years,  or  until  the 
firft  year  of  the  fecond  cycle.  The  Chriftian  year 
1797  anfwers  to  the  54^^  year  of  the  60th  Chinefe  cy¬ 
cle,  which  afcertains  its  commencement  to  have  been 
2277  years  before  the  birth  of  Chrift  ;  unlefs  it  be  fup¬ 
pofed  that  the  official  records  and  public  annals  of  the 
empire,  which  bear  teftimony  to  it,  fhould  all  be  falfi- 
fied,  and  that  the  cycle  when  firft  eftablifiied  ffiould 
have  been  antidated  ;  which  is  indeed  as  little  probable 
as  that  the  period,  for  example,  of  the  Olympiads  fiioiild 
be  afTerted  to  have  commenced  many  ages  prior  to  the 

firft  Olympic  games. ^  ^  •  •  r 

This  is  a  very  pofitive  decifion  againft  the  opinion  or 
a  man  whofe  talents  and  knowledge  of  oriental  learning 
were  fuch  as  to  give  to  his  opinions  on  fuch  fubjeds 
the  greateft  weight.  If  the  ftatements  and  reafonings 
of  Sir  George  Staunton  be  accurate,  the  Chinefe  em¬ 
pire  muft  have  fubilfted  .at  leaft  3000  years  before  the. 
Chriftian  era;  for  he  fays  exprefsly,  that  many  ages 
muft  have  elapfed  before  the  commencement  of  that 
cycle,  which,  according  to  him,  commenced  2277  years 
before  the  birth  of  Chrift.  But  furely  Confucius  was 
as  well  acquainted  with  the  ancient  annals  of  his  own 
country,  and  the  credibility  which  is  due  to  them,  as 
any  man  of  the  prefent  age,  whether  Chinefe  or  Euro¬ 
pean  ;  and  we  have  feen,  that  he  confidered  none  ot 
them  as  authentic  which  relate  events  previous  to  the 
I  ith  century  before  our  era.  Even  this  is  by  much  too 
early  a  period  at  which  to  rely  upon  them  with  impli- 
cit  confidence,  if  it  be  true,  as  Sir  George  Informs  us,- 
that  the  tranfadions  of  the  empire  have  been  regularly 
recorded  only  from  about  three  centuries  before  the  birth 
of  Chrift.  With  refped  to  the  cycle,  there  is  every 
probability  that  it  was  derived  from  India,  where  we 
know  that  aftronomy  has  been  cultivated  as  a  fcience 
from  time  immemorial,  and  where,  we  have  fhewn  in 
another  place,  that  the  commencement  of  the  cycle  was 
adually  antedated  (fee  pHiLOsOPiiY, 
have  therefore  no  hefitation  in  preferring  Sir  William 
Jones's  opinion  of  the  origin  of  the  Chinefe  empire  to 
Sir  George  Staunton’s;  not  merely  becaufe  we  believe 

the 
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Cftina.  the  former  of  tbefe  gentlemen  to  have  been  more  con- 
verfant  than  the  latter  with  Cliinefe  literature,  but  be- 
caufe  we  think  his  reafoning  more  conliftent  with  itfelf, 
and  his  conchifion  more  confonant  to  that  outline  of 
chronology,  which,  as  he  obferves,  has  been  fo  corredlly 
traced  for  the  lall  2000  years,  that  we  mull  be  hardy 
fceptics  to  call  it  in  queftion. 

There  is  another  point  very  nearly  related  indeed 
to  this,  about  which  thefe  two  learned  men  likewife 
differ.  Sir  George*  Staunton  informs  us,  that  “  no  ac¬ 
counts  of  a  general  deluge  are  mentioned  in  Chinefe  hif- 
toiy.”  Sir  William  Jones,  on  the  other  hand,  in  the 
difeourfe  already  quoted,  fays,  “  I  may  aflure  you,  af¬ 
ter  full  inquiry  and  confideration,  that  the  Chinefe,  like 
the  Hindoos,  believe  this  earth  to  have  been  wholly  co¬ 
vered  with  water,  which,  in  works  of  undiiputed  au¬ 
thenticity,  they  deferibe  as Jlcwing  abundant ly^  then  fuh~ 
Jidingy  and  fcparatlng  the  higher  from  the  lower  age  of 
maiikindd^  I'o  which  of  thefe  authors  lhall  we  give 
credit  I  The  high  antiquity  which  Sir  George  Staun¬ 
ton  affigns  to  the  Chinefe  empire,  rendered  it  necelTary 
for  the  perfons  from  whom  he  drew  his  information  to 
get  quit  by  any  means  of  an  univerfal  deluge.  The 
fyllem  of  Sir  William  Jones  left  him  at  liberty  to  admit 
,  or  reje6l  that  event  according  to  evidence  ;  and  in  ad¬ 
dition  to  the  authentic  records  to  which  he  appeals,  he 
quotes  a  mythological  fable  of  the  Chinefe,  and  another 
of  the  Hindoos,  which,  though  he  lays  not  upon  them 
any  great  flrefs,  appear  to  us,  when  compared  together, 
not  only  to  corroborate  his  opinion  refpe(iliiig  the  de- 
feent  of  the  Chinefe,  but  likewife  to  ilievv  that  both 
they  and  the  Hindoos  have  preferved  a  traditionary  ac¬ 
count  of  the  deluge  very  fimilar  to  that  which  is  givefi 
by  Mofes.  I'he  Chinefe  fable  is  this  :  “  The  mother 
of  Fo-hi  was  the  daughter  of  Heaveuy  (wnxduxitA  Flower ~ 
loving  i  and  as  the  nymph  was  walking  alone  on  the 
brink  of  a  river  wu'th  a  fimilar  name.  Hie  found  herfelf 
on  a  fudden  encircled  with  a  rainbow  ;  foon  after  which 
die  became  pregnant,  and  at  the  end  of  tw^elve  years 
w^as  delivered  of  a  fon,  radiant  as  herfelf,  who,  among 
other  titles,  had  that  of  Sui,  or  the  Star  of  ibe  Tear^^ 
In  the  mythological  fyflem  of  the  Hindoos,  “  the  nymph 
Rohini,  wdio  prefides  over  the  fourth  lunar  inanlion, 
was  the  favourite  miftrefs  of  Soma  or  the  Moon,  among 
whofe  numerous  epithets  we  find  Cumudanayacay  or  de¬ 
lighting  in  a  fpecies  of  water-flower  that  blollbms  at 
night.  The  ofispring  of  Rohini  and  Soma  was  Bud- 
ha,  regent  of  a  planet  ;  and  he  married  Ila,  whofe  fa¬ 
ther  was  preferved  in  a  miraculous  ark  from  an  uni¬ 
verfal  deluge.”  The  learned  prefident  diews,  that,  ac¬ 
cording  to  the  Brahams,,the  Chinefe  defeended  from 
Buda  j  and  he  mentions  a  divine  perfonage  connedled 
with  the  Chinefe  account  of  the  birth  of  Fo-hi,  w^hofe 
name  was  Niu-va.  But  if  all  thefe  civcuinllances  be 
laid  together,  it  will  appear,  we  think,  pretty  evident, 
that  the  two  ancient  nations  have  preferved  the  fame 
tradition  of  an  univerfal  deluge,  and  that  the  Chinefe 
RAINBOW  and  Niu-va,  with  the  Indian  ark, .point  to 
the  flood  of  Noah. 

To  Sir  William  Jones’s  derivation  of  the  Chinefe 
from  the  Hindoos,  the  date  of  their  written  language 
may  occur  as  an  obje(ftion  ;  for  fince  it  is  certain  that 
alphabetical  charadlers  were  in  ufe  among  the  Hindoos 
before  the  period  at  which  he  places  the  emigration  of 
the  Chinas^  how,  it  may  be  allced,  came  thefe  people  to 


drop  the  mode  of  writing  pradlifed  by  their  aneeftors,  China, 
and  to  adopt  another  fo  very  inconvenient  as  that  which 
the  Chinefe  have  ufed  from  the  foundation  of  their  em¬ 
pire  ?  The  force  of  this  obje£lion,  however,  will  vanifli, 
when  it  is  remembered  that  the  Chinas  were  of  the  mi- 
litary  call ;  that  they  had  gradually  abandoned  the  or¬ 
dinances  of  the  Veda,  and  were  in  confeqiience  degra¬ 
ded  ;  and  that  they  rambled  from  their  native  country 
in  fmall  bodies.  We  do  not  know  that  the  military  caft 
among  the  Flindoos  was  ever  much  devoted  to  letters  ; 
there  is  the  gieateil  reafon  to  believe  that  a  degraded 
call  would  negled  them  ;  and  it  is  certain  that  fmall 
bodies  of  men,  wandering  in  deferts,  would  have  their 
time  and  their  attention  completely  occupied  in  pro\uT 
ding  for  the  day  that  was  pafling  over  them.  That  the 
Chinas  fhould  have  forgotten  the  alphabetical  charac¬ 
ters  of  the  Hindoos,  is  therefore  fo  far  from  being  an 
objedion  to  Sir  William  Jones’s  account  of  their  de- 
feent  from  that  people,  that  it  is  the  natural  confequence 
of  the  manner  in  which  he  fays  they  rambled  from  I  lin- 
doilan  to  the  northern  provinces  of  what  now  confti- 
tutes  the  Chinefe  empire. 

Of  the  origin  of  the  charaders  which  are  ufed  by 
this  fingular  people,  the  illullrious  preiident  of  the  Afi- 
atic  Society  gives  the  following  account  from  a  Chinefe 
writer  named  Li  Yang  Ping.  “  The  earlicft  of  them 
were  nothing  more  than  the  outlines  of  vifible  objeds, 
earthly  and  celdlial  ;  but  as  things  merely  intelledual 
could  not  be  expreffed  by  thofe  iigures,  the  gramma¬ 
rians  of  China  contrived  to  reprefent  the  various  opera¬ 
tions  of  the  mind  by  metaphors  drawn  from  the  pro- 
dudions  of  nature.  Thus  tlie  idea  of  rougliuels  and  of 
rotundity,  of  motion  and  reil,  were  conveyed  to  the  e)  e 
by  figns  reprefeniing  a  mountain,  the  fivy,  a  river,  and 
the  earth.  The  figures  of  the  fun,  the  moon,  and  the 
liars,  differently  combined,  flood  for  fmoothnefs  and 
fplendour,  for  any  thing  artfully  wrought,  or  woven 
with  delicate  workmanlliip.  Extenfion,  growth,  in- 
creafe,  and  many  other  qualities,  were  painted  in  cha- 
raders  taken  from  the  clouds,  from  the  L  mament,  and 
from  the  vegetable  part  of  the  creation.  The  different 
ways  of  moving,  agility  and  flownefs,  idlenefs  and  di¬ 
ligence,  were  expreffed  by  various  infeds,  birds,  filhes, 
and  quadrupeds.  In  this  manner  palTions  and  feiitiments 
were  traced  by  the  pencil,  and  ideas  not  fubjed  to  any 
fenfe  were  exhibited  to  the  fight  ;  until  by  degrees  new 
combinations  were  invented,  new  exprelfions  added, 
the  charaders  deviated  imperceptibly  from  their  primi¬ 
tive  lhape,  and  the  Chinefe  language  became  not  only 
clear  and  forcible,  but  rich  and  elegant  in  the  higheft 
degree*.”  ^ 

_  Of  this  language,  both  as  it  is  fpoken  and  written,  BefearcLy 
Sir  George  Staunton  has  given  an  account  fo  clear  and  vol  ii.  Me- 
fclentific,  that  it  will  undoubtedly  place  him  high  among  ^3* 
the  moll  eminent  philologills  of  the  i8th  century.  As 
there  is  nothing  relating  to  the  Chinefe  more  wonder¬ 
ful  than  their  language,  which  is  very  little  underllood 
in  Europe,  we  lhall  lay  before  our  readers  a  pretty  co¬ 
pious  abllrad  of  what  he  fays  on  the  fubjed,  referring 
them  for  further  information  to  his  account  of  Lord 
Macartney’s  EmbalTy  to  China. 

“  In  the  Chinefe  tongue  (fays  Sir  George)  the 
founds  of  feveral  letters  in  moll  alphabets  are  utterly 
unknown,  and  the  organs  of  a  native  advanced  in  life 
cannot  pronounce  them.  In  endeavouring  to  utter  the 
3  Gr  2  founds 
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R  and  X,  for  inftance,  lie  fubftitutev‘5  has  arifen,  according  to  him,  from  the.  fingular  habits 


fome  other  founds  to  which  the  fame  organ  has  been 
accuftomed  ;  L  for  R,  and,  as  we  have  reafon  to  think 
from  fome  expreflions  of  Sir  William  Joneses,  F  for  B. 
The  nice  diftinAions  between  the  tones  and  accents  of 
words  nearly  refembliiig  each  other  in  found,  but  vary¬ 
ing  much  in  fenfe,  require  a  nicety  of  ear  to  diftinguifh, 
and  of  vocal  powers  to  render  them  exadly.  Synony¬ 
mous  words  are  therefore  frequently  introduced  in  Chi- 
nefe  dialogue  to  prevent  any  doubt  about  the  intended 
fenfe  ;  and  if  in  an  intricate  difcuffion  any  uncertainty 
Ihould  Hill  remain  as  to  the  meaning  of  a  particular  ex- 
prefTion,  recourfe  is  had  to  'the  ultimate  criterion  of  tra¬ 
cing  with  the  finger  in  the  air,  or  otherwife,  the  form 
of  the  character,  and  thus  afcertaining  at  once  which 
was  meant  to  be  expreffed.  In  a  Chinefe  fentence 
there  is  no  marked  diftin^lion  of  fubflantives,  adjedlives, 
or  verbs  ;  nor  any  accordance  of  gender,  number,  and 
cafe.  A  very  few  particles  denote  the  pafl,  the  pre- 
fent,  and  the  future;  nor  are  thofe  auxiliaries  employ¬ 
ed  when  the  intended  time  may  be  otherwife  inferred 
with  certainty.  A  Chinefe  who  means  to  declare  his 
intention  of  departing  to-morrow,  never  fays  that  he 
depart  to-rnorrow  ;  becaufe  the  expreffion  of  the 
morrow  is  fuflicient  to  afcertain  that  his  departure  muft 
be  future.  The  plural  number  is  marked  by  the  addi¬ 
tion  of  a  word,  without  which  the  fingular  always  is  im¬ 
plied.  Neither  the  memory  nor  the  organs  of  fpeech 
are  burthencd  with  the  pronunciation  of  more  founds 
to  exprefs  ideas  than  are  abfolutely  neceffary  to  mark 
their  difference.  The  language  is  entirely  monofyllabic. 
A  fmgle  fyllable  always  expreffes  a  complete  idea.  Each 
fyllable  may  be  founded  by  an  European  confonant  pre¬ 
ceding  a  vowel,  fometimes  followed  by  a  liquid.  Such 
an  order  of  words  prevents  the  harfhnefs  of  fucceeding 
confonants  founding  ill  together  ;  and  renders  the  lan¬ 
guage  as  foft  and  harmonious  as  the  Italian  is  felt  to 
be,  from  the  rarity  pf  confonants,  and  the  frequency  of 
its  vowel  terminations. 

“  The  names  or  founds,  by  which  men  may  be  firlt 
fuppofed  to  have  diffinguifhed  other  animals,  when  oc- 
cafion  offered  to  defignate  them  in  their  abfence,  were 
attempts  at  an  imitation  of  the  founds  peculiar  to  thofe 
beings  ;  and  ftill,  in  Chinefe,  the  name,  for  example,  of 
a  cat,  is  a  pretty  near  refemblance  of  its  ufual  cry.  ^  It 
occurred  as  naturally  to  endeavour,  in  fpeaking,  to  imi¬ 
tate  the  voice,  if  prafticable,  as  it  was  in  writing  to 
feetch  a  rude  figure  of  the  objed  of  defcription.  It  Is 
obfervable,  that  the  radical  words  of  moil  languages, 
feparated  from  the  fervile  letters  which  mark  their  in- 
jfledlions,  according  to  their  conjugations  or  declenfions, 
are  monofyllabic.  A  part  of  each  radical  word  is  re¬ 
tained  in  compofition  to  denote  the  meaning  and  etymo¬ 
logy  of  the  compound,  which  thus  becomes  polyfylla- 
bic  ;  but  the  Chinefe  grammarians,  aware  of  the  incon¬ 
venience  refulting  from  the  length  and  cpmplication  of 
founds,  confined  all  their  words,  however  fignificant  of 
combined  ideas,  to  fmgle  founds  ;  and  retained  only  in 
writing,  fome  part  at  leaft  of  the  form  of  each  charac¬ 
ter  denoting  a  fimple  idea,  in  the  compound  chara6lers 
conveying  conipleiy  ideas.” 

This  is  a  very  plaufible,  and  perhaps  the  true,  ac¬ 
count  of  the  monofyllabic  form  of  the  Chinefe  language  ; 
but  it  is  proper  to  ftate  the  different  account  which  is 
given  of  this  peculiarity  by  Sir  William  Jones.  “  it 


of  the  people  ;  for  though  their  common  tongue  be  fo 
wujically  accented  as  to  form  a  kind  of  recitative,  yet  it 
wants  thofe  grammatical  accents  without  which  all  hu¬ 
man  tongues  would  appear  monofyllabic.  Thus  Amita^ 
with  an  accent  on  the  firft  fyllable,  means,  in  the  San- 
ferit  language,  immeafurable^  and  the  natives  of  Bengal 
pronounce  it  Omito  ;  but  when  tlie  religion  of  Buddha, 
the  fan  of  Maya,  was  carried  into  Chinas  the  people  of 
that  country,  unable  to  pronounce  the  name  of  their 
new  god,  called  him  Foe,  the  foil  of  Mo- ye  ;  and  di¬ 
vided  his  epithet  Anuta  into  three  fyllables  O-mi-to, 
annexing  to  them  certain  ideas  of  their  own,  and  ex- 
preffing  them  in  writing  by  three  diftindl  fymbols. 
Flence  it  is  that  they  have  clipped  their  language  into 
monofyllables,  even  when  the  ideas  expreffed  by  them, 
and  the  written  fymbols  for  thofe  ideas,  are  very  com¬ 
plex.” 

“  In  the  Chinefe  language  Sir  George  Staunton  in¬ 
forms  us,  that  there  is  a  certain  order,  or  fettled  fyntax, 
in  the  fuccefiion  of  words  in  the  fame  fentence  ;  a  fuc- 
ceffion  fixed  by  cuftom,  differently  in  different  langua¬ 
ges,  but  founded  on  no  rule  or  natural  order  of  ideas,  as 
has  been  fometimes  fuppofed  ;  for  though  a  fentence 
confifts  of  feveral  ideas,  to  be  rendered  by  feveral  words, 
thefe  ideas  all  exift  and  are  connected  together  in  the 
fame  inftant  ;  forming  a  pidlure  or  image,  every  part  of 
which  is  conceived  at  once.  The  formation  of  Chinefe 
fentences  is  often  the  fimplell  and  moll  artlefs  pofiible, 
and  fuch  as  may  naturally  have  occurred  at  the  origin  of 
fociety.  To  Interrogate,  for  example,  Is  often  at  leaft 
to  require  the  folution  of  a  queftion,  whether  the  fub- 
jc<£l  of  doubt  b(^  In  a  particular  way  or  the  contrary  ; 
and  accordingly  a  Chinefe  inquiring  about  his  friends 
health,  w'dl  fometimes  fay,  hou^  poo  hou  ?  The  literal 
meaning  of  which  words  is,  “  well,  not  well  r”  A  fimple 
charader  repeated  Hands  fometimes  for*  more  than  one 
of  the  objet^s  which  fingly  it  denotes,  and  fometimes 
for  a  colledive  quantity  of  the  fame  thing.  The  cha- 
ra6ler  of  moo  fingly  is  a  tree,  repeated  is  a  thicket,  and 
tripled  is  a  fore  ft. 

“  In  Chinefe  there  are  fcarcely  fifteen  hundred  dlf- 
tlnft  founds.  In  the  written  language  there  are  at 
leaft  eighty  thoufand  charadlers  or  different  forms  of 
letters,  which  number  divided  by  the  firft  gives  nearly 
fifty  fenfes  or  charatfters  upon  an  average  to  every  found 
expreffed  ;  a  difproportlon,  however,  that  gives  more 
the  appearance  than  the  reality  of  equivocation  and  un¬ 
certainty  to  the  oral  language  of  the  Chinefe. 

The  charadlers  of  the  Chinefe  language  were  ori¬ 
ginally  traced,  in  mioft  Inftances,  with  a  view  to  exprefs 
either  real  images,  or  the  allegorical  figns  of  ideas  :  a 
circle,  for  example,  for  the  fun,  and  a  crefeent  for  the 
moon.  A  man  was  reprefented  by  an  ere£l  figure,  with 
lines  to  mark  the  extremities.  It  was  evident  that  the 
difficulty  and  tedioufnefs  of  imitation  will  have  occa- 
fioned  foon  a  change  to  traits  more  fimple  and  more 
quickly  traced.  Of  the  entire  figure  of  a  man,  little 
more  than  the  lower  extremities  only  continue  to  be 
drawn,  by  two  lines  forming  an  angle  with  each  other. 
A  faint  refemblance,  in  fome  few  inftances,  ftill  remains 
of  the  original  forms  in  the  prefent  hieroglyphic  charac¬ 
ters  ;  and  the  gradation  of  their  changes  is  traced  in 
feveral  Chinefe  books.  Not  above  half  a  dozen  of  the 
prefent  charaders  confift  each  of  a  fmgle  line  5  but  moft 
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China,  of  them  con  fill  of  many,  and  a  few  of  fo  many  as  feventy 
different  ftrokes.  The  form  of  thofe  characters  has  not 
been  fo  flux  as  the  found  of  words,  as  appears  in  the  in- 
ftancc  of  almofl  all  the  countries  bordering  on  the  Chi- 
nefe  Sea  or  Eallern  Alia,  where  the  Chinefe  written, 
but  not  the  oral  language,  is  underflood;  iu  like  man¬ 
ner,  as  one  form  of  Arabic  figures  to  denote  numbers, 
and  one  fet  of  notes  ^r  mufic,  are  uniform  and  intel¬ 
ligible  throughout  Europe,  notwithflanding  the  variety 
of  its  languages. 

“  A  certain  order  or  connection  is  to  be  perceived  in 
the  arrangement  of  the  written  characters  of  the  Chi¬ 
nefe  ;  as  if  it  had  been  formed  originally  upon  a  fyftem 
to  take  place  at  once,  and  not  grown  up,  as  other  lan¬ 
guages,  by  flow  and  diftant  intervals.  Upwards  of  two 
hundred  charadters,  generally  confiiting  each  of  a  few 
lines  or  ftrokes,  are  made  to  mark  the  principal  objedts 
of  nature,  foinewhat  in  the  manner  of  Bifhop  Wilkin’s 
divifions,  in  his  ingenious  book  on  the  fubjedl  of  uni- 
verfal  language,  or  real  charaCler.  Thefe  may  be  con- 
fidered  as  the  genera  or  roots  of  language,  in  which 
every  other  wortPor  fpecies,  in  a  fyflematic  fcnfe,  is  re¬ 
ferred  to  its  proper  genus.  The  heart  is  a  genus,  of 
which  the  reprefentatlon  of  a  curve  line  approaches 
fomewhat  to  the  form  of  the  objedl ;  and  the  fpecies 
referable  to  it  include  all  the  fentiments,  paflions,  and 
affedtions,  that  agitate  the  human  breall.  Each  fpecies 
is  accompanied  by  foine  mark  denoting  the  genus  or 
heart.  Under  the  genus  hand  are  arranged  molt  trades 
.  and  manual  exercifes.  Under  the  genus  word  every 
fort  of  fpeech,  fludy,  writing,  underflanding,  and  de¬ 
bate.  A  horizontal  line  marks  a  unit;  crofled  by  an¬ 
other  line  it  ftands  for  ten,  as  it  does  in  every  nation 
which  repeats  the  units  after  that  number.  The  five 
elements,  of  which  the  Chinefe  fuppofe  all  bodies  in 
nature  to  be  compounded,  form  fo  many  genera,  each 
of  which  comprehends  a  great  number  of  fpecies  under 
it.  ^  As  in  every  compound  charadter  or  fpecies,  the 
abridged  mark  of  the  genus  is  dlfcernible  by  a  fludent 
of  that  language,  in  a  little  time  he  is  enabled  to  con- 
fult  the  Chinefe  didtlonary ,  in  which  the  compound  cha- 
radters  or  fpecies  are  arranged  under  their  proper  gene¬ 
ra.  The  charadters  of  thefe  genera  are  placed  at  the 
beginning  of  the  didtlonary,  in  an  order  which,  like 
that  of  the  alphabet,  is  invariable,  and  foon  becomes  fa¬ 
miliar  to  the  learner.  The  fpecies  under  each  genus 
follow  each  other,  according  to  the  number  of  ftrokes 
of  which  each  confifts,  independently  of  the  one  or  few 
which  ferve  to  point  out  the  genus.  The  fpecies  want¬ 
ed  is  thus  foon  found  out.  Its  meaning  and  pronuncia¬ 
tion  are  given  through  other  words  in  common  ufe;  the 
firft  of  which  denotes  its  fignification  and  the  other  its 
found.  When  no  one  common  word  is  found  to  render 
exadtly  the  fame  found,  it  is  communicated  by  two 
words  with  marks,  to  inform  the  inquirer  that  the  con- 
fonant  of  the  firft  word  and  the  vowel  of  the  fecond  join- 
cd  together  form  the  precife  found  wanted. 

'  The  compofition  of  many  of  the  Cliinefe  charac¬ 

ters  often  difplays  confiderable  ingenuity,  and  ferves  al- 
fo  to  give  an  infight  into  the  opinions  and  manners  of 
the  people.  The  charadter  expreflive  of  happinefs  in- 
eludes  abridged  marks  of  land,  the  fource  of  their  phy- 
fical,  and  of  children  that  of  their  moral,  enjoyments. 
This  charadter,  embelliflied  in  a  variety  of  ways,  is  hung 
up  almoft  in  every  houfe.  Sometimes  written  by  the 


hand  of  the  emperor,  it  is  fent  by  him  as  a  compliment, 
which  is  very  highly  prized,  and  fuch  as  he  was  pleafed 
to  fend  to  the  embaftador. 

Upon  the  formation,  changes,  and  allufions  of 
compound  charadters,  the  Chinefe  have  publifhed  many 
thoufand  volumes  of  philological  learning.  Nowhere 
does  criticifm  more  abound,  or  is  more  ftridt.  The  in- 
trodudtion  or  alteration  of  a  charadter  is  a  ferious  un¬ 
dertaking,  and  feldom  fails  to  meet  with  oppofition. 
The  moll  ancient  writings  of  the  Chinefe  are  llill  clafli- 
cal  amongll  them.  The  language  feems  in  no  inftance 
to  have  been  derived  from  or  mixed  with  any  other. 
The  written  feems  to  have  followed  the  oral  language 
foon  after  the  men  who  fpoke  it  were  formed  into  a  re¬ 
gular  fociety.  Though  it  is  likely  that  all  hieroglyph!- 
cal  languages  were  originally  founded  on  the  principles 
of  imitation,  yet  in  the  gradual  progrefs  towards  arbi¬ 
trary  forms  and  founds,  it  is  probable  that  every  fociety 
deviated  from  the  originals  in  a  different  manner  from 
the  others ;  and  thus  for  every  independent  fociety 
there  arofe  a  feparate  hieroglyphic  language.  As  foon. 
as  a  communication  took  place  between  any  two  of 
them,  each  would  hear  names  and  founds  not  common 
to  both  ;  each  reciprocally  would  mark  down  fuch 
names  in  the  founds  of  its  own  charadters,  bearing,  as 
hieroglyphics,  a  different  fenfe.  In  that  inftance,  con- 
fequently,  thofe  charadters  ceafe  to  be  hieroglyphics, 
and  were  merely  marks  of  found.  If  the  foreign  founds 
could  not  be  exprefled  but  by  the  ufe  of  a  part  of  two 
hieroglyphics,  in  the  manner  mentioned  to  be  ufed  fome- 
times  in  Chinefe  didtionaries,  the  tw^o  marks  Joined  to¬ 
gether  become  in  fact  a  fyllahle.  If  a  frequent  inter- 
courfe  fliould  take  place  between  communities  fpeaking 
different  languages,  the  neceflity  of  ufing  hieroglyphics 
merely  as  marks^of  found  would  frequently  recur.  The 
pradtice  would  lead  imperceptibly  to  the  difeovery  that, 
with  a  few  hieroglyphics,  every  found  of  the  foreign 
language  might  be  exprefled  ;  and  the  hieroglyphics 
which  anfweied  belt  this  purpofe,  either  as  to  exa<ftncfs 
of  found  or  fimplicity  of  form,  would  be  feledted  for 
this  parucular  ufe;  and  fervingas  fo  many  letters,  would 
form  in  fadt  together  what  is  called  an  alphabet.  Thus, 
the  paffage  from  hieroglyphic  to  alpluibetic  writing  may 
naturally  be  traced,  without  the  neceflity  of  having 
‘  recourfe  to  divine  iiiftrudtioii,  as  forne  learned  men 
have  coiijedtured,  on  the  ground  that  the  art  of  writing 
by  an  alphabet  is  too  refined  and  artificial  for  untutored 
rcafon.* 

The  Chinefe  printed  charadter  is  the  fame  as  is 
ufed  in  moft  manuferipts,  and  is  chiefly  formed  of 
ftraight  lines  in  angular  pofitions,  as  moft  letters  are  in 
Eaftern  tongues,  efpecially  the  Sanferit;  the  charaaers 
of  which,  in  foine  iiiftances,  admit  of  additions  to  their 
original  form,  producing  a  modification  of  the  fenfe. 
A  running  hand  is  ufed  by  the  Chinefe  only  on  trivial 
OGcafioiis,  or  for  private  notes,  or  for  the  eafe  and  ex¬ 
pedition  of  the  writer ;  and  differs  from  the  other  as 
much  as  an  European  manufeript  does  from  print. 
There  are  books  with  alternate  columns  of  both  kinds 
of  writing  for  their  mutual  explanation  to  a  learner. 

^  The  principal  difficulty  in  the  ftudy  of  Chinefe  wri¬ 
tings  arifes  from  the  general  cxclufion  of  the  auxiliary 
particles  of  colloquial  language,  that  fix  the  relation  be¬ 
tween  indeclinable  words,  fuch  as  are  all  thofe  of  the 
Chinefe  language.  The  judgment  muft  be  conftantly 
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China,  exercifed  by  the  ftudent,  to  fupply  the  abfence  of  fuch 
afiiftance.  That  judgment  muft  be  guided  by  attention 
to  the  manners,  cuftoms,  laws,  and  opinions  of  the  Chi- 
nefe,  and  to  the  events  and  local  circumftances  of  the 
country,  to  which  the  allufions  of  language  perpetually 
refer.  If  it  in  general  be  true,  that  a  language  is  diffi¬ 
cult  to  be  underftood  in  proportion  to  the  diftance  of 
the  country  where  it  is  fpoken,  and  that  of  him  who 
endeavours  to  acquire  it,  becaufe  in  that  proportion 
the  allufions  to  w  hich  language  has  continually  recourfe 
are  lefs  known  to  the  learner,  fome  idea  may  be  concei¬ 
ved  of  the  obftacles  which  an  European  may  expert  to 
meet  in  reading  Chinefe,  not  only  from  the  remotenefs 
of  fituation,  but  from  the  difference  between  hiin  and 
the  native  of  China  in  all  other  refpe£ls.  The  Chinefe 
characters  are  in  faCl  fl<etches  or  abridged  figures,  and 
a  fentence  is  often  a  firing  of  metaphors.  The  diffe¬ 
rent  relations  of  life  are  not  marked  by  arbitrary  founds, 
fimply  conveying  the  idea  of  fuch  connexion  ,*  but  the 
qualities  naturally  expeCled  to  arife  outof  fuch  relations 
become  frequently  the  name  by  which  they  are  refpeClive- 
ly  known.  Kindred,  for  example,  of  every  degree  is  thus 
diflinguifhed  with  a  minutenefsunknown  in  other  langua¬ 
ges.  That  of  China  has  diflinCl  cliaraClers  for  every  modi¬ 
fication  known  by  them  of  objeCls  in  the  phyfical  and  in- 
telleCliial  world.  AbflraCl  terms  are  nootlicrwife  expref- 
led  by  the  Chinefe  than  by  applying  to  each  the  name  of 
the  moll  prominent  objeds  to  which  it  might  be  applied, 
which  is  likewife  indeed  generally  the  cafe  of  other  lan¬ 
guages.  Among  the  Latins  the  abHrad  idea  of  virtue, 
for  example,  was  expreffed  under  the  name  of  valour  or 
llrength  [v'lrtus),  being  the  quality  moil  eileemed  a- 
mong  them,  ns  filial  piety  is  coididered  to  be  in  China. 
The  words  of  an  alphabetic  language  being  formed  of 
different  combinations  of  letters  or  elemental  parts,  each 
with  a  diilindl  found  and  name,  wdioever  knows  and 
combines  thefe  together,  may  read  the  words  without 
the  leafl  knowledge  of  their  meaning  ;  not  fo  hierogly¬ 
phic  language,  in  which  each  charader  has  indeed  a 
found  annexed  to  it,  but  which  bears  no  certain  relation 
to  the  unnamed  lines  or  flrokes  of  which  it  is  compo- 
fed.  Such  charader  is  fludied  and  heft  learned  by  be¬ 
coming  acquainted  with  the  idea  attached  to  it ;  and  a 
didionary  of  hieroglyphics  is  lefs  a  vocabulary  of  the 
terms  of  one  language  with  the  correfpondciit  terms  in 
another,  than  an  encyclopaedia  containing  explanations 
of  the  ideas  themfelvcs  reprefented  by  fuch  hierogly¬ 
phics.  In  fuch  fenfe  only  can  the  acquifition  of  Chi¬ 
nefe  words  be  juftly  faid  to  eiigrofs  moil  of  the  time  of 
men  of  learning  among  them  The  knowledge  of  the 
fciences  of  the  Chinefe,  however  imperfed,  and  of  their 
mofl  extenfive  literature,  is  certainly  fufficient  to  oc¬ 
cupy  the  life  of  man.  Enough,  however,  of  the  lan¬ 
guage  is  imperceptibly  acquired  by  every  native,  and 
may,  with  diligence,  be  acquired  by  foreigners  for  the 
ordinary  concerns  of  life  ;  and  further  improvements 
muft  depend  on  capacity  and  opportunity.” 

Next  to  the  fingular  ilrudure  of  the  oral  and  writ¬ 
ten  language  of  the  Chinefe,  there  is  perhaps,  nothing 
in  their  hlflory  more  fuiprifing  to  a  native  of  Europe 
than  the  number  of  the  people,  and  the  means  by  which 
they  contrive  to  procure  fubfiftence,  without  foreign 
trade,  in  a  country  fo  croiided,  and  at  the  fame  time 
not  everywhere  of  a  fertile  foil.  In  the  Encyclopaedia, 
the  population  of  this  vaft  empire  is  Hated,  from  M. 


Grofier,  at  200  millions:  but  great  as  this  is,  when  com¬ 
pared  with  the  population  of  every  other  extenfive  coun¬ 
try,  it  appears  to  be  far  ftiort  of  the  truth.  Sir  George 
Staunton  has  publifhed  a  ftatement,  taken  from  one  of 
the  public  offices  in  the  capital,  and  given  by  a  great 
and  refpedable  manderin  to  I..ord  Macartney,  in  which 
it  is  {hewn  that  China  Proper  contains  not  fewxr  than 
333  millions  of  inhabitants.  As  the  extent  of  the  coun¬ 
try  is  1,297,999  fquare  miles,  there  are  of  courfe  very 
near  260  inhabitants  to  every  fquare  mile;  and  of  thefe 
miles  a  very  confiderable  proportion  confifts  of  nothing 
but  barren  rocks.  That  this  account  is  accurate  there 
can  be  little  doubt ;  for  the  extent  of  the  provinces  was 
afeertained  by  aftronomical  obfervations,  as  well  as  by 
admeafureuicnt ;  and  the  number  of  individuals  is  regu¬ 
larly  taken  in  each  divifion  of  a  diftridl  by  a  tything- 
man,  or  every  tenth  mafter  of  a  family.  Thefe  returns 
are  collefted  by  officers  rtfident  fo  near  as  to  be  capable 
of  corredling  any  grofs  miftake,  and  are  all  lodged  in 
the  great  regifter  of  Pekin. 

For  this  exceffive  population  our  author  fatisfadlorily 
accounts.  Celibacy,  fays  he,  is  rare  In  China,  even  in 
the  military  profeffion  ;  the  marriages  are  prolific  as 
well  as  early,  and  the  influence  of  the  patriarchal  fy- 
ftem,  to  be  explained  afterwards,  is  fuch,  that  a  man's 
children  adds  to  his  wealth.  It  is  reckoned  a  diferedit 
to  be  without  offspring;  and  they  who  have  none  adopt 
others,  who  become  theirs  excliifively.  In  cafe  of  mar¬ 
riage,  (hould  a  wife  prove  barren,  a  fecond  may  be  cf- 
poufed  in  the  lifetime  of  the  firft.  The  opulent,  as  in 
moll  parts  of  the  Eaft,  are  allow^ed,  without  reproach, 
to  keep  concubines,  of  whom  the  children  are  confidcr- 
ed  as  being  thofe  of  the  legitimate  w'ife,  and  partake  in 
all  the  rights  of  legitimacy.  “  Accidents  fometimes  of 
extraordinary  drought,  and  fometimes  of  exceffive  in¬ 
undations,  occafionaliy  produce  famine  In  particular 
provinces,  and  famine  difeafe  ;  but  there  are  lew  drains 
from  moral  caufes  either  of  emigration  or  foreign  navi¬ 
gation.  The  number  of  m an u failures,  whofe  occupa¬ 
tions  are  not  always  favourable  to  health,  whole  con- 
ftant  confinement  to  particular  fpots,  and  fometimes  in 
a  clofe  or  tainted  atmofphere,  mull  be  injurious,  and 
whofe  relidence  in  towns  expofes  them  to  irregularities, 
bears  but  a  very  fmall  proportion  to  that  of  hufband- 
men  in  China.  In  general  there  ftems  to  be  no  other 
bounds  to  Chinefe  populoufnefs  than  thofe  which  the 
neceffiity  of  fubfillence  may  put  to  it.  Thefe  bounda¬ 
ries  are  certainly  more  enlarged  than  in  other  countries. 
The  whole  furface  of  the  empire  is,  with  trifling  excep¬ 
tions,  dedicated  to  the  produ6lion  ol  food  for  man 
alone.  There  is  no  meadow,  and  very  little  paftiire  ; 
nor  are  fields  cultivated  in  oats,  beans,  or  turnips,  for 
the  fupport  of  cattle  of  any  kind,  hew  parks  or  plea- 
fure  grounds  are  feen,  excepting  thofe  belonging  to  the 
emperor.  Little  land  is  taken  up  for  roads,  which  are 
few  and  narrow,  the  chief  communication  being  by  wa- 
There  are  no  commons,  or  lands  fuffiered  to  lie 


Chin^. 


ter. 


wafte  by  the  neglecH,  or  the  caprice,  or  for  the  fport  of 
great  proprietors.  No  arable  land  lies  fallow.  T^he 
loil,  under  a  hot  and  fertilizing  fun,  yields  annually,  in 
mofl  inllances,  double  crops,  in  confequence  of  adapt¬ 
ing  the  culture  to  the  foil,  and  of  fupplying  its  defers 
by  mixture  with  other  earths,  by  manure,  by  irriga¬ 
tion,  by  careful  and  judicious  induftry  of  every  kind. 
The  labour  of  man  is  little  diverted  from  that  induftry 
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China,  to  minider  to  the  luxuries  of  the  opulent  and  power- 
or  in  employments  of  no  real  ufe.  Even  the  fol- 
diers  of  the  Chinefe  army,  except  during  the  fhort  in¬ 
tervals  of  the  guards  which  they  are  called  to  mount, 
or  the  exercifes,  or  other  occafional  fervices  which  they 
perform,  arc  raoftly  employed  in  agriculture.  The  quan¬ 
tity  of  fubfiltence  is  increafed  alfo,  by  converting  more 
fpecies  of  animals  and  vegetables  to  that  purpofe  than  is 
ufual  ill  other  countries.  And  even  in  the  preparation  of 
their  food  the  Chinefe  have  economy  and  management.” 

The  government  of  China  is  defpotlc;  and  it  is  a  cu¬ 
rious  fpe£laclc  to  behold  fo  large  a  proportion  of  the 
whole  human  race,  connedled  together  in  one  great  fy- 
ftem  of  polity,  fubmitting  quietly,  and  through  fo  con- 
fiderable  an  extent  of  country,  to  one  great  fovereign  ; 
and  uniform  in  their  laws,  their  manners,  and  their  lan¬ 
guage,  but  differing  effentially  in  each  of  thefe  refpe£ls 
from  every  other  portion  of  mankind  ;  mid  neither  de- 
firous  of  communicating  with  nor  forming  any  defigns 
agaiirft  the  reft  of  the  world.  To  produce  fuch  a  phe¬ 
nomenon,  many  caufes  muft  be  combined  ;  but  perhaps 
the  principal  are  to  be  found  in  the  patriarchal  fyftem 
already  mentioned,  in  the  laws  and  cuftoms  of  the  em¬ 
pire,  and  in  the  belief  that  the  emperor  is  the  vicege¬ 
rent  of  heaven,  and  guided  in  all  his  adlions  by  divine 
infpiration. 

The  patriarchal  fyftem  is  founded  upon  that  filial 
piety  which  the  philofophers  of  China  have  uniformly 
reprefented  as  the  greateft  of  human  virtues.  Thefe 
fages,  while  they  fuccefsfully  inculcated  this  duty,  have 
left  parental  affedllon  to  its  own  natural  influence ;  and 
hence  in  China  parents  are  lefs  frequently  negledled  than 
infants  are  expofed.  The  laws  of  the  empire,  to  cor- 
roborate  the  difpofition  to  filial  obedience,  fiirnifh  an 
opportunity  for  punifhing  any  breach  of  it,  by  leaving 
a  man’s  offspring  entirely  within  his  own  power :  and 
hence  it  is,  that  with  the  poor,  marriage,  as  we  have 
faid,  is  a  meafure  of  prudence  ;  becaufe  the  children, 
particularly  the  fons,  are  bound  to  maintain  their  pa¬ 
rents. 

A  Chinefe  dwelling  is  generally  furrounded  by  a 
wall  fix  or  feven  feet  high.  Within  this  inclofure  a 
whole  family,  of  three  generations,  with  all  their  refpec- 
tive  wives  and  children,  will  frequently  be  found.  One 
fmall  room  is  made  to  ferve  for  the  individuals  of  each 
branch  of  the  family,  fleeping  in  different  beds,  divided 
only  by  mats  hanging  from  the  ceiling.  One  common 
room  is  ufed  for  eating. 

The  prevalence  of  this  cuftom,  of  retaining  the  feve- 
ral  branches  of  a  family  under  the  fame  roof,  is  attend¬ 
ed  with  important  effects.  It  renders  the  younger  tem¬ 
perate  and  orderly  in  their  condmft  under  the  au  .hority 
and  example  of  the  older  ;  and  it  enables  the  whole  to 
liibfift,  like  foldiers  in  a  mefs,  with  more  economy  and 
advantage.  As  the  venerable  patriarch  of  each  habi¬ 
tation  prefides  over  his  defeendants  with  the  authority 
of  a  magiftrate ;  fo  the  different  orders  of  magiftrates 
are,  in  their  different  diftridls  and  provinces,  looked  up 
to  with  the  veneration  due  from  children  to  their  pa¬ 
rents,  while  the  emperor  is  revered  as  the  grand  patri¬ 
arch  of  the  whole  empire. 

Another  thing  which  contributes  much  to  the  per¬ 
manency  of  the  government  and  the  internal  quiet  of  the 
empire  is,  that  in  China  there  is  lefs  inequality  in  the 
fortunes  than  in  the  conditions  of  men.  The  ancient 
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annals  of  the  empire  teftify,  that  for  a  long  period  of 
time,  the  earth,  like  the  other  elements  of  nature,  was 
enjoyed  by  its  inhabitants  almoft  in  common.  Their 
country  was  divided  into  fmall  equal  diftridls  ;  every 
diftridl  was  cultivated  conjointly  by  eight  labouring  fa¬ 
milies,  which  compofed  each  hamlet  j  and  they  enjoyed 
all  the  profit  of  their  labours,  except  a  certain  fhare 
of  the  produce  referved  for  public  expences.  It  is 
true,  indeed,  that  after  a  revolution,  deplored  in  all  the 
Chinefe  hiftorics,  which  happened  prior  to  the  Chriftian 
era,  the  ufurper  granted  all  the  lands  away  to  the  part¬ 
ners  of  his  vidtories,  leaving  to  the  cultivators  of  the 
foil  a  fmall  pittance  only  out  of  the  revenue  which  it 
yielded.  Property  in  land  alfo  became  hereditary  :  but 
in  procefs  of  time,  the  moft  confiderable  domains  were 
fubdivided  into  very  moderate  parcels  by  the  fucceflive 
diftribution  of  the  poffefiions  of  every  father  equally 
among  all  his  fons  ;  the  daughters  being  always  married 
without  dower.  It  very  rarely  happened  that  there 
was  but  an  only  fon  to  enjoy  the  whole  property  of  his 
deceafed  parents  ;  and  it  could  fcarcely  be  increafed  by 
collateral  fucceflion. 

From  the  operations  of  all  thofe  caiifcs,  there  was  a 
conftant  tendency  to  level  wealth  ;  and  few  could  fuc- 
ceed  to  fuch  an  accumulation  of  it  as  to  render  them 
independent  of  any  eflbrts  of  their  own  for  its  increafe* 
Befides,  wealth  alone  confers  In  China  but  little  impor¬ 
tance,  and  no  power  ;  nor  is  property,  without  office, 
always  perfedly  fecure.  There  is  no  hereditary  digni¬ 
ty,  which  might  accompany,  and  give  it  pre-eminence 
and  weight.  The  delegated  authority  of  government 
often  leans  more  heavily  on  the  unprotected  rich  than 
on  the  poor,  who  are  lefs  objects  of  temptation.  And 
it  is  a  common  remark  among  the  Chinefe,  that  for-' 
tunes,  either  by  being  parcelled  out  to  many  heirs,  or 
by  being  loft  in  commercial  fpeculations,  gaming,  or 
extravagar.ee,  or  extorted  by  oppreflive  mandarines,  fel- 
dom  continue  to  be  confiderable  in  the  individuals  of  the 
fame  family  beyond  the  third  generation.  To  afeend 
again  the  ladder  of  ambition,  it  is  neceffary,  by  long 
and  laborious  ftudy,  to  excel  in  the  learning  of  the  coun- 
try,  which  alone  qualifies  for  public  employments. 

There  are  properly  but  three  claffes  of  men  in  China: 
men  of  letters,  from  whom  the  mandarines  are  taken  ; 
cultivators  of  the  ground  ;  and  mechanics,  including 
merchants.  In  Pekin  alone  is  conferred  the  higheft  de¬ 
gree  of  literature  upon  thofe  who,  in  public  exami¬ 
nations,  are  found  moft  able  in  the  fciences  of  morality 
and  government  as  taught  in  the  ancient  Chinefe  wri¬ 
ters  ;  with  which  ftudies  the  hiftory  of  their  country  is 
intimately  blended.  Among  fuch  graduates  all  the  ci¬ 
vil  offices  in  the  ftate  are  diftributed  by  the  emperor  ; 
and  they  compofe  all  the  great  tribunals  of  the  empire. 
The  candidates  for  thofe  degrees  are  fuch  as  have  fuc- 
ceeded  in  fimllar  examinations  in  the  principal  city  of 
each  province.  Thofe  who  have  been  chofen  in  the 
cities  of  the  fee  on  d  order,  or  chief  town  of  every  dif- 
tridM*n  the  province,  are  the  candidates  in  the  provin¬ 
cial  capital.  They  who  fail  in  the  fir  ft  and  fecond 
claffes  have  ftill  a  claim  on  fubordinate  offices,  propor¬ 
tioned  to  the  clafs  in  which  they  had  fucceeded.  Thofe 
examinations  are  carried  on  with  great  folemnity,  and 
apparent  fairnefs.  Military  rank  is  likewife  given  t,o 
thofe  who  are  found  upon  competition  to  excel  in  the, 
military  art,  and  in  warlike  exercifes.  This  diftribution 
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Gliina.  of  offices  contributes  greatly  to  the  peace  of  the  em* 
— ^ '  pire  ;  for  the  people  cheerfully  fubmit  to  the  authority 
of  thofe  whom  they  believe  to  be  placed  over  them^  by 
merit  alone,  and  love  that  conftitution  which  brings 
within  the  reach  of  the  mean  eft  fubjed,  who  has  talents 
and  induftry,  the  higheft  ftation  next  to  the  fupreme. 

“  The  gi  eat  tribunals  are  fituated,  for  the  fake  of  con¬ 
venience,  r«ear  the  fouthern  gate  of  the  imperial  palace 
at  Pekin.  Po  them  accounts  of  all  the  tranfadlions  of 
the  empire  are  regularly  tranfmitted.  They  are  coun¬ 
cils  of  reference  from  the  emperor,  to  whom  they  report 
every  bufinefs  of  moment,  with  the  motives  for  the  ad¬ 
vice  which  they  offer  on  the  occafion.  There  is  a  body 
of  dodlrine  coinpofed  from  the  writings  of  the  carlieft 
ages  of  the  empire,  confirmed  by  fiibfequent  lawgivers 
and  fovereigns,  and  tranfmitted  from  age  to  age  with 
increafing  veneration,  which  ferves  as  rules  to  guide  the 
judgment  of  thofe  tribunals.  This  dodrine  feems,  in¬ 
deed,  founded  on  the  broadeft  bafis  of  univerfal  juftice, 
and  on  the  pureft  principles  of  humanity. 

“  His  imperial  majefty  generally  conforms  to  the  fug- 
geftiuiis  of  thofe  tribunals.  One  tribunal  is  diredfed  to 
confider  the  qinlifications  of  the  different  mandarines 
for  different  offices,  and  to  propofe  their  removal  when 
found  incapable  or  iinjuft.  One  has  for  objedf  the  pre- 
fervation  of  the  manners  or  morals  of  the  empire,  call¬ 
ed  by  Europeans  the  tribunal  of  ceremonies^  which  it  re¬ 
gulates  on  the  iTiaxim,  that  exterior  forms  contribute 
not  a  little  to  prevent  the  breach  of  mq^l  rules.  The 
moft  arduous  and  critical  is  the  tribu*  of  cenfors  j 
taking  into  its  confideration  the  effedf  of  fubfifting  laws, 
the  conduct  of  the  other  tribunals,  of  the  princes  and 
great  officers  of  ftate,  and  even  of  the  emperor  himfelf. 
Tliere  are  feveral  fiibordinate  tribunals  ;  fuch  as  thofe 
of  mathematics,  of  medicine,  of  public  works,  of  litera¬ 
ture  and  hiftory.  The  whole  is  a  regular  and  conhftent 
fyftem,  eftabliffied  at  a  very  early  period,  continued 
with  little  alterations  through  every  dynafty,  and  re¬ 
vived  after  any  interruption  from  the  caprice  or  paffions 
of  particular  princes.  Whatever  deviation  has  been 
made  by  the  prefeat  family  on  the  throne,  arifes  from 
the  admiiTion  of  as  many  I'artars  as  Chiuefe  into  every 
tribunal.’’  The  opinions  of  the  former  are  fuppofed  al¬ 
ways  to  preponderate  ;  and  many  of  them  are  indeed 
men  of  confiderable  talents  and  ftrength  of  mind,  as 
well  as  policed  manners.  They  are,  however,  in  gene¬ 
ral,  fitter  for  military  than  civil  offices.  The  hardy  edu¬ 
cation,  the  rough  manners,  the  adlive  fpirit,  the  v/an- 
dering  difpofition,  the  loofe  principles,  and  the  irregu¬ 
lar  condud,  of  the  Tartar,  lit  him  better  for  the  pro- 
feffion,  pradice,  andpurfuits  of  war,  than  the  calm,  re¬ 
gulated,  and  domeftic  habits  of  the  Cbinefe.  Warriors 
feem  naturally  the  offspring  of  Tartary,  as  literati  are 
of  China;  and  accordingly,  the  principal  military  com¬ 
mands  are  conferred  on  natives  of  the  former  country, 
as,  with  many  exceptions  indeed,  the  chief  civil  offices 
are  on  thofe  of  the  latter. 

A  military  mandarin,  who  was  much  with  Lord^vla- 
cartney,  and  was  himfelf  a  diftinguiffied  officer,  affert- 
ed  that,  “  including  Tartars,  the  total  of  the  army  in 
the  pay  of  China  amounted  to  i,ooc3,000  infantry  and 
800,000  cavalry.  From  the  obfervations  made  by  the 
embdffy  in  the  courfe  of  their  travels  through  the  em¬ 
pire,  of  the  garrifons  in  the  cities  of  the  feveral  orders, 
and  of  the  military  pofts  at  fmall  diftances  from  each 


other,  there  appeared  nothing  unlikely  in  the  calcula-  China* 
tion  of  the  infantry  ;  but  they  met  few  cavalry.  If  the 
number  mentioned  really  do  exift,  a  great  proportion  of 
them  muft  have  been  in  Tartary,  or  on  fome  fervice  di- 
ftant  from  the  route  of  the  embaffy. 

Of  the  troops,  efpecially  cavalry,  a  vaft  number  are 
Tartars,  who  have  a  higher  pay  than  their  Chiuefe  fel- 
low-foldiers.  The  principal  officers  of  confidence  in 
the  army  are  Tartars  alfo.  None  of  either  nation  are 
received  into  the  fervice  but  fuch  as  are  healthy,  ftrong, 
and  Tightly.  The  pay  and  allowances  of  a  Chinefe 
horfeman  are  three  Chinefe  ounces,  heavier  than  Euro¬ 
pean  ounces,  and  three-tenths  of  an  ounce,  of  filver, 
and  fifteen  meafures  or  rations  (the  weight  not  men¬ 
tioned)  of  rice  every  lunar  month.  A  Tartar  horfe¬ 
man,  feven  fimiiar  ounces  of  filver,  and  20  meafures  of 
rice  for  the  fame  period.  A  Chinefe  foot  foldier  has 
one  ounce  and  fix-tenths  of  an  ounce  of  filver,  and  ten 
meafures  of  rice  ;  and  a  Tartar  of  the  fame  defeription 
has  two  ounces  of  filver  and  ten  meafures  of  rice  every  • 
lunar  month.  The  Emperor  furnifhes  the  arms,  ac¬ 
coutrements,  and  the  upper  garment,  to  all  the  foldiers. 

Befide  their  ordinary  pay  and  allowances,  they  alfo  re¬ 
ceive  donations  from  the  Emperor  on  particular  occa- 
fions  ;  as  when  they  marry,  and  when  they  have  male 
children  born.  On  the  death  of  their  parents  they  ob¬ 
tain  ‘  a  gift  of  confolation  as  do  their  families  when 
the  foldiers  themfelves  die. 

“  The  public  revenues  of  China  Proper  are  faid  to  be 
little  lefs  than  200,000,000  of  ounces  of  filver,  which 
may  be  equal  to  about  66,000,000  of  pounds  fterling  ; 
or  about  three  times  thofe  of  France  before  the  late 
fubverfion.  From  the  produce  of  the  taxes  all  the  ci¬ 
vil  and  military  expences,  and  the  incidental  and  extra¬ 
ordinary  charges,  are  firft  paid  upon  the  fpot  out  of 
the  trea furies  of  the  refpeftive  provinces  where  fuch 
expences  arc  incurred;  and  the  remainder  is  remitted  to 
the  Imperial  treafiiry  at  Pekin.  This  furpliis  amounted 
in  the  year  1792  to  the  fiim  of  36,614,328  ounces  of 
filver,  or  12,204,776  pounds  fterling,  according  to  an 
account  taken  in  round  numbers.  In  cafe  of  infurrec- 
tions,  or  other  occurrences  requiring  extraordinary  ex¬ 
pences,  they  are  generally  levied  by  additional  taxes  on 
the  provinces  adjacent  to  the  feene  of  adion,  or  con- 
nedled  with  the  occafion  of  the  expence. 

“  III  the  adminiftration  of  the  vaft  revenue  of  the  ftate, 
the  opportunities  of  committing  abufes  are  not  often 
negleded;  as  may  be  inferred  from  the  frequent  confif- 
cation  to  the  Emperor  in  confequence  of  fuch  tranfgref- 
fions.  It  is  indeed  affirmed,  that  much  corruption  and 
oppreffion  prevail  in  moft  of  the  public  departments, 
by  which  confiderable  fortunes  are  acquired,  notwith- 
ftanding  the  modicity  of  the  public  falaries.” 

With  fuch  a  ftanding  army  and  fo  vaft  a  revenue,  it 
will  no  longer  appear  wonderful  that  one  man  ffiould 
govern  with  defpotic  fway  even  the  immenfe  multitude 
of  people  who  inhabit  the  empire  of  China,  efpecially 
trained  up  as  thofe  people  are  in  habits  of  filial  fubmif- 
fion  to  their  fuperiors.  But  there  are  fome’circumllan- 
ces  in  the  fyftem  of  Chinefe  policy,  not  yet  mentioned, 
which  contribute  perhaps  more  than  even  thefe  habits 
and  that- power  to  preferve  the  ftability  of  the  govern¬ 
ment.  The  Emperor  referves  to  himfelf  alone  the  right 
of  relieving  the' wants  of  the  poor,  produced  by  famine 
or  any  other  unforefeen  calamity.  On  fuch  occafions 
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China,  be  always  comes  forward.  He  orders  the  public  gra- 
naricB  to  be  opened  ;  remits  the  taxes  to  thofe  who  are 
vilited  with  misfortune;  affords  afiiflance  to  enable  them 
to  retrieve  their  affairs;  and  appears  to  liis  fubjedls  as 
{landing  almofl  in  the  place  of  Providence  in  their  fa¬ 
vour.  He  is  perfectly  aware  by  how  much  a  flronger 
chain  he  thus  maintains  his  abfolute  dominion,  than  the 
mere  dread  of  puniHiment  would  afford.  The  emperor, 
to  whom  the  Britifli  embaffy  was  fent,  fhewed  himfelf 
fo  jealous  of  retaining  the  exclufive  privilege  of  bene¬ 
volence  to  his  fubje6is,  that  he  not  only  rejedled,  t>ut 
was  offended  at,  a  propofal  once  made  to  him  by  fome 
confiderable  merchants,  to  contribute  towards  the  relief 
of  a  fuffering  province  ;  whilft  he  fcrupled  not,  at  the 
fame  time,  to  accept  the  donation  of  a  rich  widow  to¬ 
wards  the  expences  of  a  war  in  which  be  was  engaged. 

This  veneration,  excited  towards  the  emperor  by  his 
apparent  benevolence,  is  increafed  by  an  opinion  zea- 
loufly  inftilled  into  the  people,  that  he  has  the  faculty 
of  predifting  future  events  of  the  greateff  importance. 
The  Chinefe,  given  up  to  the  dotages  of  judicial  allro- 
logy,  are  firmly  perfuaded  that  eclipfes  of  the  fun  and 
moon  have  a  powerful  influence  on  the  operations  of 
nature  and  the  tranfadlions  of  mankind  ;  and  the  pe¬ 
riods  of  their  occurrence  become,  of  courfe,  objedls  of 
attention  and  folicitude.  The  government  of  the  coun¬ 
try,  ever  anxious  to  eflablifh  its  authority  in  the  general 
opinion  of  its  fuperior  wifdom  and  conflant  care  for  the 
welfare  of  the  people,  employs  the  European  miflion- 
aries  at  Pekin  (for  it  is  doubtful  if  any  one  of  the  na¬ 
tives  has  fo  much  fcience)  to  calculate  eclipfes,  and 
then  announces  them  to  the  people  with  that  folemnity 
whicji  is  fitted  to  enfure  veneration  for  the  fuperintend- 
ing  powder  whence  fuch  knowledge  is  immediately  de¬ 
rived  to  them.  Eclipfes  of  the  fun,  in  particular,  are 
confidered  as  omeuous  of  fome  general  calamity ;  and 
as  great  pains  are  taken  to  infpire  them  with  a  belief 
that  their  profperity  isowing  to  the  wifdom  and  virtues 
of  their  foyereign,  fo  they  are  tempted  to  attribute  to 
fome  deficiency  on  his  part  whatever  they  think  por¬ 
tentous.  To  this  prejudice  the  emperor  finds  it  pru¬ 
dent  to  accommodate  his  condud.  He  never  ventures 
on  any  undertaking  of  importance  at  the  approach  of 
a  folar  eclipfe,  hut  affedls  to  withdraw  himfelf  from  the 
prefence  of  his  courtiers,  to  examine  ftridly  into  his 
late  adminiftration  of  the  empire,  in  order  to  corred 
any  error,  for  the  commifiion  of  which  the  eclipfe  may 
hive  been  an  admonition.  ^  On  thefe  occafions  he  in¬ 
vites  his  fubjeds  to  give  him  freely  their  advice :  hut  it  is 
plain  that  advice  muft  he  offered  with  great  deference 
to  a  being  for  whofe  admonition  the  motions  of  the  fun 
and  moon  are  believed  to  be  regulated ;  and  while  fuch 
notions  are  implicitly  admitted,  the  perfon  of  the  Chi- 
nefe  emperor,  as  well  as  his  authority,  muft  be  looked 
upon  by  his  fubjeds  as  fomething  more  than  human, 
SuppL.  VoL.  I.  Part  II. 
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This  13  in  fail  the  cafe.  He  is  not  only  approached 
in  perfon  with  tellimonies  of  the  utmoft  refped,  but  is 
adored  when  abfent  with  all  the  rites  and  ceremonies 
which  are  ufed  by  the  Chinefe  in  the  worfhip  of  their 
divinities.  On  his  birth-day,  at  the  new  and  full  moon, 
and  probably  on  other  feftivals,  all  tlie  mandarines  re- 
fideiit  in  the  neighbourhood  of  any  of  his  numerous  pa¬ 
laces  aflenible  about  noon,  and  repairing  to  the  palace, 
folemnly  proftrate  themfelves  nine  times  before  the 
throne,  their  foreheads  ftriking  the  floor  each  time  ; 
whilft  incenfe  is  burning  on  tripods  on  each  fide  of  it, 
and  offerings  are  made,  on  an  alter  before  it,  of  tea  and 
fruits  to  the  fpirit  of  the  abfent  emperor.  Over  the 
throne  are  feen  the  Chinefe  charaders  of  glory  and  per- 
fedion  ;  and  the  name  of  the  Deity  is  given  to  the  em¬ 
peror,  who  is  confidered  by  his  votaries  as  poffefling  in 
ibme  fenfe  the  attribute  of  ubiquity.  Mr  Barrow,  one 
of  the  gentlemen  of  the  embalfy,  was  prefent  at 
miri-yuen,  one  of  the  imperial  palaces,  when  thefe  idola¬ 
trous  rites  of  adoration  were  performed ;  and  he  was  af- 
fured  that  they  took  place  on  that  day  in  all  parts  of 
the  empire,^  the  proftraters  being  everywhere  attentive 
to  turn  their  faces  towards  the  capital. 

That  he  who  claims  adoration  in  his  abfeiice  does 
not  appear  on  his  birth-day  to  receive  the  compliments 
of  his  fubjeds,  will  not  fiirprife  the  reader.  The  man¬ 
ner  in  which  that  feitival  is  celebrated  at  the  palace, 
where  the  emperor  happens  to  be  refident,  is  thus  de- 
feribed  by  Sir  George  Staunton,  who  witneffed  this 
more  than  auguft  ceremony  at  the  palace  of  Zhe-hal  in 
Tartary.  “  The  princes,  tributaries,  ambaffadors,  great 
officers  of  ftate,  and  principal  mandarines,  were  a"fcm- 
bled  ill  a  yaft  hall;  and  upon  particular  notice,  were  in¬ 
troduced  into  an  inner  building,  hearing,  at  lead,  the 
femblaiice  of  a  temple.  It  was  chiefly  furnilhed  with 
great  inftriiments  of  mufic,  among  which  were  fets  of 
cylindrical  bells,  fufpended  in  a  line  from  ornamented 
frames  of  wood,  and  gradually  diminifliing  in  fize  from 
one  extremity  to  the  other,  and  alfo  triangular  pieces 
of  metal  arranged  in  the  fame  order  as  the  bells.  To 
the  found  of  thefe  inftruments  a  flow  and  folemn  hymn 
was  fling  by  eunuchs,  who  had  fuch  a  command  of  their 
voices  as  to  refemble  the  effed  of  the  mufical  glaffes  at 
a  diftance.  The  performers  were  diredted,  in  gliding 
from  one  tone  to  another,  by  the  ftriking  of  a  flirill 
and  fonorous  cymbal ;  and  the  judges  of  mufic  among 
the  gentlemen  of  the  embaffy  were  much  pleafed  with 
their  execution.  The  whole  had  indeed  a  grand  effedl. 
During  the  performance,  and  at  particular  fignals,  nine 
times  repeated,  all  the  perfons  proftrated  themfelves 
nine  times,  except  the  ambaffador  and  his  fuit,  who 
made  a  profound  oheifance  (a).  But  he  whom  it  was 
meant  to  honour,  continued,  as  if  it  were  in  imitation  of 
the  Deity,  invifible  the  whole  time.’’ 

That  the  awful  impreffion  meant  to  he  made  upon 
_  3  H  the 
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(a)  The  Chinefe  court,  which  confiders  all  other  fovereigns  as  fuhordinate  to  their  own,  exadls  from  foreiirn 
mimltcrs,  as  well  as  from  natives  of  the  empire,  nine  proftrations  upon  their  firft  introduaion  to  the  emueror 
Ihis  demand  was  made,  in  the  laft  century,  of  the  Dutch,  who  inftantly  complied  with  it  in  hopes  of  ohtainin'i^ 
lucrative  advantages  ;  and  the  confequence  was,  that  their  ambaffador  was  treated  with  neo-lea^ 
and  difmiffed  without  promife  of  the  fmalleft  favour.  It  was  likewife  made  of  a  Ruffian  ambaffador  in  th^ore^ 
fent  century  ;  but  he  would  not  comply  with  it,  until  a  regular  agreement  was  made  for  its  return,  on  a  like  od 
cahon,  to  his  own  fovereign.  Lord  Macartney,  who  was  repeatedly  urgpd  to  go  through  tlie  fame  abiedl  cer<^- 
mony,  displayed  fuch  firm nefs  and  addrefs,  that  after  much  evafion  it  was  at  laft  announced  to  him,  that  his  im¬ 
perial  majefty  would  be  fatisfied  with  the  fame  form  of  refpedful  obedience  that  the  Engliffi  are  in  the  habit  of 
paying  to  their  own  fovereign  ;  and  upon  thefe  terms  his  lordffiip  was  introduced  and  gracioufly  received 
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China,  the  minds  of  men  by  this  apparent  v.-orfliip  of  a  fellow- 

- ^ - ^mortal  might  not  be  too  quickly  effaced,  all  feenes  ot 

fport  and  gaiety  were  poftponed  to  the  next  day,  when 
a  variety  of  entertainments  was  exhibited  in  the  pre¬ 
fence  of  the  emperor,  furrounded  by  his  court  and  tri¬ 
butary  princes.  .  r  1  m  • 

Notwithftanding  the  general  veneration  ot  the  L.ln- 
nefe  for  the  perfon  and  government  of  their  emperor, 
the  mandarines  afferted  that  a  fea  had  for  ages  fubfift- 
ed  in  the  country,  wdiofe  chief  principles  were  founded 
on  an  antipathy  to  monarchy;  and  who  nourifhed  hopes 
of  at  laft  fubvertiiig  it.  Their  meetings  were  held  in 
the  iitmoft  fecrecy,  and  no  man  avowed  any  knowledge 
of  them  ;  but  a  fort  of  inqulfition  was  faid  to  be  efta- 
bliflied  in  order  to  find  them  out,  and  they  who  were 
fufpeded  of  fuch  fentimeiits  were  cut  off,  or  hunted  out 
of  fociety.  Should  the  French  declaration  of  the  rights 
of  man,  which,  through  the  zeal  of  its  authors,  has 
been  tranfiated  into  one  of  the  languages  of  India,  find 
its  way  into  China  (of  which  the  court  is  faid  to  be 
much  afraid),  it  would  indeed  be  a  powerful  engine  in 
the  hands  of  this  fecret  fed  to  fap  the  foundations  of  the 
ancient  government.  The  minds  of  many  of  the  Chinefe 
are  far  from  fatisfied  with  their  condition,  which  lays 
both  their  perfons  and  their  fortunes  at  the  mercy  of 
the  mandarines.  No  private  man  in  China  is  exempted 
from  corporal  punifhment,  which  may  be  inftantly  in- 
fliaed  on  him  at  the  nod  of  a  magifirate;  and  when  he 
has  occafion  to  fpeak  to  a  great  mandarine,  he  is  obliged, 
by  the  police  of  the  country,  to  throw  himfelf  on  his 
knees,  and  in  that  pollure  to  communicate  his  bufinefs. 
The  mandarine  himfelf,  on  the  other  hand,  lies  under 
'the  hard  {flip  of  being  frequently  refponfible  for  events 
which  he  could  not  controuL  Upon  the  general  prin- 
ciple  that  it  is  his  duty  to  watch  over  the  morals  of  the 
people,  be  is  in  many  cafes  confidered  as  a  criminal  for 
not  preventing  crimes  which  he  had  not  been  able  to 
prevent.  The  mandarines  are  thus  aware  of  not  being 
guaranteed  by  good  condu(?t  againft  difgrace;  and  feel¬ 
ing  the  chagrin  of  infecurity,  many  of  them  muft  doubt- 
left  be  ripe  for  a  revolt.  Fear  may  keep  them  quiet  du¬ 
ring  the  reign  of  a  fovereign  poflefTcd  of  abilities  and  vigi¬ 
lance  ;  but  the  maxims  which  regulate  the  imperial  fuc- 
ceflion  are  fuch,  that  a  firm  confederacy  could  hardly 
fail  at  the  death  of  an  emperor  to  introduce  great  changes 
into  the  conftitution.  The  throne  of  China  is  neither 
hereditary  nor  eledive.  The  choice  of  a  fucceffor  is 
left  entirely  tp  the  reigning  prince,  who  may  exclude, 
as  has  been  inftanced,  even  his  own  offspring  and  fami¬ 
ly.  To  prevent  commotions  and  fraud,  it  is  no  un¬ 
common  praftice  for  the  emperor,  during  his  lifetime, 
to  declare  his  fucceffor  ;  for  when  his  fuccefiion  is  fet¬ 
tled  by  a  written  teftament,  the  throne  is  not  always 
filled  by  him  for  whom  it  was  deftined.  The  father  of 
the  emperor  to  whom  the  Britifh  embaffy  was  fent,  is 
faid  to  have  obtained  pofTefTion  of  the  throne  by  fud- 
denly  entering  the  palace  in  the  laft  moments  of  his 
predeceffor,  and  fubftituting  his  own  name  in  a  tefta- 
ment  intended  for  the  exaltation  of  another.^ 

To  what  has  been  faid  in  the  Encyclopaedia  of  the  re¬ 
ligion  of  the  Chinefe,  we  have  here  very  little  to  add. 
Various  deities  are  worfliipped  in  the  empire  by  very 
different  rites  and  ceremonies  ;  but  there  is  in  China  no 
ftate  religion.  None  is  paid,  preferred,  or  encouraged 
by  it.  The  emperor  is  of  one  faith;  many  of  the  man¬ 


darines  of  another ;  and  the  majority  of  the  common  ^ 
people  of  a  third,  which  is  that  of  Fo.  The  men  of  let¬ 
ters  venerate  rather  than  adore  Confucius  ;  and  meet  to 
honour  and  celebrate  his  memory  in  halls  of  a  fimple  but 
neat  conftruftion.  The  numerous  and  lower  claffes  of 
the  people  are  lefs  able  than  inclined  to  contribute  much 
towards  the  ereftion  of  large  and  coftly  edifices  for  pu¬ 
blic  worftiip  :  their  attention  is  almoft  wholly  engaged 
by  their  hoiiftiold  gods ;  for  every  houfe  has  Its  altar 
and  its  deities. 

“  No  people  are,  In  fa6f,  more  fuperftitlous  than  the 
common  Chinefe.  Befide  the  habitual  offices  of  devo¬ 
tion  on  the  part  of  the  priefts  and  females,  the  temples 
are  particularly  frequented  by  the  difciples  of  Fo  pre- 
vioufly  to  any  undertaken  of  importance  ;  whether  to 
marry,  or  go  a  journey,  or  conclude  a  bargain,  or 
change  fitnation,  or  for  any  other  material  event  In  life, 
it  is  neceffary  firft  to  confult  the  fuperliitendant  deity. 
This  Is  performed  by  various  methods.  Some  place  a 
parcel  of  confecrated  fticks,  differently  marked  and 
numbered,  which  the  confiiltant,  kneeling  before  the 
altar,  ftiakes  in  a  hollow  bamboo,  until  one  of  them  falla 
on  the  ground  ;  its  mark  Is  examined,  and  referred  to  a 
correfpondent  mark  In  a  book  which  the  prieft  holds 
open,  and  fometimes  even  it  is  written  upon  a  (heet  of 
paper  pafted  upon  the  infide  of  the  temple.  Polygonal 
pieces  of  wood  are  by  others  thrown  into  the  air.  Each 
fide  has  its  particular  mark ;  the  fide  that  Is  uppermoft 
when  fallen  on  the  floor  Is  in  like  manner  referred  ta 
its  correfpondent  mark  in  the  book  or  (beet  of  fate. 

If  the  firft  throw  be  favourable,  the  perfon  who  made 
it  proftrates  himfelf  in  gratitude,  and  undertakes  after¬ 
wards  with  confidence  the  bufinefs  In  agitation.  But 
if  the  throw  ftiould  be  adverfe,  he  tries  a  fecond  time,, 
and  the  third  throw  determines,  at  any  rate,  the  quef- 
tion.  In  other  refpeds,  the  people  of  the  pefent^ay 
feem  to  pay  little  attention  to  their  priefts.  The 
temples  are,  however,  always  open  for  fuch  as  choofe 
to  confult  the  decrees  of  heaven.  They  return  thanks^ 
when  the  oracle  proves  propitious  to  their  wiflies.^  Yet 
they  oftener  caft  lots  to  know  the  iffue  of  a  project eci. 
enterprife  than  fupplicate  for  its  being  favourable  ;  and 
their  worfiiip  confifts  more  in  tliankfgiving  than  iiv 
prayer. 

‘‘  The  Chinefe  are  feldom  faid  to  carry  the  objeas  to 
be  obtained  by  their  devotion  beyond  the  benefits  of 
this  life.  Yet  the  religion  of  Fo  profeffes  the  doarinc 
of  the  tranfmigration  of  fouls,  and  promifes  happinefis 
to  the  people  on  conditions,  which  were  no  doubt  ori¬ 
ginally  intended  to  confift  in  the  performance  of  moral 
duties  ;  but  in  lieu  of  which  are  too  frequently  fubftb 
tilted  thofe  of  contributions  towards'the  ereaion  or  re¬ 
pair  of  temples,  the  maintenance  of  priefts,  and  a  ftria 
attention  to  particular  obfervances.  The  neglea  of 
thefe  is  announced  as  punlfliable  by  the  fouls  of  the  de¬ 
faulters  pafiing  into  the  bodies  of  the  meaneft  animals, 
in  whom  the  fufferings  are  to  be  proportioned  to  the 
tranfgrefiions  committed  in  the  human  forrn.'’ 

Though  the  Chinefe  artifts  are  very  ingenious  as 
mere  workmen,  there  is  hardly  any  thing  which  de- 
ftrves  the  name  of  fcience  in  the  whole  empire.  So 
little  is  the  ftudy  of  mathematics  cultivated,  that  there 
are  few  fhopkeepers  in  China  who  can  perform  the  or¬ 
dinary  operations  of  arithmetic;  but  caft  up  their  ac- 
counts  by  means  of  an  inftrument  cdlled  fzv a rif an  (See 
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Chiri.  S’^AKPAN,  EticycL),  Though  the  compofitioii  of  gim- 
powder  was  certainly  known  in  China  much  earlier 
than  ill  Europe,  and  though  the  Chinefe  had  employed 
it  from  the  beginning  in  blafting  rocks,  and  in  making 
a  vaft  variety  of  fire- works  ;  yet  Sir  George  Staunton 
feems  convinced,  that  they  never  thought  of  the  inven- 
tion  of  guns  till  they  were  taught  by  the  Europeans  to 
introduce  them  into  their  armies. 

The  ftate  of  phyfic  in  this  vaft  country  is  extremely 
low,  being  nowhere  taught  in  public  fchools  or  colleges. 
“  A  young  man  who  wiflies  to  become  a  phyfician,  has 
no  other  way  of  acquiring  medical  knowledge  than  by 
engaging  himfelf  to  fome  pra£fitioner  as  an  apprentice. 
He  has  thus  the  opportunity  of  feeing  his  mailer^s 
pradlice,  ot  vifiting  his  patients  with  him,  and  of  learn¬ 
ing  fuch  parts  of  his  knowledge  and  fecrets  as  the  other 
choofes  to  communicate  to  him.  The  emoluments  of 
the  profefiion  feldom  exceed  the  ficill'of  the  praditioncr. 
As  many  copper  coin  as  fcarcely  are  equal  to  fixpence 
ilerling  is  laid  to  be  the  ufual  fee  among-  the  people  ; 
and  perhaps  quadruple  among  the  mandarines.  Medi¬ 
cine  is  not  divided  in  China  into  dillind  branches  as  in 
moil:  parts  of  Europe,  The  fame  perfon  ads  as  phyfi- 
cian,  furgeon,  and  apothecary.  The  fiirgical  part  of 
the  profefiion  is  fiill  more  backward  than  the  others. 
Amputation,^  in  cafes  of  compound  fradure  and  gan¬ 
grene,  is  utterly  unknown  ;  and  death  is  the  fpeedy 
confequeiiee  of  fuch  accidents.  The  Chinefe  method 
of  inoculation,  which  was  introduced  into  the  empire 
about  the  beginning  of  the  tenth  century  of  our  era, 
is  as  follows  :  When  the  difeafe  breaks  out  in  any 
diftrid,  the  phyficians  of  the  place  carefully  colled  a 
quantity  of  ripe  matter  from  pufiules  of  the  proper  fort  ; 
which  being  dried  and  pulvcrifed,  is  clofely  (hut  up  in 
a  porcelain  jar,  fo  as  to  exclude  from  it  the  atmofpheric 
air  ;  and  in  this  manner  it  will  retain  its  properties  for 
many  years.  When  the  patient  has  been  duly  prepared 
by  medicines,  generally  of  an  aperient  kind,  and  (Iridly 
dieted  for  a  fhort  time,  a  lucky  day  Ischolen  to  fpiinkle 
a  little  of  the  variolas  powder  upon  a  fmall  piece  of 
fine  cotton  wool,  and  to  infert  it  into  the  hoftrils  of 
the  patient. 

“  No  male  phyfician  is  allowed  to  attend  a  pregnant 
woman,  and  fiill  lefs  to  pradife  midwifery  ;  in  the  in¬ 
delicacy  of  which  both  fexes  feem  to  agree  in  China. 
1  here  are  books  written  on  that  art  for  the  ufe  of  fe¬ 
male  pradltioners,  with  drawings  of  the  ftate  and  pofi- 
lion  of  the  infant  at  different  periods  of  geftation  ;  toge¬ 
ther  with  a  variety  of  diredions  and  preferiptions  for 
every  fiippofed  cafe  that  may  take  place  :  the  whole 
mixed  wuth  a  number  of  fiiperfiitious  obfervances. 

Many  praditioners  of  phylic  take  the  advantage,  as 
elfewhere,  of  the  obfeurity  in  which  that  art  is  invol¬ 
ved,  and  of  the  ignorance  and  credulity  of  the  people, 
to  gain  money  by  the  fale  of  noftrums  and  fecrets  of 
their  own.  They  diftribute  hand  bills,  fetting  forth 
the  efficacy  of  their  medicines,  with  attefied  cures  an¬ 
nexed  to  them.  And  there  is  one  fed  which  boldly 
arrogates  to  itfelf  the  poffeflion  of  a  medical  fecret  not 
io  die  !  To  thofe  w  ho  had  all  the  enjoyments  of  this 
life,  there  remained  unaccomplifhed  no  other  wilh  than 
that  of  remaining  for  ever  in  it.  And  accordingly  fe- 
veral  fovereigns  of  China  have  been  known  to  cherifh 
the  idea  of  the  pofiibility  of  fuch  a  medicine.  They 
had  put  themfelves,  in  full  health,  under  the  care  of 


thofe  religious  empirics,  and  took  large  draughts  of  the 
boafied  beverage  of  immortality.  The  compofition 
did  not  confift  of  merely  harmlefs  ingredients ;  but  pro¬ 
bably  of  luch  extrads  and  proportions  of  the  poppy, 
and  of  other  fubfianccs  and  liquors,  as  bccafioning  a 
temporary  exaltation  of  the  imagination,  paffed  for  an 
indication  of  its  vivifying  effedsi  Thus  encouraged, 
they  had  recourfe  to  frequent  repetitions  of  the  dofe, 
which  brought  011  quickly  languor  and  debility  of  fpi- 
rits :  and  the  deluded  patients  often  became  vidims  to 
deceit  and  folly  in  the  flower  of  their  age. 

There  are  in  China  no  profeffors  of  the  fciences 
conneded  with  medicine.  The  human  body  is  never, 
unlefs  privately,  diffeded  there.  Books,  indeed,  wuth 
drawings  of  its  internal  firndure  are  foinetimes  publilh- 
ed  ;  but  thefe  are  extremely  imperfed,  and  confulted, 
perpaps,  oftener  to  find  out  the  name  of  tlie  fpirit  un¬ 
der  vvhofe  protection  each  particular  part  is  placed,  than 
for  obferving  its  form  and  fituation. 

“  It  is  a  matter  of  doubt,  whether  natural  hiffory,  na¬ 
tural  philofophy,  or  caemillry,  be,  as  fcierces.  much 
more  improved  than  anatomy  in  Chi -a.  There  arc  fe- 
veral  treatifes,  indeed,  on  particular  fubjeds  in  each* 
The  Chinefe  likew'ife  p<^ffefs  a  very  voluminous  Ency’’- 
clopaedia,  containing  many  fads  and  obiervations  rela¬ 
tive  to  them  ;  but  from  tlie  few  lefearches  w  hich  the 
gentlemen  of  the  embafiy  had  leilure  or  opportunity 
to  make  during  their  fliort  vifit  to  the  country,  they 
perceived  no  traces  of  any  general  fyftem  or  dodrine 
by  which  feparatc  fadls  or  obierveitions  w’cre  conneded 
and  compared,  or  the  common  properties  of  bodies  af- 
certained  by  experiment  ;  or  where  kindred  arts  wj-ere 
conduded  on  limiiar  views,  or  rules  framed,  or  deduc¬ 
tions  drawn  from  analogy,  or  principles  laid  dowm  to 
confiitutea  feienee.^’ 

Ot  all  people  the  Chinefe  are  perhaps  the  moft  eager 
in  their  curiofity  about  foreigners  coming  -among  them, 
and  the  niofi  iudifierent  about  t,he  countries  of  fuch  fo¬ 
reigners.  ^  They  have  been  always  in  the  habit  of  con¬ 
fining  their  ideas  to  their  own  country,  emphatically 
the  middle  kingdom.  No  Chinefe  ever  thinks  of 
quitting  it,  except  a  few  of  defperate  fortunes  refiding 
near  tne  lea-coafi,  or  fea*fariiig  men,  w’ho  form  a  clafs, 
in  a  great  meafu re,  apart  from  fociety.  Even  foreign 
commodities  confumed  in  China  remind  them  only  of 
Canton,  whence  they  received  them,  as  if  produced  in 
it  ;  and  thefe  commodities  they  confider,  perhaps  pro¬ 
perly,  as  of  no  real  benefit  to  the  empire.  Regions  out 
of  Alia  are  fcarcely  mentioned  in  their  books,  or  no¬ 
ticed  in  their  diftorted  maps  ;  and  the  great  body  of 
the  people  would  be  little  gratified  with  accounts  of 
fuch  regions,  which  did  not  contain  tales  of  wonders 
not  performed  at  home,  or  of  powx^rs  exerted  beyond 
the  ordinary  boundaries  of  nature. 

CHINESE  PUMP.  See  Pump  in  this  Supplement, 

Chiness  IVeights  are  fo  very  different  in  many  refpeds 
from  thofe  in  ufe  elfewhere,  that  it  will  at  leafi  gratify 
the  curiofity  of  our  readers  to  take  fome  notice  of  them 
m  this  Work.  Of  thefe  weights  Charles  Coqiiebert 
has  prefented  a  fpecimen  to  the  Philomathematical  So- 
ciety  in  Paris.  They  are  made  cTf  copper,  and  bear  a 
great  refemblanc®  in  form  to  the  body  of  a  violin. 
Like  that  inftrument,  they  are  rounded  off  at  the  ex- 
^emities,  and  indented  on  the  fides  to  admit  the  fingers* 
The  faces  are  fiat  and  parallel,  and  have  Chinefe  cha- 
3^2  raders 
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Chincfe.  n^lers  engraven  on  tlie  upper  furface.  ^  ^ 

a  regular  decimal  progreflion,  of  which  Coquebert 
has  difeovered  four  diftina  feries,  the  units  of  which 
are  in  the  proportion  of  ij  I0>  lOO,  looo.  Infteadof 
employing  a  combination  of  one,  two,  four,  and  ei^ht 
units,  or  after  the  new  fyftem  of  one,  two,  and  five  units, 
the  Chinefe  have  a  diftina  weight  for  every  interrnedi- 
ate  number  between  one  and  ten.  Thus  they  have  weights 
©f  1,2,  5,  4>  5j  6,  7,  8,  9,  lOj  20,  30,  40,  50,  60,  70, 
80,90,  See.'  Of  coui-fe,  thofe  weights  which  {land  re¬ 
lated  to  each  other  in  the  proportion  of  6  to  7,  7  to  8, 
8  to  9,  9  to  10,  differ  fo  little  in  fize,  that  it  would  be 
Impoflible  to  diftinguiih  them  without  the  help  of  the 
eharaaers  which  are  engraven  upon  the  face.  T.  his  is 
confeffedly  a  defc6h  in  the  fyftem.  Of  the  four  diffe- 
Tent  feries  exhibited  to  the  fociety,  the  highetl  beaTS  in 
China  the  name  of  iin,  and  is  nearly  of  equal  value 
with  a  pound  avoirdupois.  The  kin  contains  ten  tirnes 
the  number  of  units  of  the  next  inferior  weight,  which 
the  Chinefe  denominate  leang  or  loam,  and  which  the 
Europeans  call  tael,  taiUe,  or  Chinefe  ounce.  T.his  ounce 
is  divided  into  ten  tjien,  which  anfwers  nearly  to  our 
drachm.  The  then  is  again  fubdivided  into  ten  fen. 
The  Chinefe  extend  the  decimal  fubdivifion  of  their 
weights  confiderably  farther.  They  have  diftindf  names, 
which  are  all  monofyllabic,  for  nine  feries  below  the  fen. 
ISuppofing  the  kin  to  ftand  for  unity,  they  have, 
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The  Chinefe  weights,  compared  with  the  greateft 
precifion,  and  with  the  help  of  the  heft  inftruments, 
bearjhe  following  proportion  to  our  weights:  The 
kin  is  equal  to  1  pound  12  ounces  2  drachms  24 
o-rains;  the  leang  i  ounce  I  drachm  60  grains;  the  tfien 
*jo  grains  tct  >  ^ke  fen  7  grains  Confequently  the 

laft  of  this  feries,  the  fun,  amounts  to  no  more  than  o 
grains  000COOO0708. 

Chinese  Wheel  is  an  engine  employed  in  the  province 
of  Kiangfee,  and  probably  through  the  whole  empire, 
for  raifing  water  from  rivers  to  irrigate  plantations  of 
fugar  canes,  on  a  fandy  foil,  confiderably  elevated  above 
the  level  of  the  river.  By  Sir  George  Staunton,  who 
fays  that  it  is  ingenious  in  its  contrivance,  cheap  in  its 
materials,  eafy  in  its  operation,  and  effedfual  to  its  pur- 
pofe,  it  is  thus  deferibed  : 

Two  hard  wood-pofts  or  uprights  are  firmly  fixed 
jn  the  bed  of  the  river,  in  a  line  perpendicular  to  its 
bank.  Thefe  polls  fupport  the  axis,  about  ten  feet  in 
length,  of  a  large  and  durable  wheel,  confiding  of  two 
unequal  rims,  the  diameter  of  one  of  which,  clofeft  to  the 
bank,  being  about  fifteen  inches  (horter  than  that  of 
the  outer  rim  ;  but  both  dipping  in  the  ftream,  while 
the  oppofite  fegment  of  the  wheel  rifes  above  the  eleva¬ 
ted  bank.  This  double  wheel  is  conneAed  with  the 
axis,  and  is  fupported  by  16  or  18  fpokes  obliquely  in- 
ferted  near  each  extremity  of  the  axis,  and  eroding  each 
other  at  about  two-thirds  of  their  length.  They  are 
there  flrengthened  by  a  concentric  circle,  and  fallened 
afterwards  to  the  rims :  the  fpokes  inferted  in  the  in¬ 
terior  extremity  of  the  axis  reaching  the  outer  rim, 
and  thofe  proceeding  from  the  exterior  extremity  of  the 
fame  axis,. reaching  the  inner  and  fmaller  rim.  Betw^een 
the  rims  and  the  eroding  of  the  fpokes  is  woven  a  kind 
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They  advance  of  clofe  ban<et-work,  ferving  as  laddie-boards  or  floats, 

which  meeting  fucceflively  the  current  of  the  ftream,  ^  opme.  ^ 
obey  its  impulfe,  and  turn  round  the  wheel.  To  both 
its  rims  are  attached  fmall  tubes  or  fpouts  of  wood, 
with  an  inclination  of  about  25  degrees  to  the  horizon, 
or  to  the  axis  of  the  wheel.  The  tubes  are  clofed  at 
their  outer  extremity,  and  open  at  the  oppofite  end. 

By  this  pofition  the  tubes,  which  happen  in  the  motion 
of  the  wheel  to  be  in  the  ftream  with  their  mouths  or 
open  ends  uppermoft,  fill  with  water.  As  that  fegment 
of  the  wheel  rifes,  the  mouths  of  the  tubes  attach  to  it, 
alter  their  relative  inclination,  but  not  fo  much  as  to  let 
their  contents  flow  out  till  fuch  fegment  of  the  wheel 
becomes  the  top.  The  mouths  of  thofe  tubes  are  then 
relatively  deprefled,  and  pour  the  water  into  a  wide 
trough  placed  on  polls,  from  w^hence  it  is  conveyed  as 
may  he  wanted  among  the  canes. 

“  The  only  materials  employed  in  the  conftru6lion 
of  this  water-wheel,  except  the  nave  or  axis,  and  the 
polls  on  w'hich  it  refts,  are  afforded  by  the  bamboo. 

The  rims,  the  fpokes,  the  laddle-boards  or  floats,  and 
the  tubes  or  fpouts,  and  even  the  cords,  are  made  of 
entire  lengths,  or  Angle  joints,  or  large  pieces,  or  thin 
Dices,  of  the  bamboo.  Neither  nails,  nor  pins,  nor 
ferevvs,  nor  any  kind  of  metal,  enters  into  its  conftruc- 
tion.  The  parts  are  bound  together  firmly  by  cord- 
age,  alfo  of  flit  bamboo.  Thus,  at  a  very  trifling  ex¬ 
pence,  is  conftrufted  a  machi»>e  which,  without  labour 
or  attendance,  will  furnifti,  from  a  confiderable  depth, 
a  refervoir’with  a  conftant  fupply  of  water  adequate  ti> 
every  agricultural  purpofe. 

“  Thefe  wheels  are  from  20  to  40  feet  in  diameter, 
according  to  the  height  of  the  bank  and  confequent 
elevation  to  which  the  water  is  to  be  raifed.  Such  a 
wheel  is  capable  of  fuftaining  with  eafe  20  tubes  or 
fpouts,  of  the  length  of  four  feet,  and  diameter  two 
inches  in  the  clear.  The  contents  of  fuch  a  tube  would 
be  equal  to  fix-tenths  of  a  gallon,  and  a  periphery  of 
20  tubes,  twelve  gallons.  A  ftream  of  a  moderate  ve¬ 
locity  would  be  fufficient  to  turn  the  wheel  at  the  rate 
of  four  revolutions  in  one  minute,  by  which  would  be 
lifted  48  gallons  of  water  in  that  ftiort  period  ;  in  one 
hour,  2880  gallons  ;  and  69120  gallons,  or  upwards  of 
300  tons  of  water,  in  a  day.^’  ^  « 

Sir  George,  who  faw  this  wheel  in  motion,  thinks  it 
preferable  in  many  refpe6ls  to  any  machine  yet  in  ufe 
for  fimilar  purpofes.  He  obferves,  that,  while  it  ap¬ 
proaches  near  to  the  Perfian  wheel,  of  which  a  defcrip- 
tion  and  figure  is  given  in  the  article  Hydrostatics, 

Encycl.  it  is  more  Ample  than  that  wheel^  in  its  con¬ 
trivance,  and  much  lefs  expenfive.  This  is  indeed  true  ; 
but  the  fimpleft  engine  of  the  kind,  and  therefore  the 
heft  that  has  yet  been  invented,  is  perhaps  that  which 
is  employed  to  throw  water  into  the  mofs  of  Blair 
Drummond  in  Perthftiire.  See  Moss,  Encycl. 

C  HO  PINE,  Choppine,  or  Chopeene,  a  high  flioe,  or- 
rather  clog,  worn  200  years  ago  by  the  Italians. 

Tom  Cory  at,  in  his  Crudities  16  ii.  p.  262,  calls 
them  chapineys,  and  gives  the  following  account  of  them : 

“  There  is  one  thing  ufed  of  the  Venetian  women,  and 
fome  others  dwelling  in  the  cities  and  towns  fubjed  to 
the  figniory  of  Venice,  that  is  not  to  be  obferved,  I 
thinke,  amongft  any  other  women  in  Chriftendome, 
which  is  fo  common  in  Venice,  that  no  women  whatfo- 
ever  goeth  without  it,  either  in  her  houfe  or  abroad. 
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Chowdry  a  thing  made  of  nvood  and  covered  vatth  leather  of  fandry 
colors,  forne  <iviih  white,  feme  redde,  fome  yellow.  It  is 
called  a  cliapiney,  which  they  wear  under  their  Jhoes, 
^  Many  of  them  are  curioufly  painted ;  fome  alfo  of  them 
I  have  feen  fairly  gilt  ;  fu  uncomely  a  thing,  in  my 
opinion,  that  it  is  pitty  this  foolilh  cuftom  is  not  cleane 
banifhed  and  exterminated  out  of  the  citie.  There  are 
many  of  thefe  chapineys  of  a  great  height,  even  half  a  yard 
high,  which  maketh  many  of  their  women  that  are  very 
fhort  feeme  much  taller  than  the  tailed  women  we  have 
in  England.  Alfo  I  have  heard  it  obferved  among 
them,, that  by  how  much  the  nobler  a  woman  is,  by  fo 
much  the  higher  are  her  chapineys.  All  their  gentle¬ 
women,  and  mod  of  their  wives  and  widowes  that  are 
of  any  wealth,  are  afiided  eyther  by  men  or  women 
when  they  walke  abroad,  to  the  end  they  may  not  fall. 
They  are  borne  up  mod  commonly  by  the  left  arme, 
otherwife  they  might  quickly  take  a  fall.” 

Chowdry,  in  Bengal,  the  pofiefTor  of  feveral 
Talooks,  It  is  alfo  ufed  as  fynonymous  with  Talookdar, 
anciently  a  colledor.  See  Talook  in  this  Supplement. 

CHRISOM  was  not,  as  is  faid  in  the  Encyclopaedia, 
a  face-cloth  or  piece  of  linen  laid  over  the  child’s  head 
when  it  was  baptized ;  but  it  was  a  white  vedure  or 
garment,  which,  immediately  after  it  was  baptifed,  the 
pried  put  upon  it,  faying,  “  Take  this  white  vedure  as 
a  token  of  the  innocency,  which,  by  God’s  grace  in 
this  holy  facrament  of  baptifra,  is  given  unto  thee,  and 
for  a  fign  whereby  thou  art  admonilbed,  fo  long  as  thou 
Jived,  to  give  thyfelf  to  innocence  of  living,  that  after 
this  tranfitory  life  thou  mayed  be  partaker  of  life  ever- 
lading.  Amen.” 

As  foon  as  the  pried  had  pronounced  thefe  words, 
he  anointed  the  infant  upon  the  head,  faying,  Al¬ 
mighty  God,  the  Father  of  our  Lord  Jefus  Chrid,  who 
hath  regenerated  thee  by  water  and  the  Holy  Ghod, 
and  hath  given  unto  thee  the  remiflion  of  all  thy  fins  ; 
he  vouchfafe  to  anoint  thee  with  the  uiudion  of  his 
Holy  Spirit,  and  bring  thee  to  the  inheritance  of  ever- 
Jading  life.  Amen.” 

It  was  from  this  anointing  or  chrifm  that  the  white 
garment  got  the  name  of  chrifom,  which,  after  being 
worn  a  few  days,  was  offered  to  the  pried  to  be  kept 
in  the  church  or  vedry,  in  order  to  be  produced  as 
evidence  againdthe  perfoii  whofe  chrifom  it  was,  fhould 
he  afterwards  deny  the  faith  in  which  he  had  been 
baptized.  Thefe  ceremonies  were  retained,  for  fome 
time  after  the  reformation,  in  the  church  of  England, 
which  ordered  the  mother  of  the  child  (if  the  child  was 
then  alive)  to  offer,  when  die  was  churched,  chrifom 
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and  other  accudomed  offerings.  If  the  child  died'be- 
fore  its  mother  was  churched,  the  chrifoyn  was  not  .gi¬ 
ven  to  the  pried,  but  employed  as  a  Ihroud,  in  which 
the  body  was  buried  ;  and  hence  it  is  that  chrifoms  are 
now  enumerated,  mod  abfurdly  indeed,  in  the  weekly 
bills  of  mortality.  We  fay  abfurdly  ;  becaiife  children 
%vlio  die  ufibaptized  are  called  though  the  chri- 

fom,  when  it  was  ufed,  was  never  put  on  till  baptifm. 
See  Whitby  on  the  Book  of  Common  Prayer, 

CHRONOLOGICAL  characters  are  charaders 
by  which  times  are  didinguidied.  Of  thefe  fome  are 
natural  or  adronomical ;  others,  artificial  or  hidorical. 
The  natural  cliaraaers  are  fuch  as  depend  on  the  mo¬ 
rons  of  the  dars  or  luminaries,  as  ecUpfes^  foljlices^  equi* 


noxes,  the  different  afpeBs  of  the  planeii;  &c.  The  ar¬ 
tificial  characters  are  tliofe  that  have' been  invented  and 
edablifiied  by  men  ;  as  the  folar  cycle,  the  lunar  cycle, 
&c.  Hidorical  chronological  characters  are  thofe  fup- 
ported  by  the  tedimony  of  hidorians,  when  they  fix  the 
dates  of  certain  events  to  certain  periods,  Hutton* s  Ma^r 
thematical  DiBionary, 

CHRONOSCOPE,  a  word  fometimes  ufed  to  de¬ 
note  a  pendulum  or  machine  to  meafure  time. 

CHUCKIAH,  in  Bengal,  the  jurifdiclion  of  a  Fo^ 
gedar.  See  Fogedar  in  this  Supplement. 

^  CHURCH  is  a  word  which  has  many  different  fig- 
njfications,  all  fufficiently  explained  in  the  Encyclope¬ 
dia  Britannica,  where  there  is  likewife  given  a  concife 
hijloryoi  the  Chridian  church  (fee  History,  SeCl.  ii.), 
defective,  indeed,  but  perhaps  not  more  fo  than  was  to 
be  expected  from  the  limits  of  the  work  and  the  extent 
of  the  fubjeCt. 

Of  the  conditution  of  the  primitive  and  apodolical 
church,  no  man  can  have  a  correCt  notion  who  has  not 
taken  the  trouble  to  confult  the  primitive  and  apodoli. 
cal  writers  ;  for,  as  we  have  elfewhere  obferved,  all  mo¬ 
dern  compilers  of  eccleliadical  hidory  are  more  or  lefs 
prejudiced  in  behalf  of  the  particular  church  to  which 
they  belong,  and  wred  the  language  of  the  original 
writers  fo  as  to  make  them  bear  witnefs  to  the  antiqui¬ 
ty  modes  of  faith  and  ecclefiajltcal  polity,  which  are  not 
perhaps  a  hundred  years  old. 

On  this  account  we  fliall  not  here  attempt  to  corredl: 
what  we  really  think  the  midakes  of  him  who  compiled 
the  feebion  of  ecclefiadical  hidory  in  the  Encyclopedia. 
Mofheim  and  oir  Peter  King,  whom  lie  feems  to  have 
implicitly  followed,  were  indeed  great  men  ;  and  it 
would  be  folly  to  deny  that  the  liifiory  of  the  former, 
and  the  Inquiry  of  the  latter  into  the.  ConJIiiution  of  the 
Primitive  Church,  are  works  of  learning  and  ingenuity  ; 
but  it  is  not  perhaps  too  much  to  fay,  that  both  au¬ 
thors  wrote  under  the  influence  of  prejudice.  Our  read- 
ers  will  difeover  how  clofely  either  the  one  or  the  other 
has  adhered  to  truth,  by  dudyiiig  the  ecclefiadical  wri¬ 
ters  of  the  fird  four  centuries.  Such  a  dudy  will  make 
them  acquainted  with  the  dodrines,  difeipline,  and  wor- 
ihip  of  the  church  before  it  wa«  incorporated  with  the 
date  ;  and  we  know  not  that  kind  of  knowledge  which 
is  of  more  importance  to  the  divine,  however  mucli  it 
may  be  defpifed  in  this  age  of  affeded  fcieuce  and  real 
ignorance. 

Of  the  principal  churches  at  prefent  exiding,  a  pretty 
full  account  is  given  in  the  Encyclopaedia,  either  under 
their  different  denominations,  or  under  the  titles  of  thole 
tenets  by  which  they  are  chiefly  didinguidied  ;  fo  that 
from  that  Work  alone  a  reader  may  form  a  tolerably 
notion  of  the  faith,  wordiip,  conditution,  and 
difciphne  of  the  church  of  Rome,  the  churches  of  En<r- 
land  and  Scotland,  the  Lutheran  and  Galvinidictl 
churches  on  the  continent  of  Europe,  as  v/ell  as  of  the 
various  feds  which  have  arifen  in  thefe  kingdoms  du¬ 
ring  the  courfe  of  the  lad  and  prefent  centuries.  There 
IS,  however,  one  church  which  boads  of  a  very  hicrh  an¬ 
tiquity,  and  is  certainly  fpread  over-a  larger  extent  of 
country  than  all  the  other  churches  that  we  have  men¬ 
tioned,  of  which  the  account  given  in  the  Encyclop  e¬ 
dia  IS  exceedingly  defedive.  Our  readers  will  perceive 
that  the  church  to  which  we  allude,  is 
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Church,  which  comprehends  in  its  bo-  contrary  to  the 


Gh^i’ch.  The 'Greek  w^t/rvu..,  . -  i  >-.  • 

* - - - ^fom  (a)  a  confiderable  part  of  Greece,  the  Grecian 

The  Greek  ifles-  Wallachia,  Moldavia.  Egypt,  AbylTinia,  Nubia, 


church. 


Lybia,  Arabia,  Mefopotamia,  Syria,  Cilicia,  and  Pale 
ftine,  which  are  ail  under  the  juiifdiaioii  of  the  patri- 


fUiiiiaiy  vw  tiiv.  —  — - c> ■  ' 

which,  according  to  them,  prohibits  only  the  worlliip- 
ping  of  fuch  idols  as  the  Gentiks  believed  to  be  gods  ; 
whereas  their  piftuijes,  being  ufed  merely  as  remembran¬ 
cers  of  Chriil  and  the  fainls,  have  written  on  each  of 


Church, 


{line  which  are  all  under  the  lunldiCtioii  or  me  pan i- 

Lhs  of  Condantinople,  Alexandria,  Antioch,  and  Je-,  them  tne  name  of  the  perfon  wnom  it  is  meant  to  re- 
-  If  to  tbefe  we  add  the  whole  of  the  Ruffian  nrefent.  Dr  K.mr  affures  us  that  the  more  learned  of 


rufalem 
empire  in 


Europe, 


prefent.  Dr  King  affuves  us  that  the  more  learned  of 
the  Rufllan  clergy  would  willingly  allow  no  reprefenta- 
tion  whatever  of  God  the  Father  ;  and  that,  during  the 
reign  of  Peter  the  Great,  the  fynod  not  only  ceniured 
Latin,  with  all  the  branches  which  have  tprung  irom  the  ufe  of  fuch  piAures  in  churches,  but  petitioned  tlie 
h-  and  that  it  is  with  great  impropriety  that  the  church  emperor  that  they  might  be  everywhere  taken  down 

of  Rome  is  called  by  her  members  thcM  or  uni-  Peter,^however,  dtough  1-^ ^ly^^concurred  in^op.n.oi. 


xw  _ part  of  Siberia  in  Aha,  Af- 

tracan,  Cafan,  and  Georgia— it  will  be  evident  that  the 
Greek  church  h  is  a  wider  extent  of  territory  than  the 
Latin,  with  all  the  branches  which  have  fprung  from 


The  faith 

of  that 
church. 


verfal  church.  That  in  thefe  widely  diftant  countries 
the  profeffors  of  Chriftianity  are  agreed  in  every  minute 
article  of  belief,  it  would  be  rafh  to  afiert  ;  but  there  is 
certainly  fuch  an  agreenvei-it  among  them  with  refpect 
both  to  faith  and  to  difcipliiie,  that  they  mutually  hold 
communion  with  each  other,  a-nd  are  in  fad  but  one 

As  the  Greek  church  has  no  public  or  eftabhihed 
articles,  like  thole  of  the  churches  of  England  _aiid 
Scotland,  we  can  colled  what  Is  Its  dodrine  only  from 
its  creeds,  from  the  councils  whofe  decrees  it  receives  (b  ), 
from  the  different  oihees  in  its  liturgies,  and  fi'om  the 
catechifms  which  It  authurlfes  to  be  taught. 
dodrine  of  the  Trii;ity,  and  the  articles  of  the  Nicene 
and  Athanafiaii  creeds,  are  received  by  the  Greeks  in 
common  with  other  Chrilliios.  In  one  particular,  in¬ 
deed,  they  differ  from  the  other  churehes  of  Europe, 
whetlici  komilh  or  refbrmed.  They  believe  that  the 
Holy  Spirit  proceeds  from  the  father  tinly,  and  not 
from  the  Father  and  the  Son  ;  and  in  defence  this 
opinion  they  appeal  to  ecckfialHcal  hdlory,  the  ads  of 
councils,  the  writings  of  the  fathers,  ancient  manu- 
feripts,  and  efpecially  to  a  copy  of  the  creed  of  Con- 
ftantinoplc,  engraven  on  two  tables  of  filver,  and  hung 
up  in  the  church  of  St  Peter  at  Rome  by  order  of  Leo 
Qf  tlie  Nicene  or  Conllantlnopolitaii  creed,  there- 
fore,  as  it  is  received  by  them,  the  eighth  article  runs 
in  thefe  words,  ‘  I  believe  in  the  Holy  Ghpll,  Ure 
Lord  and  Giver  of  life,  who  proceedetli  from  the  I'A- 
TMER,  and  with  the  Father  and  the  Son  together  is 
Con-  ^orlhipped  and  glorified  And  the  correfpond.ng  ar- 
Jantinophy  of  the  Athanafian  creed  is  of  courfe,  “  The  hloly 

AncUnt  and  Fat  HER,  neither  made,  nor  created,  nor 

begotten,  but  proceeding  f.”  ^  .  , 

Thouo-h  the  biffiops  and  clergy  of  the  Greek  church 
images,  which  they  pretend  to  be  one 
It  admits  of  caufe  of  their  fepa.ation  from  the  fee  of  Rome,  they  ad- 
ciaures,  mit  into  their  churches  the  piaurcs  ot  faints  to  inftrudt, 
but  not  01 


\  Datin’' 


^oierriy 

and  Kings 
Kites  and  Ce~ 


with  the  fynod,  thought  this  a  meafure  for  which  the 
minds  of  his  fubjeds  were  not  ripe,  and  dreaded,  tliat^ 
if  carried  into  execution  it  would  occafion  a  general  In- 
furredion.  Such  pidures,  therefore,  though  not  more 
impious  than  abturd,  are  Hill  m  ufe  ;  and  iii  many 
churche?!  as  well  ancient  as  modern,  the  figure  of  Da¬ 
niel's  Ancient  of  Days,  together  with  that  of  Chrijl  and 
a  Jove,  are  painted  in  one  group  to  fignify  the  Holy 
Trinity.  Nay,  when  our  author  was  in  St  Peterfbiirg, 
not  thirty  years  ago,  there  was  in  the  church  of  St  Ni¬ 
cholas  the  pidurc  of  an  old  man  holding  a  globe,  and 
furrounded  with  angels,  on  which  God  the  Father 
was  iiifcribed  ;  and  we  have  not  heard  that  the  pidure 
has  been  fince  taken  down.  ^ 

In  the  Greek  as  well  as  in  the  Roman  church,  the  Invocation 
invocation  of  faints  is  pradlfed,  but  they  are  not  invo- of  faints, 
ked  in  either  as  deities,  but  merely  as  interceffors  with 
the  Supreme  God,  “  it  being  more  modefi:  (fay  the 
Greeks),  as  well  as  more  available,  to  apply  to  them  to 
Intercede  with  God,  than  to  addrefs  ourfelves  immedi¬ 
ately  to  the  Almighty.”  Plaiilihle  as  this  reafoiiing 
may  at  fu  ll  fight  appear,  it  aferibes  tg  the  faints  the  di¬ 
vine  attribute  of  iibiqu.ty,  and  is  likewile  In  diied  con- 
tradidion  to  the  dodrine  of  St  Paul,  who  Ivaih  taught 
us,  that  as  “  there  Is  one  God,  fo  there  is  but  one  me¬ 
diator  between  God  and  man,  the  man  ChriH  Jefus.”  5 

The  Greek  church,  at  the  celebration  of  the  Lord’s  Players 
Supper,  commemorates  the  faithful  departed,  and  even 
prays  for  the  remiflion  of  their  fins  ;  but  flie  allows  not 
of  purgatory,  nor  pretends  to  determine  dogmatically 
concerning  the  Hate  or  condition  of  departed  fouls. 

She  muH,  however,  believe  that  no  final  judgrnent  is 
pafl'ed  upon  the  great  body  of  mankind  (c)  till  the 
confummation  of  all  things,  otherwife  fuch  prayeis 
could  not  be  offered  without  abfurdlty  ;  and  In  this  part 
of  her  dodrine  Hie  is  certainly  countenanced  by  all  the 
writers  of  the  primitive  church.  If  not  by  fome  paffages 
of  the  facred  feriptures  *.  The  pradic^  of  praying  for  ^  jvr.7/A. 


ures  ot  faints  to  inltruCt,  or  tne  lacrcu  r - -  r  >0  iviasv, 

. .  -  .  nf  thc  dead  is  loudly  condemned  in  every  Protettant  conn- xxv.  19,  20 

they  fay,  the  ignorant,  and  to  animate  the  derotion  ot  he  deao  is  to  y  who  does  not  in  efTea-3r-34. 

others.  This  practice  they  conhder  aS  by  no  means  tr) ,  and  yet  there  is  no  c-n  ir 
itna-ges.  _  1  '  iv.  8. 


(a)  King’s  RiUs  and  Ceremomes  of  the  Greek  C^««/r-B.-uce’s  Travels  to  the  Source  of  the  M/r-and  Lobo’s 

Voyage  to  Ahyfnui.  .0  po„ncils  are  received,  and  nine  provincial  ones.  The  feven  general 

(B)  in  the  Greek  church  feven  gciieia  <=”2“®  Conftantinl  2.  The  firft  council  of  Conftan- 

councils  are,  i.  Ihe  council  of  Nice,  h  Areat^  q  The  council  of  Ephefus,  A.  D.  4U,  in  the  reign 

tinople,  l,dJ  A.p.  38  c,  iinJet  ,  j  a  ^  in  tht  rtlgn  of  Mareran.  3.  The  ftcond  coon- 

*■(?)■  We  ■%  it  pS"  bt';”  tSntCr «,e  *ub,'lerrbdl.r .hat  Enoch,’  Eliaa,  and  iboCe  faint,  who 
voh  with  our  Saviour,  have  been  already  judged,  and  now  enjoy  their  reward  in  heaven. 
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pray  for  Kis  departed  friends.  This  appear  a  pa¬ 
radox,  but  it  is  an  obvious  and  a  certain  truth  ;  for 
where  is  the  man  who  believes  in  a  general  judgment, 
and  does  not  njuipo  that  his  deceafed  wife,  or  parent,  or 
child,  or  friend,  “  may  find  mercy  of  the  Lord  in  that 
day  Such  a  wifii  is  the  efience  of  a  prayer  ;  which 
confifts  nut  of  the  founds  in  which  our  fentiments  are 
cloathed,  but  in  the  afpirations  of  a  d-evout  heart. 

Supererogation,  with  its  confequcnt  indulgencies  and 
difpenfations,  which  were  once  fo  profitable,  and  after¬ 
wards  fo  fatal  to  the  interells  of  the  court  of  Rome,  are 
utterly  difaliowed  in  the  Greek  church,  which  likewife 
lays  no  claim  to  the  charadier  of  infallibility.  Sheris 
indeed,  like  fume  other  churches,  very  incoafiftent  on 
this  laft  topic  ;  for  whilft  flie  pretends  not  to  an  abfo- 
lute  exemption  from  error,  her  clergy  feem  to  coiifider 
their  own  particular  mode  of  w'orfhip  as  that  which 
alone  is  acceptable  to  God. 

Prcdeilination  is  a  dogma  of  the  Greek  church,  and 
a  very  prevailing  opinion  amongft  the  people  of  Riifira; 
‘‘  and  I  mud  do  the  juilice  (fays  Dr  King)  to  thofe 
who  have  written  upon  it,  efpecially  the  latell  authors 
of  that  counti'y,  to  fay  that  they  have  treated  it,  as  de¬ 
pending  on  the  attribute  of  prefcience  in  the  divine  na¬ 
ture,  wuth  a  much  better  kind  of  logic  than  that  with 
which  fnch  points  are  generally  difeufled.’’  As  our 
author  has  not  given  us  the  reafoning  of  the  Rufiian* 
do6lors  on  this  difficult  fubjedt,  we  cannot  hazard  any 
opinion  of  our  own  on  the  foundnefs  of  their  logic  ; 
but  from  the  date  of  fcience  in  that  vad  empire,  as  it 
was  reprefented  to  us  by  an  abler  judge  than  he,  we 
doubt  of  its  being  entitled  to  the  praife  which  he  be- 
dows  on  it.  (See  Russia,  EncycL) 

In  the  Greek  church  there  are  facr ament s ;  or,  as 

they  are  there  termed,  myfierics^  viz.  haptifm;  xht  chrifm^ 
or  baptifmal  undlion  ;  the  eucharjji  ;  confejfion  ;  ordina¬ 
tion  ;  marriage ;  and  the  mydery  of  the  holy  oil,  or  eu- 
chelaion.  By  the  Greeks  a  mydery  is  defined  to  be 
“a  ceremony  or  a£l  appointed  by  God,  in  wdiich  God 
giveth  or  fignificth  his  grace  ;  and  of  the.  feventh  wffiich 
they  celebrate,  four  are  to  be  received  by  all  Chridians, 
viz.  baptifm,  the  laptifmal  undion^  the  eucharijl^  and  con- 
fejfion.  Of  thefe,  baptifm  and  the  euchariji  are  deemed 
the  chief;  and  of  the  other  three,  none,  not  even  the 
euchelaioU’,  is  confidertd  as  obligatory  upon  all. 

With  refpeft  to  baptifm,  we  know  not  that  they  hold 
any  peculiar  opinions.  They  confider  it  indeed  as  fo 
abfolutely  neceflary  to  falvation,  that  in  cafes  of  extre¬ 
mity,  when  a  pried  or  deacon  cannot  be  had,  it  may  be 
adminidered  by  a  midv/ife  or  any  other  perfon,  and  is 
not  to  be  repeated  on  any  occafion  whatever.  In  this 
opinion,  as  well  as  in  the  practice  founded  on  it,  they 
are  in  perfect  harmony  with  the  church  of  Rome, 
which,  as  every  perfon  knows,  has  for  many  ages  al¬ 
lowed  the  validity  of  lay-baptifm  in  cafes  of  iieceffity. 
The  Portuguefe  Jefuits,  who  in  the  lad  century  vifited 
Abyffinia  in  the  capacity  of  miffionaries,  have  maintain¬ 
ed  that,  once  every  year,  all  grown  people  are  in  that 
country  baptifed  ;  but  Mr  Bruce  has  ffiewn,  by  the 
mod  incontrovertible  evidence,  that  this  was  a  mere 
fidtion,  invented  to  throw  odium  upon  what*  the  churcl^ 
of  Rome  calls  the  eadern  chifm,  and  abhors  perhaps 
more  than  paganifm  itfelf. 

The  daily  fervice  of  the  Greek  church  is  fo  long  and 
fo  complicated,  that  it  is  impoflible  for  us  to  give  an 
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adeqiiade  account  of  it  without  fw^elling  this  article  far 
beyond  its  due  proportion.  Of  this  the  reader  will  be 
convinced,  when  he  is  informed  that  the  feveral  books 
containing  the  church  fervice  for  all  the  days  in  the  and  tedious* 
year,  amount  to  more  than  twenty  volumes  in  folio, 
befides  one  large  volume  called  the  regulation^  which 
contains  the  direclions  how  the  red  are  to  be  ufed. 

The  four  gofpels  make  one  volume  by  themfelves  ; 
and  whenever  the  gofpel  is  read  in  any  fervice,  the  dea¬ 
con  exclaims  ;  “  Wifdom,  dand  up.  Let  us  hear  the 
holy  gofpel.’’  The  pried  then  faith,  “The  leflbn  from 
the  gofpel  according  to  St  Matthew,  St  Mark,  dec.” 

The  deacon  fays  again,  “Let  us  dand.”  The  choir, 
at  the  begiuiiing  and  end  of  the  gofpel,  always  fays, 

“  Glory  be  to  thee,  O  Lord,  glory  be  to  thee.”  From 
the  old  tedament  and  the  epidles  extrads  only  are  ufed 
in  the  fervice  ;  and  when  they  are  to  be  read,  the  dea¬ 
con  calls  out,  “  Attend.” 

The  fervice  of  this  church  as  it  now  dands,  and  was 
at  fird  drawn  up  in  writing,  is  calculated  for  the  ufe  of 
monaderies  ;  and  when  it  was  afterwards  applied  to  pa¬ 
rochial  churches,  many  of  the  offices  or  forms,  which 
were  compofed  for  different  hours  of  the  day  and  night, 
were  ufed  as  one  fervice,  without  the  flighted  altera¬ 
tion  being  made  to  avoid  repetitions.  Something  of 
this  kind  has  taken  place  in  the  church  of  England, 
where  the  matins,  the  litany,  and  the  communion, 
which  were  formerly'  three  didinft  fervices,  read  at  diL 
ferent  times  of  the  day,  are  now  run  into  one  fervice  ; 
which  by  thofe  not  accudomed  to  it  is  therefore  deem¬ 
ed  long,  as  well  as  deformed  by  needlefs  repetitionSi 

The  fervice  of  every  day,  whether  it  has  a  vigil  or^ggi^^gj^ 
not,  begins  in  the  evening  of  what  we  would  call  the  the  even^ 
preceding  day,  as  among  the  Jews;  and  for  the  fame 
reafon,  becaufe  it  is  faid  in  the  Mofaic  account  of  the 
creation,  that  “  the  evening  and  the  morning  were  the 
fird  day.”  The  feveral  fervices,  according  to  the  ori¬ 
ginal  or  monkidi  inditution,  are,  i.  The  vefpers^  which 
ufed  to  be  celebrated  a  little  before  fiin-fet  ;  2.  The  af^ 
ter-roefpers^  anfwcring  to  the  cornplctorium  of  the  Latin 
churcli,  which  ufed.  to  be  celebrated  after  the  monks 
had  flipped,  and  before  they  went  to  bed  ;  3.  The  me- 
fonyeTtcon,  or  midnight  fervice  ;  4.  The  matins  at  break 
of  day,  anfwering  to  the  laudes  of  the  Romiili  church  ; 

5.  JirJi  hour  of  prayer,  or  prima^  at  fun-rife  ;  6# 

The  third  hour,  or  tertia^  at  the  tliird  hour  of  the  day  ; 

7.  The  ftxlh  hour^  ov  fext a,  at  noon  ;  8.  The  ninth  houry 
or  nonoy  in  the  afternoon  at  the  ninth  hour  of  the  day. 

Thefe  are  called  the  canonical  hours  ;  but  it  is  to  be 
obferved,  that  the  after -nyefpers  were  not  added  till  a 
late  period,  before  which  the  reafon  affigned  for  the 
number  of  fervices  being  feven,  was,  that  David  faith, 

“  Seven  times  a-day  will  i  praife  thee.”  When  all  the 
pfalms  and  hymns  were  fiing,  thefe  daily  fervices  could 
not  poffibly  have  been  performed  in  lefs  than  twelve  or 
fourteen  hours.  In  the  church  of  Ruffia,  and  probably  iu‘ 
other  branches  of  the  Greek  church,  there  are  at  prefent 
but  three  fervices  in  the  day:  the  ninth  hour^  the  vefpersy 
and  the  after^vefpers  making  one  ;  the  meJonyeBicony  the 
matinsy  and  primay  another  ;  and  the  thh'd  and  JiKth 
hour,  with  the  communiony  the  laft.  In  all  the  fervices, 
except  the  communion,  prayers  and  praifes  are  offered 
to  fome  faint  ;  and  to  the  Virgin  Mary,  almoft  as  often 
as  to  Gk)d  ;  and  in  fome  of  the  fervices,  after  every 
jfhort  prayer  uttered  by  the  deacon .  or  the  prieft,  the  ' 
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Church,  choir  chnunts  Lord  have  mercy  upon  us,’'  thirty, 

- - ^  forty,  or  fifty  times,  fuccefiively. 

Though  the  number  of  fervices  is  the  fame  every 
day,  the  fervices  themfelves  arc  conftantly  varying  in 
fome  particular  or  other,  as  there  is  not  a  day  which, 
ijn  the  Greek  church,  is  not  either  a  fall  or  a  feftival. 
Befides  the  faints,  whofe  feftivals  are  marked  in  the  ca- 
’lendar,  and  who  ai*e  fo  very  numerous  that  there  are  more 
than  one  for  every  day  io  the  year,  there  are  other  faints 
und  feftivals,  to  which  fome  portion  of  the  fervice  for 
every  day  of  the  week  is  appropriated.  Thus,  Sunday 
is  dedicated  to  the  refurredlion :  Monday,  to  the  angels; 
Tuefday,  to  St  John  Baptill;  Wednefday,  to  the  Virgin 
and  thecrofs;  Thurfday,  to  the  apollles;  Friday,  to  the 
pafiioii  of  Chrift  ;  and  Saturday,  to  the  faints  and  mar¬ 
tyrs.  For  thefe  days  there  arc  particular  hymns  and 
fervices,  in  two  volumes  folio,  to  which  there  is  a  fup- 
plement  containing  fervices  for  the  faints  and  feftivals, 
as  they  occur  in  the  calendar  throughout  the  year. 
Thefe  different  fervices  are  miKed  together,  and  adjuft- 
cd  by  the  diredions  contained  in  the  book  of  regulation  ; 
and  it  is  the  difficulty  of  this  adjuftment  which  makes  the 
public  worfiiip  of  the  Greek  church  fo  very  intricate, 
that,  as  was  faid  of  the  fervice  of  the  Englifh  church  be¬ 
fore  the  Reformation,  “  there  is  more  biiiinefs  to  find  out 
what  fnould  be  read,  than  to  read  it  when  found  out.” 

We  have  obferved,  that  the  Greeks  have  no  peculiar 
opinions  refpeaing  the  nature  of  baptifm  ;  but  the  rites 
and  ceremonies  with  which  that  ordinance  is  admini- 
ftered  will  appear  to  our  unlearned  readers  very  extra- 

_ _  ordinary.  On  the  day  that  a  woman  is  delivered,  the 

tunifter-  prieft  goes  to  the  houfe,  and  ufes  a  form  of  prayer  for 
baptifm.  and  for  the  child.  On  the  eighth  day  the  child 
ffiould  be  regularly  carried  to  the  church,  where  the 
prieft  having  figned  it  with  the  fign  of  the  crofs  on  the 
forehead,  on  the  mouth,  and  on  the  breaft,  offers  up 
for  it  a  prayer,  in  which  he  firft  gives  it  a  name,  com- 
monly  the  name  of  the  faint  for  that  day  in  the  calen¬ 
dar  ;  he  then  takes  it  from  the  midwife,  and  ftanding 
before  the  pidure  of  the  bleffed  Virgin,  he  makes  the 
fign  of  the  crofs  with  the  infant,  uttering  a  kind  of 
bymn  in  honour  of  the  Virgin  and  of  Simeon,  who 
held  in  bis  bofom  the  Saviour  of  our  fouls.  He  then 
difmiffes  the  company  with  an  exhortation  not  to  delay 
the  baptifing  of  the  infant,  ffiould  it  appear  in  danger 
of  death  before  the  regular  time  for  its  baptifm. 

On  the  fortieth  day  after  her  delivery,  the  mother 
ffiould  attend  the  church  to  be  purified,  and  carry  the 
child  again  to  be  prefented,  the  perfon  who  is  to  be 
fponfoi^being  prefent.  UpQn  their  arrival  at  the  church 
door,  the  prieft  utters  fome  pious  exclamations  ;  and 
then,  the  mother  holding  the  child  in  her  arms  and 
bowing  down  her  head,  he  makes  the  fign  of  the  crofs 
upon  her  and  the  child,  and  laying  his  hand  upon  its 
bead,  he  prays  that  the  woman  may  be  cleanfed  from 
every  fin  and  from  enery  defilement,  and  that  the  child 
may  be  fandlified  and  endued  with  underftanding,  with 
wifdom,  and  with  gentlenefs  of  manners.  He  then 
figns  it  again,  and  again  prays  for  it,  for  its  parents, 
and  for  its  fponfor  ;  after  which,  if  it  has  been  privately 
baptifed,  he  takes  it  in  his  arms,  and  makes  with  it  the 
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fign  of  the  crofs  before  the  door  of  the  church,  faying,  Churck.  ^ 
“  N.  N.  the  fervant  of  God,  enters  Into  the  church,  in 
the  name  of  the  Father,  and  of  the  Son,  and  of  the 
Holy  Ghoft,  now  and  for  ever,  even  unto  ages  of  ages. 

Amen.”  He  then  carries  the  child  into  tlie  church, 
faying,  “  he  fliall  go  into  thine  houfe,  and  fliall  worffiip 
toward  thy  holy  temple  and  advancing  into  the  mid¬ 
dle  of  the  church,  he  fays,  “  In  the  inidft  of  thy  church 
ffiall  he  praife  thee.”  Tlien,  if  the  child  be  a  boy,  he 
carries  him  within  the  rails  of  the  altar  ;  but  if  a  girl, 
only  to  the  door,  and  fays  Nunc  dimitlis  (d);”  after 
which  he  delivers  it  to  the  fponfor,  who  makes  three 
reverences,  and  retires. 

This  is  called  the  prefentation  of  the  child  in  the 
temple,  and  can  only  be  performed  after  it  has  been 
baptized.  In  the  detail  we  have  given,  we  have  fiippo- 
fed  that  it  was  baptized  privately  before  the  purifica¬ 
tion  of  the  mother,  which  is  now  indeed  commonly  the 
cafe.  Such  baptifm,  however,  is  not  regular,  being  al¬ 
lowed  only  in  cafes  of  iieceffity  ;  and  wdien  it  has  not 
taken  place,  the  mother  and  child  are  difmiffed  as  foon 
as  ffie  is  purified,  and  return  at  fome  other  time,  not 
iixed,  in  order  that  the  child  may  be  publicly  baptized. 

Previous  to  baptifm,  the  child,  though  not  two 
months  old,  muft  be  folcmnly  initiated  into  the  church 
as  a  catechumen  (See  Catechumen,  Encycl) ^  By 
thofe  whofe  religion  is  a  reafonable  fervice,  fuch  initia¬ 
tion  of  an  infant  will  be  confidered  as  a  very  idle  cere¬ 
mony ;  and  the  rites  with  which  it  is  performed  are  not 
well  calculated  to  give  it  even  a  fiditious  importance. 

At  the  door  pf  the  church  the  prieft  unties  the  girdle 
of  the  infant ;  takes  off  all  his  clothes  but  one  loofe  gar¬ 
ment  ;  turns  him  towards  the  eaft,  with  his  head  unco¬ 
vered,  his  feet  naked,  and  his  hands  held  down  ;  blows 
thrice  in  his  face  ;  figns  him  thrice  with  the  fign  of  the 
crofs  on  the  forehead  and  on  the  breaft,  and  lays  his 
hand  upon  his  head,  praying  that  his  “  ancient  error 
may  be  put  away  from  him  ;  that  his  heart  may  be  fil¬ 
led  with  faijih,  hope,  and  charity  ;  and  that  he  may 
walk  in  the  ways  of  God’s  commandments.  The 
prieft  then  four  times  exorcifes  the  infant,  commanding 
Satan,  in  the  firft  exorcifm,  to  “  tremble,  depart,  and 
flee  from  Chrift’s  creature,  nor  dare  to  return  again, 
nor  dare  to  lurk  concealed  within  him,  or  to  meet  him, 
or  to  meditate  againft  him,  either  in  the  evening  or  the 
morning,  at  midnight  or  at  noon-day.”  In  the  laft 
exorcifm  he  blows  thrice  upon  the  child’s  mouth,  upon 
his  forehead,  and  upon  his  breaft  ;  faying,  each  time. 

Drive  away  from  him  every  evil  and  unclean  fpirit 
that  lurks  in  him,  and  hatli  made  itfelf  a  iieft  in  his 
heart.”  The  child  is  now  become  a  catechumen,  and, 
being  turned  to  the  weft,  uncovered,  without  ffioes,  and 
his  hands  lifted  up,  the  prieft  repeatedly  afl<s  him  if  he 
renounces  and  has  renounced  the  Devil  and  all  his  works  ? 
and  receiving  from  the  fponfor  the  proper  aiifwer,  he 
fays,  “  Blow  and  fpit  upon  him  and  having  blown 
and  fpit  upon  the  catechumen,  he  turns  him  to  the  eaft, 
and  holding  down  his  hands,  afks  him  repeatedly  if  he 
be  joined  to  Chrift,  and  if  he  believes  in  him  ?  The  ca¬ 
techumen  or  his  fponfor  replies  to  each  queftipn,  that 
he  is,  and  has  been,  joined  to  Chrift  ;  and  as  a  proof  of 

his 
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Chu'cli.  hts  faith  he  repeats,  from  beginning  to  end,  the  Nicene 
creed.  After  a  repetition  of  the  formerly  repeated 
queflions  and  anfwers,  the  prieft  prays  that  the  cate¬ 
chumen  may  be  called  to  God’s  holy  fandlification,  and 
receive  the  grace  of  God’s  holy  baptifm. 

Baptifm  may  be  celebrated  immediately  after  the 
candidate  has  been  made  a  catechumen,  or  on  any  fub- 
fequent  day  at  no  great  diftance.  In  the  firft  part  of 
the  form  there  is  not  much  that  is  fingular,  or  with 
which  every  fcholar  is  not  acquainted.  After  praying 
that  the  water  may  be^fandlified,  in  terms  differing  little 
from  thofe  which  are  ufed  in  the  mofl  rcfpedfable  Pro- 
teftant  churches,  the  pried  dips  his  fingers  in  it,  figns 
it  thrice  with  the  fign  of  the  crofs  ;  and  then  blowing 
Upon  it,  fays  three  times,  Let  every  adverfe  power  be 
Confounded  under  the  fign  of  the  crofs.”  He  then  fo- 
icmnly  exorcifes  it  of  the  daemon  of  darknefs  and  all 
evil  fpirits;  and  prays,  that  “  the  perfon  to  be  baptifed 
therein  may  put  oft  the  old  man,  which  is  corrupt  after 
the  lull  of  fraud,  and  may  put  on  the  new  man  after 
the  image  of  Him  that  made  him.  After  this,  he 
blows  thrice  into  a  veffel  of  oil  of  olives  held  by  the 
deacon,  figns  it  thrice  with  the  fign  of  the  crofs  ;  and 
prays  fervently,  that  it  may  “  become  to  thofe  who  are 
anointed  with  faith,  and  are  partakers  thereof,  the  unc¬ 
tion  of  incorruption,  the  armour  of  righteoufnefs,  the 
renewing  of  foul  and  body,  for  turning  afide  all  machi¬ 
nations  of  the  devil,  and  for  deliverance  from  all  evil.” 
He  then  fings  allelujah  thrice  with  the  people,  and 
pours  the  oil  on  the  top^of  the  water  ;  and  making 
three  croffes  with  it,  fays  aloud,  “  Bleffed  be  God,  who 
enlighteneth  and  fanolifieth  every  man  that  cometh  in¬ 
to  the  world,  now  and  forever,  even  unto  ages  of  ages.” 
*1  he  perfon  to  be  baptized  is  then  prefented  ;  and  the 
prieft,  taking  fome  of  the  oil  with  two  fingers,  and  ma- 
king  the  fign  of  the  crofs  on  his  forehead,  on  his  breaft, 
and  betwixt  his  fhoulders,  fays,  “  N  the  fervant  of  God 
IS  anointed  with  the  oil  of  gladnefs,  in  the  name  of  the 
Father,  and  of  the  Son,  and  of  the  Holy  Ghoft,  now 
and  forever,  even  unto  ages  of  ages.  Amen.”  He  then 
.  figns  him  on  the  breaft  and  the  middle  of  the  back, 
faying,  «  For  the  healing  of  his  foul  and  body  ;”  then 
on  the  ears,  faying,  “  For  hearing  the  faith  then 
on  the  palms  of  the  hands,  faying,  “  Thy  hands  have 
made  me  and  faftiioned  me then  on  the  feet,  “  That 
he  may  walk  in  the  way  of  thy  commandments.”  Af¬ 
ter  the  whole  body  is  thus  anointed,  the  prieft  baptizes 
him,  ufing  the  trine  immerfion  ;  which  is  uiiqu  eft  ion  ably 
the  moft  primitive  manner.  He  takes  the  child  in  his 
arms,  and  holding  him  upright  with  his  fate  tow^ards  the 
eaft,  he  fays,  ‘‘  N  the  fervant  of  God  is  baptized 
pmg  him  the  Jirji  time),  in  the  name  of  the  Father,  A- 
men  ;  in  the  name  of  the  Son  [dipping  him  again),  A- 
men  ;  and  of  the  Holy  Ghoft  [dipping  him  the  third 
time).  Amen,  now  and  for  ever,  even  unto  ages  of  ages. 
Amen.”  After  the  baptifm,  the  prieft  wipes  hishandsj 
and  with  the  people  fings  thrice,  from  beginning  to 
SuppL.  VoL.I.  Partll.  ^ 
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end,  the  3  2d  Pfalm;  he  then  puts  upon  the  baptized  Church, 
perfon  a  white  garment ;  faying,  “  N  the  fervant  of  v— ^ 

God  is  clothed  with  the  garment  of  righteoufnefs,  in 
the  name  of  the  Father,  and  of  the  Son,  and  of  the 
Holy  Ghoft,  now  and  for  ever,  even  unto  ages  of  ages 
(e).”  He  then  prays  that  he  may  be  delivered  from 
the  evil  one,  and  all  his  infidious  fnares  ;  that  he  may 
be  confirmed  in  the  true  faith ;  and  that  he  may  pre- 
ferve  his  foul  in  purity  and  righteoufnefs :  and  proceeds 
immediately  to  anoint  him  with  the  Holy  Chrijm. 

This  chrifm  is  a  very  different  thing  from  the  oil  Thebap^ 
with  which  he  was  anointed  previous  to  baptifm,  and 
which  was  ufed  in  the  confecration  of  the  baptifmal 
water.  It  can  be  prepared  only  by  a  biftiop,  and  only 
on  one  day  in  the  year,  ws;.  Thurfday  in  Paflion-w^eek; 
and  as  the  anointing  with  it  is  fubftituted  in  place  of 
the  apoftolical  rite  of  laying  on  hands,  called  conjirma^ 
tion  in  the  weftern  churches,  great  quantities  of  it  are 
of  courfe  prepared  at  once,  and  diilributed  through  the 
different  churches  of  each  diocefe.  The  chrifm  eonfifts 
of  the  following  ingredients,  which  in  different  propor¬ 
tions  are  all  boiled  together,  and  afterwards  folemnly 
confecrated  by  the  biffiop  :  Fine  oil  (we  fuppofe  of 
olives),  white  wn'ne,  ftyrax  calamita  (f),  palm-dew, 
rofe-flowers,  black  palm  gum,  Baiihgum,  maijoram, 
thick  and  thin  oil  of  nutmegs  in  very  different  quanti¬ 
ties,  oil  of  cinnamon,  oil  of  cloves,  lignum  Rhodh,  oil 
of  oranges,  oil  of  marjoram,  oil  of  lavendar,  oil  of  rofe- 
mary,  effence  of  rofemary,  cedar,  black  balfam  of  Pe¬ 
ru,  fandarac,  whiteft  maftic,  and  Venice  turpentine* 

With  this  holy  mixture  the  baptized  peifon  is  anointed, 
the  prieft  making  with  it  the  fign  of  the  crofs  on  his 
forehead,  on  his  eyes,  his  noftn'L,  his  mouth,  bo.ii  ears, 
his  breaft,  his  hands,  and  his  ft;^;;  facing  at  each  part, 

“  The  feal  of  the  gift  of  the.  Holy  Ghoft.  Amen.” 

Then  with  the  fponfor  and  the  child  he  goes  thrice 
round  the  font,  turning  from  the  right  to  the  left ;  the 
choir,  in  the  mean  time,  fmging,  “  As  many  of  you  as 
are  baptized  unto  Chrift  have  put  on  Chrift,  allelujah.” 

Seven  days  after  this  ceremony  is  pertormed,  the 
child  is  again  brought  to  the  church  ;  when  the  prieft, 
after  praying  for  him,  unties  his  girdle  and  linen  clothes, 
wafhes  him  with  clean  water,  and,  fprinkling  him,  fays, 

“  Thou  haft  been  juftified,  enlightened,  fandified  in 
the  name  of  our  Lord  Jefus  Chrift,  and  with  the  Spirit 
of  our  God.”  7  hen  taking  a  new  fponge  nioiftened 
with  water,  he  wafhes  his  face,  breaft,  &c.;  faying, 

‘‘  Thou  haft  been  baptized,  enlightened,  anointed,  fanc- 
tified,  wafhed,  in  the  name  of  the  Father,  and  of  the  Son, 
and  of  the  Holy  Ghoft,  now  and  for  ever,  even  unto  ages 
of  ages.  Amen.”  ° 

The  laft  ceremony  appended  to  baptifm  Is  that  ofTheton- 
ye  tonfure,  or  fliaving  the  head  of  the  child  in  the  fare, 
form  ot  the  crofs.  At  what  time  this  rite  crept  into 
the  church  it  would  iiot  be  eafy  to  difeover.  Some 
think  it  leceived  its  origin  from  the  religious  ceremo¬ 
nies  of  the  Heathen,  who  certainly  rounded  the  corners 
3  I  of 


ih/rhi,  perceive,  that  many  of  thefe  rites  and  ceremonies  are  common  to  the  Greek  church  and 

the  church  of  Rome  in  the  celebration  of  the  facrament  of  baptifm. 

(F)  We  quote  the  words  of  Dr  King,  taking  it  for  granted  that  our  readers  will' pardon  our  not  o-lvln.. 
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of  tlieir  heads,  and  marred  their  beards,  at  a  very  early 
period,  in  honour  of  their  idols  (See  The^ogy,  n 
1C?.  Encycl,)  i  and  fome  pious,  but  foolilh  Chriltians, 
efteemed  it  highly  commendable  to  transfer  to  the  true 
God  that  worfhip,  in  a  different  form,  which  had  been 
rendered  by  their  anceftors  to  falfe  deities.  Others 
will  have  the  tonfure  to  typify  the  dedication  of  the 
perfon  to  the  fervice  of  God  ;  the  cutting  off  of  the 
hair  being  always  confidered  as  a  mark  of  fervitude. 

Be  thefe  conjeaures  as  they  may,  the  prieft,  after  the 
child  is  baptized,  offers  up  for  him  feveral  prayers,  all 
alluding  to  the  rite  to  be  performed ;  and  then  cuts  his 
hair  crofswife,  faying,  “  N  the  fervant  of  God  is  (horn, 
in  the  name  of  the  Father,  and  of  the  Son,  and  of  the 
Holy  Ghoil,  now  and  for  ever,  even  unto  ages  of  ages. 

Amen/'  ■  i  •  i. 

We  have  given  a  full  account  of  the  manner  in  wiiicn 

the  facrament  of  baptifm  is  celebrated  among  the 
Greeks,  that  the  reader  may  have  fome  notion  of  the 
childifh  fiiperRition  of  that  church,  with  which  certain 
zealous  Proteftants  in  England  were  very  defirous,  at 
the  beginning  of  this  century,  to  form  a  union.  There 
.  is  no  occafion  for  dwelling  fo  long  upon  their  other  of- 
The  Greeks fices.  For  the  celebration  of  the  Lord’s  Supper  they 
have  three  have  three  liturgies  that  are  occafionally  ufed,  vtz.  that 

-  of  St  Chryfoftom,  which  is  in  ordinary  daily  ufe ;  that 

of  St  Bafil,  ufed  on  particular  days  ;  and  that  of  the 
prefanalfied,  as  it  is  called,  which  is  ufed  on  the  Wed- 
nefdays  and  Fridays  during  the  great  fall  before  Eafter. 
Between  the  liturgies  of  St  Chryfollom  and  St  Balil 
there  is  no  elfential  difference ;  and  the  office  of  the  pre- 
faiiaified  is  merely  a  form  of  difpenfing  the  communion 
with  elements  which  had  been  confecrated  on  the  pre¬ 
ceding  Sunday.  We  would  gladly  infert  the  liturgy  of 
St  Cffiyfoftom,  or  at  leaft  fuch  an  abilraa  of  it  as  we 
have  given  of  the  form  of  adminifterlng  baptifm  ;  but 
as  our  limits  will  not  permit  us  to  do  fo,  we  muft  refer 
iuch  of  our  readers  as  have  any  curiofity  refpeding 
fubjeds  of  this  nature  to  Dr  King^s  Rites  and  Ceremo^ 
sties  of  the  Greek  Church, 

It  is  proper,  however,  to  obferve  here,  that  many 
fuperftitious  ceremonies  have  been  added  to  the  fervice 
fince  the  age  of  St  Chryfoftom,  and  that  no  man  can 
compare  bis  genuine  works  with  the  liturgy  which  now 
goes  under  his  name,  and  entertain  the  fmalleft  doubt 
but  that  the  latter  has  been  greatly,  though  gradually, 
Siranee  ce-  corrupted.  In  the  offertory  there  is  a  ftrange  ceremo- 
iemony  at  „y,  caviled  the  Jlaying  of  the  Holy  Lamb,  whm  the  prieft, 
t4ing  into  his  left  hand  one  of  the  five  loaves  which 
are  to  be  confecrated,  thrufts  a  fpear  into  the  right  fide 
of  it  •  faying,  “  He  was  led  as  a  lamb  to  the  {laugh- 
ter  ;”’then  into  the  left  fide,  adding,  “  And  as  a  blame- 
lefs  lamb  before  bis  (hearers  is  dumb,  fo  he  openeth  not 
his  mouth  then  .into  the  upper  part  of  the  loaf;  fay- 
ing,  “  In  his  humiliation  his  judgment  was  taken  away : 
znd  into  the  lower  part  ;  adding,  “  And  who  fhall  de¬ 


clare  liis  generation?"’  Fie  then  thrufls  the  fpear 
bliquely  into  the  loaf,  lifting  it  up,  and  faying,  “  For^ 
his  life  was  taken  away  from  the  earth.”  After  this 
he  lays  down  the  loaf,  and  cutting  it  crofswife,  fays, 
“  The  Lamb  of  God,  which  taketh  away  the  fins  of 
the  world,  is  flain  for  the  life  and  falvation  of  the  world.” 
All  this,  and  more  to  the  fame  purpofe,  is  unquedion- 
ably  modern;  but  we  have  no  doubt  but  that  the  prieft 
ufes  the  words  of  Chryfoftom  himfelf,  when,  in  the 
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confecration  of  the  elements,  he  fays,  “  We  offer  unto  The  confe- 
thee  this  reafonable,  this  unbloody  facrifice  ;  and  we  oration  of 
implore,  we  pray  thee,  we  humbly  befeech  thee,  to  fend 
down  the  Holy  Spirit  upon  us,  and  thofe  oblations 
prefented  unto  thee ;  and  make  this  bread  the  precious 
body  of  thy  Chrift  ;  and  that  which  is  in  this  cup  the 
precious  blood  of  thy  Chrift,  changing  them  by  thy 

Holy  Spirit.”  .  r  1.  XT  1 

Dr  King  obferves,  that  this  invocation  ot  the  tioly 

Spirit  upon  the  elements,  which  in  the  eaftern  church 
is  always  ufed  after  the  words  of  Chrift,  “  This  is  my 
body,  this  is  my  blood,  &c.”  is  inconfiftent  with  the 
Popilh  doftrine  of  tranfubftantiation  ;  and  he  is  un¬ 
doubtedly  right ;  for  the  church  of  Rome  teaches,  that 
the  change  is  made  about  the  middle  of  the  maft,  wheu 
the  prieft,  taking  into  his  hand  firft  the  bread  and  then 
the  wine,  pronounces  over  each  feparately  the  facred 
words  of  confecration ;  i,e.  the  words  of  Chrift.  ‘‘  It 
is  the  office  of  the  prieft,  in  this  and  in  all  other  facra- 
ments  (fays  a  dignitary  of  that  church),  only  to  per¬ 
form  the  outward  fenftble  part  ;  but  the  inward  invilible 
effed  is  the  work  of  the  great  God,  who  accordingly 
changes  the  fubftance  of  the  bread  and  wine  into  the 
body  and  blood  of  Chrift  the  very  inftant  that  the  fa¬ 
cred  words  of  confecration  are  pronounced  by  the  prieft 
over  them.”  But  if  this  be  fo,  it  would  be  impious, 
and  w^e  believe  that  by  the  church  of  Rome  it  is  deem¬ 
ed  impious,  to  pray  afterwards,  that  God  w^ould  fend 
down  his  Holy  Spirit  to  change  into  the  body  and 
blood  of  Chrift  elements  which  he  had  already  changed 
into  that  body  and  blood,  in  confequence  the  prieft  s 
pronouncing  over  them  the  all-powerful  words  of  Chrift. 

Yet  is  it  certain,  that  in  the  prefent  Greek  church  tran- 
fiibftaiitiatlon  is  as  much  an  article  of  faith  as  in  the 
church  of  Rome  ;  for  now  every  bifhop  at  h^is  conie- 
cration  declares,  in  the  moft  folemn  manner,  that  he  be-  i  8 
lieves  and  “  underftands  that  the  tranfub(tant.at.on 
the  body  and  blood  of  Chrift,  m  the  holy  fupper,^ef. 
fefted  by  the  Influence  and  operation  of  the  Holy 
Ghoft,  when  the  bi(hop  or  prieft  invokes  God  the  Fa- 
ther  in  tliefe  words,  and  make  this  bread  the  precious 
body  of  thy  Chrifl,  See.”  This  is  indeed  a  different  ac 
count  from  that  pf  the  Latin  church  of 
which  this  portentous  change  is  wrought;  but  fuch  dit- 
ference  is  a  matter  of  very  little  importance  (g).  R 
the  change  itfelf  be  admitted,  the  confequence  muft  be 
the  fame,  whether  it  be  fuppofed  to  take  place  when 


(o)  Mr  ,o  do.b.  whe.hrr  .r.„r»ba.„.l..iob  be  t“°e.t“ww"d  (fS 

a  converfation  which  he  had  on  the  fubjeft  with  a  prieft  ,  w  lO  o  e  y  Qaviour’s  body  and  blood.  It  mull 
converfion  of  the  fubftance  of  the  bread  and  wine  into  the  fubftance  of  ^  /na,  doaHne  not  to  be 

be  remembered,  however,  that  the  prieft  had  at  the  time  a  powerful  .  \tLgh  it  muft  not  be 

true.  The  Jefuits  uniformly  atteft,  that  the  Abyffinmns  believe  ftudied^he  language  of  Abyflinia.inorc 

forgotten  that  Ludolf  was  of  a  different  opinion,  and  that  no  man  had  ftudied  the  language  oi  /to) 

fuccef&fully  than  he. 
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the  prleft  pronounces  the  words  of  inditution^  or  after 
he  has  invoked  the  defeent  of  the  Holy  Ghoft  ;  in  ei¬ 
ther  cafe  it  leads  to  idolatry.  It  may  be  proper  to  men¬ 
tion,  that  in  the  Greek  church  it  is  deemed  elTential  to 
the  validity  of  this  holy  facrameiit,  that  a  little  warm 
water  be  mixed  with  the  wine  ;  that  the  napkin,  which 
is  fpread  over  the  holy  table,  and  anfwers  to  the  cor^ 
porale  of  the  church  of  Rome,  be  confecrated  by  a  bi- 
fhop,  and  that  it  have  fome  fmall  particles  of  the  re- 
cateVnYoth  liques  of  a  martyr  mixed  in  the  web,  otherwife  the  eu- 
kinds.  charift  cannot  be  adminiftered.  In  this  church  chil¬ 
dren  may  receive  the  communion  immediately  after  bap- 
tifm  ;  and  the  lay  communicants,  of  whatever  age,  re¬ 
ceive  both  the  elements  together,  the  bread  being  Top¬ 
ped  in  the  cup  :  The  clergy  receive  them  feparately. 

We  have  obferved,  that  one  of  the  feven  myjleries  or 
facraments  of  the  Greek  church  is  conjejjion;  but  among 
the  Greeks  it  is  a  much  more  rational  and  edifying 
fervice  than  in  the  church  of  Rome.  In  the  Greek 
church  the  end  of  confeffion  is  the  amendment  of  the 
penitent ;  in  the  church  of  Rome  it  is  to  magnify  the 
glory  of  the  prieft.  In  the  former  church,  the  confef- 
fors  pretend  only  to  abate  or  remit  the  penance,  decla¬ 
ring  the  pardon  from  God  alone  ;  in  the  latter,  they 
take  upon  them  to  forgive  the  fin  itfelf.  The  Greek 
church  preferibes  confeffion  four  times  in  the  year  to 
all  her  members ;  but  the  laity,  for  the  moft  part,  con- 
feis  only  once  a  year  previous  to  receiving  the  holy  com¬ 
munion  ;  and  to  this  they  are  in  Ruffia  obliged  by  the 
laws  of  the  empire. 

The  ceremonies  with  which  matrimony  is  performed 
in  the  Greek  church  confift  of  three  diftindl  offices, 
formerly  celebrated  at  different  times,  after  certain  in¬ 
tervals,  which  now  make  but  one  fervice.  Firft,  there 
was  a  folemn  fervice,  when  the  parties  betrothed  them- 
felves  to  each  other,  by  giving  and  receiving  rings  or 
other  prefents,  a-s  pledges  of  their  mutual  fidelity  and  at¬ 
tachment.  The  ancient  ufage  was  for  the  man  to  re¬ 
ceive  a  gold  ring  and  the  woman  a  filver  one,  which 
is  ftill  alluded  tq  in  the  rubric,  though,  in  the  prefent 
pradlice,  the  rings  are  generally  both  of  gold.  At  this 
time  the  dowry  was  paid,  and  certain  obligations  were 
entered  into  to  forfeit  fums  in  proportion  to  it,  if  ei¬ 
ther  of  the  parties  ffiould  refufe  to  ratify  the  engage¬ 
ment.  At  this  ceremony,  called  the  or  record- 

Ing  of  the  pledges  before  nvitnejfes,  the  prieft  gives  lighted 
tapers  to  the  parties  to  be  cuntraded,  making  the  fign 
of  the  crofs  on  the  forehead  of  each  with  the  end  of 
the  taper  before  he  deliver  it. 

The  fecond  ceremony,  which  is  properly  the  mar¬ 
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riage,  13  called  the  office  of  mairlmontal  toronatlon^  from  Chu’-ch, 
a  fingular  circumftance  in  it,  that  of  crowmng  the  par- 
ties.  This  is  done  in  token  of  the  triumph  of  conti¬ 
nence  ;  and  therefore  it  has,  in  fome  places,  been  omit¬ 
ted  at  fecond  marriages.  Formerly  thefe  crowns  were 
garlands  made  of  flowers  or  flirubs  ;  but  now  there  are 
kept,  in  moft  churches,  crowns  of  filver  or  fome  other 
metal  for  the  celebration  of  matrimony.  At  the  put¬ 
ting  of  them  on,  the  prieft  fays,  N,  the  fervant  of 
God,  is  crowned  for  the  handmaid  of  God  ;  and  “  N, 
handmaid  of  God,  is  crowned  for  the  fervant  of  God, 
in  the  name  of  the  Father,  and  of  the  Sou,  and  of  the 
Holy  Ghoft  adding  thrice,  ‘‘  O  Lord  our  God, 
crowm  them  with  glory  and  honour.” 

The  third  ceremony  is  that  of  diffolving  the  crowns 
on  the  eighth  day ;  after  which  the  bride  is  coi)du6led 
to  the  bridegroom’s  lioufe,  immediately  to  enter  on  the 
cares  of  his  family. 

With  refpedl  to  difeipline  and  government,  the  Greek  Rettuiar 
church  bears  a  ftriking  refemblance  to  that  of  Rome.iind  fecuUr 
In  both  there  is  the  fame  divifion  of  the  clergy  into  clergy, 
regular  and  fecular ;  the  fame  fpiritual  jurifdidlion  of 
biffiops  and  their  officials,  and  the  fame  diftindlion  of 
ranks  and  offices.  In  fome  points  the  difeipline  of  the 
Greeks  differs  from  that  of  the  Romans.  All  orders 
of  fecular  clergy  in  the  Greek  church  inferior  to  bilLops 
are  permitted  to  marry  ;  but  celibacy,  and  the  affump- 
tion  of  the  monaftic  habits,  are  iiidifpenfably  requifitc 
in  thofe  who  are  candidates  for  the  mitre.  The  regu¬ 
lar  clergy,  fays  Mr  Dallaway,  are  generally  men  of  a 
certain  education ;  whereas  the  feculars  are  of  the 
meaner  fort,  and  illiterate  in  the  extreme. 

In  the  Greek  church  there  are  five  orders  of  clergy  Five  orders 
promoted  by  the  impofition  of  hands  ;  but  it  does  not  ^1^  clergy, 
appear  that  the  ordination  of  the  reader,  or  of  the  fiib- 
deacon,  is  confidered  as  a  facrament.  The  forms  ufed 
in  the  ordination  of  deacons,  prelbyters,  and  bifliops, 
are  ferious  and  fignificant  (h),  bearing  in  themfelves 
evidence  of  great  antiquity.  The  candidate  for  the 
deaconate  or  priefthood  kneels  before  the  holy  table, 
and  the  biftiop,  laying  his  right  hand  on  his  head,  faith,  24 
“  The  divine  grace,  which  healeth  our  infirmities,  and  Form  of 
fupplieth  our  defedls,  promoteth  N,  the  moft  pious ^JJ’dination- 
deacon^  to  the  order  of  deacon  f*  or,  in  the  cafe  of  the 
priefthood,  “  The  moft  pious  deacon  to  the  order  of  a 
prejbyter  ;  let  us  pray  for  him,  that  the  Grace  of  the 
Holy  Spirit  may  come  upon  him.”  It  does  not  ap¬ 
pear,  from  Dr  King’s  account  of  thefe  offices,  that  in 
the  Grqek  church  the  attending  prefbyters  lay  on  their 
hands  together  with  the  bifliop  at  the  ordination  of  a 
3  I  2  prefbyter. 


(h)  We  muft  except  thofe  ufed  in  the  church  of  Abyffinia,  which,  according  to  Mr  Bruce,  are  fliamefully  in¬ 
decent.  “  A  number  of  men  and  children  prefent  themfelves  at  a  diftance,  and  there  ftand,  from  humility,  not 
daring  to  approach  the  ahuna  or  bifhop.  He  then  afles  who  thefe  are  ?  and  they  tell  him  that  they  want  to  be 
deacons.  On  this,  with  a  fmall  iron  crofs  in  his  hand,  after  making  two  or  three  figns,  he  blows  with  his  mouth 
'twice  or  thrice  upon  them  ;  faying,  Let  them  he  deacons,  I  faw  once  (fays  our  author)  all  the  army  of  Ecgem- 
dermade  deacons,  juft  returned  from  Iheddiiig  the  blood  of  10,000  men.  With  thofe  were  mingled  about  1000 
women,  who  confeqiiently  having  part  of  the  fame  blaft  and  brandiftiment  of  the  crofs,  were  as  good  deacons  as 
the  reft.  In  the  ordination  of  priefts  a  little  more  ceremony  is  ufed ;  for  they  muft  be  able  to  read  a  chapter 
of  St  Mark,  which  they  do  in  a  language  of  which  the  abuna  underftaiids  not  one^word.  They  then  give  him 
a  brick  of  fait,  to  the  value  perhaps  of  lixpence,  for  their  ordination  ;  which,  on  account  of  this  prefent,  the 
Jefuits  maintained  to  be  Simoniacal.”  There  is  but  one  bifhop  or  abuna  in  A.byffinian,  and  he  is  always  a  fo¬ 
reigner,  fubordinate  in  his  jurifdidlion  to  the  patriarch  of  Alexandria- 
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Church,  prefbyter,  as  is  pra6llfed  in  the  church  of  England  ;  but 
feveral  biihops  lay  on  their  hands  together  with  the 
archbifhop  at  the  confecration  of  a  bifhop. 

This  is  indeed  a  very  folemn  ceremony.  The  can¬ 
didate  for  the  epifcopate,  who  is  always  an  archiman^ 
drite  or  hieromonachusj  i.  e.  an  abbot  or  chief  monk  in 
fome  monaftery,  being  named  to  the  vacant  fee,  and 
the  eledlion  being  confirmed,  repairs,  at  the  time  ap¬ 
pointed,  to  the  church  where  the  confecration  is  to  be 
performed.  Being  arrived,  he  is  introduced  by  the 
proto-pope  (1)  and  proto-deacon  to  the  archbifhop  and 
bifhops,  who  are  arranged  in  proper  order  on  a  tempo¬ 
rary  theatre  or  platform  ereded  in  the  church  for  the 
occafion.  He  there  gives  an  account  of  his  faith  ;  de¬ 
clares  folemnly  that  he  has  neither  given  nor  promifed 
money,  or  any  bribe-worthy  fervice,  for  his  dignity  ; 
and  promifes  to  adhere  fteadily  to  the  traditions  and 
canons  of  the  eaftern  church,  to  vifit  his  diocefe  regu¬ 
larly,  and  to  oppofe  ftrenuoufly  all  innovations  and  he- 
•  refies,  particularly  the  errors  of  the  Latin  church.  This 
being  done,  the  archbifhop  fays,  “  The  grace  of  the 
Holy  Spirit,  through  my  humility,  exalts  thee  N.  archi¬ 
mandrite  or  hieromonachiis,  beloved  of  God,  to  be 
bifliop  of  the  cities  N.  N.  which  God  preferve.’'  With 
much  ceremony  the  bifhop  eled  is  then  conduded  from 
the  theatre,  within  the  rails  of  the  lifjly  altar,  where  he 
kneels  down  with  the  other  bifhops,  who  hold  open 
over  his  head  the  holy  gofpel  Xvith  the  letters  inverted, 
the  archbifhop  faying  aloud,  “  The  divine  grace,  which 
always  healeth  our  infirmities,  and  fupplieth  our  defeds, 
by  my  hand  condudeth  thee  N.  archimandrite  or  hiero- 
monachus,  beloved  of  God,  bifliop  eled  of  the  cities  of 
"N.  N.  which  God  preferve  ! — Let  us  pray  therefore 
for  him,  that  the  Grace  of  the  moft  Holy  Spirit  may 
come  upon  him.’’  Then  the  priefts  fay  thrice,  “  Lord 
have  mercy  upon  us  and  while  the  bifhops  continue 
to  hold  the  gofpel,  the  archbifhop  figns  the  newly  con- 
fecrated  bifhop  thrice  with  the  fign  of  the  crofs,  faying, 

“  In  the  name  of  the  Father,  and  of  the  Son,  and  of  the 
Holy  Ghoft,  now  and  for  ever,  even  unto  ages  of  ages. 
Amen.”  Then  all  the  bifhops  putting  their  right  hands 
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The  laft  facrament  of  the  Greek  church  is  that  of  Churchi 
the  holy  oil  or  euchelaion,  which  is  not  confined  to  per- 
fons  periculofe  agrotaniibus,  et  mortis  periculo  imminente^ 
like  the  extreme  undion  of  the  Romifh  church  ;  but  is 
adminiftered,  if  required,  to  devout  perfons  upon  the 
flightefl  malady.  Though  this  ordinance  is  derived 
from  St  James,  chap.  v.  ver,  14,  15.  it  is  by  no  means 
deemed  iieceffary  to  falvation,  or  obligatory  upon  all 
Chriflians  ;  and  it  is  well  that  it  is  not,  for  feven  priefts 
are  required  to  adminifter  it  regularly,  and  it  cannot  be 
adminiftered  at  all  by  lefs  than  three.  The  oil  is  con- 
fecrated  with  much  folemnity  ;  after  which  each  prieft, 
in  his  turn,  takes  a  twig,  and  dipping  it  in  the  oil  now 
made  holy,  anoints  the  fick  perfon  crofs-wife,  on  the 
forehead,  on  the  noftrils,  on  the  paps,  the  mouth,  the 
bread,  and  both  fides  of  the  hands,  praying  that  he  may 
be  delivered  from  the  bodily  infirmity  under  which  he 
labours,  and  raifed  up  by  the  grace  of  Jefus  Clirift. 

In  the  Greek,  .as  well  as  in  the  Latirt  church,  there 
is  a  fervice,  called  the  divine  lavipediumy  obferved  on  the 
Thurfday,  of  paflion-week,  in  imitation  of  our  Saviour's 
humility.  At  Conftantinople  Jefus  Chrift  is,  on  this 
occafion,  perfonified  by  the  Patriarch,  and  everywhere 
elfe  by  the  bifhop  of  the  diocefe,  and  the  twelve  apoftles 
by  twelve  regular  priefts,  when  a  ludicrous  conteft  arifes 
who  fhall  reprefent  Judas  ;  for  the  name  attaches  for 
life.  This  office  is  perfd\  med  at  the  weft  end  of  the 
church,  where  an  arm-chair  is  fet  at  the  bottom,  facing 
the  eaft,  for  the  bifhop  ;  and  on  each  fide  are  placed 
twelve  chairs  for  the  twelve  priefts,  who  are  to  repre¬ 
fent  the  twelve  apoftles.  The  prayers  and  hymns  ufed 
on  this  occafion  are  exceedingly  beautiful  and  appro- 
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priate;  and  when  the  firft  gofpel,  relating  our  Saviour’s 
wafhing  of  his  difciples  feet,  begins  to  be  read,  the. 
bifhop  or  patriarch  rifes  up,  and  takes  off  his  pontifical 
veftments  by  himfelf  without  affiftance.  He  then  girds 
himfelf  with  a  towel,  and  taking  a  bafon  of  water  in 
his  hand,  kneels  down  and  wafties  one  foot  of  eacb 
prieft,  beginning  with  the  youngeft  ;  and  after  having 
waflied  it  he  kifles  it.  All  this  is  done  as  the  feveral 
Amen.’'  i'tien  all  tne  oimops  putting  iiieir  ngut  uauus  circumftances  are  ^*ead  ;  and  when  he  comes  to  the  laft 

on  his  head,  the  archbifliop  prays  that  he  may  be  con-  pneft,  who  ^ 

firmed  in  the  office  of  whi4  they  have  judged  him  ri'feth  tyj  and/aith,  “  Lord,  doft  thou  waffi  my  feet  . 


in  _  _  _  _  ^  ^ 

worthy,  that  his  priefthood  may  be  rendered  irreproach¬ 
able,  and  that  he  himfelf  may  be  made  holy  and  worthy 
to  be  heard  of  God.  After  this,  one  of  the  affifting 
bifhops  reads  a  fhort  litany  in  a  low  voice,  to  be  heard 
only  by  thofe  within  the  altar,  and  the  other  bifhops 
make  the  refponfes.  At  the  end  of  the  litany  the  arch¬ 
bifhop,  laying  his  hand  again  upon  the  head  of  the  new¬ 
ly  confecrated  bifhop,  prays  in  very  decent  and  devout 
terms,  that  Chrift  will  render  him  an  imitator  of  himfelf. 


&c.  The  bifhop  anfwers  irt  the  words  of  our  Saviour  ; 
and  having  finifhed  the  whole,  puts  on  his  garments  a- 
gain,  and  fits  down  ;  and  as  the  fecond  gofpel  is  read  (  k),. 
repeats  the  words  of  our  Saviour,  “Know  ye  what  I. 
have  done  unto  you  ?”  &c.  The  office  is  certainly  an¬ 
cient,  and,  if  decently  performed,  muft  be  affeding.  ^  ^7 

Under  the  word  Patriarchs,  we  have  gi-Theprivi- 

ven  a  fufficient  account  of  the  rife  of  the  patriarchates, 
as  well  as  of  the  various  degrees  of  rank  and  authority 


terms,  that  Chrift  will  render  him  an  imitator  ot  nimieir,  as  weu  as  tuc  ^ 

the  true  Shepherd  ;  that  he  will  make  him  a  leader  of  claimed  by  the  bifhops  of  feveral  other  fees  in  tiirople. 

the  blind,  a  light  to  thofe  who  walk  in  darknefs,  and  a  chuch.  It  may  be  proper  to  add  here,  that  after  the 
teacher  of  infants  ;  that  he  may  fhiue  in  the  world,  and  taking  of  Conftantinop  e  ^  ^  ^ 


receive  at  laft  the  great  reward  prepared  for  thofe  who 
contend  boldly  for  the  preaching  of  the  gofpel.  After 
this  the  paftoral-ftaff  is  delivered  to  the  new  bifhop, 
with  a  very  proper  and  folemn  exhortation  from  the 
archbifhop,  to  feed  the  flock  of  Chrift  committed  to  his 
care. 


nued  to  the  patriarch  of  that  city  the  fame  prefent 
which  the  Greek  emperors  had  been  accuftomed  to 
make— a  paftoral  ftaff,  a  white  horfe,  and  four  hundred 
ducats  in  gold.  To  the  Greek  church  and  the  main^ 
tenance  of  its  clergy  he  left  Indeed  ample  revenues, 
which  they  have  gradually  facrificed  to  their  inconltan- 


( 1)  In  the  Greek  church  all  parifh  priefts  are  called  papas  or  popes  ;  and  the  proto-pope  h  an  archprefbyter* 
(k)  The  firft  gofpel  is  John  xiii.  3 — 12.  The  fecond  gofpel  is  John  xiii.  12—18. 
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cCharch,  cy,  their  ambition,  and  their  private  jealonty.  Still, 
Chulai^  however,  the  patriarch  of  Conflantinople  fills  a  very  lu- 
crative  and  high  office.  “  Befides  the  power  of  nomi¬ 
nating  the  other  three  patriarchs,  and  all  epifcopal  dig¬ 
nitaries  (fays  MrDallaway),  he  enjoys  a  moft  extenfive 
jurirdiftion,compnTing  the  churches  of  Anatolia,  Greece, 
Wallachia,  Moldavia,  and  the  iflands  of  the  Archipelago. 
Since  the  clofe  of  the  fixteenth  century,  the  Ruffian 
church  has  claimed  a  jurifdidlion  independent  of  the  fee 
of  Cnnflantinople  ;  though  appeals  have  been  made  to 
that  fee  in  cafes  of  extraordinary  importance.  The  in¬ 
fluence  of  the  patriarch  with  the  Porte  is  very  extenGve, 
as  far  as  his  own  nation  is  concerned.  His  memorials 
are  never  denied  ;  and  he  can,  in  fadl,  command  the 
death,  the  exile,  imprifonment  for  life,  depolition  from 
offices,  or  pecuniary  Gne,  of  any  Greek  whom  he  may 
be  inclined  to  puniAt  with  rigour,  or  who  has  treated  his 
authority  with  contempt.  On  the  death  of  the  patri¬ 
arch  the  moil  eager  competition  is  exerted  to  Gll  the 
vacant  throne  ;  which,  as  it  is  obtained  by  bribery  and 
intrigue,  is  of  courfe  a  very  unftable  feat  to^the  fuccefs- 
ful  candidate,  ffioujd  another  offer  to  accept  the  appoint¬ 
ment  at  a  lower  falary.”  For  a  fuller  account  of  the 
doctrines,  difcipline,  and  worfhip  of  the  Greek  church 
at  prefent,  we  refer  the  reader  to  King^s  Rites  and  Ce¬ 
remonies  of  the  Greek  Church  in  Rujfta^  and  to  Dalla- 
^ay^s  Conjiantinople  ancient  and  modern  (publifhed  in 
^797)  >  f^or^  which  two  works  this  abllra^t  has  been 
mollly  taken. 

CHUSAN-Islands,  a  duffer  of  fmall  iflands  on  the 
eaft  coft  of  China,  which  were  vifited  by  Lord  Macart¬ 
ney  in  his  courfe  to  Pekin.  Moff  of  thefe  iflands  feem 
to  be  hills  rifing  regularly  out  of  the  fea,  and  rounded 
at  top,  as  if  any  points  or  angles  exifting  in  their  ori¬ 
ginal  formation  had  been  gradually  worn  off  into  a 
globular  and  uniform  fhape.  Many  of  them,  though 
dofe  to  each  other,  are  divided  by  channels  of  great 
depth.  They  reff  upon  a  foundation  of  grey  or  red 
granite,  fome  part  refembling  porphyry,  except  in 
hardnefs.  They  were,  certainly,  not  formed  by  the 
fucceffive  alluvian  from  the  earth  brought  into  the  fea 
by  the  great  river  at  whofe  mouth  they  are  fituated, 
like  the  numerous  low  and  muddy  iGands  at  the  mouth 
of  the  Po,  and  many  others  ;  but  fhould  rather  be  con- 
lidered  as  the  remains  of  part  of  the  continent  thus 
fcooped  and  furrowed,  as  it  were,  into  iflands,  by  the 
force  of  violent  torrents  carrying  off,  further  into  the 
fea,  whatever  was  lefs  refiftable  than  the  rocks  juff  men¬ 
tioned.  Some  of  them  wore  a  very  inviting  afpedl  ; 
one  in  particular,  called  Poo-too,  is  defcribed  as  a  per- 
fe<ff  paradife.  ^  This  fpot  was  chpfen,  no  doubt,  for  its 
natural  beauties,  and  afterwards  embellifhed,  by  a  fet  of 
religious  men,  who,  to  the  number  of  three  thoufand, 
poffefs  the  whole  of  it,  living  there  in  a  ffate  of  celi¬ 
bacy.  It  contains  four  hundred  temples,  to  each  of 
which  are  annexed  dvvelling-houfes  and  gardens  for  the 
accommodation  of  thofe  monks.  This  large  monaffery, 
as  it  may  be  called,  is  richly  endowed,  and  its  fame  is. 
fpread  throughout  the  empire. 

T.  he  Englifh  Eaff  India  Company  had  once  a  fadlory 
at  Chufan,  the  principal  of  thefe  iflands,  from  which 
they  were  many  years  ago  interdiaed.  This,  accord- 
ing  to  the  account  of  a  Chinefe  merchant  who  remem¬ 
bered  the  faaory,  was  not  occaffoned  by  any  offence 
given  by  the  Englifh,  but  by  the.  avarice  of  the  officers 


governing  at  Canton,  who  draw  large  fums  from  the 
accumulation  of  foreign  trade  in  that  port.  Perhaps, 
too,  the  exceffive  jealoufy  of  the  Chinefe  government 
might  fancy  danger  in  the  unreffrained  communication 
between  foreigners  and  the  fubjcAs  of  that  empire  in 
feveral  of  its  ports  at  the  fame  time. 

Ting-hai,  the  chief  town  of  Chufan,  refembles  Ve¬ 
nice,  but  on  a  fmaller  fcale.  It  is  furrounded,  as  well 
as  interfered,  by  canals,  over  which  are  thrown  fleep 
bridges,  afcended  by  ffeps  like  the  Rialto.  The  ffreets 
are  narrow,  and  paved  with  fquare  flat  ffones ;  but  the 
houfes,  unlike  the  Venetian  buildings,  are  low  andmoff- 
ly  of  one  ffory.  The  ornaments  of  thefe  buildings  are 
confned  chiefly  to  the  roofs,  on  the  ridges  of  which  are 
uncouth  Ggures  of  animals  in  clay,  ffone,  or  iron.  The 
town  is  full  of  fhops,  containing  chiefly  articles  of  clo¬ 
thing,  food,  and  furniture,  difplaycd  to  full  advantage. 
Even  coffins  are  painted  in  a  variety  of  lively  and  con- 
trafting  colours.  The  fmaller  quadrupeds,  including 
dogs,  intended  for  food,  are  expofed  alive  for  fale,  as 
well  as  poultry,  and  fifh  in  tubs  of  water,  with  eels  in 
fand.  When  the  gentlemen  belonging  to  the  embaffy 
were  at  Ting-hai,  they  were  ffruck  with  the  number  of 
places  where  tin-leaf  and  flicks  of  odoriferous  wood, 
were  fold  for  burning  in  the  temples,  which  indicated 
no  flight  degree  of  luperffition  in  the  people.  Supcr- 
ffition,  however,  made  them  not  idle  ;  for  throughout 
the  whole  place  there  was  a  quick  and  adlive  induffry. 
Men  paffed  bufily  through  the  ffreets,  while  not  an  in¬ 
dividual  was  feen  aiking  alms  ;  and  the  wmmen  were 
employed  in  the  fhops.  At  Chufan,  the  number  of 
valuable  harbours,  or  places  of  p^rfe6l  fecurit/  for  fliips 
of  any  burden,  is  almoff  equal  to  the  number  of  iflands. 
This  advantage,  together  with  that  of  their  central  fl- 
t nation,  in  refped  to  the  eaffern  coll  of  China,  and  the 
vicinity  of  Corea,  Japan,  Leoo  keoo,  and  Formofa,  at- 
tra<ff  confiderable  commerce,  efpecially.  to  Ning:poo,  a 
city  of  great  trade  in  the  .adjoining  province  of  Che-chi- 
ang,  to  which  all  the  Chufan  iflands  are  annexed.  From 
one  port  in  that  province  twelve,  veffels  fail  annually  for 
copper  to  Japan. 

^According  to  Brookes,  Chufan  kin  N.  Lat.  30.  o*. 
]^|A  E.  Long.  124.  o. 

TCli^ARA,  or  CvNARA,  whicli  we  tranflate 
c^ke,  is,  according  to  Profeffor  Beckmann,  the  name 
which  was  given  by  the  ancients  to  a  plant  very  diffe¬ 
rent  from  the  artichoke  of  our  kitchen  gardens,  though 
he  admits  that  they  belong  to  the  fame  genus.  The 
proofs  which  he  adduces  for  the  truth  of  his  opinion 
are  too  tedious  to  be  introduced  into  this  Work,  efpe¬ 
cially  as  they  appear  not  to  us  to  beahlblutely  conclufive. 
We  muff  therefore  refer  the  reader  to  his  Hiffory  of 
Inventions.  The  cinara^  carduus^  Jcolymiis  (fee 
ScoLYMus  in  this  Supplement),  were  in  his  opinion 
fpecies  of  the  thiJUe^  of  which  the  roots  and  young 
Jhootsi  as  well  as  the  bottom  of  the  calyx  of  .  the  laff, 
were  eaten.  He  has  proved  indeed,  he  thinks,  that 
the  Greeks  and  Romans  ufed  the  pulpy  bottom  of  the, 
calyx,  and  the  tendereff  ffalks  and  young  ffioots  of  ma¬ 
ny  plants  belonging  to  the  thiffle  kind,  in  the  fame 
manner  as  we  ufe  artichokes  and  cardoons,  but  that. 
thefe  latter  were  unknown  to  them. 

f  It  appears  probable  (fays  he)  .that  the  ufe  of  thefe^ 
thiffles,  at  leaff  in  Italy  and  Europe  in  general,  was  in: 
the  courfe  of  time  laidaGde  and  forgotten,  and  that  the. 


Chufan, 

Cinara. 


Circular. 
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‘Cmrabar  artichoke, '^wlien  it  was  fir  ft  brought  to  Italy  from  the 
I.evant,  was-  conlidered  as  a  new  fpecies  of  food.  It  is 
^undoubtedly  certain  that  our  artichoke  was  firft  known 
in  that  country  in  the  15th  century,  Hermolaus  Bar- 
barus,  who  died  in  1494’  itdates  that  this  plant  was 
firll  feen  at  Venice  in  a  garden  in  1473,  at  which  time 
it  was  very  fcarce.  About  the  year  1466,  one  of  the 
family  of  Strozza  brought  the  hrft  artichokes  to  Flo¬ 
rence  from  Naples.  Politian,  in  a  letter  in  which  he 
defcribes  the  dilhes  he  found  at  a  grand  entertainment 
in  Italy  in  1488,  among  thefe  mentions  artichokes. 
They  were  introduced  into  France  in  the  beginning  of 
the  1 6th  century,  and  into  England  in  the.  reign  of 
HcnryVIII.’^ 

The  original  country  of  the  artichoke  is  unknown. 
Einnaeus  fays  that  it  grew  wiM  in  Narbonne,  Italy, 
’Und  Sicily,  as  the  caidoon  did  in  Crete  ;  but  our  au¬ 
thor  has  proved  very  fufficiently,  that  wnth  refpedl  to 
both  thefe  fads  the  great  botanift  was  mifinformed. 
The  artichoke  is  certainly  known  in  Perfia  ;  but  Ta¬ 
vernier  fays  exprefsly,  that  it  was  carried  thither,  like 
■ufparagus  and  other  European  vegetables  of  the  kitchen 
garden,  by  the  Carmelite  and  other  monks ;  and  that 
it  w'as  only  in  latter  times  that  it  became  common. 

CINNABAR.  See  Chemistry  in  this  Supplement, 
.11°  91. 

CIRCLE  OF  Curvature,  or  circle  of  equicurva- 
ture,  is  that  circle  which  has  the  fame  curvature  with  a 
.^iven  curve  at  a  certain  point ;  or  that  circle  whofe  ra¬ 
dius  is  equal  to  the  radius  of  curvature  of  the  given 
curve  at  that  point. 

Circles  of  Declination  are  great  circles  interfeding 
each  other  in  the  poles  of  the  world. 

Circle  of  Dijjipation,  in  optics.  See  Optics,  En- 
cycL  n°  253. 

Circle  Equant,  in  the  Ptolemaic  aftronomy,  is^  a 
circle  defcrlbed  on  the  centre  of  the  equant.  Its  chief 
ufe  is  to  find  the  variation  of  the  firft  inequality. 

Circles  of  Excurfton  are  little  circles  parallel  to  the 
ecliptic,  and  at  fuch  a  diftance  from  it,  as  that  the  ex- 
curfions  of  the  planets  towards  the  poles  of  the  ecliptic 
may  be  included  within  them  ;  being  ufually  fixed  at 

about  10  degrees.  ^  ,  ,  , 

Circles  of  Poftlion^  are  circles  pafiing  through  the 
common  interfedions  of  the  horizon  and  meridian,  and 
through  any  degree  of  tlie  ecliptic,  or  the  centre  of 
any  ftar,  or  other  point  in  the  heavens  •,  and  are  ufed 
for  finding  out  the  fituation  or  pofition  of  any  ftar. 
Thefe  are  ufually  fix  in  number,  cutting  the  equinodial 
into  12  equal  parts,  which  the  aftrologers  call  the  celef 
not  houfesy  and  hence  they  are  fometimes  called  circles 
of  the  celejlial  houfes. 

CIRCULAR  Lines,  a  name  given  by  fome  authors 
to  fuch  ftraight  lines  as  are  divided  by  means  of  the  di- 
vifions  made  in  the  arch  of  a  circle  ;  fuch  as  the  fines, 
tangents,  fecants,  &c,  ^ 

Circular  Parts,  called,  from  the  ufe  which  he  firft 
made  of  them,  NapiePs  circular  parts,  are  the  five  parts 
of  a  right-angled  or  a  quadrantal  fpherical  triangle  ; 
they  are  the  two  legs,  the  complement  of  the  hypothe- 
nufe,  and  the  complements  of  the  two  oblique  angles. 

Concerning  thefe  circular  parts,  Napier  gave  a  gene¬ 
ral  rule  in  his  Logarithmorum  Canonis  Deferiptio,  which 
IS  this  ;  “  The  redangle  under  the  radius  and  the  fine 
of  the  middle  part  is  equal  to  the  redangle  under  the 
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tangents  of  the  adjacent  parts,  and  to  the  rednngle  un* 
der  the  cofiiies  of  the  oppofite  parts.  The  right  angle 
or  quadrantal  fide  being  negleded,  the  two  fides  and 
the  complements  of  the  other  three  natural  parts  are 
called  the  circular  parts,  as  they  follow  each  other  as  it 
were  in  a  circular  order.  Of  thefe,  any  one  being  fix¬ 
ed  upon  as  the  middle  part,  thofe  next  it  are  the  adja¬ 
cent,  and  thofe  fartheft  from  it  the  oppofite  parts.’’ 

This  rule  contains  within  itfelf  all  the  particular  rules 
for  the  folution  of  right-angled  fpherical  triangles,  and 
they  were  thus  brought  into  one  general  comprehenfive 
theorem,  for  the  fake  of  the  memory  ;  as  thus,  by 
charging  the  memory  with  this  one  rule  alone :  All  the 
cafes  of  right-angled  fpherical  triangles  may  be  refol- 
ved,  and  thofe  of  oblique  ones  alfo,  by  letting  fall  a 
perpendicular,  excepting  the  two  cafes  in  which  there 
are  given  either  the  three  Tides,  or  the  three  angles.  A  nd 
for  thefe  a  fimllar  expedient  has  been  devifed  by  Lord 
Buchan  and  L)r  Minto,  which  may  be  thus  exprefied : 

‘‘  Of  the  circular  parts  of  an  oblique  fpherical  triangle, 
the  redlangle  under  the  tangents  of  half  the  fum  and 
half  the  difference  of  the  fegments  at  the  middle  part 
(formed  by  a  perpendicular  drawn  from  an  angle  to  the 
oppofite  fide),  is  equal  to  the  redangle  under  the  tan¬ 
gents  of  half  the  fum  and  half  the  difference  of  the  op¬ 
pofite  parts.”  By  the  circular  parts  of  an  oblique  fphe¬ 
rical  triangle  are  meant  its  three  fides  and  the  fupple- 
ments  of  its  three  angles.  Any  of  thefe  fix  being  af- 
fumed  as  a  middle  part,  the  oppofite  parts  are  thofe 
tw^o  of  the  fame  denomination  with  it,  that  is,  if  the 
middle  part  is  one  of  the  fides,  the  oppofite  parts  are 
the  other  tw'o,  and,  if  the  middle  part  is  the  fupple- 
ment  of  one  of  the  angles,  the  oppofite  parts  are  the 
fupplements  of  the  other  two.  Since  every  plane  tri¬ 
angle  may  be  confidered  as  defcrlbed  on  the  furface  of 
a  fphere  of  an  infinite  radius,  thefe  two  rules  may  be 
applied  to  plane  triangles,  provided  the  middle  part  be 
reftridled  to  a  fide. 

Thus  it  appears  that  two  fimple  rules  fuftice  for  the 
folution  of  all  the  poffible  cafes  of  plane  and  fpherical 
triangles.  Thefe  rules,  from  their  neatnefs,  and  the 
manner  in  which  they  are  exprefied,  cannot  fail  of  en¬ 
graving  themfelves  deeply  on  the  memory  of  every  one 
who  is  a  little  verfed  in  trigonometry.  It  is  a  circuni- 
ftance  worthy  of  notice,  that  a  perfon  of  a  very  vveaic 
memory  may  carry  the  whole  art  of  trigonometry  in 
his  head. 

CIRCULATING  Decimals.  See  Decimals  m 
this  Supplement. 

CLOCK,  a  machine  for  meafuring  time,  of  which  a 
defeription  is  given  in  the  Encyclopaedia.^  For  the 
fcieiitific  principles  of  clock  and  •ibatch-making,  as  well 
as  for  a  fiiort  account  of  the  moft  valuable  conftru6tiou^|j 
fee  ^ Making  in  this  Supplement. 

COACH,  as  we  have  obferved  in  the  Encycloptedia, 
is  a  very  modern  invention,  if  by  that  word  be  meant  a 
covered  carriage  fufpended  on  fprings.  We  learn,  in¬ 
deed,  from  tne  laborious  refearches  of  Profeffor  Beck¬ 
mann,  that  coaches  of  fome  kind  were  known  in  the  be¬ 
ginning  of  the  1 6th  century  ;  but  they  were  ufed  only 
bv  women  of  the  firft  rank,  for  the  men  thought  it  1 - 
graceful  to  ride  in  them.  At  that  period,  when  the 
eleftors  and  princes  did  not  choofe  to  be  prefent  at  the 
meetings  -of  the  ftates,  they  excufed  themfelves  by  in¬ 
forming  the  emperor  that  their  htalth  did  not  permit 
^  ^  them 
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Coacb.  them  to  ride  on  horfeback  5  and  it  was  confidered  as  a 
V  *  point  eftablifhed,  that  it  was  unbecoming  for  them  to 
ride  like  womeji.  It  is  certain,  however,  that,  about 
the  end  of  the  15th  century,  the  emperor,  kings,  and 
princes,  began  to  employ  covered  carriages  on  journeys, 
and  afterwards  on  public  folemnities. 

The  wedding  carriage  of  the  firft  wife  of  the  Empe¬ 
ror  Leopold,  who  was  a  Spauiih  princefs,  coft,  together 
with  the  barnefs,  38,000  florins.  The  coaches  ufed  by 
that  Emperor  are  thus  defcribed  by  Kink :  ‘‘  In  the 
imperial  coaches  no  great  magnificence  was  to  be  feen  ; 
they  were  covered  over  with  red  cloth  and  black  nails. 
The  harnefs  was  black,  and  in  the  whole  work  there 
was  no  gold.  The  pannels  were  of  glafs,  and  on  thia 
account  they  were  called  the  imperial  glafs  coaches*  On 
feftivals  the  harnefs  was  ornamented  with  red  filk  frin¬ 
ges.  The  imperial  coaches  were  diftinguifhed  only  by 
their  having  leather  traces  ;  but  the  ladies  in  the  impe¬ 
rial  fuite  were  obliged  to  be  contented  with  carriages, 
the  traces  of  which  were  made  of  ropes.’^  At  the  mag¬ 
nificent  court  of  Duke  Ernell  Auguftus  of  Hanover, 
there  were  in  the  year  1681  fifty  gilt  coaches  with  fix 
horfes  each.  So  early  did  Hanover  begin  to  furpafs 
other  cities  in  the  number  of  its  carriages.  The  firft 
time  that  ambafladors  appeared  in  coaches  on  a  public 
folemnity  was  at  the  imperial  commiffion  held  at  Er- 
furth  in  1613  refpe£ling  the  affair  of  Jiiliers. 

In  the  hiftory  of  France  we  find  many  proofs  that  at 
Paris,  in  the  14th,  15th,  and  even  16th  centuries,  the 
French  monarchs  rode  commonly  on  horfes,  the  fervants 
of  the  court  on  mules,  and  the  princeffes,  together  with 
the  principal  ladies,  fometimes  on  afies.  Perfons  of  the 
firft  rank  often  fat  behind  their  equerry,  and  the  liorfe 
was  often  led  by  fervants.  Carriages,  however,  of  fome 
kind  appear  to  have  been  ufed  very  early  in  France, 
An  ordinance  of  Philip  the  Fair,  iflued  in  1294  for  firp- 
preffing  luxury,  and  in  which  the  citizens  waves  are  for¬ 
bid  to  life  carriages  [cars^y  is  ftill  preferved.  Under 
Francis  [.  or  rather  about  1550,  fomewhat  later,  there 
were  in  Paris  for  the  firft  time  only  three  coaches. 

The  oldeft  carriages  ufed  by  the  ladies  in  England 
w^ere  known  under  the  now  forgotten  name  of  nvhirVu 
cotes*  When  Richard  ll.  towards  the  end  of  the  14th 
century,  was  obliged  to  fly  before  his  rebellious  fub- 
jedls,  he  and  all  his  followers  were  on  horfeback  ;  his 
mother  only,  who  was  indifpofed,  rode  in  a  carriage. 
This,  however,  became  afterwards  fomewhat  unfafliron. 
able,  when  that  monarch’s  queen,  Ann,  the  daughter  of 
the  Emperor  Charles  IV.  fhewed  the  Englifli  ladies  how. 
gracefully  and  conveniently  fhe  could  ride  on  a  fide- 
faddle.  Whirlicotes  were  laid  afide,  therefore,  except 
at  coronations  and  other  public  folemnities.  Coaches 
were  firft  known  in  England  about  the  year  1580,  and, 
as  Stow  fays,  were  introduced  from  Germany  by  Fitz- 
allen,  earl  of  Arundel.  In  the  year  1598,  when  the 
Englifli  ambaflador  came  to  Scotland,  he  had  a  coach 
with  him.  Anderfon  places  the  period  when  coaches 
began  to  be  in  common  ufe  about  the  year  1605.  The 
celebrated  duke  of  Buckingham,  the  unworthy  favou¬ 
rite  of  two  kings,  was  the  firft  perfon  who  rode  with  a 
coach  and  fix  horfes,  in  1619.  To  ridicule  this  new 
pomp,  the  earl  of  Northumberland  put  eight  horfes  to 
his  carriage. 

Refpeding  the  progrcfs  of  luxury  with  regard  to 
coaches,  the  reader  will  find  ipuch  carious  information 


in  the  firft  volume  of  Profefibr  Beckmann’s  Htjlory  of 
Inventions*  It  is  perhaps  one  of  the  moft  entertaining 
articles  in  that  very  learned  work.  The  author,  how¬ 
ever,  with  all  his  labour,  has  not  been  able  to  afccrtain 
the  country  in  which  coaches  hung  on  fprings  were  firft 
ufed  ;  but  he  feerAs  inclined  to  give  the  credit  of  the 
invention  to  Hungary. 

COBALT  (fee  Chemistry-ZW^’a:,  in  this  Supple¬ 
ment),  is  a  valuable  article  to  potters  and  dyers.  To» 
fit  it  for  their  ufe,  it  is  firft  roafted  and  freed  from  the 
foreign  mineral  bodies  with  which  it  is  united:  it  Is  then 
well  calcined,  and  fold  either  mixed  or  unmixed  with 
fine  fand  under  the  name  of  zaffer  {%ajfera)  ;  or  it  is 
melted  with  filiceous  earth  and  potafhes  to  a  kind  of 
blue  glafs  called  finally  which  when  ground  very  fine  is 
known  in  commerce  by  the  name  of  powder  blue*  All 
thefe  articles,  becaufe  they  are  moft  durable  pigments, 
and  thofe  which  heft  withftand  fire,  and  becaufe  one  can 
produce  with  them  every  fliade  of  blue,  are  employed' 
above  all  for  tinging  cryftal  and  for  enamelling  ;  for 
counterfeiting  opaque  and  tranfparent  precious  Hones, 
and  for  painting  and  varpiflilng  real  porcelain  and  earth¬ 
en  and  potters  ware.  This  colour  is  Indifpenfably  ne- 
ceflary  to  the  painter  when  he  is  defirous  of  imitating 
the  fine  azure  colour  of  many  butterflies  and  other  na¬ 
tural  objeds;  and  the  cheaper  kind  is  employed  to  give 
a  blueifli  tinge  to  new.wafhed  linen,  which  fo  readily 
changes  to  a  difagreeable  yellow,  though-  not  without 
injury  to  the  health  as  well  as  to  the  linen, 

Profefibr  Beckmann,  in  his  Hiftory^of  InventionSy  gives 
the  following  account  of  the  paint  prepared  from  co¬ 
balt.  **  About  the  end  of  the  15th  century  cobalt  ap¬ 
pears  to  have  been  dug  up  in  great  quantity  In  the 
mines  on  the  borders  of  Saxony  and  Bohemia,  dlfcover- 
ed  not  long  before  that  period.  As  it  was  not  known 
at  firft  to  what  ufe  it  could  be  applied,  it  v/as  thrown 
afide  as  a  ufelefs  mineral.  The  miners  had  an  averfion 
to  it,  not  only  becaufe  It  gave  them  much  fruitlefs  la¬ 
bour,  but  becaufe  it  often  proved  prejudicial  to  their 
health  by  the  arfenicai  particles  with  which  it  was  com¬ 
bined;  and  it  appears  even  that  the  miiieralogical  name 
cobalt  then  firft  took  its  rife?  At  any  rate,  I  have  ne¬ 
ver  met  with  it  before  the  beginning  of  the  i6t]i  cen*. 
tury  ;  and  Mathefius  and  Agricola  feem  to  have  firft! 
ufed  it  in  their  writings.  Frifch  derives  it  from,  the 
Bohemian  word  how,  which  fignifies  metal;  but  the* 
conjedure  that  it  was  formed  from  cohalusy  which  was 
the  name  of  a  fpirit  that,  according  to  the  fuperftitious-i 
notions  of  the  times,  haunted  mines,  deftroyed  the  la¬ 
bours  of  the  miners,  and  often  gave  them  a  great  deaF 
of  unneceflary  trouble,  is  more  probable  and  there  Is 
reafon  to  think  that  the  latter  is  borrowed  from  the 
Greek.  The  miners,  perhaps,  gave  this  name.to  the- 
mineral  out  of  joke,  becaufe  it  thwarted  them  as  much 
as  the  fuppofed  fpirit,  by  exciting  falfe  hopc^,  and  ren¬ 
dering  their  labour  often  fruitlefk  It  was  once  cufto- 
mary,  therefore,  to  introduce  into  the  church  fervice  a 
prayer  that  God  would  preferve  miners  and  their  works  , 
from  hoholts  and  fpirits. 

“  Refpeding  the  invention  of  making  an  ufeful  kind 
of  blue  glafs  from  cobalt,  we  have  no  better  information 
than  that  which  Klotzfch  has  publifiied  from  the  papers  ^ 
of  Cliriftian  Lehmann.  The  former,  author  of  an  hif- 
torical  work- refpeding  the  upper  diftrid  of  the  mines 
in  Mifnia,  and  a  clergjmaii-at  Schdbeuberg,  collededi 

vHtiis 
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Coljalt.  with  great  diligence  every  information  that  refpefted 
■"'"V— ^  the  hiftory  of  the  neighbouring  country,  and  died  at  a 
great  age  in  1688.  According  to  his  account,  the  co¬ 
lour-mills  at  the  time  wdien  he  wrote  were  about  100 
years  old  ;  and  as  he  began  firft  to  write  towards  the 
end  of  the  thirty  years  war,  the  invention  feems  to  fall 
about  1540  or  1560.  He  relates  the  circumftance  as 
follows ;  ‘  Chriftopher  Schurer,  a  glafs-maker  at  Flat¬ 
ten,  a  place  which  belongs  (till  to  Bohemia,  retired  to 
Neudeck,  where  he  eftablifhed  his  bufinefs.  Being  once 
at  Schiieeberg,  he  colledled  fome  of  the  beautiful  co¬ 
loured  pieces  of  cobalt  which  were  found  there,  tried 
them  in  his  furnace  ;  and  finding  that  they  melted,  he 
mixed  fome  cobalt  with  glafs  metal,  and  obtained  fine 
blue  glafs.  At  firft  he  prepared  it  only  for  the  ufe  of 
the  potters;  but  in  the  courfe  of  time  it  v/as  carried  as 
an  article  of  merchandife  to  Nuremberg,  and  thence  to 
Holland.  As  painting  on  glafs  was  then  much  culti¬ 
vated  in  Holland,  the  artifts  there  knew  better  how  to 
appreciate  this  invention.  Some  -Dutchmen  therefore 
repaired  to  Neudeck,  in  order  that  'they  might  learn  the 
procefs  uCed  in  preparing  this  new  paint.  By  great  pro- 
mifes  they  perfuaded  the  inventor  to  remove  to  Magde¬ 
burg,  where  he  alfo  made  glafs  from  the  cobalt  of  Schnee- 
berg  ;  but  he  again  returned  to  his  former  refidence, 
vdiere  he  conftruded  a  handmill  to  grind  his  glafs,  and 
afterwards  ereded  one  driven  by  water.  At  that  pe¬ 
riod  the  colour  was  worth  7 i  dollars  per  cwt.  and  in  Hoi- 
land  from  50  to  60  fiorins.  Eight  colour  mills  of  the 
fame  kind,  for  which  roafted  cobalt  was  procured  in  caflcs 
from  Sclineeberg,  were  foon  conftruded  in  Holland;  and 
it  appears  that  the  Dutch  muft  have  been  much  better 
acquainted  with  the  art  of  preparing,  and  particularly 
with  that  of  grinding  it,  than  the  Saxons;  for  the  Elec¬ 
tor  John  George  fent  for  two  colour  makers  from  Hol¬ 
land,  and  gave  a  thoufand  florins  towards  the  enabling 
them  to  improve  the  art.  He  was  induced  to  make  this 
advance  chiefly  by  a  remark  of  the  people  of  Schnee- 
berg,  that  the  part  of  the  cobalt  which  dropped  down 
while  it  was  roafting  contained  more  colour  than  the 
roafted  cobalt  itfelf.  In  a  little  time  more  colour-mills 
were  ereded  around  Schneeberg.  Hans  Burghard,  a 
merchant  and  chamberlain  of  Schneeberg,  built  one,  by 
which  the  eleven  mills  at  Flatten  were  much  injured. 
Paul  Nordhoff,  a  Frieflander,  a  man  of  great  ingenuity, 
who  lived  at  the  Zwittermill,  made  a  great  many  expe¬ 
riments  in  order  to  improve. the  colour;  by  which  he 
was  reduced  to  fo  much  poverty  that  he  was  at  length 
forced  to  abandon  that  place,  where  he  had  been  em¬ 
ployed  for  ten  years  in  the  colour- manufadory.  He 
retired  to  Annaberg,  eftablifhed  there  in  1649,  by  the 
afliftance  of  a  merchant  at  Leipfic,  •  colour-manufado- 
ry,  of  which  he  was  appointed  the  diredor;  and  by  thefe 
means  rendered  the  Annaberg  cobalt  of  utility”.  The 
confumption  of  this  article,  however,  muft  have  decrea- 
fed  in  the  courfe  of  time  ;  for  in  the  year  ^659,  when 
there  were  mills  of  the  fame  kind  at  more  of  the  towns 
in  the  neighbourhood  of  mines,  he  had  on  hand  above 
8000  quintals.’  Thus  far  Lehmann.” 

Kofsler  fays,  that  the  Bohemian  cobalt  is  not  fo  good 
as  that  of  Mifnia,  and  that  its  colour  is  more^like  that 
of  afties.  We  truft,  however,  that  the  qualities  of  fo¬ 
reign  cobalt  fhall  foon  be  a  matter  of  little  importance  to 
the  Britifh  artift,  as  a  rich  mine  of  this  mineral  has  late¬ 
ly  been  difeovered  near  Penzance  in  CornwaL 


COFFEA,  the  CoFFRR-Tree,  is  a  plant  which  ha§ 
been  botanically  deferibed  in  the  Encyclopaedia  Britan-  — y— 
nica,  where  fome  account  is  likewife  given  of  the  modes 
of  cultivating  it,  as  well  as  of  the  qualities  of  its  fruit. 

Since  that  account,  however,  was  publifhed,  two  works 
have  fallen  into  our  hands,  from  which  we  deem  it  our 
duty  to  make  fuch  extrads  as  may  not  only  corred 
fome  miftakes  which  we  had  committed,  but  alfo  com¬ 
municate  ufeful  information  to  the  public. 

In  our  former  article  we  adopted  the  common  opi¬ 
nion,  that  the  coftce  produced  in  Arabia  is  fo  greatly 
fuperior  to  that  which  is  raifed  everywhere  elfe,  that  it 
is  vain  to  think  of  cultivating  the  plant  to  any  extent 
in  the  Weft  India  iflands.  We  are  happy  to  find  that 
this  is  a  vulgar  error.  In  the  year  1783,  when  the  cul- 
tivaition  of  coffee  was  not  fo  well  underttood  in  Jamaica 
as  at  prefent,  fome  famples  from  that  ifland  were  pro¬ 
duced  in  London,  and  pronounced  by  the  dealers  to  be 
equal  to  the  very  beft  brought  from  the  Eaft.  “  Two 
of  the  famples  were  equal  to  the  beft  Mocha  coffee, 
and  two  more  of  them  fuperior  to  any  coffee  to  be  had 
at  the  grocers  fhops  in  London,  unlefs  you  will  pay  the 
price  of  picked  coffee  for  it,  which  is  two  fhillings  per 
pound  more  than  for  that  which  they  call  the  bejl  cof¬ 
fee.  All  the  reft  of  the  famples  were  far  from  bad  cof¬ 
fee,  and  very  little  inferior,  if  at  all,  to  what  the  gro¬ 
cers  call  bejl  coffee  *  Mofeley*f 

If  this  be  fo,  it*  fu rely  becomes  the  legiftature  o^Treatife  on 
Great  Britain  to  encourage  the  cultivation  of  coffee 
the  Weft  Indies,  efpecially  as  it  thrives  beft  in  foil  which 
is  not  fit  for  the  fugar-cane,  and  may  be  raifed  in  con- 
fiderable  quantities  by  thofe  who  are  not  able  to  flock 
a  fugar  plantation.  The  encouraging  every  article  which 
iiicreafes  the  intercourfe  with  our  colonies  is  increafing 
our  commerce.  The  payment  for  all  the  ftaples  of  the 
Weft  Indies  is  made  in  our  manufactures  *,  the  fale  ol 
which  muft  increafe  in  proportion  to  the  numbers  that 
are  employed  in  the  cultivation  of  what  is  bartered  for 
them.  Our  Weft  India  iflands,  without  draining  us  of 
fpecie  or  bullion,  can  fupply  us  with  many  of  thofe  ve-^ 
ry  articles  for  which  we  are  drained  in  other  parts  of 
the  world,  and  particularly  with  coffee. 

To  give  a  detailed  account  of  the  introduClion  of  the 
coffee-tree  into  the  Weft  Indies,  would  fwell  this  article 
to  very  little  purpofe.  According  to  Boerhaave,  a 
Dutch  governor  was  the  firft  perfoii  who  procured  frefh 
berries  from  Mocha,  and  planted  them  in  Batavia  ;  and 
in  the  year  1690  fent  a  plant  from  thence  to  Amfter- 
dam,  which  came  to  maturity,  and  produced  thqfe  ber¬ 
ries  which  have  fince  furniflied  all  that  is  now  cultiva¬ 
ted  in  the  Weft  Indies. 

In  1714a  plant  from  the  garden  of  Amfterdam  was 
fent  by  Mr  Pancras,  a  burgomafter  and  direClor  of  the 
botanic  garden,  as  a  prefent  to  Louis  XIV.  which  was 
placed  in  the  garden  at  Marly.  In  1718,  the  Dutch 
began  to  cultivate  coffee  in  Surinam  ;  in  1721?  the 
French  began  to  cultivate  it  at  Cayenne;  in  1727,  at 
Martinico;  and  in  1728,  the  Englifh  began  to  cultivate 
it  in  Jamaica. 

As  it  has  been  more  cultivated  in  the  French  Weft 
India  iflands  than  in  the  Britifh,  it  may  be  of  import¬ 
ance  to  our  colonifts  to  be  made  acquainted  with  the 
pradlice  of  the  French  planters.  Accordingly  Dr  La- 
borie,  a  royalift  of  St  Domingo,  has  lately  publifhed  a 
volume  for  their  inftru^lion  on  this  fubjedt;  in  which 
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arc  many  judicious  obfervations,  the  rcfult  of  long  expe- 
rience,  refpedting  the  foil  fit  for  a  coffee  plantation  ; 
the  various  ellablifhments  neceffary  ;  the  cultivation  of 
the  coffee-trce  through  the  feveral  ftages  of  its  growth 
and  duration  ;  and  the  management  and  ufe  of  the  ne¬ 
groes  and  chttle. 

With  refpe<fl  to  foil,  it  is  a  fadf,  fays  he,  beyond  con- 
tradi(^ion,  that  low  lands,  and  even  the  mountains  near 
the  champaign  country,  are  lefs  proper  for  the  produc¬ 
tion  of  coffee,  than  lands  which  are  high  and  at  a  di- 
Hance  from  the  fea.  The  coffee-tree  delights  in  a  com¬ 
paratively  cool  climate,  and  in  an  open  and  permeable 
virgin  foil ;  and  is  hurt  by  the  parching  deftrudive  air 
of  the  fea.  The  foil  on  the  mountains  of  St  Domingo 
confifts  generally  of  a  bed  of  mould  more  or  lefs  deep  ; 
but  which,  for  the  produdlion  of  coffee-trees,  ought  not 
to  be  lefs  than  four  or  five  feet.  If  the  declivity  be 
gentle,  the  fofteft  and  moil  friable  earth  is  preferable  to 
all  others;  but  in  fleep  grounds  a  firm  though  not  clayey 
foil,  mixed  with  a  proportion  of  gravel  or  fmall  (tones, 
through  which  the  water  may  find  an  eafy  way,  is  the 
moft  defirable.  The  colour  of  the  ground  is  of  little 
confequence,  though  fuch  as  is  fomewhat  reddifii  is  ge¬ 
nerally  to  be  preferred.  With  regard  to  expofure,  the 
north  and  weft  are  the  moft  eligible  in  low  and  hot  fi- 
tuations,  becaufe  thefe  expofures  are  the  cooleft  ;  and 
on  the  higheft  mountains  the  foiith  and  eaft  are  to  be 
chofen,  becaufe  they  are  the  hotted.  On  the  whole, 
neither  the  higheft  nor  the  low’eft  fituations  are  the  beft, 
but  thofe  wdiich  are  confiderably  above  the  middle  of 
the  mountains. 

Whatever  be  the  planter’s  circumftances  in  point  of 
fortune,  and  our  author  thinks  that  he  ought  not  to 
undertake  a  fettlement  without  the  command  of  3000 
or  400c  pounds  fterling,  he  ought  not  to  fet  out  with 
a  great  number  of  negroes.  If  he  cannot  command  a 
plentiful  fupply  of  vidfuals  from  fome  contiguous  plan¬ 
tation,  fix,  or  at  the  moft  twelve,  male  negroes,  with 
one  or  two  women,  will  be  found  fuflicient  to  make  the 
firft  eflay.  After  building  two  huts,  one  for  the  mailer 
or  overfeer  and  the  other  for  the  Haves,  they  are  to  com¬ 
mence  their  operations  by  cutting  away  the  underwood 
and  creeping  plants  with  the  bill,  and  felling  the  trees. 
The  trees  are  to  be  cut  as  low  as  poflible,  but  the  roots 
are  to  be  left  in  the  ground,  becaufe  they  preferve  the 
loil  during  the  firft  period  of  culture  ;  and  in  burning 
this  mats  of  wood  and  ftirubs,  the  only  way  fometimes 
of  clearing  the  ground,  care  muft  be  taken  that  the  fire 
be  nowhere  fo  violent  as  to  convert  the  foil  into  the 
confluence  of  brick,  which  it  is  very  apt  to  do  if  the 
foil  be  clayey.  Amid  the  coffee-trees,  after  they  are 
planted,  may  be  fowii  beans,  maize,  and  all  kinds  of  ef- 
culent  plants,  pot  herbs,  and  roots  ;  but  particular  care 
rnuft  be  taken  to  remove  from  thefe  plantations  all  creep¬ 
ing  plants,  fuch  as  melons,  yams,  potatoes,  gourds,  and 
more  efpecially  tobacco,  which  multiplies  to  a  vaft  ex¬ 
tent,  and  exhaufts  the  ground. 

^  In  St  Domingo  the  moft  approved  method  of  plant¬ 
ing  the  coffee-tree  is  in  ftraight  rows  croffing  each  other 
at  right  angles,  and  the  diftance  between  the  plants  is 
regulated  by  the  quality  and  expofure  of  the  ground. 

1  he  richer  the  foil,  the  expofures  being  the  fame,  and 
the  cooler  the  expofure,  the  quality  of  the  foil  being 
the  fame,  the  farther  muft  the  trees  be  planted  afunder. 

If  on  the  north  and  weft  the  ground  be  good,  plant  ftill 
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farther ;  but,  on  the  contrails  if  to  the  eaft  or  fouth  it 
be  light  (which  it  generally  is),  plant  ftill  nearer.  Thus 
if  it  be  proper  on  a  fouth  or  eaft  expofure  to  plant  at 
the  diftance  of  fix  feet,  it  will  be  neceffary  to  plant  at 
the  diftance  of  feven  on  a  weft  or  north  expofure,  if  the 
ground  be  of  the  fame  quality  as  in  the  other  fitua¬ 
tions. 

Though  coffee,  like  all  other  vegetables,  grows  from 
the  feed.  Dr  Laborie  advifes,  in  the  forming  of  large 
plantations,  to  make  ufe  of  faplings  reared  in  nurfe- 
ries  ;  and  the  fituatioti  fitted  for  a  nurfery  is  a  plain,  or 
at  lead  a  ground  of  gentle  afeent,  where  the  mould  is 
crumbly.  In  forming  a  nurfery,  fome  plant  the  whole 
cherry ;  but  our  author  recommends  the  taking  off  the 
ficin,  and  waftiing  the  feparated  feeds ;  in  which  we  fufped 
that  he  is  miftaken,  as  his  pradice  is  certainly  a  devia¬ 
tion  from  nature.  The  nurfery  muft  be  kept  very  clear 
of  weeds,  and  neither  corn  nor  any  thing  elfe  fown 
m  it.  ® 

^  The  heft  feafon  for  tranfplanting  the  faplings  is  du- 
ring  the  genial  rains  of  April  and  May,  when  great  at¬ 
tention  is  required,  as  the  treafures  of  future  harvefts 
are  at  ftake.  Thofe  plants  are  the  fitted  for  being  re¬ 
moved  which,  in  the  language  of  our  author,  are 
crooned,  or  have  each  four  little  boughs  ;  and,  if  the 
feeds  were  frefh  and  fown  in  furrows  about  an  inch  from 
each  other,  this  perfedion  is  generally  attained  in  the 
courfe  of  a  year.  The  faplings  muft  not  be  pulled  un 
by  force,  but  carefully  raffed  by  means  of  a  fiat,  fharp^, 
iron  fhovcl,  thruft  deep  under  their  roots  ;  and  the  foon- 
er  they  are  planted,  after  being  taken  up,  the  better. 

^  In  planting,  the  firft  thing  to  be  done  is  to  thruft' 
into  the  ground  a  dibble,  or  (harp  pointed  flick,  round 
which  a  hole  is  dug  from  nine  to  twelve  inches  in  dia¬ 
meter,  and  from  fifteen  to  eighteen  in  depth.  Then  a 
quantity  of  the  mould  taken  out  of  the  hole  is  thrown 
back  into  it,  till  its  depth  be  diminiflied  about  four  or  fix 
inches ;  and  the  plant  being  fupported  with  the  left 
hand,  in  the  middle  of  the  hole,  while  the  end  of  its 
ftraight  root,  which  our  author  calls  its  pivot,  touches 
lightly  the  new  bed,  the  furrounding  mould  is  with  the 
right  hand  thrown  in,  to  the  height  of  fix  inches.  This 
being  lightly  prefied  down  with  both  hands,  more  earth 
IS  thrown  in  and  preffed  in  the  fame  manner,  care  being 
taken  not  to  hurt,  or  bend,  or  dffplace  the  faplfng, 
which  muft  be  fet  fo  deep  that  its  two  inferior  branches 
be  rather  below  the  level  of  the  ground.  On  this  ac¬ 
count  three  or  four  inches  of  the  hole  are  left  open, 
which,  by  the  time  that  thefe  branches  nfe  above  its 
margin,  are  filled  up  by  the  furrounding  earth.  The 
bufinefs  is  finifhed  by  finking  the  fharp-pofnted  flick  at 
the  upper  margin  of  the  hole,  where  it  ferves  as  a  fmall 
fence  to  the  infant  tree.  In  hot  fituations  plantain 
trees  are  intermingled  with  the  coffee  trees  for  the  pur- 
pofe  of  (hade  and  coolnefs.  They  are  ufually  placed  W 
every  fourth  or  fixth  row,  as  the  trees  are  more  or  lefs 
dillant,  and  the  expofure  more  or  lefs  hot. 

To  the  bufinefs  of  planting  very  foon  fucceeds  that 
of  weeding ;  for  there  is  hardly  any  plant  to  which 
weeds  are  fo  pernicious  as  the  coffee-tree  :  they  caufe 
It  to  grow  yellow,  fade,  wither,  and  periih.  Where 
the  ground  flopes  much,  efpecially  if  the  foil  be  foft 
and  triable,  the  weeds  muft  be  taken  up  by  the  hand  ; 
for  if  they  be  rooted  out  by  the  hoe,  the  foil  will  be  fo 
loofened  that  the  rams  wiU  fweep  it  away.  Some 
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Coffca  weeds,  however,  from  the  depth  of  their  roots  mua  he 

— - - 'duff  up  ;  and  when  that  is  the  cafe  the  earth  muff  be  ■ 

carefully  returned  and  preffed  down.  If,  m  weeding, 
any  faplings  be  found  withered,  others  of  the  hime 
fize  muft  be  brought  from  the  nurfery  and  planted  in 
their  (lead,  with  what  our  author  calls  their  clod,  t.  e. 
with  the  earth  of  th.^  nurfery  adhering  to  their  roots. 

If  any  fapling  be  found  broken  or  twilled,  it  mud  be 
cut  clofe  by  the  ground  in  a  (loping  dire£lion,  the  cut 
furface  facing  the  north,  and  it  will  foon  put  forth  tuck¬ 
ers,  of  which  the  bed  only  need  be  preferved.  In  plan- 
tations  of  eighteen  or  twenty  months  old  trees  we  otten 
found  with  yellow,  withered  leaves,  of  which  the  caule 
is  fometimes  a  premature  load  of  fruit,  which  midt 
therefore  be  indantly  removed  or  the  tree  will  peruh. 

If,  after  this,  it  begin  not  in  a  few  days  to  recover,  it  is 
probably  eaten  at  the  roots  by  a  large  white  worm  re- 
fembling  a  (lug.  In  that  cafe  the  tree  mud  be  remo- 
ved,  the  worm  taken  out,  and  before  another  tree  be 
planted  in  its  dead,  a  large  hole  mud  be  made  m  the 
ground,  expofed  to  the  induence  of  the  fun  at  lead  tor 

a  fortnight.  ‘  .  r 

The  natural  height  of  the  coifee  tree  is  froni  15  to 
18  feet  ;  and  if  left  to  itfelf  it  would  have  the  form  of 
mod  other  trees,  i.  e.  a  naked  trunk  and  a  branchy  hpd. 
This  is  prevented  by  what  the  planters  call  Jioppmg ; 
which  is  performed  by  cutting  off  the  top  of  the  tree 
when  it  has  arrived  at  the  proper  height,  which  vanes 
according  to  circumdances.  In  the  bed  foil  and  mod 
genial  expofure,  it  is  fuffered  to  grow  to  the  height  of 
five  feet,  and  in  the  word  dopped  at  two  ;  but  under  the 
fame  afpea,  and  on  ground  of  the  fame  quality,  all  the 
trees  ought  to  be  dopped  at  the  fame  height.  This  ope- 
ration  of  dopping  is  very  apt  to  make  the  trees  put 
forth  fuperduous  branches,  which  renders  them  iiiac- 
cefllble  to  the  genial  warmth  of  the  fun,  ^"4  m  eour(^ 
deficient  in  the  powers  of  fruaification  Thefe  mud 
be  plucked  away  while  yet  tender  ;  for  if  they  be  u  er- 
ed  to  grow  till  it  become  neceffary  to  cut  them,  a  num- 
ber  of  fprouts  fucceed  ;  whereas,  when  they  are  pluck¬ 
ed,  the  wound  foon  cicatrizes,  and  nothing  follows.  ^ 
The  faw  and  the  knife,  however,  muft  fometimes  be 
ufed  ;  for  when  trees  grow  old  their  heads  are  apt  to 
fpoil  ;  fuperfluous  branches  may  have  been  left  upon 
them  through  negka  ;  a  bough  may  have  been  broken 
by  accident  ;  or  branches  may  be  fpent  by  too  g^reat  a 
load  of  fruit.  In  all  thefe  cafes  recourfe  muft  be  had 
to  pruning,  which  ftiould  be  performed  immediately  af- 
ter  crop,  and  in  fuch  a  manner  as  that  the  tree,  when 
it  puts  forth  its  new  branches,  may  Hill  have  as  much 
as  pofllble  its  natural  or  former  appearance  This  will 
be  accomplidied  by  cutting  the  withered  bough  imme- 
diately  above  a  knot,  whence  a  good  fecondary  branch 
is  put  forth,  which  may  be  eafily  trained  into  the  pro¬ 
per  (hape.  Our  author  direas  the  cut  to  be  always 
made  fo  as  that  the  hoping  furface  fhall  face  the  north ; 
by  which^expo^ure  it  will  efcape  the  injury  which  it 
would  otherwife  receive  from  the  exceffive  heat  ot  the 
fun.  This  is  a  good  advice  ;  but  it  would  ftiU  be  an 
improvement  on  it  to  treat  the  wound  with  l^oriy th  s 
or  Hit’s  plafter,  which  we  have  defenbed  elfewhere 
(See  EncycL  Vol.  XVIIl.  page  562).  When  the  tree 
is  completely  pruned,  the  rnofs  and  other  excrefcences 
muft  be  feraped  from  the  trunk  with  a  wooden  knife, 
great  care  being  taken  not  to  injure  the  bark. 
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After  pruning  follows  what  is  called  mppln^.  This 
is  nothing  more  than  the  removal  of  thofe  fuperfluous 
fmall  twigs  which  are  fent  forth  from  every  cut  furface 
in  fuch  numbers  as  would  foon  exhauft  the  tree  ;  and  it 
is  called  nipping,  becaufe  they  are  plucked  away  by  the 
hand,  and  not  cut  by  the  knife.  It  is  needlefs  to  add, 
that  when  the  ground  begins  to  be  impoveriflied,  it 
muft  be  enriched  by  proper  manure.  This  is  known 
to  every  huihandman  both  in  Europe  and  in  the  Weft 
Indies  ;  but  it  is  not  perhaps  fo  generally  known  that 
the  weedings,  and  chiefly  the  red  fleins  of  coffee,  when 
gathered  into  pits,  are,  in  procefs  of  time,  converted 
into  a  black  mould,  which  our  author  fays  makes  tfte 

very  heft  manure.  '  . 

“  The  fruit  of  the  coffee,  when  perfe£lly  ripe,  ap¬ 
pears  like  a  fmall  oval  cherry.  Under  a  red  and  Ihniing 
flein  a  whitifh  clammy  lufclous  pulp  prefents  itfelf, 
which  generally  iiiclofes  two  feeds.  ^  Thefe  feeds  have 
one  fide  flat,  the  other  hemifpherical.  The  firft  is 
marked  with  a  longitudinal  fiffure,  and  the  flat  fldes  are 
applied  to  each  other.  When  the  feeds  are  opened, 
they  are  found  covered  with  a  white,  ligneous,  brittle 
membrane,  denominated  parchment;  on  the  in  fide  of 
which  is  another  filver-coloured  membrane,  exceedingly 
thin,  and  feeming  to  originate  from  the  fiffure  of  the 
feeds.  Sometimes  the  cherry  has  but  one  feed  or  gram, 
which  then  is  in  the  form  of  a  fmall  egg.  This  is  pe¬ 
culiar  to  old  decayed  trees,  or  to  the  extremities  of  iome 

fmall  branches.”  •  i*  ,.1, 

The  bufinefs  of  preparation  confifts  m  taking  th^e 
feed  from  its  covering,  in  drying,  and  in  cleaning  it  fo 
as  to  have  every  advantage  at  market.  Our  author 
thinks  that  the  beft  method  of  preparing  the  coftee  is 
to  ftrip  the  feed  of  its  outer  fldn  immediately  on  its  be¬ 
ing  pulled,  and  to  dry  it  in  its  parchment.  The  pro¬ 
cess  has  been  already  deferibed  in  the  Encyclopaedia;, 
but  we  believe  it  to  be  an  injudicious  one.  We  have 
the  authority  of  a  very  eminent  botanift  , 
quainted  with  all  the  vegetable  produaioiis  of  the  Weft 
Indies,  to  fav,  that  the  improvement  which  we  have 
th^re  mentioned,  as  propofed  by  Mr  Miller,  greatly 
preferable  to  Dr  Laborie’s-praaice.  Indeed  he  him- 
felf  admits,  that  coffee  dried  In  the  cherry  is  more  heavy 
than  when  dried  in  parchment,  and  that  it  generally 
has  a  higher  flavour.  Nay,  he  fays  exprefsly,  that  ‘‘  it 
planter  wants  to  have  coffee  of  the  firft  quality,  either 


for  hlmfelf  or  for  h!s  friends,  he  mud  fet  a  part  a  |ium. 
ber  of  his  oldefi  trees,  and  not  gather  the  fruit  till  it  is 
ripened  into  drynefs.  It  is  in  that  manner,  he  believes, 
that  the  Arabians  in  Yemen  make  their  little  harvells 
and  be  declares,  that  coffee  thus  nouri(hed  on  the  tree 
to  the  lall  moment,  mull  have  every  perfedion  of  whicfi 
it  is  capable.”  His  only  plaufible  objeaion_  is,  that 
the  trees  are  foon  exhauffed  when  the  fruit  is  left  lo. 
long  upon  them  ;  but  doubtlefs  this  exhauffion  might 
be  retarded  by  proper  manure.  ’  _  ,  •  r 

Tlie  chemical  analyfis  of  coffee  evinces  that  it  pol, 
feffes  a.  great  portioa  of  mildly  bitter  and  lightly  allrin- 
gent  gummous  and  refinous  extraA. ;  a  con  i  J.® 
quantity  of  oil ;  a  fixed  fait ;  and  a  volatileTalt.— Thefe 
are  Its  medicinal  conftituent  principles.  The  intention 
of  torrefaaioii  is  not  only  to  make  it  deliver  thofe  prin¬ 
ciples,  and  make  them  foluble  in  water,  but  to  give  it 
property  it  does  not  poffefs  in  the  natural  (late  of  the 


berry.  By  the  adioii  of  fire, 


its  leguminous  tafte  and 
the 
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Coffea.  tlie  aqueous  part  of  its  mucilage  are  deftroyed  ;  its  fa- 
***'^^‘“~*^  line  properties  are  created  and  difengaged,  and  its  oil 
is  rendered  empyreumatic.  —  From  thence  arifes  the  pun¬ 
gent  fmell,  and  exhilarating  flavour,  not  found  in  its  na- 
tural  (late.  • 

The  roafting  of  the  berry  to  a  proper  degree  requires 
great  nicety  :  Du  Four  juftly  remarks,  that  the  virtue 
and  agreeablenefs  of  the  drink  depend  on  it,  and  that 
both  are  often  injured  in  the  ordinary  method.  Ber¬ 
nier  fays,  when  he  was  at  Cairo,  where  it  is  fo  much 
ufed,  he  was  affiired  by  the  bell  judges,  that  there  were 
only  two  people  in  that  great  city,  in  the  public  way, 
who  underllood  the  preparing  it  in  perfedlioii.  If  it 
be  under-done,  its  virtues  will  not  be  imparted,  and  in 
ufe  it  will  load  and  opprefs  the  llomach  : — If  it  be 
overdone,  it  will  yield  a  flat,  burnt,  and  bitter  talle,  its 
virtues  will  be  deftroyed,  and  in  ufe  it  will  heat  the  body, 
and  adl  as  an  aftringent. 

Fourteen  pounds  weight  of  raw  coffee  is  generally 
reduced,  at  the  public  roafting  houfes  in  London,  to 
eleven  pounds  by  the  roafting  ;  for  which  the  dealer 
pay’s  feven  pence  half-penny,  at  the  rate  of  five  fliillings 
for  every  hundred  weight.  In  Paris,  the  fame  quan¬ 
tity  is  reduced  to  ten  pounds  and  an  half.  But  the 
roafting  ought  to  be  regulated  by  the  age  and  quality 
of  the  coffee,  and  by  nicer  rules  than  the  appearance  of 
the  fumes,  and  fueh  as  are  ufually  pracliled  :  therefore 
the  redu6tion  mull  confequently  vary,  and  no  exafl 
ftandard  can  be  afeertained.  Befides,  by  mixing  dif¬ 
ferent  forts  of  coffee  together,  that  require  different  de¬ 
grees  of  heat  and  roafting,  coffee  has  feldom  all  the  ad¬ 
vantages  it  is  capable  of  receiving  to  make  it  delicate, 
grateful,  and  pleafant.  This  indeed  can  be  effedled  no 
way  fo  well  as  by  people  who  have  it  roafted  in  their 
c<wn  houfes,  to  their  own  tafte,  and  frefh  as  they  want 
h  for  ufe.  The  clofer  it  is  confined  at  the  time  of  roaft- 
rng,  and  till  ufed,  the  better  will  its  volatile  pungency, 
flavour,  and  virtues,  be  preferved. 

The  mode  of  preparing  this  beverage  for  common 
ufe  differs  in  different  countries,,  principally  as  to  the 
additions  made  to  it. — But  though  that  is  generally 
underllood,  and  that  tafte,  conftitution,  the  quality  of 
the  coffee,  and  the  quantity  intended  to  be  drunk,  mull 
be  confulted,  in  regard  to  the  proportion  of  coffee  to 
the  water  in  making  it — yet  there  is  one  material  point, 
the  importance  of  which  is  not  well  underllood,  and 
which  admits  of  no  deviation. 

The  prefervation  of  the  virtues  of  coffee,  particularly 
when  it  is  of  a  fine  quality,  and  exempt  from  ranknefs, 
as  has  been  faid,  depends  on  carefully  confining  it  after 
it  has  been  roafted  ;  and  not  powdering  it  until  the 
time  of  uliiig  it,  that  the  volatile  and  ethereal  princi¬ 
ples,  generated  by  the  fire,  may  not-  efcape.  But  all 
this  will  fignify  nothing,  and  the  bell  materials  will  be 
ufelefs,  unlefs  the  following  important  admonition  is 
ftridlly  attended  to  j  which  is,  that  after  the  liquor  is 
made,  it  fhould  be  bright  and  clear,  and  entirely  ex¬ 
empt  from  the  leaft  cloudinefs  or  foul  appearance,  from 
a  fufpenfion  of  any  of  the  particles  of  the  fubftance  of 
the  coffee. 


There  is  fcarcely  any  vegetable  infufion  or  deco£lion  Coffea 
whofe  effe<ft8  differ  from  its  grofs  origin  more  than  that  i  « 
of  which  we  are  fpeaking.  Coffee  taken  in  fubftance. 
caufes  opprellion  at  the  llomach,  heat,  naufea,  and  iii- 
digeftion  :  confequently  a  continued  ufe  of  a  prepara¬ 
tion  of  it,  in  which  any  quantity  of  Its  fubftance  Is  con¬ 
tained,  befides  being  difgufting  to  the  palate,  miift.  tend 
to  produce  the  fame  indifpofitions.  The  reliduum  of 
the  roafted  berry,  after  its  virtues  are  extradled  from  it, 
is  little  more  than  an  earthy  calx,  and  mull  therefore  be 
injurious. 

The  want  of  attention  to  this  circumftance  has  been 
the  caufe  of  many  of  the  complaints  againft  coffee,  and 
^  of  the  averfion  which  fome  people  have  to  it  ;  and  it  is  • 

from  this  confideration  that  coffee  fhould  not  be  pre¬ 
pared  with  milk  iiiftead  of  water,  nor  fhould  the  milk 
be  added  to  li  on  the  fire,'  a8  is  fometimes  the  cafe,  for 
economical  dietetic  purpofes,  where  only  a  fmall  quan¬ 
tity  of  coffee  is  ufed,  as  the  tenacity  of  the  milk  im- 
pedes  the  precipitation  of  the  grounds,  which  is  nccef- 
fary  for  the  purity  of  the  liquor,  and  therefore  neither 
the  milk  nor  the  fugar  fhould  be  added  until  after  ft  is 
made  with  water  in  the-ufual  way,  and  the  clarification 
of  it  is  completed  (a). — The  milk  ftiould  be  hut  when 
added  to  the  liquor  of  the  coffee,  which  fliould  alfo  be 
hot,  or  both  fhould  be  heated  together,  in  this  mode  of 
ufing  coffee  as  an  article  of  fuftenance. 

If  a  knowledge  of  the  principles  of  coffee,  founded 
on  examination  and  various  experiments,  added  to  ob- 
fervations  made  on  the  extenfive  and  indiferiminate  ufe 
of  it,  cannot  authorife  us  to  attribute  to  it  any  par¬ 
ticular  quality  unfriendly  to  the  human  frame  ;  if  the 
unerring  tell  of  experience  has  confirmed  its  utility,  in 
many  countries,  not  exclu lively  produdlive  of  thofe  in¬ 
conveniences,  habits,  and  difeafes,  for  which  its  pecu¬ 
liar  properties  feem  moft  applicable — let  thofe  proper¬ 
ties  be  duly  confidered  ;  and  let  us  refledl  on  the  ftate 
of  our  atmofphere,  the  food  and  modes  of  life  of  the 
inhabitants,  and  the  chronical  infirmities  which  derive 
their  origin  from  thefe  fources,  and  it  v/ill  be  evident 
what  falutary  effedls  might  be  expedled  from  the  general 
dietetic  ufe  of  coffee  in  Great  Britain. 

COFFER-DAMS,  or  Batardeaux^  in  bridge-building, 
are  enclofiires  formed  for  laying  the  foundation  of  piers, 
and  for  other  works  in  water,  to  exclude  the  fin  round¬ 
ing  water,  and  fo  prevent  it  from  interrupting  the  work¬ 
men. 

COLCHESTER,  the  chief  town  in  Effex,  is  de- 
feribed  in  the  Encyclopaedia  Britannica  ;  but  the  de- 
feription  is  in  many  refpedls  erroneous.  The  following 
account  of  it  was  fent  to  us  by  an  obliging  correfpoii- 
deiit,  who  is  defirous  that  the  place  of  bis  nativity  may 
be  accurately  deferibed  in  this  Supplement. 

Colchefter  is  pleafantly  fituated  upon  an  eminence, 
gradually  rifing  on  the  fouth  fide  of  the  river  Colne. 

It  is  the  ancient  Colonia  Cainulodunum,  from  which 
word  Colonia,  both  the  town  and  the  river  Colne  re¬ 
ceived  their  names.  The  Saxons  called  it  Colneceajler. 

That  it  flouriftied  under  the  Romans,  feveral  buildings 
full  of  their  bricks,  and  innumerable  quantities  of  coin 
_ _  3^2  dug 


(a)  It  is  not  to  coffee  alone  that  this  refleaion  is  confined  ;  every  article  we  ufe  as  a  diluter  demands  the 
fame  attention.  Malt  liquors,  particularly  fmall  beer,  which  in  this  refped  is  much  negleaed,  ought  always  to 
be  carefully  fined.  The  feculent  matter  entangled  by  the  mucilage  of  the  malt  is  hurtful  to  digeftion,  and  de¬ 
trimental  to  health. 
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Colckfier,  dujr  „p  in  and  about  it,  My  evince.  Tn  the  year  1763,  optical  phenomenon,  which  was^ 

Colou—  ”  •  It  .  t  - - «r  .o  1t1  ’  ’  ,  n,-  ^ 


a  cuiious  tefleliated  or  mofaic  pavemertt  was  found  in 
'the  garden  of  tlie  late  Mr  Barnard,  furgeun  in  the 
High  Street,  now  the  property  of  Mr  John  Wallis, 
about  three  feet  under  the  furface  of  the  earth.  l‘he 
emperor  Conilantine  the  Great  was  born  here,  his  mo 
ther  Helen  being  daughter  of  Cool,  governor  or  king 
of  this  diiln£l  under  the  Romans.  She  is  faid  to  have 
found  out  the  crofs  of  Clirill  at  Jerufalem  ;  and  on  that 
account  the  arms  of  this  town  are  a  crois  reguiee  be¬ 
tween  three  ducal  coronets,  two  in  chief  and  one  in 
l>afe,  the  coronet  in  bafe  palling  through  the  crofs. 

The  walls  wherewith  the  town  was  encompafled  are 
fUll  tolerably  entire  on  the  fouth,  eaft,  and  weft  fides, 
but  much  decayed  on  the  north  fide  :  they  are  general¬ 
ly  about  nine  feet  thick.  By  a  ftatute  of  King  Henry 
VI 11.  this  town  was  made  the  fee  of  a  fiifhagan  bilhop. 

This  town  is  the  moll  noted  in  England  for  making 
of  baize  ;  it  is  alfo  of  fpecial  note  for  candying  the  erin- 
go  roots,  and  for  oyilers. 

In  the  conclufion  of  the  civil  war  1648,  this  town 
fuffered  a  fevere  fitge  of  ten  weeks  ;  and  the  belieged 
making  a  very  refoluie  defence,  the  fiege  was  turned 
into  a  blockade,  wherein  the  garrifon  and  inhabitants 
fuffered  the  utinofl  extremity  of  hunger,  being  reduced 
to  eat  horfe-flefh,  dogs,  and  cats,  and  were  at  laft  obli¬ 
ged  to  fiirrender  at  difcretion,  when  their  two  valiant 
chief  officers,  Sir  Charles  Lucas  and  Sir  George  Lifle, 
were  (hot  under  the  caftle  walls  in  cold  blood.  Col- 
ehellcr  is  a  borough  by  prefcription,  and  under  that 
right  fends  two  members  to  pailiament,  all  their  char- 
ters  being  filent  upon  that  bead.  The  charter  was  re¬ 
newed  ill  1763.  The  town  is  now  governed  by  a  may¬ 
or,  recorder,  12  aldermen,  18  affillants,  and  18  com- 
mon-council  men.  Quarter* feffions  are  held  here  four 

times  in  the  year.  ^  .  n  j- 

The  famous  abbey  gate  of  St  John  is  ftill  ftaiiding, 
and  allowed  to  be  a  furprifing,  curious,  and  beautiful 
piece  of  Gothic  aichitedfure,  great  numbers  of  perfons 
coming  from  remote  parts  to  fee  it.  It  was  built,  to¬ 
gether  whth  the  abbey,  in  IC97,  and  Gudo,  fteward  to 
King  William  Rufus,  laid  the  lirft  ftone. 

St  Ann's  chapel.  Banding  at  the  eaft  end  of  the 
town,  is  valuable  In  the  efteem  of  antiquarians  as  a 
building  of  great  note  in  the  early  days  of  Chriftianity, 
and  made  no  fmall  figure  in  hiftory  many  centuries  paft. 
It  is  now  pretty  entire. 

St  Botoph’s  priory  was  founded  by  Ernulphus  in  the 
reign  of  Henry  I.  in  the  year  1 1 10.  It  was  demoliffi- 
cd  in  the  wars  of  Charles  I.  by  the  parliament  army 
under  Sir  Thomas  Fairfax.  The  ruins  ftill  exhibit  a 
beautiful  lleetch  of  ancient  mafonry,  much  admired  by 
the  lovers  of  antiquities.  The  caftle  is  ftill  pretty  en¬ 
tire,  and  is  a  magnificent  ftrudfure,  in  which  great  im¬ 
provements  have  of  late  been  made.  Here  is  an  excel¬ 
lent  and  valuable  library. 

The  markets,  which  are  on  Wednefday  and  Satur¬ 
day,  are  very  well  fupplied  with  all  kinds  of  provifions. 
There  are  no  lefs  than  fix  diffenting  mecting-houfes  in 
this  town.  Colchefter  Is  51  miles  from  London.  It 
had  16  parifh  churches,  in  and  out  of  the  walls,  but 
now  only  12  are  ufed,  the  r^ft  being  damaged  at  the 
fiege  in  1648. 

COLOURS.  See  Pigments  in  this  Supplement. 

jiccuiental  Colov'rs^  a  name  given  to  a  very  curious 


_  _  _ ,  we  believe,  at.  Colours, 

tended  to  by  Buffon.  That  philofoplicr  wrote  a  ffiort  ■'v**** 
paper  on  it,  which  was  publifhed  in  the  Memoirs  of 
the  Academy  of  Sciences  for  the  year  1743. 

If  a  perfon  look  ftedfaftly  and  for  a  confiderable  time 
at  a  fmall  red  fqnsr?  painted  upon  white  paper,  he  will 
at  laft  obferve  a  kind  of  green-coloured  border  furround 
the  red  fquare.  If  he  now  turn  his  eyes  to  fome  other 
part  of  the  paper,  he  will  fee  an  imaginary  fquare  of  a 
delicate  green  bordering  on  blue,  and  correfponding  ex- 
adlly  In  point  of  fizc  with  the  red  fquare.  This  imagi¬ 
nary  fquare  continues  vifible  for  fome  time,  and  indeed 
does  not  difappear  till  the  eye  has  viewed  fucceffively  a 
number  of  new  objects.  It  Is  to  this  imaginary  fquare 
that  the  Improper  name  of  accidental  colour  has  been 
given.  If  the  fmall  fquare  be  yellowy  the  imaginary 
iquare  or  accidental  colour  is  blue  :  the  accidental  co¬ 
lour  of  green  is  red  ;  of  blue,  yellow  ;  of  white,  black  ; 
and  on  the  contrary,  that  of  black  Is  white. 

The  firft  perfon,  as  far  as  we  know,  v/ho  gave  a  fa- 
tlsfadory  explanation  of  thefe  phenomena  was  Profeftbr 
ScherfFer  of  Vienna,  whofe  diftertatioh,  tranfiated  by 
Mr  Bernoulli,  has  been  pubiifiied  in  the  26th  volume  of 
the  Journal  de  Phyfique. 

In  order  to  underftand  thefe  phenomena,  let  us  re- 
coliedf.  In  the  firft  place,  that  light  confifts  of  feven  rays, 
namely,  red,  orange,  yellow,  green,  blue,  indigo,  violet  ; 
that  whitenefs  confifts  in  a  mixture  of  all  thefe  rays  : 
and  that  thofe  bodies  which  refledl  but  very  little  light 
are  black.  Thofe  bodies  that  are  of  any  particular  co¬ 
lour,  refledl  a  much  greater  quantity  of  the  rays  vffiich 
conftitute  that  particular  colour  than  of  any  other  rays. 

Thus  red  bodies  refle<ft  moft  red  rays ;  green  bodies, 
moft  green  rays,  and  fo  on. 

Let  us  recolleft,  in  the  fecoiid  place,  that  when  twa 
impreffions  are  made  at  the  fame  time  upon  any  of  our 
organs  of  fenfatloii,  one  of  which  is  ftrong  and  the 
other  weak,  we  only  perceive  the  former.  Thus  if  we 
examine  by  the  prifm  the  rays  refleddd  by  a  red  rofe, 
we  fhall  find  that  they  are  of  four  kinds  ;  namely  red, 
yellow,  green,  and  blue.  In  this  cafe,  the  impreffion 
made  by  the  red  rays  makes  that  made  by  the  others 
quite  Infenfible.  For  the  fame  reafoiii  when  a  perfon 
goes  from  broad  day  light  into  an  ill -lighted  room,  it 
appears  to  him  at  firft  perfectly  dark,  the  preceding 
ftrong  impreffioii  rendering  him  for  fometime  incapable 
of  feeling  the  weaker  impreffioii. 

With  the  affiftance  of  thefe  two  remarks,  it  will  not 
be  difficult  to  explain  the  phenomena  of  accidental  co¬ 
lours.  When  a  perfon  confiders  attentively  for  fome 
time  a  white  fquare  lying  on  any  black  fubfeance  (paper 
for  inftance),  it  is  evident  that  the  part  of  the  retina 
on  which  the  white  fquare  is  painted,  receives  a  ftronger 
iinpreffion  thag  any  other  part  ;  at  leaft  tke  greateft 
number  of  rays  ftrike  upon  it.  A  weaker  rmpreffion, 
therefore,  will  a6l  on  it  with  much  lefs  force  than  upon 
the  reft  of  the  retina.  Confequently,  when  the  eye  is 
turned  from  the  white  fquare  to  fome  other  part  of  the 
black  paper,  a  fquare  is  perceived  of  the  fame  fizc  with 
the  white  fquare,  and  much  blacker  than  any  other  part 
of  the  paper  :  this  is  evidently  in  confequence  of  the 
weaker  impreffioii  made  by  the  rays  refleffed  by  the 
black  paper  upon  that  part  of  the  eye  preyioufly  fa¬ 
tigued  by  the  copious  refle£lion  from  the  white  fquare* 

For  the  very  fame  reafon,  if,  after  looking  for  a  fuffi. 

cicTit 
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Celours.  cient  time  at  a  white  fquare  lying  on  a  black  ground, 
we  turn  our  eyes  upon  a  fheet  of  white  paper,  we  per¬ 
ceive  a  very  well  defined  black  fquare.  In  this  cafe, 
the  part  of  the  retina  already  fatigued  is  not  fo  feiifible 
to  the  rays  refleded  by  the  white  paper  as  the  other 
parts  of  it  which  have  not  been  fatigued.  The  reafon 
then  that  Hack  is  the  accidental  colour  of  white  is  fuf- 
hciently  evident. 

On  the  contrary,  when  we  look  a  fuffielent  time  at  a 
black  fquare  lying  upon  a  white  ground,  If  we  turn  our 
eyes  to  any  other  part  of  the  white  paper,  or  even  upon 
black  paper,  vve  fhall  perceive  a  fmall  fquare  anfwering 
to  the  black  fquare,  and  much  brighter  than  any  other 
part  of  the  paper :  evidently  becaufe  that  part  of  the 
retina  on  which  the  black  fquare  was  painted  being  lefs 
fatigued  is  more  fufceptible  of  imprellions  than  any 
other  part  of  the  eye.  Thus  we  fee  why  the  accidental 
colour  of  black  is  white,  and  why  that  of  white  on  the 
contrary  is  black.  Thefe  fadls,  indeed,  have  been  long 
known,  and  they  have  been  generally  explained  in  this 
manner. 

When  a  perfon  has  looked  for  a  fufificient  time  at 
a  red  fquare  placed  on  a  fheet  of  white  paper,  and  then 
turns  his  eyes  to  another  part  of  the  paper,  that  part 
of  the  retina  on  which  the  red  was  painted  being  fa¬ 
tigued,  the  red  rays  reflected  from  the  white  paper  ceafe 
to  make  any  fenfible  imprefTion  on  it,  and  confeqiiently 
there  will  be  feen  upon  the  white  paper  a  fquare  fimilar 
to  the  red  fquare,  and  the  colour  of  which  is  that 
which  would  refult  from  the  mixture  of  all  the  rays  of 
irght  except  the  red.  In  general,  therefore,  the  acci¬ 
dental  colour  Is  the  colour  which  refults  from  the  mix¬ 
ture  of  all  the  rays  of  light,  thofe  rays  excepted  which 
are  the  fame  with  the  primitive  colour. 

Now,  in  order  to  difcover  the  accidental  colours, 
let  us  recolledl  the  manner  which  Newton  employed  to 
determine  the  colour  which  refults  from  the  mixture  of 
feveral  others,  the  fpecles  and  quantity  of  which  are 
known.  He  did  it  by  dividing  the  circumference  of  a 
circle,  fo  that  the  arches  are  to  one  another  in  the 
proportion  of  a  firing  fhortened  by  degrees,  in  order  to 
found  one  after  another  the  notes  of  an  octave  ;  which 
is  nearly  the  proportion  that  the  different  rays  occupy 
when  light  is  decompofed  by ’means  of  the  prifm.  Or 
fiippofe  the  circumference  of  the  circle,  as  ufaal,,  divi¬ 
ded  into  360  degrees,  the  different  rays,  according  to 
Benvenut,  fhould  occupy  the  following  arches  : 

Red,  -  -  -  -  -  450 

Orange,  -  -  -  .  27 

Yellow,^  -  .... 

Green,  .....  60 

Blue,  .....  5o 

Indigo,  i  ....  40 

Violet,  ..... 

Let  us  now  compare  the  a6lIon  of  colours  on  one 
another  with  that  of  different  weights;  and  for  that  piir- 
pofe  let  us  fuppofe  each  colour  concentrated  in  the  cen¬ 
tre  of  gravity  of  its  arch.  In  order  to  find  the  colour 
rcfulting  from  any  mixture,  vve  have  only  to  find  the 
common  centre  of  gravity  of  the  arches  which  reprefent 
the  different  colours  :  The  colour  refulting  from  the 
mixture  will  be  that  of  the  arch  to  which  the  common 
centre  of  gravity  approaches  neareft-  And  if  that  com-^ 
mon  centre  of  gravity  is  not  in  the  ftraight  line  which; 
joins  the  centre  of  the  circle,  and  the  centre  of  gravity 


of  the  arch  to  which  it  is  moft  contiguous,  the  refult- 
ing  colour  will  approach  more  or  lefs  to  the  colour  of  ^ 
the  contiguous  arch  towards  which  the  line,  pafling 
through  the  centre  of  the  circle,  and  the  common  cen¬ 
tre  of  gravity  of  the  arches,  falls.  And  farther,  the  re¬ 
fulting  colour  will  be  more  or  lefs  det  p  according  to 
the  diftance  of  the  conunon  centre  of  gravity  from  the 
centre  of  the  circle. 

In  the  cafe  under  confideratlon  at  prefent,  namely,  to 
determine  the  different  accidental  colours,  the  applica¬ 
tion  of  this  method  is  remarkably  eafy  ;  becaufe  o-nly 
one  of  the  feven  primitive  colours  Is  excluded,  and  coiife- 
qiiently  the  fix  colours  from  the  mixture  of  which  vve  wifii 
to  know  the  refulting  colour  are  all  contiguous.  For  it 
is  evident,  that  the  fum  of  the  fix  arches,  reprefenting 
thefe  fix  colours,  will  be  divided  into  two  equal  parts  by 
the  line  which  paffes  through  the  centre  of  the  circle  and 
their  common  centre  of  gravity  ;  and  that  if  the  fame 
line  be  produced  till  it  reaches  the  circumference  of  the 
circle  on  the  other  fide,  it  will  alfo  divide  the  arch  re¬ 
prefenting  the  feventh  or  omitted  colour  into  two  equal 
parts.  Let  us  fuppofe,  for  inftaiice,  that  the  violet  is 
omitted,  and  that  we  wanted  to  know  the  colour  refuit- 
ing  from  the  mixture  of  the  other  fix  colours,  vve  have 
only  to  bife6l  the  arch  reprefenting  the  violet,  and  from 
the  point  of  fedtion  to  draw  a  diameter  to  the  circle,  the 
arch  of  the  circle  oppofite  to  the  violet  through  which 
the  diameter  paffes  will  indicate  the  colour  of  the  mix¬ 
ture.  The  arch  reprefenting  the  violet  being  8o«,  let  us 
take  the  half  of  it,  which  is  40^,  and  let  us  add  to  it 
45°  for  the  red,  27^  for  the  orange,  and  48®  for  the  yel¬ 
low,  we  fhall  have  160®,  w  hich  wants  20®  of  half  the 
circumference  of  the  circle.  If  now  we  add  the  60^ 
for  the  green,  the  fum  total  will  be  220*^,  confiderably 
more  than  half  the  circumference  ;  confequently  the 
common  centre  of  gravity  is  nearell  the  green  arch;  but 
it  falls  10°  nearer  the  yellow  than  the  ilraight  line  which 
joins  the  centre  of  the  c-^rcle  and  the  centre  of  gravity  of 
the  green  arch.  Hence  we  fee  tliat  the  refulting  colour 
will  be  green,  but  that  it  will  have  a  fhade  of  yellows 

It  is  evident,  then,  that  the  accidental  colour  of  vio¬ 
let  muff  be  green  with  a  fhade  of  yellow  ;  and  this  is- 
adlually  the  cafe,  as  any  one  may  convince  hinifelf  by 
making  the  experiment. 

Suppofe,  now,  we  wanted  to  know  the  accidental  co¬ 
lour  of  green,  or,  which  is  the  fame  thing,  the  colour  re¬ 
fulting  from  the  mixture  of  all  the  primitive  rays  ex¬ 
cept  the  green.  The  green  arch.  Is  6o‘\. the- half  of 
which  is  30*^  ;  if  to  this  W’c  add  60^  for  the  blue  arch,, 
and  40^  for  the  Indigo  arch,  vve  fhall.  have  130^^,  or 
50^  degrees  lefs  than  a  femicircle.  If  to  this’ vve  add 
the  violet  arch,  vvliich  is  80^,  we  fliall  have  30*^  more 
tliau  the  femiGircle  ;  confequently  the  common  centre 
of  gravity  falls  neareff  the  violet,  and  It  is  nearer 
the  red  arch  than  is  the  centre  of  gravity  of  the  violet 
arch.  Hence  we  know  that  the  accidental  adoiir  of 
green  will  be  violet  or  purple,  with  a  fliade  of  red :  And 
experiment  confirms  tliis. 

Buffon  obferved  that  the  accidental  colour  of  blue 
was  reddifh  and  pale.  Let  us  fee  wdietlicr  we  ffiall  ob¬ 
tain  the  fame  refult  from  our  method.  Let  us  fuppofe 
that  Buffon  employed  a  light  blue.  In  that  cafe,  if  to 
30,.  the  half  of  the  blue  arch,  we  add  for  the  green, 

48  for  the  yellow,  afid  27  for  the  orange,  we  fhall  have 
16 or  15/^  lefs  than  half  the  circumference  of  the 

circle- 
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Colours,  circle  i  Confequently  the  comiTiOU  centre  will  fall  neareft 
'  the  red  arch,  but  within  1  of  the  orange.  1  he  acciden¬ 

tal  colour  mufl  therefore  be  red,  with  a  fliade  of  orange  ; 
or,  which  is  the  fame  thing,  it  muft  be  a  pale  red.^ 

In  the  fame  manner  we  may  difeover,  that  the  acciden¬ 
tal  colour  of  indigo  is  yellow.  Inclining  a  good  deal  to 
orange  ;  and  that  the  accidental  colour  ot  indigo  and 
blue  together  is  orange,  with  a  ftrong  fliade  of  red. 
Both  of  which  correfpond  accurately  with  experiment. 

'  It  would  be  eafy  to  indicate,  in  the  fame  manner, 

the  accidental  colour  of  any  primitive  colour,  if  what 
has  been  fald  were  not  fuliicient  to  explain  the  caufe  of 
accidental  colours,  and  to  (how  that  their  phenomena 
correfpond  exadlly,  both  with  the  Newtonian  theory  of 
optics,  and  with  what  we  know  to  be  laws  of  our  fen- 
fations  in  other  particulars. 

From  the  theory  above  given,  which  is  thatof  Profeffor 
Sclierffer,  the  following  confequences  may  be  deduced: 

I.  The  accidental  colour  of  a  red  fquare,  lying  upon 
a  white  or  a  black  ground,  ought  to  be  blackifh,  if  we 
caft  our  eyes  upon  a  red  coloured  furface.  2.  If  the 
furface  upon  which  wd  look  at  a  red  fquare  be  itfelf 
coloured,  if  it  be  yellow,  for  in  (lance,  the  white  paper 
upon  which  we  afterwards  caft  our  eyes  will  appear 
blue,  with  a  green  fquare  in  it  correfpondiug  to  the  on- 
ginal  red  fquare.  And,  in  general,  we  ought  to  per- 
ceive  the  accidental  colour  of  the  ground  on  whidi  the 
fquare  is  placed,  well  as  the  fquare  itfelf.  3.  If  while 
we  are  looking  at  the  little  fquare  we  change  the  fitua- 
tion  of  the  eye,  fo  that  ’its  image  fhall  occupy  a  diffe¬ 
rent  place  on  die  retina,  when  we  turn  oiu"  e^'cs  to  the 
white  paper  we  (hall  fee  two  fquares,  or  at  lead  one  un- 
like  the  figure  of  the  original  one.  4.  If  the  white  pa¬ 
per  on  which  we  look  be  farther  diftant  than  the  little 
fquare  was,  the  imaginary  fquare  will  appear  confide- 
rably  larger  titan  the  true  one.  5.  If  while  we  are 
looking  at  the  little  fquare,  w^e  gradually  make  the  eye 
approach  to  it,  without  altering  its  fituation,  the  ima¬ 
ginary  fqnare  will  appear  with  a  pale  border.  f  liefe, 
and  many  other  confequences  that  might  eafily  be  de¬ 
duced,  will  be  found  to  take  place  conftantly  and  accu¬ 
rately,  if  any  one  choofes  to  put  them  to  the  teft  of  ex¬ 
periment  ;  and  therefore  may  be  confidered  as  a  com¬ 
plete  confirmation  of  the  theory  given  above  of  the 
caufe  of  accidental  colours. 

There  is  another  circumftance  refpeding  accidental 
colours  which  deferves  attention.  If  we  continue  look¬ 
ing  ftedfaftly  at  the  little  fquare  longer  than  is  iieceffa- 
ry,  in  order  to  perceive  its  accidental  colour,  wc  fhall 
at  laft  fee  its  border  tinged  with  the  accidental  colour 
of  the  ground  on  which  the  fquare  is  lying.  For  in- 
ftance,  if  a  white  fquare  be  placed  upon  blue  paper,  its 
border  becomes  yellow  ;  if  upon  red  paper,  it  becomes 
green;  and  it  becomes  reddifli  upon  green.  In  like 
manner,  the  border  of  a  yellow  fquare  becomes  greeniOi 
upon  a  red  ground,  and  that  of  a  red  fquare  on  a  green 
ground  becomes  purple. 

The  caufe  of  this  phenomenon  feems  to  depend  upon 
the  contratlion  and  extenfion  of  the  image  of  the  fquare 
painted  on  the  retina.  We  know  for  certain,  that  the 
diameter  of  the  pupil  changes  during  our  infpedling  the 
fquare  ;  at  firft  it  becomes  lefs,  and  afterwards  increafes. 
And  though  we  cannot  fee  what  paffes  in  the  bottom 
of  the  eye,  we  can  fcarcely  doubt  that  fimilar  move¬ 
ments  are  going  on  there,  if  we  attend  to  the  changes 
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that  are  continually  taking  place  in  the  border  of  out 
little  fquare  ;  fometimes  it  is  large,  fometimes  fmall ;  at 
one  time  it  dlfappears  altogether,  and  the  next  moment 
makes  its  appearance  again.  ^  ^ 

There  is  another  phenomenon  connedled  with  acci* 
dental  colours,  which  it  is  not  fo  eafy  to  explain;  name¬ 
ly,  that  if  we  look  at  thefe  little  fquai  es  for  a  very  long 
time,  till  the  eye  is  very  much  fatigued,  their  acciden¬ 
tal  colours  will  appear  even  after  we  (hut  our  eyes.  The 
very  fame  thing  takes  place  if  we  attempt  to  look  at 
a  very  luminous  obje£l ;  as  the  fun,  for  inftance.  Pro¬ 
feffor  Scherffer  thinks  that  this  may  be  partly  owing 
to  the  light  which  ftill  paffes  through  the  eye-lids. 
That  fome  light  paffes  through  the  eye-lids  is  evident, 
becaufe  when  we  look  towards  a  ftrong  light  with  our 
eye-lids  (hut,  we  fee  diftin<Slly  their  colour,  derived 
the  blood-veffels  with  which  they  are  (died  ;  and  it  we 
pafs  our  finger  before  our  eyes,  we  fee  the  fhadow  of 
the  finger  though  our  eye-lids  be  (but,  provided  out 
eyes  be  turned  towards  the  window.  But  that  this 
light  is  not  fufficient  to  explain  the  phenomenon  in 
queftion  is  evident  from  this  circumftance,  that  the  fame 
accidental  colours  make  their  appearance  though  we  go 
immediately  into  the  darkeft  place.  Perhaps  we  liave 
accounted  for  the  phenomenon  elfewhere  (See  Meta¬ 
physics,  .Ewryr/.  n""  54.)  We  pafs  over  the  other  con- 
jedures  of  Profeffor  Scherffer,  which  are  exceedingly 
ingenious,  but  not  fufficlcntly  fupported  by  fads  to  be 
admitted. 

COLUMBA  Noachi,  Noah^s  Dove,  a  fmall  con- 
ftellation  in  the  foutliern  hemifpheve,  confifting  of  10 
ftars. 

COMAR,  or  Khomar,  a  Zemindar’s  demefne  of 
land. 

COMBUSTION  is  an  operation  of  nature,  which, 
though  of  the  higheft  importance,  feems  not  to  have 
attraded  much  of  the  attention  oi  philofophers  previ¬ 
ous  to  the  feventeenth  century.  Since  that  period  in¬ 
deed,  the  labours  of  Bacon  and  Boyle,  and  Hooke  and 
Mayow,  together  with  thofe  of  Stahl  and  Lavbifier, 
have  thrown  much  light  on  the  fubjed  ;  as  the  reader 
will  find  by  confulting  the  articles  Ch  emistry  both  in 
this  Supplement  and  in  the  Encyclopaedia.  The  the¬ 
ory  of  Lavoifier  is  by  far  the  moil  rational  that  has  yet 
been  offered  to  the  public,  and  places  its  author  in  the 
firft  ranks  of  phllofophy.  He  correds  the  errors  of  his 
predeceffors,  and  has  advanced  before  them  one  very 
important  ftep  ;  but,  as  we  have  elfewhere  obferved, 
many  new  fteps  are  ftill  w^anting  to  render  his  theory 
of  combuftlon  complete.  It  explains  indeed,  in  a  fatls- 
fadory  manner,  why,  during  the  procefs  of  coinhuftion, 
the  burning  body  gradually  waftes  away  ;  but  it  gives 
no  explanation  of  the  conftant  emiffion  of  heat  and 
light,  though  a  circumftance  as  worthy  of  attention  as 
the  wafting  of  the  body.  > 

The  emiffion  of  light  and  heat  the  French  chemifts 
feem  indeed  to  have  confidered  as  of  no  importance  ; 
for  rather  than  acknowledge  that  the  theory  of  their 
juftly  admired  and  ill-fated  aflbeiate  is  incomplete,  they 
have  chofen  to  give  a  new  meaning  to  the  word  combus¬ 
tion  ;  and  to  make  it  fignify  the  combination  of  a  body 
with  oxygen,  whether  during  that  procefs  light  and  heat 
be  evolved  or  not.  Surely  fuch  condud  is  unphiloio- 
phlcal ;  and  yet  our  own  chemifts,  with  a  fervility 
which  ill  becomes  the  countrymen  of  Bacon  and  New¬ 
ton, 
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Combuf-  ton,  have,  for  the  moft  part,  acquiefced  in  this  abfurd 
don.  deniiitlon  of  combuftion. 

From  the  clafs  of  idolaters  of  the  fcience  of  the  great 
nation  mull  be  excepted  Dr  Thomfon,  the  author  of 
the  article  Chemistry  in  this  Supplement.  Senfible 
that  combujlion^  in  the  fenfe  ufiially  affixed  to  that  word, 
denotes  a  phenomenon  very  different  from  many  of  thofe 
which  are  included  under  the  term  in  its  new  accepta¬ 
tion,  he  acknowledges  the  theory  of  Lavoifier  to  be 
defe(ftive  ;  but  influenced  by  that  diffidence  which  is 
the  infeparable  attendant  on  the  fpirit  of  true  pliilofo- 
phy,  he  has  not  ventured  to  complete  it  in  the  article 
to  which  we  have  referred.  He  has  indeed  formed  a 
theory  of  his  own,  and  fubmitted  it  to  public  difeuf- 
iion  ;  but,  vidth  great  propriety,  gives  it  no  place  in 
his  Syftem  of  the  Science,  till  it  lhall  have  undergone 
the  examination  of  other  chemills. 

The  condu6for  of  this  work,  however,  perfuaded  that, 
while  gratifying  his  readers  in  general,  he  fliall  not  in¬ 
jure  his  friend’s  fame,  embraces  with  pleafure  the  op¬ 
portunity  afforded  him,  by  a  new  edition,  of  laying  be¬ 
fore  them  r,  concife  view  of  this  very  ingenious  theory. 

Dr  Thomfon,  then,  admitting  the  truth  and  accu¬ 
racy  of  the  Lavoiferian  theory  as  far  as  it  proceeds,  di¬ 
vides  the  bodies  which  occupy  the  attention  of  chemifls 
into,  I.  Comhujlihles ;  2,  Supporters  of  comhujiion  ;  and, 
3.  Incombujliblts, 

The  COMBUSTIBLES,  or  thofe  bodies  which,  in  com¬ 
mon  language,  are  faid  to  hurn^  may  be  divided  into, 
1.  Simple  comballibles  ;  2.  Compound  combuftibles  ;  and, 
3.  Combuftible  oxides,  combuftibles  fidphury 

pbofpborus,  carbon^  hydrogen^  and  all  the  metals^  except 
perhaps  gold.^  filver,  and  mercury.  Compound  combuf¬ 
tibles  conlift  of  compounds  formed  by  the  fimple  com¬ 
buftibles  uniting  together  two  and  two  ;  and  combuf¬ 
tible  oxides  are  compofed  of  one  or  more  fimple  combuf¬ 
tibles  combined  with  a  dofe  of  oxygen,  Thefe  oxides 
may  be  arranged  under  two  heads  :  viz.  thofe  which 
containing  only  a  fingle  bafe  combined  with  oxygen, 
may  therefore  be  termed combuftible  oxides  ;  and 
thofe  which  containing  more  than  one  hafey  may  there¬ 
fore  be  termed  compound  combuftible  oxides.  The 
fimple  combuftible  oxides  are  only  four  in  number  ; 
namely,  oxide  of  fiAphury  oxide  of  phofphorus charcoaly 
and  carbonic  oxide  gas.  All  the  fimple  combuftible  ox¬ 
ides  are  by  combuftion  converted  into  acids.  The  com¬ 
pound  combuftible  oxides  include  by  far  the  greater 
number  of  combuftible  bodies  ;  for  almoft  all  the  ani¬ 
mal  and  vegetable  fubftances  belong  to  them,  and  the 
double  bafe  is  ufually  carbon  and  hydrogen. 

The  SU  PPORTERS  of  comhujiion  are  a  fet  of  bodies 
which  are  not  of  themfelves,  ftViilly  fpeaking,  capable 
of  undergoing  combuftion,  but  which  are  abfolutely 
neceffary  for  the  procefs.  All  the  fupporters  known 
at  prefent  are  fix  ;  viz.  i.  Oxygen  gas  ;  2.  Air  ;  3.  Ga- 
feous  oxide  of  a%ot  ;  4.  Nitrous  gas  ;  5.  Nitiric  acid ;  and, 
6.  Oxy-muriatic  acid.  There  are  other  fubftances,  to  be 
mentioned  afterwards,  to  which  the  author  gives  the 
name  of  partial  fupporters  ;  but  all  fupporters  contain 
,  one  common  principle,  namely  oxygen. 

The  INCOMBUSTIBLE  BODIES  are  neither  capable  of 
undergoing  combuftion  themfelves,  nor  of  fupporting 
the  combuftion  of  bodies  that  are.  Of  courfe,  they 
are  not  immediately  connedled  with  combuftion  ;  but 
they  are  noticed  here,  becaufe  fome  of  the  alkalies  and 


earths,  which  belong  to  this  clafs,  pofTefs  certain  pro¬ 
perties  in  common  with  combuftibles,  and  are  capable 
of  exhibiting  phenomena  fomewh  analogous  to  com¬ 
buftion  ;  phenomena  which  the  auihor  dtferibes  under 
the  title  of femi- comhujiion. 

From  the  preceding  obfervafions  it  is  obvious,  that, 
in  every  cafe  of  combuftion,  there  muft  be  prefect  a 
comhujlible  and  a  fupporter ;  and  Lavoifier  afeertained 
beyond  a  doubt,  that,  during  the  procefs,  the  combuf¬ 
tible  always  unites  with  the  oxygen  of  the  fupporter. 
This  new  compound  our  author  calls  a  prodnB  of  com-^ 
huf  ion  ;  and  maintains  that  every  fuch  product  is  either 
nvatery  or  an  acidy  or  a  metallic  oxide.  He  admits,  in¬ 
deed,  that  other  bodies  fometimes  make  their  appear¬ 
ance  during  combuftion  ;  but  affirms  that  thefe,  upon 
examination,  will  be  found  neither  to  be  products,  nor 
to  have  undergone  combuftion. 

But  though  the  combination  of  the  combuftible  with 
oxygen  be  a  coiiftant  part  of  combuftion,  yet  the  faci¬ 
lity  with  which  combuftibles  burn  is  not  in  proportion 
to  their  apparent  affinity  for  that  gas.  Phofphorus, 
for  inftanee,  burns  more  readily  than  charcoal  ;  yet 
charcoal  is  capable  of  abftracfting  oxygen  from  phof- 
phoriis.  The  combuftible  oxides  take  fire  more  rea¬ 
dily  than  foine  of  the  fimple  combuftibles.  Thus,  char¬ 
coal  burns  more  eafily  than  carbon  or  diamond  ;  and  al¬ 
cohol,  ether,  and  oils,  .which  are  all  compound  combuf¬ 
tible  oxides,  are  exceedingly  combuftible  ;  whereas  the 
metals,  which  are  fimple  combuftibles,  do  not  burn, 
when  air  is  the  fupporter,  but  at  a  very  high  tempera¬ 
ture.  This  facility  of  burning  combuftible  oxides  is 
probably  owing  to  the  weak  affinity  by  which  their 
particles  are  united  ;  and  to  the  fame  caufe,  viz.  the 
inferiority  of  the  cohefion  of  heterogeneous  particles, 
is  to  be  attributed  the  fafl,  that  fome  of  the  compound 
fupporters  occafion  combuftion  in  circumftances  when 
the  combuftibles  would  not  be  adled  on  by  fimple  fup» 
porters. 

None  of  the  produBs  of  combuftion  are  tliemfelve.s 
combuftible,  in  the  ufiial  and  proper  acceptation  of  that 
word.  This,  however,  is  not  owing  to  their  being  fa^ 
turated  with  oxygen,  for  feveral  of  them  are  capable  of 
combining  with  an  additional  dofe  of  it  ;  but  during 
this  new  combination  no  caloric  nor  light  is  ever  emit¬ 
ted,  and  the  compound  formed  differs  effentially  from 
a  mere  produB  of  combuftion,  being  by  the  additional 
dofe  of  oxygen  converted  into  2i  fupporter , 

When  the  fupporters^  thus  formed  by  the  combina¬ 
tion  of  oxygen  with  produBsy  are  made  to  fupport  com¬ 
buftion,  they  do  not  lofe  all  their  oxygen,  but  only  the 
additional  dofe  vihlch  them  fupporters.  Of 

courfe  they  are  again  reduced  to  their  original  Hate  of 
prodiids  of  combuftion  and  as  they  owe  their  proper¬ 
ties  as  fupporters,  not  to  the  whole  of  the  oxygen 
which  they  contain,  but  to  the.  additional,  dofe,  the  aup 
tlior  calls  them  partial  fupporters. 

All  the  partial  fupporters  with  which  we  are  acr 
quainted  contain  a.  metallic  bafis ;  for  metallic  oxides 
are  the  only  produdls  at  prefent  known  capable  of  com¬ 
bining  with  an  additional  dofe  of  oxygen.  The  fol. 
lowing  oxides,  which  are  produdls  of  combuftion,  com-^ 
bined  each  with  an  additional  dofe  of  oxygen,  are  par~ 
tial  fupporters  :  1,  Red  oxide,  of  iron  ;  2.  Yellow  oxide 
of  gold  ;  3.  White  oxide  of  filver  ;  4.  Red  oxide  of 
mercury  ;  5,  Arfenic  acid  ;  6.  Red  and  brown  oxides 

of;' 
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Con'ibiaf  oTkad;  7.  Black  oxide  of  manganefe  ;  8.  Acidulous 
‘  oxide  of  antimony  ?  9.  Wbjte  oxide  of  tin. 

'llms  it  appears  that  feveral  of  the  products  of  corn- 
bullion  are  capable  of  combining  with  oxygen;  and 
hence  it  follows  that  the  incombiiftibility  of  produds  is 
Hot  owing  to  their  want  of  affinity  for  oxygen,  but  to 
fonie  other  caufe. 

Thoticrh  no  fnerg  pt-oduSI  of  combuftipn  is  capable  of 
JupporiiTi'y  combuftloii,  this  is  not  occafioncd  by  any 
want  of  affinity  for  combuffible  bodies  ;  for  feveral  of 
thefe  pvoduds  are  capable  of  combining  with  an  addi¬ 
tional  dofe  of  their  bafes.  By  this  combination,  how¬ 
ever,  they  lofc  their  properties  as  prbdiids,  and  are 
converted  into  comhujithles ;  whence  it  follows  that  the 
proce  fs  muff  differ  effentially  from  that  of  combuffiion. 
Thus  fnl})liuric  acid,  2.  procha  of  combiiftion,  by  com¬ 
bining  with  an  additional  dofe  of  fulphur  or  its  oxide, 
is  converted  into  fulphurous  cic'id  i  a  fubllance  which, 
from  many  of  its  properties,  Dr  Thomfon  concludes  to 
!)e  comhtijlihk,  I’hus  alfo  phofphoric  aci^  a  produd 
of  combiiffion,  is  capable  of  combining  wn'th  phofpho- 
rated  hydrogen,  and  forming  phojphohus  acid,  a  com- 
buftible  body.  When  this  laff:  acid  is  heated  in  con- 
ta6l  with  a  fupporter,  it  undergoes  combuftion  ;  but  it 
is  only  the  additional  dofe  of  the  combuftible  which 
burns,  and  the  wdiole  is  converted  into  phofphoric  acid. 
Idlence  w'c  fee  that  it  is  not  the  whole  balls  of  thefe 
compounds  that  is  combuftible,  but  merely  the  addi¬ 
tional  dofe  ;  and  therefore  the  compounds  themfelves 
may  be  termed  partial  comhujlihles ,  to  indicate,  that  part 
only  of  the  bafe  is  capable  of  undergoing  combuftion. 
Now,  fince  the  produds  of  combuftion  are  capable  of 
combining  with  oxygen,  but  never  exhibit  the  pheno- 
inciia  of  combuftion,  except  when  they  are  in  the  ftatc 
of  partial  combuftibles,  combuftible  bodies  muft  con¬ 
tain  fome  principle,  which  they  lofe  during  combuftion, 
and  to  wdiich  they  ow^e  their  combuftibility  ;  for  after 
they  have  loft  it,  they  unite  to  oxygen  without  exhibit- 
ing  the  phenomena  of  combuftion. 

Though  the  produBs  of  combuftion  aVe  not  capable 

fupporting  combuftion,  they  not  unfrequently  part 
with  their  oxygen  juft  as  fupporters  do,  give  it  out  to 
combuftibles,  and  convert  them  into  produds  ;  but  du¬ 
ring  this  procefs  no  heat  nor  light  is  ever  evolved.  Wa- 
ter,  for  inftance,  gives  out  its  oxygen  to  iron,  and  con¬ 
verts  it  into  hlach  oxide,  a  produd ;  and  fulphuric  acid 
'gives  out  its  oxygen  to  phofphorus,  and  converts  it  into 
phofphoric  acid.  Thus  we  fee  that  the  oxygen  of  pro¬ 
duds  is  capable  of  converting  combuftibles  into  pro¬ 
duds,  juft  as  the  oxygen  of  fupporters  ;  but  during 
the  combination  of  the  laft  only  are  heat  and^  light  e- 
mitted.  The  oxygen  of  fupporters,  then,  contains  forae- 
thing  which  the  oxygen  of  produds  vvants. 

Whenever  the  whole  of  the  oxygen  is  abftraded  from 
produds,  the  combuftibility  of  their  bafe  is  reftored  as 
completely  as  before  combuftion  ;  but  no  fubftance  is 
capable  of  abftrading  the  whole  of  oxygen,  except  a 
eombijlille  or  a  partial  comhujlihle  •,  and  when  this  is 
done,  the  combuftible  or  partial  combuftible  lofes  its 
own  combuftibility  by  the  procefs,  and  is  converted  into 
a  produd. 

From  thefe  fads,  which  have  been  all  eftablilhed  by 
Stahl,  Lavoifier,  and  our  author,  it  follows  that  the 
produds  of  Combuftion  may  be  formed  without  adual 


combuftion  ;  but  in  thefe  cafes  a  re^uj  comlvfiillc  is  ;d-  Com 
ways  evolved,  'J'he  procefs  is  merely  an  interchange  of 
combuftibility  ;  for  the  combuftible  is  converted  into  a 
produd  only  by  means  of  a  produd.  Both  the  oxy¬ 
gen  and  the  bafe  of  the  produd  having  undergone 
combuftion,  have  loft  fomethlng  which  is  eflentlal  to 
combuftion.  The  procefs  is  merely  a  double  decompo- 
fitlon.  The  produd  yields  its  oxygen  to  the  combuf¬ 
tible,  while,  at  the  fame  time,  the  combuftible  gives 
out  fomething  to  the  bafe  of  the  produd.  The  com¬ 
buftibility  of  that  bafe,  then,  is  reftored  by  the  lofs  of 
its  oxygen,  and  by  the  reftoratioii  of  fomdhing  vvhicii 
it  receives  from  the  other  combuftible  thus  converted 
into  a  produd. 

No  fupporter  Q2iXi  be  produced  by  combuftion,  or  by  any 
equivalent  procefs.  Now  as  all  the  fupporters,  except 
oxygen  gas,  confift  of  oxygen  combined  with  a  bafe,  it 
follows  as  a  confequence,  that  oxygen  may  combine 
with  a  bafe,  without  lofing  that  ingredient,  whatever  it 
is,  which  gives  occaiion  to  combuftion.  The  mere  ad 
of  combination  of  oxygen  with  a  bafe,  therefore,  is  by 
no  means  the  fame  with  combuftion. 

Several  of  the  fupporters  and  partial  fupporters  arc 
capable  of  combining  with  combuftibles,  without  un¬ 
dergoing  decompofition,  or  exhibiting  the  phenomena 
of  combuftion.  In  this  manner  the  yellow  oxide  of 
gold,  and  the  white  oxide  of  filver,  combine  with  am¬ 
monia  ;  the  red  oxide  of  mercury  with  oxalic  acid  ; 
and  oxy-muriatic  acid  with  ammonia.  Thus  alfo  nitre 
and  oxy-muriat  of  potafti  may  be  combined,  or  at  leaft 
intimately  mixed  with  feveral  combuftible  bodies,  as  in 
gunpowder,  &c.  In  all  thefe  compounds  the  oxygen 
of  the  fupporter  retains  each  the  ingredients  proper  to 
itfelf,  which  render  them  fufceptible  of  combuftion  ; 
and  hence  the  compound  is  ftill  combuftible.  They 
burn  indeed  with  amazing  facility,  not  only  when  heat¬ 
ed,  but  when  triturated  or  ftruck  fmartly  with  a  ham¬ 
mer  ;  and  have  received,  in  confequence,  the  name  of 
detonating  or  fulminating  bodies. 

Such  are  the  properties  of  the  combuftibles,  the  fup¬ 
porters,  and  the  produils  ;  and  fuch  the  phenomena 
which  they  exhibit  when  made  to  atl  upon  each  other. 

If  we  compare  together  the  fupporters  and  the  produBs, 
we  ffiall  find  that  they  refeinble  each  other  in  feveral 
refpedts.  Both  of  them  contain  oxygen  as  an  eft'ential 
part ;  both  are  capable  of  converting  combuftibles  into 
produds  ;  and  of  both  feveral  combine  with  combuf- 
tibUs  and  with  additional  dofes  of  oxygen.  But  they 
differ  widely  from  each  other  in  the  phenomena  which 
accompany  their  adion  on  combuftibles.  The  fiippor- 
ters  convert  thefe  bodies  into  produds  ;  and  at  the 
fame  time  combuftion,  or  the  emiffioiiof  light  and  heat, 
takes  place  ;  whereas  the  produds  convert  combuftibles 
into  produds  without  any  fuch  emifiion.  Now  as  the 
ultimate  change  produced  upon  combuftibles  by  both 
thefe  fets  of  bodies  is  the  fame,  and  as  the  fubftance 
which  combines  with  the  combuftibles  is  in  both  cafes 
the  fame,  namely  oxygen,  we  muft  conclude  that  this 
oxygen  in  the  fupporters  contains  fomething  which  the 
oxygen  of  the  produds  wants  ;  fomething  which  ope¬ 
rates  during  the  pafTage  of  the  oxygen  from  the  fup¬ 
porter  to  the  combuftible,  and  occafions  the  combuf¬ 
tion,  or  emiliion  of  fire,  which  accompanies  this  pafTage. 

The  oxygen  of  fupporters,  then,  contains  fome  ingre¬ 
dient 
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dient  which  the  oxygen  of  produS:s  wants, 

^  cuniflances  concur  to  render  it  probable  that  this  in 
gredient  is  caloric. 

The  comhujlthles  and  the  produBs  alfo  refemble  each 
other  in  feveral  refpeds.  Both  of  them  contain  the 
fame  or  a  limilar  bafe  ;  both  frequently  comibine  with 
combuftibles,  and  likewife  with  oxygen  :  bat  they  dif¬ 
fer  eifeiitially  in  the  phenomena  which  accompany  their 
combination' with  oxygen.  In  the  one  cafe,/r^  is  emit¬ 
ted  ;  in  the  other,  not.  If  we  recollea  that  no  fub- 
ftance  but  a  combuftible  is  capable  of  reiloring  cOmbiif- 
tibility  to  the  bafe  of  a  produd,  and  that  at  its  doing 
fo,  it  always  lofes  its  own  combuflibllity  j  and  if  vve  re- 
collea  farther,  that  the  bafe  of  the  produ^  does  not 
exhibit  the  phenomenon  of  coinbuftiou  even  when  it 
combines  with  oxygen— -we  cannot  avoid  concluding, 
that  all  combuftibles  contain  an  ingredient  which  they 
lofe  when  converted  into  produds,  and  that  this  lofs 
contributes  to  the  fire  which  makes  its  appearance  du¬ 
ring  the  converfion.  Many  circurAftaiices  concur  to 
render  it  probable  that  this  ingredient  is  light. 

If  we  fuppofe  that  the  oxygen  of  fupporters  contains 
caloric  an  eflential  ingredient,  and  that  light  is  a  com¬ 
ponent  part  of  all  comhujlthles^  the  phenomena  of  com- 
buftion,  numerous  and  intricate  as  they  are,  admit  of 
an  eafy  and  obvious  explanation.  The  component  parts 
of  the  oxygen  of  fupporters  are  two  ;  namely,  i.  A 
bafe;  and,  'i.  Caloric,  The  component  parts  of  com¬ 
buftibles  are  likewife  two  5  namely,  i,  A  bafe ;  and,  2. 
Light.^  During  combuftion  the  bafe  of  the  oxygen 
combines  with  the  bafe  of  the  combuftible,  and  forms 
the  produd  ;  while  at  the  fame  time  the  caloric  of  the 
oxygen  combines  with  the  light  of  the  combuftible, 
and  the  compound  flies  off  in  the  form  of  fire.  Thus 
combuftion  is  a  double  decompofltion  ;  the  oxygen  and 
combuftible  divide  themfelvcs  each  into  two  portions, 
which  combine  in  pairs  ;  the  one  compound  is  \\\^  pro- 
duBy  and  the  other  the Jirey  w^hich  efcapes.  Hence  the 
reafon  that  the  oxygen  of  produds  is  unfit  for  com¬ 
buftion  It  wants  its  caloric.  Hence  the  reafon  that 
combuftion  does  not  take  place  when  oxygen  combines 
with  prodiids,  or  with  the  bafe  of  fupporters  :  Thefe 
bodies  contain  no  light.  The  caloric  of  the  oxygen  of 
courfe  is  not  feparated,  and  no  jire  appears.  Hence 
alfo  the  reafon  why  a  combuftible  alone  can  reftore 
combuftibility  to  the  bafe  of  a  produd.  In  all  fuch 
cafes  a  double  decompofltion  takes  place.  The  oxy¬ 
gen  of  the  produd  combines  with  the  bafe  of  the  com¬ 
buftible,  while  the  light  of  the  combuftible  combines 
with  the  bafe  of  the  produd. 

Such  is  the  theory  of  Dr  Thomfon,  propofed  to  the 
public*  under  the  humble  title  of  Remarks  on  Comhujlion, 
As  the  author  completely  eftabliflies  the  fads  on  which 


fible  objedion.  Why  is  not  the  caloric  of  the  oxygen 
feparated  when  that  gas  combines  with  bodies  deftitute 
of  light  1  hat  there  is  caloric  emitted  on  many  oc- 
cafions,  when  no  light  appears  with  it,  is  incontrover¬ 
tible  ;  but  perhaps  the  matter  of  light  is  chemically 
combined  with  all  bodies  which  emit  heat,  though  it 
never  flies  off  but  when  the  heat  is  great.  If  this  be  a 
fad,  and  it  is  not  improbable,  the  theory  before  us  feems 
to  be  eftabliflied  ;  for  it  not  only  completes  the  theory 
of  La  voider,  but  affords  an  eafy  folutidn  to  fome  phe- 
SuppL.  Vol,  I.  Part.  II. 
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Many  clr-  nomena  wliicli  have  been  tliought  inconfiftciit  with  that 
theory. 

in  the  year  1793,  the  affociated  Dutch  chemifts 
drew  the  attention  of  philofophers  to  a  curious  pheno¬ 
menon  which  accompanies  the  formation  of  fome  of  the 
fulphurets.  When  eight  parts  of  copper,  iron,  lead, 
tin,  or  zinc  filings,  and  three  parts  of  flowers  of  ful- 
phur,  are  mixed  together  in  a  glafs  receiver,  and  the 
veffel  placed  upon  burning  coals,  the  mixture  melts, 
a  kind  of  explofion  takes  place,  it  becomes  fuddenly 
red  hot,  and  a  glow,  like  that  of  a  piece  of  red  hot 
charcoal  fanned  with  bellows,  rapidly  pervades  the 
whole.  When  this  difappears,  the  mixture  is  found  in 
the  ftate  of  folid  fulphiiret  of  copper,  or  iron,  &c.  The 
experiment  fucceeds  whether  the  veffel  be  filled  with 
air,  or  with  azotic  or  hydrogen  gas,  or  even  with  wa¬ 
ter  or  mercury.  What  is  Angular  in  this  experiment 
is  the  glowing  red  heaty  or  the  emiffion  of  fire,  which 
accompanies  the  combination  of  the  fulphur  and  metal. 
This  emiffion  being  the  fame  which  takes  place  during 
combuftion,  the  procefs  has  been  confidered  as  a  comt 
bullion,  and  ftated  as  fuch,  by  the  German  chemifts, 
as  an  objedion  to  Lavoifier’s  theory.  But  our  author 
fliews  that  no  objedion  can  be  urged  from  this  experi¬ 
ment  againft  the  truth  of  that  theory  as  far  as  it  goes  ; 
and^  that  all  the  phenomena  are  fully  explained  by  the 
additions  which  he  has  made  to  it.  Thus,  we  have  only 
to  recalled,  i.  That  the  fulphur  is  in  a  melted  ftate, 
and  therefore  contains  caloric  as  an  ingredient ;  2.  That 
the  metals  which  produce  the  phenomenon  contain  light 
as  an  effential  ingredient  ;  and,  3.  That  the  fulplufret 
produced  is  always  in  a  folid  ftate — and  the  explana¬ 
tion  is  Ample  and  obvious.  ^Witfidphur  combines  with 
the  hafe  of  the  metal,  while  the  caloricy  to  which  the 
fulphur  owed  its  fluidity,  combines  with  the  light  of 
the  metal,  and  the  compound  flies  off  under  the  form 
of fire, 

^  Thus  the  procefs  is  exadly  the  fame  v/ith  combuf¬ 
tion,  excepting  what  regards  the  produd.  'Fhc  melt¬ 
ed  fulphur  ads  the  part  of  the  fupportery  while  the  me¬ 
tal  occupies  the  place  of  the  combuftible.  The  firft  fur- 
niflies  caloric,  the  fecond  light,  while  the  bafes  of  both 
combine  together.  Hence  we  fee  that  the  bafe  of  ful¬ 
phurets  (and  the  fame  thing  holds  of  fome  phofphiirets) 
refembles  the  bafe  of  produds  in  being  deftitute  of 
light,^  the  formation  of  thefe  bodies  exhibiting  the  fe- 
paration  of  fire  like  comhujlion  ;  but  the  produd,  differ¬ 
ing  from  a  produd  of  combuftion  in  being  deftitute  of 
oxygen,  our  author  propofes  to  diftinguifli  the  procefs 
by  the  title  oi femi-combujliony  to  indicate  that  it  pof- 
l^effes  one  half  of  the  charaderiftic  marks  of  combuftion, 
but  is  deftitute  of  the  other  half. 

COMPASS,  or  Mariner’s  Steering  Compass 
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ment  of  it,  propofed  by  men  of  feience  or  of  experience 
IS  entitled  to  notice.  We  fnaU  therefore  lay  before  ou^ 
readers  fome  obfervations  on  the  defeds  of  the  compafs 
in  common  ufe,  which  have  fallen  into  our  hands  fince 
the  article  in  the  Encyclopaedia  was  publilhed.  The 
firft  IS  by  Captain  O’Brien  Drury  of  the  royal  navy, 
and  relates  entirely  to  the  needle.  ’ 

“Experience  (fays  this  officer)  ffiews  us,  that  the 
needle  of  a  compafs,  as  well  as  all  other  magnets,  whe- 
ther  artificial  or  real,  perpetually  lofes  fomething  of  its 
3  L  magnetic 
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Compaft.  n^agnetic  powers,  whicl.  often  produces  a  difference  ex 
^ceeding  '/point;  and  I  am  well  convmced_  that  the 
great  errors  in  niip-rtckonmgs  proceed  more  frequently 
from  the  incorreanefs  of  the  compafs  than  from  any 

°//sur/cannot  be  too  highly  tempered  for  the  needle 
pf  a  f.  a-compafs,  as  the  more  it  is  hardened  the  more 
permanent  is  the  magnetifm  it  receives;  but,  to  pre- 
ferve  the  magnetifm,  and.  confequently  the  polarity  ot 
the  needle,  I  recommend  to  have  the  needle  cafed  with 
thin,  well.polilhed,  foft  iron  ;  or  elfe  to  have  it  armed 
at  the  poles  with  a  bit  of  foft  iron.  I  have  found,  from 
many  experiments,  that  the  cafed  needle  preferved  its 
magnetifm  in  a* much  more  perfeft  degree  than  the 
needle  not  cafed  ;  and  1  have  fometimes  thought  that 
the  magnetic  power  of  the  cafed  needle  had  inreafed, 
while  the  magnetic  power  of  the  uncafed  and  unarmed 
needle  always  lofes  of  its  polarity.”  .  . 

Th's  is  not  an  opinion  taken  np  at  random,  but  is 
the  refult  of  what  appears  to  have  been  a  fair  and  .ju¬ 
dicious  experiment  ;  for  our  author  placed  a  cafed  nee¬ 
dle,  an  armed  needle,  and  one  without  either  cale  ot  ar¬ 
mour,  in  a  room  for  three  months  ;  each  having  at  that 
time  precifely  the  fame  direftion,  and  nearly  the  fame 
decree  of  force.  At  the  expiration  of  the  three  months, 
he°found  that  the  cafed  needle  and  the  armed  needle 
had  not  in  the  leaft  changed  their  direaion  ;  but  the 
other  had  changed  two  degrees,  and  had  loft  very  con- 
fiderable  of  its  magnetic  power.  If  there  was  any 
change  in  either  of  the  other  needles,  it  was  too  incon- 

fiderable  to  be  perceived.  ,  a  , 

Thefe  obfervations  feem  to  be  new,  and  may  tend  to 
the  improvement  of  the  compafs.  But  it  is  not  with 
refped  to  the  needle  only  that  this  inftrument  is  defec¬ 
tive.  Mr  Bernard  Romans  of  Penfacola  well  obferves, 
that,  on  another  account,  the  heavieft  brafs  compalfes 
now  in  ufe  are  by  no  means  to  be  relied  on  in  a  hol¬ 
low  or  high  fea.  This  is  owing  to  the  box  hanging 
in  two  brafs  rings,  confining  it  to  only  two  motions, 
both  vertical  and  at  right  angles  with  each  other  ;  by 
which  confinement  of  the  box,  upon  any  fuccuflion, 
more  efpecially  fudden  ones,  the  card  is  always  put  in¬ 
to  too  much  agitation,  and,  before  it  can  well  recover 
itfclf,  another  jerk  prevents  its  pointing  to  the  pole  ; 
nor  is  it  an  extraordinary  thing  to  fee  the  card  unlhip- 
ped  by  the  violence  of  the  (hip’s  pitching. 

All  thefe  inconveniences  are  remedied  to  the  tull  by 
giving  the  box  a  vertical  motion  at  every  degree  and 
minute  of  the  circle,  and  compounding  thefe  motions 
with  a  horizontal  one  of  the  box  as  well  as  of  the  card. 
By  this  unconfined  difpofition  of  the  box,  the  etteas 
of  the  jerks  on  the  card  are  avoided,  and  it  will  always 
very  fteadily  point  to  the  pole.  “  Experience  (lays 
our  author)  has  taught  me,  that  the  card  not  only  is 
not  in  the  fmalleft  degree  alfeaed  by  the^  hollow  fea, 
but  that,  in  all  the  violent  fliocks  and  whirlings  the  box 
can  receive,  the  card  lies  as  Hill  as  if  in  a  room  unanea- 

cd  by  the  leaft  motion.  ^  i 

“  Lately  a  compafs  was  invented  and  made  in  fd.ol- 
knd,  which  has  all  thefe  motions.  It  is  of  the  fize  of 
the  common  brafs  compaffes  ;  the  bottom  of  the^  brais 
box,  inftead  of  being  like  a  bowl,  mull  be  raifed  into  a 
hollow  cone,  like  the  bottom  of  a  common  glafs  bottle ; 
the  vertex  of  the  cone  muft  be  raifed  fo  liigh  as  to  leave 
but  one  inch  between  the  card  and  the  glafs  ;  the  box 
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muft  be  of  the  ordinaiy  depth,  and  a  quantity  of  lead  ^ 
muft  be  poured  in  the  bottom  of  the  box,  round  the 
bafe  of  the  cone  ;  this  fecures  it  on  the  ttile  whereon 
it  traverfes. 

“  This  ftilc  is  firmly  fixed  in  the  centre  of  a  fquare 
wooden  box,  like  the  common  compais,  except  that  it 
requires  a  thicker  bottom.  The  ftile  muft  be  of  brafs, 
about  fix  inches  long,  round,  and  of  the  thicknefs  of 
one-third  of  an  inch  ;  its  head  blunt,  like  the  head  cT 
a  fewing-thimble,  but  of  a  good  polifh  :  the  ftile  rnuft 
ftand  perpendicular.  The  inner  vertex  of  the  cone  muft 
alfo  be  well  pollfhed  ;  tlie  vertical  part  of  tlie  cone 
ought  to  be  thick  enough  to  allow  of  a  well-poiifhed 
cavity,  fufficient  to  admit  a  fiiort  ftile,  proceeding  from 
the  centre  of  the  card  whereon  it  traverfes.  The  com¬ 
pafs  I  faw  was  fo  conftruded  ;  but  I  fee  no  reafon  why 
the  ftile  might  not  proceed  from  the  centre  of  the  ver¬ 
tex  of  the  cone,  and  fo  be  received  by  the  card  the 
common  way.  The  needle  muft  be  a  magnetic  bar, 
blunt  at  each  end  ;  the  glafs  and  cover  are  put  on  in 
the  common  way.’' 

A  compafs  of  this  kind  was  fubmitted  to  our  au¬ 
thor's  examination  by  the  captain  of  a  iloop  of  war, 
who  affured  him,  that  in  a  hard  gale,  which  lafted  fome 
days,  there  was  no  other  compafs  of  the  fmalleft  fervice. 
Mr  Romans  was  fatisfied  that  the  officer  did  not  praife' 
the  apparatus  more  than  it  deferved  ;  and  we  feel  our- 
felves  ftrongly  inclined  to  be  of  the  fame  opinion. 

It  muft  not  be  concealed,  however,  that  the  ingeni¬ 
ous  Mr  Nicholfon  feems  to  think  very  differently  of  all 
fuch  contrivances.  In  a  paper  publifhed  in  the  ninth 
number  of  his  valuable  Journal,  be  labours  to  prove, 
that  tlie  compafs  is  very  little  difturbed  by  tilting  the 
box  on  one  fide,  but  very  much  by  fudden  horizontal 
changes  of  place  ;  that  a  feientific  provifion  againft  the 
latter  is  therefore  the  chief  requifite  in  a  well  made  in- 
ftiument  of  this  kind  ;  and  that  no  other  provifion  is 
requifite  or  can  eafily  be  obtained,  than  good  work- 
manlhip  according  to  the  common  conftrudlion,  and  a 
proper  adjuftment  of  the  weight  with  regard  to  the 
centres  or  axes  of  fufpenfion.  The  fame  author  is  or 
opinion,  that  it  would  greatly  improve  the  compafs  to 
make  the  needle  fiat  and  thin,  and  to  fufpend  it,  not, 
as  is  moft  commonly  done,  with  its  flat  fide,  but  with 
its  edge  uppermoft  ;  for  it  being  a  well-known  fact, 
that  foft  fteel  lofes  its  magnetifm  fooncr  than  hard,  it 
is  obvious,  that  unlefs  both  fides  of  a  needle  be  equally 
hard  (which  is  almoft  impofiiblc  if  they  be  diftant  frorn 
each  other),  the  magnetic  power  will,  in  procefs  of 
time,  deviate  towards  the  harder  fide. 

The  Chlnefe  Compass  has  fome  advantages  over  the* 
European  compafs,  from  which  it  differs  with  refpeift 
to  the  length  of  the  needle,  and  the  inanner  in  which 
it  is  fufpended.  In  the  compafs  of  China,  the  niagne- 
tic  needle  is  feldom  above  an  inch  in  length,  and  is  lefs 
than  a  line  in  thicknefs.  It  is  poifed  with  great  nice¬ 
ty,  and  is  remarkably  fenfible,  or,  in  other  words,  pmnts 
fteadily  towards  the  fame  portion  of  the  heavens.  1  his 
fteadinefs  is  accompliftied  by  the  following  contrivance  : 
‘‘  A  piece  of  thin  copper  is  ftrapped  round  the  cintre 
of  the  needle.  This  copper  is  rivetted  by  its  edges  to 
the  upper  part  of  a  fmall  hemifphencal  cup,  oftheTame 
metal,  tunied  downwards.  The  cup  fo  inverted  feryes 
as  a  focket  to  receive  a  fteel  pivot  riling  from  a  cavity 
made  into  a  round  piece  of  light  wood  or  cork,  which 
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^ompafs,  thus  forms  the  compafs-box.  The  furfaces  of  the  foe-  COMPOSITION  of  prorortion,  accr:rding  to  Cotnpori- 
Comple-  pivot,  intended  to  meet  each  other,  are  per-  the  15th  definition  of  the  5th  book  of  Euclid’s  Ele- 

fedlly  polifhed,  to  avoid,  as  much  as  poflible,  all  fridtion.  meiits,  is  when,  of  four  proportionals,  the  fiim  of  the  p  ^ 
The  cup  has  a  proportion  ably  broad  margin,  which,  firft  and  fecond  is  to  the  fecond,  as  the  fum  of  the  third  t^n^* 

befide  adding  to  its  w^eight,  tends,  from  its  horizontal  and  fourth  is  to  the  fourth*  t - 

pofition,  to  keep  the  centre  of  gravity,  in  all  fituations  Composition  of  Ratios ^  is  the  adding  of  ratios  to- 
of  the  compafs,  nearly  in  coincidence  with  the  centre  of  gether  :  which  is  performed  by  multiplying  together 
fufpenfion.  The  cavity,  in  which  the  needle  is  thus  their  correfponding  tenns>  viz.  the  antecedents  together, 
fufpended,  is  in  form  circular,  and  is  little  more  than  and  the  confequents  together,  for  the  antecedent  and 
fufficient  to  remove  the  needle,  cup,  and  pivot.  Over  confequent  of  the  compound  ratio  ;  like  as  the  addi- 
this  cavity  is  placed  a  thin  piece  of  tranfparent  talc,  tion  of  logarithms  is  the  fame  thing  as  the  mnltiplica- 
which  prevents  the  needle  from  being  affedted  by  any  tion  of  their  correfponding  numbers.  Or,  if  the  terms 
motion  of  the  external  air  ;  but  permits  the  apparent  of  the  ratios  be  placed  fradtion-wife,  then  the  addition 
motion  of  the  former  to  be  eafily  obferved.  The  fmall  or  compofition  of  the  ratios  is  performed  by  multiply, 
and  fhort  needle  of  the  chinefe  has  a  material  advantage  ing  the  fradfions  together. 

over  tliofe  of  the  ufual  fize  in  Europe,  with  regard  to  COMPOUND  interest.  See  Algebra,  EncycU 
the  inclination  or  dip  towards  the  horizon  ,*  which,  in  and  Compound  Interest  in  this  Supplement, 
the  latter,  requires  that  one  extremity  of  the  needle  CONCEPTION,  a  city  of  Chili  in  «South  America, 
fliould  be  made  fo  much  heavier  than  the  other  as  will  was  vifited  in  1786  by  the  celebrated,  though  unfortu- 
counteradi  the  magnetic  attradtion.  This  being  diffe-  nate,  navigator  La  Peroufe,  who  gives  an  account  of 
rent  in  different  parts  of  the  world,  the  needle  can  only  fome  particulars  relating  to  it  very  different  from  what 
be  accurately  true  at  the  place  for  which  it  had  been  we  have  given  of  it  under  the  article  Conception,  En- 
conflrudted.  But  in  fhort  and  light  needles,  fufpended  cycl.  So  far  are  the  Spaniards  from  living  in  fecurity 
after  the  Chinefe  manner,  the  weight  beiow  the  point  with  refpedl  to  the  Indians,  that,  according  to  him, 
of  fufpenfion  is  more  than  fufficient  to  overcome  the  they  are  under  continual  alarms  of  being  attacked  by 
magnetic  powder  of  the  dip  or  inclination  in  all  fitua-  thofe  bold  and  enterprifing  favages.  “  The  Indians  of 
tions  of  the  globe  ;  and  therefore  fuch  needles  will  ne-  Chili  (fays  he)  are  no  longer  thofe  Americans  who 
ver  deviate  from  their  horizontal  pofition.”  were  iiifpired  with  terror  by  European  arms.  The  iu- 

COMPLEMENT,  in  general,  is  what  is  wanting,  or  creafe  of  horfes,  which  are  dilpei  fed  through  the  inte- 
neceflary,  to  complete  fome  certain  quantity  or  thing,  rior  of  the  immenfe  deferts  of  America,  and  that  of 
Arithmetical  CoMPLEMENTy  is  what  a  number  or  lo-  oxen  and  fheep,  which  has  alfo  been  very  great,  have 
garithm  wants  of  unity  or  i  with  fome  number  of  cy-  converted  thefe  people  into  a  nation  of  Arabs,  in  every 
phers.  It  is  belt  found  by  beginning  at  the  left  hand  thing  refembling  tliofe  who  inhabit  the  deferts  of  Ara- 
fide,  and  fubtrafting  eveiy  figure  from  9,  except  the  laft,  bia.  Conftantly  on  horfeback,  they  confider  an  excur- 
er  right  hand  figure,  which  muft  be  fubtradled  from  xo.  of  two  hundred  leagues  as  a  very  fhort  journey. 

So,  the  arithmetical  comp,  of  the  log.  9*5329714,  They  march  accompanied  by  their  flocks  ;  feed  upon 

by  fubtrading  from  9’s,  &c.  is  0-4670286.  their  flefli  and  milk,  and  fonietirnes  upon  their  blood  ; 

The  arithmetical  complements  are  much  ufed  in  ope-  and  cover  tliemfelves  with  their  fleins,  of  which  they 
rations  by  logarithms,  to  change  fiibtradions  into  ad-  make  helmets,  cuirafies,  and  bucklers.  All  their  old 
ditions,  which  are  more  conveniently  performed,  efpe-  cuftoms  are  laid  afide.  They  no  longer  feed  upon  the 
cially  when  there  are  more  than  one  of  them  in  the  ope-  fame  fruits,  nor  wear  the  fame  drefs ;  but  have  a  more 
>*ation.  ^  flriking  refemblance  to  the  Tartars,  or  to  the  inhabi- 

CoMPLEMENT,  in  aftronomy,  is  ufed  for  thediflance  tants  of  the  banks  of  the  Red  Sea,  than  to  their  ancef- 
of  a  flar  from  the  zenith;  or  the  arc  contained  between  tors,  who  lived  two  centuries  ago.  So  deciflve  an  in- 
the  zenith  and  the  place  of  a  liar  which  is  above  the  fluence  lias  the  introduftion  of  two  dorneflic  animals 
horizon.  It  is  the  fame  as  the  complement  of  the  aid-  had  upon  the  manners  of  that  once  timid  people.  It 

tude,  or  co-altitude,  or  the  zenith  diftance.  is  eafy  to  conceive  what  formidable  enemies  they  mull 

Complement  of  the  Courfcy  in  navigation,  is  the  now  be  to  the  Spaniards  ;  for  fuppofing  them  defeated 
quantity  which  the  courfe  wants  of  90^,  or  8  points,  in  battle,  how  is  it  poffible  to  follow  them  in  fucii  long 
viz.  a  quarter  of  the  compafs.  ^  ...  excurfions  I  How  is  it  poliible  to  prevent  affemblages. 

Complement  of  the  Curtainy  in  fortification,  is  that  which  bring  together  in  a  Angle  point  nations  fcattered 
part  of  the  anterior  fide  of  the  curtain  which  makes  the  over  400  leagues  of  country,  and  thus  form  armies  of 
demigorge.  ^  30,000  men 

Complement  of  the  Line  of  Befencey  is  the  remainder  Of  thef?  people  M.  Rollin,  furgeon-major  of  the  fri- 
of  that  line,  after  the  angle  of  the  flank  is  taken  away.  gate  la  Bujalcy  gives  the  following  phyfiological  parti- 
CoMPLEMENTS  of  a  Parallelogram,  or  in  a  Parallelo-  culars  :  “  They  are,  in  general  (fays  he),  of  low'cr  fla- 
gram,  are  the  two  lefler  parallelograms,  made  by  draw-  ture,  and  lefs  robuft,  than  Frenchmen,  though  they  en- 
ing  two  right  lines  parallel  to  each  fide  of  the  given  pa-  dure  with  great  courage  the  fatigues  of  war  and  all  its 
rahelogram,  through  the  fame  point  In  the  diagonal.  attendant  privations.  There  is  a  great  famenefs  in  the 
Complement  of  Life,  a  term  much  ufed,  in  the  doc-,  phyfiognomy  of  mofl  individuals.  The  face  is  larger 
trine  of  life  annuities,  by  De  Moivre;  and,  according  to  and  rounder  than  that  of  Europeans.  The  features  are 
him,  it  denotes  the  number  of  years  which  a  given  life  more  ftrongly  marked.  The  eyes  are  fmall,  dull,  black 
wants  of  86,  this  being  the  age  which  he  confidered  as  and  deeply  feated.  The  forehead  is  low;  the  eyebrows 
the  utmoft  probable  extent  of  life.  So  56  is  the  com-  black  and  fhaggy  ;  the  nofe  fliort  and  flattened  ;  the 
jplement  of  30,  and  30  is  the  complement  of  56.  cheek-bones  high  ;  the  lips  thick  ;  the  mouth  v^ide  "; 

3  2  and 
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Conception.and  the -chin  diminutive.  The  women  are  (hort,  ill- 

' - ^ - 'made,  and  with  dlfguding  countenan«s.  Both  men 

and  women  bore  their  nofe  and  ears,  which  they  aoorn 
with  glafs  or  mother-of-pearl  trinkets.  Ihe  colour  of 
their  (kin  is  a  reddiih  brown  :  That  of  their  nails  is  fi- 
milar,  but  not  f«  deep.  The, hair  of  both  is  black, 
coarie,  and  very  thick.  The  men  have  little  beard  ; 
but  their  arm-pits  and  parts  of  fex  are  well  furnifted 
with  hair,  which  parts,  in  moft  of  the  w'omcii,  have 

none.”  ^  ^  , 

The  military  governor  of  Conception,  who  was  an 

IrKhman,  returned,  while  M.  de  la  Peroufe  was  there, 
from  the  frontiers  of  the  Spanilh  fettleinents,  where  he 
had  jufl  concluded  a  glorious  peace  with  the  Indians. 
This  peace  was  highly  necefl'ary  to  the  people  of  his 
government,  whofe  diftant  habitations  were  expofed  to 
the  inroads  of  favage  cavalry,  whole  praaice  it  is  to 
raafiacre  the  men  and  children,  and  to  make  the  wo¬ 
men  prifoners.  This  amiable  man,  whofe  name  was 
Hk^uins  (probably  Higgins),  had  fucceeded  in  gaming 
thrgood-will  of  thefe  favages,  and  thereby  rendered 
the  moft  ftgnal  fervice  to  the  nation  that  had  adopted 
him.  For  while  the  Indians  and  Spaniards  are  at  va¬ 
riance,  an  alliance  with  the  former  by  any  of  the  mari¬ 
time  powers  of  Europe  would  become  fo  formidable  to 
the  latter,  as  to  induce  them,  for  fear  of  their  lives,  to 
abandon  their  fettlements  in  Chili,  and  retire  to 
This  was  clearly  feen  by  Monneron  the  engineer  on  the 
expedition,  who,  with  the  true  fpirit  of  a  Frenchman, 
pointed  out  to  his  government  the  method  of  wrelting 
from  its  moft  faithful  ally  one  of  the  moft  valuable  pro- 
vinces  of  the  Spanilh  empire. 

La  Peroufe  deferibes  the  common  people  of  Concep¬ 
tion  as  much  addiaed  to  thieving,  and  the  women  as 
exceedingly  eafy  of  accefs.  “  They  are  a  degenerated 
and  mongrel  race  (fays  he)  ;  but  the  inhabitants  of  the 
firft  clafs,  the  true  bred  Spaniards,  are  polite  and  obli¬ 
ging  in  the  extreme.  The  bidiop  was  a  man  of  great 
fenfe,  of  agreeable  manners,  and  of  a  charity  of  which 
the  Spanilh  prelates  afford  frequent  examples.”  He 
was  a  Creole,  and  had  never  been  in  Europe.  Of  the 
monks  our  author  gives  a  very  different  charader. 

The  misfortune  (fays  he)  of  having  nothing  to  do, 
the  want  of  family  ties,  the  profeffion  of  celibacy,  with¬ 
out  bein^  feparated  from  the  world,  and  their  living  in 
the  convenient  retirement  of  their  cells,  has  rendered, 
and  could  not  fail  to  render,  them  the  greateft  profli. 
crates  in  America.  Their  effrontery  is^  inconceivable. 
I  have  feen  fome  of  them  Hay  till  midnight  at  a  ball ; 
aloof,  indeed,  from  the  good  company,  and  feated  among 
the  fervants.  Thefe  fame  monks  gave  our  young  men 
more  exadf  information  than  they  could  get  elfewhere, 
concerning  places  with  which  priefts  ought  to  have 
been  acquainted  only  in  order  to  interdidl  the  entrance. 

M.  de  la  Peroufe  reprefen ts  that  part  of  Chili,  which 
is  called  the  B\jhopr\c  of  Conception,  as  one  of  the  moft 
fertile  countries  in  the  univerfe.  Corn  yields  fixty  to 
one;  the  vineyards  are  equally  prodnftive  ;  and  the 
plains  are  covered  with  innumerable  flocks,  which,  tho 
left  to  themfelves,  multiply  beyond  all  imagination. 
Yet  this  colony  is  far  from  making  the  progrefs  that 
might  be  expedied  from  a  fituation  fo  favourable  to  an 
increafe  of  population.  The  influence  of  the  government 
inceffantly  counteracts  the  climate  and  the  foil.  Pro¬ 
hibitory  regulations,  exiil  from  one  end  of  Chili  to  the 
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other;  and  this  kingdom,  of  which  the  productions,  if  Condor^gt? 
carried  to  their  higheft  pitch,  would  feed  the  half  of  ^ 

Europe  ;  of  which  the  wool  would  fuflice  for  the  ma¬ 
nufactures  of  Great  Britain  and  France,  even  when  ma¬ 
nufactures  flouriflicd  in  the  latter  country  ;  and  of 
which  the  cattle,  if  faked  down,  would  produce  an  im- 
menfe  revenue — is  entirely  deftitute  of  commerce,  and 
its  inhabitants  funk  in  floth  and  indolence.  Unlefs, 
therefore,  Spain  change  its  fyftem  entirely.  Chili  will 
never  reach  that  pitch  of  profperity  which  might  be 
expe'Cted  from  its  fituation  and  fertility.  For  the  lati¬ 
tude  and  longitude  of  Conception,  fee  EncycL 

CONDORCET  (Jean-Antoine  Nicolas  Caritat  de), 
was  born  at  Ribemont  in  Picardy,  the  17th  of  Septem¬ 
ber  1743j  of  u  noble  and  very  ancient  family.  At  the 
age  of  15  he  was  fent  to  ftiidy  philofophy  at  the  col- 
leo*e  of  Navarre,  and  had  the  good  fortune  to  fall  into 
th*e  hands  of  an  able  profeffor,  who  has  flnee  diftinguifli- 
ed  himfelf  by  his  geometrical  works.  The  young  Con- 
dorcet  had  no  reliih  for  the  bufmefs  of  the  firll  courfe, 
for  the  quibbles  of  ontology  and  pneumatology,  and 
all  the  wretched  appendages  of  fchool  metaphyllcs  : 

But  in  the  following  year,  his  ftiidics,  being  direCled 
to  the  mathematical  and  phylical  fciences,  were  entirely 
congenial  to  his  tafte  ;  and  though  there  were  upwards 
of  120  fcholars,  he  diftingiiiihed  himfelf  above  them 
all.  At  Eailer  he  held  a  public  thefis,  at  which  Clairaut, 
D'Alembert,  and  Fontaine,  affifted.  He  now  returned 
home^  but  continued  to  cultivate  geometry.  To  enjoy 
more  opportunities  of  improvement,  he  removed  in 
1762  to  Paris  ;  where  he  attended  the  chemical  courfe 
of  Macquer  and  Beaume,  and  frequented  the  literary 
focieties  which  D'Alembert  had  formed  at  the  houfe 
of  Mademoifelle  de  Lefpinaffe. 

lu  1765,  when  only  22  years  old,  he  publiflied  a 
work  on  the  Integral  Calculus,  which  difeovered  vaft 
extent  and  originality  of  views.  Condorcet  vvas  already 
numbered  with  the  foremoft  mathematicians  in  Europe. 
‘‘There  was  not  (fays  La  Lande)  above  ten  of  that 
clafs  ;  one  at  PeterlbuVgh,  one  at  Ilerlin,  one  at 
one  at  Milan,  and  five  or  fix  at  Paris  ;  England,  which, 
had  fet  fuch  an  illuftrious  example,  no  longer  produced 
a  lingle  geometer  that  could  rank  with  the  former. 

It  is  mortifying  to  us  to  confefs  that  this  remark  is  but 
too  much  founded  in  truth.  We  doubt  not  but  there 
are  in  Great  Britain  at  prefent  mathematicians  equal  iu 
profundity  and  addrefs  to  any  who  have  exifted  fince 
the  illuftrious  Newton  ;  but  thefe  men  are  not  known 
to  the  learned  of  Europe,  becaufe  they  keep  their 
feience  to  themfelves.  They  have  no  encouragement,  ; 
from  the  tafte  of  the  nation,  to  piiblifh  any  thing  m 
thofe  higher  departments  of  geometry  which  have  fo 
long  occupied  the.  attention  of  the  mathematicians  on 

the  continent.  ^  ... 

In  1767  Condorcet  publiflied  his  folution  of  the  pro¬ 
blem  of  three  bodies  ;  and  in  the  following  year,  the  firft 
part  of  his  Analytical  .  Effays ;  in  which  he  ^tered 
very  profoundly  into  thofe  arduous  queftions.  He  was 
received  into  the  academy  on  the  8th  of  March  *769 ; 
and  from  that  time  till  1773  he  enriched  their  annual  - 
volumes  with  memoirs  on  infinite  feries,  on  partial  and 
finite  differences  on  equations  of  condition,  and  on 
other  objeifts  of  importance  in  the  higher  calculus.  It 
muft  be  regretted,  that  he  indulged  fpeculation  per¬ 
haps  to  excefs  j  the  methods  that  he  propofes  for  inte- 
*  gration 
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Condorcet  gration  are  fometimes  of  a  nature  fo  extremely  general, 
as  to  refufe  to  be  accommodated  to  pra6tice.  Profe- 
cuting  thofe  refearches  for  fevefal  years  longer,  he  com- 
pofed  an  ample  Treatife  on  the  Integral  Calculus,  in 
five  parts,  comprifing  the  do<^rmes  and  their  applica¬ 
tion.  It  was  afterwards  copied  out  for  the  prefs  in 
J785  by  Keralio,  formerly  governor  to  the  Infant  of 
Parma.  Only  128  pages  were  printed  ;  but  the  manu- 
fcript  ftiil  exifls  ;  as  does  that  of  an  elementary  Treatife 
on  Arithmetic.  It  is  to  be  hoped  that  both  of  thefe  will 
yet  be  given  to  the  public. 

His  attention  was  not,  however,  entirely  abforbed 
in  thofe  recondite  (Indies.  He  publiflied  about  this 
time  an  anonymous  pamphlet,  intitled  A  Letter  (0  a 
Theologian;  in  which  he  replied  with  keen  fatire  to  the 
attacks  made  by  the  author  of  the  Three  Centuries  of 
Literature  againft  the  philofophical  fedt.  “But  (fub- 
joins  the  prudent  La  Lande)  he  puihed  the  matter 
fomewhat  too  far;  for,  admitting  the  jullncfs  of  his 
fyftem,  it  was  more  prudent  to  confine  within  the  circle 
of  the  initiated  thofe  truths  which  are  dangerous  for 
the  multitude,  who  cannot  replace  by  found  principles 
what  they  would  lofe  of  fear,  of  confolation,  and  of 
hope.’'  Condorcet  was  now  leagued  with  the  atlieifts  ; 
and  La  Lande  ,  who  wiflies  well  to  the  fame  (edt,  cen- 
fures  not  his  principles,  but  only  regrets  his  rafhnefs. 
He  was  indeed,  as  Mr  Burke  obferved,  a  fanatic  atheift 
and  furious  democratic  republican. 

On  the  10th  of  June  1773  he  was  made  fecretary  of 
the  academy  of  fciences  ;  and  that  important  truft  he 
difeharged  through  the  reft  of  his  life  with  great  ability 
and  uncommon  reputation.  The  duties  of  his  office 
required  him  to  write  the  lives  of  the  deceafed  acade¬ 
micians,  which  he  performed  with  diligence,  judgment, 
and  univerfal  applaufe  ;  And  what  fpecies  of  compo- 
fitioii  is  capable  of  being  rendered  fo  extenfively  ufeful 
as  biography  ?  In  the  moft  infinuating  form  it  con¬ 
veys  inftru6Iion  ;  and,  bellowing  vitality  and  adlion  on 
the  rules  of  condud  and  on  the  leffons  of  virtue,  it  fires 
the  bread  with  the  uobleft  emulat  ion.  The  life  of  a 
philofopher  mud  alfo  include  a  portion  of  the  liiftory 
of  fcience.  We  there  trace  the  fucceffive  fteps  which 
led  to  difeoveries,  and  learn  to  eftimate  the  value  of 
thofe  acquifitions  by  the 'efforts  that  were  made,  and 
the  obftacles  that  were  furmounted.  The  literati  of 
France  have  long  excelled  in  the  compofitioii  of  Eloges  : 
but  thofe  of  Condorcet  are  of  a  very  fuperior  caft.  Re¬ 
plete  with  information  and  genuine  fcience,  they  main¬ 
tain  a  dignified  impartiality,  and  difplay  vigour  of  ima¬ 
gination,  with  boldnefs  and  energy  of  ftyle.  The  intrepi¬ 
dity  (fay  his  Panegwrids)  with  which  he  uttered  the  fen. 
tinients  of  truth  ana  of  freedom,  could  not  have  been  ex¬ 
pelled  from  the  mouth  of  an  academician  under  an  ab- 
folute  monarchy.  It  could  not,  indeed,  till  the  prefent 
eventful  age,  have  been  expeded  under  any  government 
whatever;  for  v/hat  he  called  the  fentiments  of  truth  were 
the  dogmas  of  debafing  irreligion,  which  would  not  have 
been  permitted  in  the  far-famed  republics  of  Greece  and 
Rome  ;  and  what  he  dignified  with  the  appellation  of 
the  principles  of  freedom,  experience  has  Ihown  to  have 
been  the  immediate  fource  of  anarchy,  out  of  which  has 
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the  lives  of  thofe  favaniSy  who,  having  died  before  the  Condorcet. 
renewal  of  the  academy  in  1699,  did  not  fall  in  with  ^ 
the  plan  of  Fontenelle.  The  fupprcffion  of  the  liiftory 
of  the  academy,  or  the  regular  abftrads  of  the  printed 
memoirs,  which  he  effeded  in  1783,  afforded  him  more 
leifure.  In  1787  appeared,  yet  without  a  name,  his 
account  of  Turgot;  an  incftimable  piece,  which,  in 
developing  the  beneficial  views  of  a  virtuous  and  enligh¬ 
tened  miniftcr,  exlubits  the  neateft  abdrad  of  the  prin¬ 
ciples  of  political  economy  that  is  extant  in  any  Ian- 
guage.  Nearly  about  the  fame  time  he  compofed  that 
elegant  life  which  is  pitfixed  to  the  fplended  edition  of 
the  works  of  Voltaire.  Condorcet  had  been  eleded 
member  of  the  Academie  Frangaife  in  1782  ;  and  his  re¬ 
putation  as  a  fine  writer  was  fo  well  eftabliffied,  that 
bookfellers  were  folicitous  to  cover  their  undertakings 
with  the  fan6lion  of  his  name.  He  promifed  an  addi¬ 
tional  volume  to  the  tianfiation  of  Euler’s  Letters  to  a 
German  Princefs  ;  but  it  was  never  finifhed.  The  part 
which  was  printed,  amounting  to  only  112  pages,  con¬ 
tains  the  elements  of  the  calculation  of  probabilities,  and 
a  curious  plan  of  a  didlionary,  in  which  objedls  (hould 
he  arranged  by  their  qualities  merely.  A  new  tranf- 
lation  of  Smith’s  celebrated  Wealth  of  Nations  was 
likewife^  announced  with  the  notes  of  Condorcet,  tho’ 
he  was  never  heartily  engaged  about  it.  On  equally 
flight  grounds,  his  name  was  lent  to  the  Bibliotheque  de 
V  Homme  Public  ;  and  the  facility  of  his  temper  laid 
him  but  too  open,  at  this  period,  to  fuch  difingenuous 
arts.  ^  Indeed  difingenuous  arts  feem  to  be  the  natural 
offspring  of  the  prefent  philofophy  of  France  ;  for  the 
tricks  played  by  Voltaire  to  his  bookfellers,  which  are 
well  known,  would  in  this  country  have  funk  into  dif- 
grace  the  greateft  genius  that  ever  lived  ;  and  the  at¬ 
tempt  of  Diderot  to  cheat  the  late  emprefs  of  Ruffm, 
by  felling  to  her,  at  an  immenfe  price,  a  library,  which 
he  pretended  to  be  one  of  the  moft  valuable  in  Europe, 
when  he  poffeffed  not  perhaps  one  hundred  volumes,, 
was  difingenuity  ingrafted  on  impudence.  But  tore- 
turn  from  this  (hort  digreffion. 

Thefe  literary  purfuits  did  riot  entirely  fednee  Con¬ 
dorcet  from  more  profound  ftudics.  At  the  inftigation 
of  Turgot,  he  fought  to  apply  analyfis  to  queftions  of 
polities  and  morality.  His  firll  Memoir  on  Probabili¬ 
ties  was  read  to  the  academy  in  1781.  Jie  afterwards 
extended  his  refearches  to  the  confideration  of  eledions, 
fales,  and  fucceffions;  and  digefting  thofe  remarks  and 
calciilationsi  into  a  fyftematic  fhape,'  he  publiflied  in 
1785  a  quarto  volume,  containing  the  elements  of  a 
new  and  important  fcience. 

It  is  eafy  to  conceive  the  intereft  that  Condorcet 
would  take  in  the  fuccefs  of  the  revolution.  Aware  of 
the  prodigious  influence  of  newfpapers,  he  contributed 
largely  to  the  Journal  de  Paris,  and  the  Chroniguey 
which  acquired  great  celebrity  from  the  elegance  of  his 
pen  ;  and  not  very  long  before  his  death,  he  began,  in 
concert  with  the  famous  Sieyes,  a  Journal  of  Social  In- 
ftrudion.  In  1791  he  wrote  a  pamphlet  in  favour  of 
republican  government,  which  procured  him  a  feat  in 
the  Legiflative,^  Affembly,  and  the  academy  permitted 
him  ftill  to  retain  the  office  of  fecretary.  He  drew  up 


fprung  a  defpotifm,  the  heavieft  under  which  any  people  a  manifefto  on  the  fubjed  of  the  war  menaced  by  the 
have  groaned  fince  the  creation  of  the  world.  crowned  heads ;  and  a  very  ample  report  on  public  in- 

Befides  the  elopes,  which  properly  belonged  to  his  ftrudion,  which  has  in  part  been  lately  adopted  by  the 
province,  Condorcet  publifhed  in  a  feparate  volume  councils  of  France,  He  was  an  early  member  of  the 

,  Jacobin 
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Condo, cet.  Jacobin  club,  that  aaive  inftrument  of  the_  revolution  :  amelette. 
'  but  perceiving  the  progreffive  ferocity  of  its  meafures, 

lie  forfook  it  in  March  i792‘  ,  ,  .  10 

On  the  f3th  of  Auguft,  when  the  king  was  conduc¬ 
ed  to  the  temple,  Condorcet  was  iialpied  by  the  Al- 
fembly  to  draw  up  a  jullificatory  memorial  addreffed  to 
all  Europe.  At  the  diffolution  of  that  Aflembly,  he 
was  chofen  deputy  to  the  National  Convention,  and  for 
fome  time  aCed  a  diftinguilhed  part  in  its  deliberations. 

He  was  at  the  head  of  the  committee  appointed  to  pre¬ 
pare  the  plan  of  a  republican  conftitution.  But,  in  the 
meanwhile,  the  faCion  of  the  Mountain,  with  a  pecu¬ 
liar  energy  of  charaaer,  was  rapidly  acquiring  ftrength. 

The  report  of  the  committee  was  coldly  received— was 
even  treated  with  contempt ;  and,  on  the  31ft  of  May 
‘1 703,  Robefpierre  completely  triumphed. 

During  the  conteft  between  the  Mountain  and  the 
Briifotines,  Condorcet  maintained  a  cautious  filence. 

For  eight  months  he  hardly  fpoke  in  the  Convention  ; 
and  feems  to  have  been  fingularly  wary  in  not  riilcing 
an  opinion  on  any  party  queftion.  At  length  he  was 
fo  far  roufed  by  the  indignities  which  the  kgiflative 
body  daily  endured,  that  he  propofed  the  diflolution  of 
the  Convention,  and  the  calling  of  a  new  one.  This 
])robably  exafperated  the  Mountain  to  fuch  an  excefs, 
tliat  in  a  fubfequent  infurredlion  his  printing-office  was 
deilroyed.  He  was  not,  however,  included  in  the  hit 
of  proferibed  deputies;  nor  was  he  one  of  the  members 
who  figned  the  famous  proteE  againll  the  proceedings 
on  the  31a  of  May.  See  Revolution  {Encycl),  n 

^^But  though  he  could  conquer  every  fentiment  of 
frlendihlp,  and  ftifle  every  indignant  fenfation  at  the 
deftruaion  of  his -party,  his  vanity  as  an  author  pro¬ 
pelled  him  to  a  fatal  exertion.  When  the  conftitution 
cf  1793  accepted,  he  publilhed  An  Addrefs  to  all 
French  Citizens;  reprobating  the  extreme  rapidipr  and 
want  of  ccnfideration  with  which  it  had  been  framed 
and  accepted,  and  detailing  the  numerous  aas  of  vio- 
lence  by  which  the  prevailing  party  in  the  Convention 
had  eftablilhed  their  influence.  ^  This  ralh  ad  placed 
him  in  the  power  of  the  Mountain  :  Chabot  denounced 
the  publication,  and  moved  for  a  decree  of  accufation 
againft  Condorcet ;  which  was  immediately  granted. 

^Hc  efcaped  from  the  arveft,  and  concealed  himfelf 
nine  months  in  the  houfe  of  a  woman  in  Paris,  who, 
though  Ihe  knew  him  only  by  name,  had  the  generoli- 
ty  to  rilk  her  life,  and  fuftain  all  the  inconveniences 
arifing  from  her  harbouring  fuch  a  gueft.  At  length 
a  domiciliary  vifit  was  threatened,  and  he  was  obliged 


to  quit  his  afyluni.  He  had  the  good  fortune,  though 
unprovided  with  a  pafiport  or  civic  card,  to  efcape 
through  the  barrier ;  when  he  went  to  the  country- 
houfe  of  a  friend  on  the  plain  of  Mont- Rouge.  Un¬ 
fortunately  his  friend  was  at  Paris,  and  not  expe6led  to 
return  in  lefs  than  three  days ;  during  which  the  fugi¬ 
tive  was  obliged  to  wander  about,  expofed  to  hunger, 
cold,  fufpenfe,  and  the  pain  arifing  from  a  wound  in 
his  foot.  At  length  his  friend  returned  into  the  coun¬ 
try,  and  found  him ;  but  confidering  it  dangerous  to 
take  him  to  his  houfe  in  the  day-time,  requefted  him  to 
wait  till  night,  when  he  would  receive  and  conceal  him. 
Condorcet,  on  that  day  which  his  Iriend  had  fixed  as 
the  e^  of  his  miferies,  forgot  the  dictates  of  prudence, 
Sind  went  to  an  inn  at  Chemars,  where  he  ordered  an 
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His  fqualid  appearance,  dirty  cap,^  torn  Condorcet. 
clothes,  leannefs,  and  voracity,  fixed  the  attention  ^ 

a  municipal  officer,  who  afleed  him  whence  he  came, 
whither  he  was  going,  and  if  he  had  a  pafiport  i  His 
coiifufiou  at  thefe  interrogatories  betrayed  him,  and  he 
was  inftantly  apprehended.  He  was  confined  that  night 
in  a  dungeon,  and  in  the  morning  was  found  dead.  He 
always  carried  about  him  a  dofe  of  poifon,  with  which 
he  terminated  his  life,  to  avoid  a  trial  before  the  revo¬ 
lutionary  tribunal,  and  (bun  the  gradual  approach  of  in¬ 
evitable  deftruAion. 

Thus  miferably  perifiied  a  philofoplier,  wdiofe  ge¬ 
nius  (fays  Madame  Roland)  was  equal  to  the  compre- 
henfion  of  the  vafteft  fubjeds ;  but  he  had  no  other 
charaderiftic  befides  fear.  It  may  be  laid  of  his  under- 
llanding,  combined  wnth  his  perlon,  that  it  was  a  fine 
efience  abforbed  in  cotton.  No  one  could  fay  of  him, 
that  in  a  feeble  body  he  difplayed  great  courage ;  for 
his  heart  and  bis  conftitution  were  equally  weak.  After 
having  deduced  a  principle,  or  demonftrated  a  fad,  ift 
the  Aflembly,  he  would  give  a  vote  decidedly  oppolite  ; 
overawed  by  the  thunder  of  the  tribunes,  armed  witk 
infults,  and  prodigal  of  threats.^’  ^ 

It  w'as  during  the  period  of  his  concealment  at  Pa- 
ri's,  uncertain  of  a  day’s  exiftence,  that  he  wrote  his 
Sketch  of  the  Progrefs  of  the  Human  Mind  ;  a  pro¬ 
duction  which  undoubtedly  difplays  genius,  though  it 
contains  fome  of  the  molt  extravagant  paradoxes  that 
ever  fell  from  the  pen  of  a  philofopher.  Among  other 
wonderful  things,  the  author  inculcates  the  poihbility, 
if  not  the  probability,  that  the  nature  of  man  may^be 
improved  to  abfolute  perfedion  in  body  and  mind,  and 
his  exiftence  in  this  world  protraaed  to  immortality. 

So  firmly  does  he  feem  to  have  been  perfuaded  of  the 
truth  of  this  unphilofophical  opinion,  that  he  fet 
felf  ferioufly  to  conilder  how  men  fhould  condud  them- 
felves  when  the  population  fhould  become  too  great  for 
the  quantity  of  food  which  the  earth  can  produce;  and 
the  only  w’^ay  which  he  could  find  for  counterading  this 
evil  was,  to  check  population  by  promifeuous  concubi¬ 
nage  and  other  pradices,  with  an  account  of  which  we 
will  not  fully  our  pages.  Yet  we  are  told  by  La  Lande, 
that  this  fketch  is  “  only  the  outline  of  a  great  work, 
which,  had  the  author  lived  to  complete  it,  would  have 
been  confidered  as  a  monument  eredled  to  the  honour  oi 
human  nature  !  1  La  Lande,  indeed,  fpeaks  of  the 
author  in  terms  of  high  refped  ;  and  his  abilities  are 
certainly  unqueftionable :  but  what  fhall  we  think  01 
the  morals  of  that  man,  who  firft  purfued  with  ma¬ 
licious  reportSt  and  afterwards  hired  ruffians  to  aiialli- 


nate  *,  the  old  Duke  of  Rochefoucalt,  m  whofe  houie 
he  had  been  brought  up  ;  by  whom  he  had  been  treat-  phyf,  Kov. 
ed  as  a  fon  ;  and  at  whofe  folicitation  Turgot  created  179*. 
for  him  a  lucrative  office  j  and  by  the  power  of  the 
court  raifed  him  to  all  his  eminence  ?  There  is  a  living 
Englifii  writer,  who  has  laboured  hard  to  prove  that 
gratitude  is  a  crime.  Condorcet  muft  furely  have  held 
the  fame  opinion  ;  and  therefore  could  not  blame  thofe 
low-born  tyrants  who  palTed  againft  him  what  vye  muft 
think  ail  unjuft  decree  of  accufation;  for  it  was  in  ffirae 
degree  to  his  writings  that  thofe  tyrants  vrere  indebtea 

for  their  power.  _  ,  *3 

About  the  end  of  the  year  1786,  Condorcet  married 
Marfe-Louife  Sophi'e  de  Grouchy,  whofe  youth,  wit, 
and  beauty,  were  Iffs  attractive  in  the  eyes  of 
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Conferva  fopher  than  the  tender  and  courageous  anxiety 

II  .  which  fhe  watched  the  couch,  and  affuaged  the  fufFer- 
^ntagion.  prefident  du  Paty,  who  had  been 

bitten  by  a  mad  dog.  This  union,  however,  we  are 
told,  was  fatal  to  his  repofe  ;  it  tempted  him  into  the 
dangerous  i;oad  of  ambition  ;  and  the  idea  of  providing 
for  a  wife  and  daughter  induced  him  to  feek  for  offices 
which  once  he  would  have  defpifed, 

CONFERVA  juGALis  (fee  Conferva,  EncycL)  is 
introduced  here  merely  on  account  of  a  curious  circum- 
ftance  refpeding  it,  which  was  communicated,  not  long 
ago,  to  the  Philomatic  Society  at  Paris.  Citizens 
Charles  and  Romain  Coquebert  having  colledled  fome 
of  this  Conferva  in  the  neighbourhood  of  Paris,  afcer- 
tained,  by  means  of  an  excellent  microfcope,  conftruff- 
ed  by  Nairne  and  Blunt,  that,  in  this  fpecies,  there  are 
male  and  female  filaments,  which  unite  by  an  adlual  co¬ 
pulation  ;  that  certain  globules  contained  in  the  male 
filaments  pafs  into  the  interior  part  of  the  female  fila¬ 
ments  ;  and  that  by  this  union  there  are  formed  in  the 
latter  feeds,  or,  if  we  may  ufe  the  expreffion,  fmall  ova^ 
which  reproduce  the  fpecies.  This  is  the  firft  inftance, 
in  the  vegetable  kingdom,  of  a  reprodudlion  abfolutely 
analogous  to  that  which  we  find  among  animals, — PhU 
lofophical  Maga%iney  N°  3. 

May  this  fa£l  be  depended  on  ?  We  queftion  not,  in 
the  flightefl,  degree,  the  veracity  of  the  editor  of  the 
very  refpedfable  mifcellany  from  which  we  have  copied 
it  ;  but  we  confefs  ourfelves  inclined  to  admit  the  phy- 
fiologlcal  difcoveries  of  citizen  philofphers  with  great 
hefitation.  The  fa£f,  if  real,  is  certainly  curious,  and 
may  lead  to  important  conclufions;  and  we  therefore  re¬ 
commend  an  inveftigation  of  its  truth  to  our  botanical 
readers, 

CONGELATION.  See  Chemistry  in  this  Sup¬ 
plement,  n°  280  —  283. 

CONTAGION  (fee  EncycL)  is  a  fubje6f  on  which 
much  has  been  written  to  very  little  purpofe.  Of  all 
the  attempts  which  have  been  made  to  account  for  it, 
there  is  not  one  that  can  be  thought  fatisfadlory.  This, 
however,  is  not  perhaps  a  matter  of  great  importance, 
if  a  method  could  only  be  difcovered  to  flop  the  pro- 
grefs  of  contagion  where  it  is  known  to  have  place. 
Among  the  many  benefits  which  may  be  reaped  from 
the  late  difcoveries  in  chemiftry,  even  this  defideratum 
promifes  to  be  one ;  and  we  furely  need  not  add  erne  of 
the  greatefl.  Dr  James  Carmichael  Smyth,  phyfician 
extraordinary  to  his  Majefty,  fuggefted,  in  the  year 
1795  or  I7p6,  a  procefs  for  determining  the  effed  of 
the  nitric  acid  in  deftroying  contagion  ;  and  experi¬ 
ments,  according  to  his  diredions,  were  made  on  board 
the  Union  and  other  fhips  at  Sheernefs. 

The  Union  was  an  hofpital  fhip,  and  the  experiment 
on  board  her  was  conduded  by  Mr  Menzies,  late  fur- 
geon  to  his  Majefty^s  floop  Difeovery,  and  by  Mr  Baf- 
fan,  furgeon  of  the  Union;  and  when  it  is  confidered 
that  frefh  contagion  was  daily  pouring  into  the  hofpital 
from  the  Ruffian  veffels,  which  were  at  that  time  lying 
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vith  in  the  Downs,  and  which  had  brought  with  them  a  Contagltim 
fpecies  of  fever  that  might  in  every  fenfe  of  the  word 
be  termed  an  epidemy,  it  will  be  allowed,  that  the  fuc- 
cefs  which  attended  it  was  fuch  that  it  cannot  be  too 
generally  known. 

The  wards  v/ere  extremely  crowded,  and  the  fick  of 
every  defeript ion  lay  in  cradles,  promifcuoufly  arranged, 
to  the  number  of  nearly  two  hundred  ;  of  which  ab^out 
one  hundred  and  fifty  were  in  different  flages  of  the 
above  malignant  fever,  which  was  extremely  contagious, 
as  appeared  evident  from  its  rapid  progrefs  and  fatal  ef- 
fedls  among  the  attendants  on  the  fiek  and  the  fhip’s 
company. 

The  utenfils  and  materials  provided  for  the  procefs 
were  the  following;  A  quantity  of  fine  faiid,  about  two 
dozen  quart  earthen  pipkins,  as  many  common  tea¬ 
cups,  fome  long  flips  of  glafs  to  be  ufed  as  fpatulas,  a 
quantity  of  concentrated  vitriolic  (fulphuric)  acid,  and 
a  quantity  of  pure  nitre  (nitrat  of  potafh). 

The  procefs  was  condu6led  in  the  following  manner; 
ijly  All  the  ports  and  fcuttles  were  Ihut  up  ;  the  fand, 
which  had  been  previoufly  heated  in  iron  pots,  was  then 
fcooped  out  into  the  pipkins  by  means  of  an  iron  ladle; 
and  in  this  heated  fand,  in  each  pipkin,  a  fmall  tea-cup 
was  immerfed,  containing  about  half  an  ounce  of  the 
fulphuric  acid,  to  which,  after  it  had  acquired  a  proper 
degree  of  heat,  an  equal  quantity  of  nitrat  of  potafh  in 
powder  was  gradually  added,  and  the  mixture  flirred 
with  a  glafs  fpatula  till  the  vapour  arofe  from  it  in  con- 
fiderable  quantity  (a).  The  pipkins  were  then  carried 
through  the  wards  by  the  nurfes  and  convalefcents,  who 
kept  walking  about  with  them  in  their  hands,  occafion- 
ally  putting  them  under  the  cradles  of  the  fick,  and  in 
every  comer  where  any  foul  air  was  fupefted  to  lodge. 

In  this  manner  they  continued  fumigating,  until  the 
whole  fpace  between  decks  was  fore  and  a£  filled  with 
the  vapour,  which  appeared  like  a  thick  haze. 

The  vapour  at  firfl  excited  a  good  deal  of  coughing 
among  the  patients,  which  gradually  ceafed  as  it  be¬ 
came  more  generally  diffufed  through  the  wards ;  part 
of  this  effe6l,  however,  was  to  be  attributed  to  the  in¬ 
attention  of  thofe  who  carried  the  pipkins,  in  putting, 
them  too  near  the  faces  of  the  fick ;  which  caiifed  them 
to  inhale  the  ftrong  vapour  as  it  immediately  iffued  from- 
the  cups. 

The  body-clothes  and  bed-clothes  of  the  fiefe  were  as 
much  as  poffible  expofed  to  the  nitrous  vapour  during 
the  fumigation  ;  and  all  the  foul  linen  removed  from 
them  was  immediately  immerfed  in  a  tub  of  cold  water, 
afterwards  carried  on  deck,  rinfed  out,  and  hung  up  till 
nearly  dry,  and  then  fumigated  before  it  w^as  taken  to 
the  wafli-houfe  ;  a  precaution  extremely  neceffary  in 
every  cafe  of  infectious  diforder.  Due  attention  was. 
alfo  paid  to  cleanlinefs  and  ventilation. 

It  took  about  three  hours  to  fumigate  the  flvip.  In 
about  an  hour  after,  the  vapour  having  entirely  fiibli- 
ded,  the  ports- and  fcuttles  were  thrown  open  Vor  the 
admiffion  of  frefli  air.  It  could  plainly  be  perceived 

that 


(a)  That  the  fumes  of  the  mineral  acids  polfelfed  the  property  of  flopping  contagion  was  proved  by.  Morvea’i 
as  far  back  as  the  year  1773,  who,  by  means  of  the  fumes  of  muriatic  acid  extricated  from  the  muriat  of  fod^ 
(fea  fait)  by  the  fulphuric  acid,  purified  the  air  of  the  cathedral  of  Dijon,  which  had  been  fo  much  infeded  by 
exhumations  that  they  were  obliged  to  abandon  the  building.  See  Chemistry,  n  426.  in  this  ^ 
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Contagion,  that  the  air  of  the  hofpital  was  greatly  iwectcned  even 

- by  this  firft  fumigation.  The  procefs  was  repeated 

again  next  mornirtg  ;  and  the  people  employed,  being 
now  better  acquainted  with  it,  were  more  expert,  and 
finifhed  the  whole  in  about  an  hour^s  time.  In  an 
hour  afterwards,  the  vapour  having  entirely  fubfided, 
the  frelli  air  was  freely  admitted  into  the  hofpital  as 
before.  "  Tewer  pipkins  were  employed  for  the  evening 
fumigations  than  for  thofe  of  the  mornings,  as  the  frefh 
'  air  could  not  be  admitted  fo  freely  after  the  former  as 

the  latter. 

The  pleafing  and  immediate  effe^f  of  the  fumigation 
in  deftroying  the  offenfive  and  difagreeable  fmell,  arifing 
from  fo  many  Tick  crowded  together,  was  now  veij 
perceptible,  even  to  the  nurfes  and  attendants  ;  the  con- 
fequence  of  which  was,  that  they  began  to  place  fome 
degree  of  confidence  in  its  efficacy,  and  approached  the 
cradles  of  the  infeded  with  lefs  dread  of  being  attack- 
ed  with  the  diforder  :  fo  that  the  fick  were  better  at¬ 
tended,  and  the  duty  of  the  hofpital  was  more  regular¬ 
ly  and  more  cheerfully  performed.  In  fhort,  a  pleafing 
gleam  of  hope  feemed  now  to  call  its  cheering  influence 
over  that  general  defpondency,  which  was  before  evi¬ 
dently  pidured  in  every  countenance,  from  the  dread 
and  horror  each  individual  naturally  entertained  of  be- 
ing,  perhaps,  the  next  vidini  to  the  malignant  powers 
of  a  virulent  contagion. 

It  is  a  rtmark;ibie  fad,  that  from  the  26th  of  No¬ 
vember  1795,  when  the  fumigation  was  firft  reforted 
to,  till  the  25th  cf  December,  not  a  perfon  on  board 
w’as  attacked  with  the  fever,  though,  in  the  three 
months  preceding,  more  than  one-third  of  all  the  people 
in  the  (hip  had  been  feized  with  the  diftemper,  and  of 
thefe  more  than  one  in  four  w^ere  carried  off  by  it  ;  and 
the  probability  is,  that  the  ficknefs  and  mortality  \vould 
have  gone  on,  increafing  in  proportion  to  the  diffufion 
of  the  contagion,  and  to  the  increafing  defpondency  of 
the  people,  who  confidered  themfelves  as  fo  many  devo¬ 
ted  vidims. 

The  advantage  of  the  fumigation  was  not  felt  by  the 
ihip’s  company  and  attendants  alone,  whom  it  preferved 
from  the  baneful  effeds  of  the  fever  :  the  fick  and  con- 
valefcents  derived  almoft  an  equal  benefit  from  it.  The 
fymptoms  of  the  difeafe  wxre  meliorated,  and  loft  much 
of  their  malignant  appearance  ;  and  the  advantage  of  a 
pure  air,  and  free  from  ftench,  to  convalefcents,  may  be 
readily  conceived. 

Great  confidence  is  always  dangerous.  It  proved  fo 
on  the  prefent  occafion.  On  the  j  7th  of  December 
they  imagined  themfelves  fo  fecure,  that  they  difeon- 
tiniied  the  cuftom  of  fumigating  morning  and  evening, 
thinking  that  once  a  day  was  fufficient.  On  the  25th, 
one  of  the  nurfes  fuffered  a  (light  attack;  and  on  the 
26th,  a  marine,  who,  for  a  week  before,  had  been  in  a 
ftate  of  intoxication,  was  feized  with  the  fever,  of  which 
he  died.  Thefe  two  accidents  gave  immediate  alarm  ; 
they  returned  again  to  the  pra6lice  of  fumigating  twice 
a-day  ;  and  from  that  time  to  the  extermination  of  the 
diforder,  there  was  not  an  inftanue  of  a  perfon  fufferiiig 
from  contagion  on  board  the  (hip. 

The  fuccefs  of  the  experiment  was  not  confined  to 
the  Union  :  the  power  of  the  nitrous  vapour  to  deftroy 
contagion  was  equally  difplayed  on  board  the  Ruffian 
(hips  in  which  it  was  employed, '  The  fafety,  too,  with 


which  it  may  be  employed,  in  any  fituation,  without  Contagloa 
Inconvenience  or  riflv  of  fire,  is  another  great  recom-  ^  ^ 

mendation  in  its  favour.  ^ 

From  the  defcriptlon  that  has  been  given  of  the  pro¬ 
cefs,  no  perfon  can  be  at  any  lofs  in  reforting  to  the 
fame  kind  of  fumigation.  It  is  only  necelTary  to  ob- 
ferve,  for  the  fake  of  thofe  who  may  not  be  verfant  in 
chemical  purfuits,  that  the  ingredients  ought  to  be 
pure,  and  that  metal  veffels  or  rods  muft  not  be  em¬ 
ployed.  Any  kind  of  metal  getting  among  the  ingre¬ 
dients  would  caufe  the  vapour  to  be  very  noxious  in- 
ftead  of  falutary.  The  fumes  that  rife  (hould  be  wffiite; 
if  they  arc  of  a  red  colour,  there  is  reafon  to  fufpe(51:  the 
purity  of  the  ingredients. 

The  importance  of  this  difeovery  need  not  be  infifted 
on  :  it  is  equally  applicable  to  every  fpecies  of  putrid 
contagion,  even  to  the  plague  Itfelfi  It  (liould  there¬ 
fore  be  ufed  in  all  hofpitals  and  parifh  woikhoufes ;  and 
(hould  be  conftantly  reforted  to  by  the  proprietors  of  all 
large  works,  on  the  firft  appearance  of  infedious  difeafe 
among  the  people  employed  in  them  Indeed,  it  (hould 
be  employed  even  as  a  preventive  in  all  lituations  where 
a  number  of  people,  from  the  nature  of  their  bufinefs, 
are  obliged  to  be  crowded  together,  or  where,  from  lo¬ 
cal  circumftances,  there  are  reafons  for  fufpeding  that 
the  purity  of  the  air  is  injured  by  noxious  exhalations 
or  other  caufes.  If  there  be  any  circumftances  in  which 
its  utility  may  be  called  in  queftiou,  it  can  only  be  in 
cafes  of  inflammatory  difeafes  ;  for  in  fuch  fuperoxyge- 
nation  has  been  found  hurtful. 

CONTRA-Harmonical  Proportion^  that  relation 
of  three  terms,  in  w  hich  the  diffei  ence  of  the  firft  and 
fecond  is  to  the  difference  of  the  fecond  and  third,  as 
the  third  is  to  the  firft.  Thus,  for  iiiftance,  3»  5* 

6|  are  numbers  contra-harmonically  proportional ;  for 
2  :  I  :  :  6  :  3.  ^  ^ 

CoNTRA-Mure^  in  fortification,  is  a  little  wall  bunt 
before  another  partition  wall,  to  ftrengthen  it,  fo  that  it 
may  receive  no  damage  from  the  adjacent  buildings. 

COOPER,  an  artificer  who  makes  coops,  cafles, 
tubs,  or  barrels,  i.  e,  all  kinds  of  woodcii  velTels  bound 
together  by  hoops.  See  Encycl. 

The  art  of  the  cooper  appears  to  be  of  great  anti¬ 
quity,  and  to  have  very  foon  attained  to  all  the  perfec¬ 
tion  which  it  poffeffes  at  prefent.  ^  This  being  the  cafe, 
it  is  obvious  that  w’e  can  communicate  no  inftni6fion  to 
the  cooper  himfelf,  and,  on  the  fubjeift  of  his  art,  very 
little  that  could  be  interefting  to  our  other  readers.  In 
the  Encyclopedic  Methodique  there  is  a  long  and  verbofe 
account  of  the  tools  or  inftruments  employed  by  the 
cooper  ;  of  the  kinds  of  timber  proper  for  the  difterent 
kinds  of  cades  ;  of  the  methods  of  preparing  the  w^ood 
for  his  various  purpofes  ;  of  the  manner  in  which  he 
ought  to  hold  the  plane  when  dreffing  the  ftaves  ;  and  of 
the  time  when  it  is  proper  to  put  the  ftaves  together, 
or,  ill  other  words,  to  mount  the  cade.  From  this  de¬ 
tail  we  (hall  extraft  fuch  particulars  as  appear  to  us  to 
be  lead:  generally  known,  though  perhaps  of  no  great 
importance  in  themfelves.  ^ 

Notwithftanding  the  antiquity^  of  the  art  of  cajky 
building,  there  are  fome  countries  in  which  even  now  it 
is  wholly  unknown  5  and  others  where,  though  it  is 
fufficiently  known,  yet,  from  the  fcarcity  of  wood  or 
fome  other  caufe,  earthen  veffels,  and  (kins  lined  with 

nifch- 
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,  pitch,  arc  preferred  to  wooden  barrels  for  the  holding  ment  of  a  circle  or 

^  ~  *  '  and  tranfportiiig  of  liquors.  The  Latin  word  doimny 
which  wc  tranflate  a  cade,’’  was  employed  by  the 
Romans  to  denote  earthen  veflels  iifed  for  this  purpofe; 
though  the  word  dolarcy  from  which  it  is  derived,  ap¬ 
plies  very  well  to  our  caflcs,  which  are  compofed  of  fe- 
veral  pieces  of  wood  hewn  from  the  fame  tree,  and  fit¬ 
ted  by  planes  before  they  be  joined  together.  We  are 
indeed  cer^in  that  cades  of  the  fame  kind  with  our 
ovni  were  in  ufe  among  the  Romans  before  the  Chrif- 
tian  era;  for  both  Varro  and  Columella,  in  treating  of 
the  rural  economy  of  their  days,  fpeak  of  veflels  formed 
of  feveral  (laves  of  wood  bound  together  by  circles  or 
hoops.  The  merit  of  having  invented  fuch  veflels  is 
given  by  Pliny  to  certain  people  who  lived  at  the  foot 
of  the  Alps,  and  who  in  his  days  lined  their  cades  with 
pitch. 

At  what  period  the  fabrication  of  cades  was  introdu¬ 
ced  into  Britain  is  unknown  to  us,  though  it  is  probable 
that  we  derived  the  art  from  the  French,  who  might 
have  it  from  the  Romans. 

We  need  hardly  inform  any  of  our  readers,  that  a 
cafk  has  the  appearance  of  two  truncated  cones  joined 
at  their  bafes,  or  that  the  part  where  the  junflion  ap¬ 
pears  to  be  made 'being  the  moft  capacious,  or  that  of 
which  the  diameter  is  the  largeft,  is  vulgarly  called  the 
belly  of  the  cad<.  Thefe  cones,  however,  were  they 
completed,  would  not  be  regular,  but  rather  conoidsy  be¬ 
ing  formed  of  pieces  of  timber,  or  ftaves,  which  are  not 
ftraight  lines  as  in  the  cone,  but  are  curved  from  the 
vertex  to  the  bafe. 

In  choofmg  his  wood,  if  he  can  have  a  choice,  the 
cooper  prefers  old  and  thick  and  ftraight  trees,  from 
which  he  hews  thin  planks  to  be  formed  into  {laves  ; 
and  in  France,  where  this  art  is  pradlifed  on  a  large 
fcale,  the  winter  months  are  allotted  for  the  prepara- 
tion  of  the  ftaves  and  bottoms,  and  the  fummer  for  put¬ 
ting  them  together  or  mounting  the  cafl^.  The  author 
of  the  article  in  the  iLncyclopedie  Methodique  diredls  the 
>  cooper,  when  drefling  the  ftaves  with  the  plane,  to  cut 

the  wood  always  acrofs  ;  a  pradtice  which  we  doubt 
not  is  proper,  though  we  think  it  would  not  be  eafy  to 
afllgn  the  reafon  of  it.  Plaining  is  the  moft  laborious 
and  difiicult  part  of  the  work  ;  and  there  are  but  few 
coopers  who  plane  quickly,  and  at  the  fame  time  well. 

In  ftiops  where  the  work  is  diftributed  into  parts,  plain¬ 
ing  is  reckoned  a  great  objea  ;  and  in  France,  before 
the  revolution,  a  good  plainer  gained  from  three  {hil¬ 
lings  and  threepence  fterling  to  four  {hillings  and  three 
farthings  a-day. 

In  forming  the  ftaves,  it  muft  never  be  forgotten  that 
each  is  to  conftitute  part  of  a  double  conoid  ;  that  it 
muft  therefore  be  broadeft  at  the  middle,  becoming  gra¬ 
dually,  though  not  in  ftraight  lines,  narrower  towards 
the  extremities ;  that  the  outfide  acrofs  the  wood  muft 
be  wrought  into^  the  fegment  of  a  circle  ;  and  that  the 
ftave  muft  be  thickeft  near  the  middle,  growing  thinner, 
by  very  gentle  degrees,  towards  the  ends.  To  adjuft 
accurately  thefe  different  curves  (for  even  iht  narrow • 
m^  o£  the  {laves  muft  be  in  a  curve)  to  the  fize  and  in- 
tended  {liape  of  the  callc,  would  require  either  great  ex¬ 
perience,  or  a  larger  portion  of  mathematical  fcience 
than  we  have  reafon  to  think  that  many  coopers  pof- 
fefs.  With  refpea  to  the  infide  of  the  ftave,  it  is  of 
httle  confeqiiencc  whether  it  be  round'ed  into  the  fee- 
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_  not,  and  therefore  the  cooper  very 
feldom  takes  that  trouble. 

The  ftaves  being  all  dreffed  and  ready  to  be  arran¬ 
ged  in  a  circular  form,  it  might  be  thought  neceffary, 
in  order  to  make  the  feams  tight,  to  trim  the  thin 
edges,  which  are  to  be  joined  together,  in  fuch  a  man¬ 
ner  as  that  a  ray  paffing  from  the  outfide  of  the  cade 
through  a  feam  to  the  centre,  (liould  touch  the  conti¬ 
guous  ftaves  from  the  exterior  to  the  intenor  fide  ;  in 
other  words,  that  the  thin  edges  fhould  he  Hoped  as  the 
archftones  of  a  bridge  are  floped,  fo  that  the  contigu¬ 
ous  ftaves  may  be  brought  into  firm  conta^l  throughout 
the  whole  joints  This,  however,  is  not  the  pra6tice  of 
the  cooper.  With  great  propriety  he  brings  the  con¬ 
tiguous  ftaves  into  contadl  at  their  inner  furfaces  only  ; 
fo  that  by  driving  the  hoops  hard,  he  can  make  the 
joints  much  clofer  than  he  could  poflibly  have  done  had 
the  edges  of  the  ftaves  been  fo  floped  as  to  permit  them 
to  touch  each  other  throughout  before  being  drove  to¬ 
gether  by  the  compreflion  of  the  hoops.  This,  toge¬ 
ther  with  giving  to  the  ftaves  the  proper  curvature* 
feems  to  be  the  only  part  of  the  cooper's  work  which 
.  deferves  the  name  of  art  ;  for  the  driving  of  the  hoops 
and  the  forming  of  the  bottoms  could  certainly  be  ac- 
compliftied  by  any  carpenter,  we  had  almoft  faid  by 
any  man,  though  he  had  never  feen  a  hoop  driven  or  a 
bottom  formed. 

In  many  parts  of  Scotland,  inftead  of  ale  or  beer 
mugs,  they  ufe  fmall  hooped  wooden  veflels,  of  which 
the  ftaves  are  feather-edged  or  dove-tailed  into  one  an¬ 
other.  This,  as  the  ftaves  are  of  different  colours,  in- 
creafes  the  beauty  of  the  veffel,  and  to  a  fuperfleial  ob- 
ferver  appears  to  be  an  ingenious  contrivance ;  but  it 
adds  nothing  to  the  ftrength  or  tightnefs  of  the  feam, 
and  cannot  be  attended  with  the  fmalleft  difficulty.  We 
think,  indeed,  that  in  a  large  calk  or  tub  it  would 
prove  injurious  to  the  ftam  ;  for  either  thefe  dove-tails 
muft  be  very  thin  {lips  raifed  from  the  interior  edges  of 
the  ftaves,  which  in  many  cafes  could  not  be^done  if  the 
wood^  were  thoroughly  feafoned  ;  or  if  they  be  cut  out 
like  inverted  wedges,  the  contiguous  ftaves  muft  be 
brought  into  contadl  from  the  interior  to  the  exterior 
fide  previous  to  the  driving  of  the  hoops  ;  and  in  that 
cafe,  as  we  have  feen,  the  feams  could  not  be  made 
completely  tight. 

COPKRNtCUS  (Nicolaus),  tfie  reilorer,  if  not 
inventor,  of  the  true  fyftem  of  the  fun,  holds  fo  confpL 
cuous  a  place  in  the  republic  of  fcience,  that  every  man 
of  a  liberal  education  muft  be  interefted  both  in  the 
events  of  his  life  and  in  the  hiftory  of  his  difeoveries. 
Accordingly,  in  the  Encyclopasdia,  we  have  given  a 
mort  flcetch  of  his  hiftory,  as  well  as  an  account  of  what 
led  him  to  fuppoie  the  fun  placed  in  the  centre  of  our 
^tlem  (fee  Copernicus,  and  Astronomy,  22 
Since  thefe  articles  were  publiflied,  Dr  Adam 
Smith  s  on  Philofophical  StdjeSs  have  been  "-iveti 

to  the  world  ;  and  in  that  which  is  intitled  Tie  Hijlorv 
of  JJIronomy,  we  have  an  account  of  Copernicus’s  dif- 
coveries,  fo  much  more  perfpicuous  and  fatisfadory  than 
any  thing  which  we  have  elfewhere  feen  on  the  fiibied 
that  we  are  perfuaded  our  readers  will  be  pleafed  to 
meet  with  it  here.  ^ 

“  The  confufion  (fays  Dr  Smith)  in  which  the  old 
hypotheas  reprefented  the  heavenly  bodies,  was,  as  Co. 
perrucus  lumfelf  tells  ns,  what  firll  fuggefted  to  him  the 
3  ^  delign 
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Copernicus,  defign  of  forming  a  new  fyftem,  that  thefe,  the  nobleft  bit,  and 
'  works  of  Nature,  might  no  longer  appear  devoid  of  that 
harmony  and  proportion  which  difcover  themfelves  in 
her  meanefl  produdfions.  What  moll  of  all  diflatisfied 
him  was,  the  notion  of  the  equalizing  circle,  which,  by 
reprefenting  the  revolutions  of  the  celeilial  fpheres  as 
equable  only,  when  furveyed  from  a  point  that  was  dif¬ 
ferent  from  their  centres,  introduced  a  real  inequality 
into  their  motions  ;  contrary  to  that  moll  natural,  and 
indeed  fundamental  idea,  with  which  all  the  authors  of 
altronoinical  fyftems,  Plato,  Eudoxus,  Ariftotle,  even 
Hipparchus  and  Ptolemy  themfelves,  had  hitherto  fet 
out,  that  the  real  motions  of  fuch  beautiful  and  divine 
objeds  mull  necelTarily  be  perfedly  regular,  and  go  on 
in  a  manner  as  agreeable  to  the  imagination  as  the  ob- 
jedls  themfelves  are  to  the  fenfes.  He  began  to  confi- 
der,  therefore,  whether,  by  fuppofiiig  the  heavenly  bo¬ 
dies  to  be  arranged  in  a  different  order  from  that  in 
which  Ariftotle  and  Hipparchus  had  placed  them,  this 
fo  much  fought  for  uniformity  might  not  be  bellowed 
upon  their  motions.  To  difcover  this  arrangement,  he 
examined  all  the  obfeure  traditions  delivered  down  to 
us,  concerning  every  other  hypothefis  which  the  ancients 
had  invented  for  the  fame  piirpofe.  He  found,  in  Plu¬ 
tarch,  that  fome  old  Pythagoreans  had  reprefented  the 
earth  as  revolving  in  the  centre  of  the  univerfe,  like  a 
wheel  round  its  own  axis ;  and  that  others,  of  the  fame 
fed,  had  removed  it  from  the  centre,  and  reprefented  it 
,as  revolving  in  the  ecliptic  like  a  liar  round  the  central 
fire.  By  this  central  fire  he  fuppofed  they  meant  the 
fun  ;  and  though  in  this  he  was  very  widely  miftaken, 
it  was,  it  feems,  upon  this  interpretation  that  he  began 
to  confider  how  fuch  an  hypothefis  might  be  made  to 
correfpond  to  the  appearances.^  The  fuppofed  autho¬ 
rity  of  thofe  old  philofophers,  if  it  did  not  originally 
fuggell  to  him  his  fyftem,  it  feems  at  leall  to  have  con¬ 
firmed  him  in  an  opinion  which,  it  is  not  improbable, 
he  had  before  hand  other  reafons  for  embracing,  not- 
withllanding  what  he  himfelf  would  affirm  to  the  con- 
trary. 

‘‘  It  then  occurred  to  him,  that  if  the  earth  was  fup¬ 
pofed  to  revolve  every  day  round  its  axis,  from  well  to 
call,  all  the  heavenly  bodies  would  appear  to  revolve,  in 
a  contrary  diredlon,  from  call  to  weft.  The  diurnal 
revolution  of  the  heavens,  upon  this  hypothefis,  might 
be  only  apparent;  the  firmament,  which  has  no  other 
fenfible  motion,  might  be  perft  dly  at  reft  ;  while  the 
'  fun,  the  moon,  and  the  five  planets,  might  have  no 
other  movement  befide  that  eaftward  revolution  which 
IS  peculiar  to  themfelves.  That,  by  fuppofing  the 
f  earth  to  revolve  with  the  planets  round  the  fun,  in  an 
orbit,  which  comprehended  within  it  the  orbits  of  Ve¬ 
nus  and  Mercury,  but  was  comprehended  within  thofe 
of  Mars,  Jupiter,  and  Saturn,  he  could,  without  the 
embarra  lime  lit  of  epicycles,  conne6l  together  the  appa¬ 
rent  annual  revolutions  of  the  fun,  and  the  diredl,  re¬ 
trograde,  and  ftationary  appearances  of  the  planets; 
that  while  the  earth  really  revolved  round  the  fun  on 
one  fide  of  the  heavens,  the  fun  would  appear  to  re¬ 
volve  round  the  earth  on  the  other  ;  that  while  ftie 
.  really  advanced  in  her  annual  courfe,  he  wopld  appear 
to  advance  eaftward  in  that  movement  which  is  peculiar 
to  himfelf.  That,  by  fuppofing  the  axis  of  the  earth 
'  to  be  always  parallel  to  itfelf,  not  to  be  quite  perpen¬ 

dicular,  but  fomewhat  inclined  to  the  plane  of  her  or- 
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w,.,  confequently  to  prefent  to  the  fun,  the  one  C^r: 
pole  when  on  the  one  fide  of  him,  and  the  other  when  ^ 
on  the  other,  he  would  account  for  the  obliquity  of 
the  ecliptic ;  the  fun’s  feemingly  alternate  progreffion 
from  north  to  fouth,  and  from  fouth  to  north,  the  coii- 
fequent  change  of  the  feafons,  and  different  lengths  of 
days  and  nights  in  the  different  feafons. 

“  If  this  new  hypothefis  thus  coiineded  together  all 
thefe  appearances  as  happily  as  that  of  Ptolemy,  there 
were  others  which  it  conneded  together  much  better.  . 
The  three  fuperior  planets,  when  nearly  in  conjundlion 
with  the  fun,  appear  always  at  the  greateft  diftance  from, 
the  earth,  are  fmallcft,  and  lead  fenfible  to  the  eye,  and 
feem  to  revolve  forward  in  their  diredl  motion  with  the 
greateft  rapidity.  On  the  contrary,  when  in  oppofi- 
tion  to  the  fun,  that  is,  when  in  their  meridian  about 
midnight,  they  appear  nearell  the  earth,  are  largeft,  and 
moll  fenfible  to  the  eye,  and  feem  to  revolve  backwards 
in  their  retrograde  motion.  To  explain  thefe  appear¬ 
ances,  the  fyftem  of  Ptolemy  fuppofed  each  of  thefe 
planets  to  be  at  the  upper  part  of  their  feveral  epicy¬ 
cles  in  the  one  cafe,  and  at  the  lower  in  the  other. 

But' it  afforded  no  fatisfadory  principle  of  connedtion, 
which  could  lead  the  mind  eafily  to  conceive  how  the 
epicycles  of  thofe  planets,  whofe  fpheres  were  fo  diftaiit 
from  the  fphere  of  the  fun,  ftiould  thus,  if  one  may  fay 
fo,  keep  time  to  his  motion.  The  fyftem  of  Coperni¬ 
cus  afforded  this  eafily,  and  like  a  more  fimple  machine, 
without  the  afiiftance  of  epicycles,  connedled  together, 
by  fewer  movements,  the  complex  appearances  of  the 
heavens.  When  the  fupdrior  planets  appear  nearly  in 
conjunaion  with  the  fun,  they  are  then  in  the  fide  of 
their  orbits,  which  is  almoft  oppofite  to,  and  moll  dif- 
tant  from,  the  earth,  and  therefore  appears  fmalleft  and 
leaft  fenfible  to  the  eye.  But  as  they  then  revolve  in 
a  direaion  which  is  almoft  contrary  to  that  of  the 
earth,  they  appear  to  advance  forward  with  double,  ve¬ 
locity  ;  as  a  fhip  that  fails  in  a  contrary  diredlion  to 
another,  appears  from  that  other  to  fail  both  ^vith  its 
own  velocity  and  the  velocity  of  that  from  which  it  is 
feen.  On  the  contrary,  when  thofe  planets  are  in  op- 
pofition  to  the  fun,  they  are  on  the  fame  fide  of  the  fun 
with  the  earth,  are  neareft  it,  moft  fenfible  to  the  eye,, 
and  revolve  in  the  fame  diredllon  wdth  it  ;  but  as  their 
revolutions  round  the  fun  are  {lower  than  that  of  the 
earth,  they  are  neceffarily  left  behind  by  it,  and  there¬ 
fore  feem  to  revolve  backwards  ;  as  a  fhip  which  fails 
flower  than  another,  though  it  fails  in  the  fame  direc¬ 
tion,  appears  from  that  other  to  fail  backwards.  After 
the  fame  manner,  by  the  fame  annual  revolution  of  the 
earth,  he  conneded  together  the  dired  and  retrograde 
motions  of  the  two  inferior  planets,  as  well  as  the  fta¬ 
tionary  appearances  of  all  the  five. 

Thus  far  did  this  new  account  of  things  render  the 
appearances  of  the  heavens  more  completely  coherent 
than  had  been  done  by  any  of  the  former  fyftems.’  It 
did  this,  too,  by  a  more  fimple  and  intelligible,  as  well 
as  more  beautiful  machinery.  It  reprefented  the  fun, 
the  great  enlightener  of  the  univerfe,  wdiofe  body  was 
alone  larger  than  all  the  planets  taken  together,  as  efta- 
bliftied  immoveable  in  the  centre,  ftiedding  light  and, 
heat  on  all  the  worlds  that  circulated  around  him  in 
one  uniform  diredion,  but  in  longer  or  fliorter  periods, 
according  to  their  different  diftances.  It  took  away 
the  diurnal  revolution  of  the  firmament;  whofe  rapidity, 
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Copeit)iciis.  itpon  the  old  hypothefis,  was  beyond  what  even  thought 
could  conceive.  It  not  only  delivered  the  imagination 
from  the  embarraflment  of  epicycles,  but  from  the  diffi¬ 
culty  of  conceiving  thefe  two  oppohte  motions  going 
on  at  the  fame  time,  which  the  fyftem  of  Ptolemy  and 
Ariftotle  bellowed  upon  all  the  planets  ;  I  mean,  their 
diurnal  weftward,  and  periodical  eallward  revolutions. 
The  earth’s  revolution  round  Its  own  axis  took  away 
the  neceffity  fur  fiippofing  the  firft,  and  the  fecond  was 
eafily  conceived  when  by  itklf.  The  five  planets,  which 
feem,  upon  all  other  fyftems,  to  be  objedls  of  a  fpecies 
by  themfelves,  unlike  to  every  thing  to  which  the  ima¬ 
gination  has  been  aecuftomed,  when  fuppofed  to  revolve 
along  with  the  earth  round  the  fun,  were  naturally  ap. 
prehended  to  be  objedls  of  the  fame  kind  with  the  earth, 
habitable,  opaque,  and  enlightened  only  by  the  rays  of 
the  fun.  And  thus  this  hypothefis,  by  claffing  them  in 
the  fame  fpecies  of  things,  with  an  objecl  that  is  of  all 
others  the  moil  familiar  to  us,  took  off  that  wonder  aiul 
uncertainty  which  the  ftrangenefs  and  fingularity  of 
their  appearance  had  excited  ;  and  thus  far,  too,  better 
anfwered  the  great  end  of  philofophy, 

“  Neither  did  the  beauty  and  ffmplicity  of  this  fyllem 
alone  recommend  it  to  the  imagination  ;  the  novelty 
and  unexpeclednefs  of  that  view  of  nature  which  it 
Opened  to  the  fancy,  excited  more  wonder  and  fiirprife 
than  the  ftrangeft  of  thofe  appearances,  which  it  had 
been  invented  to  render  natural  and  familiar,  and  thefe 
fentiments  ftill  more  endeared  it.  For  though  it  is  the 
end  of  philofophy  to  allay  that  wonder  which  either  the 
unufual  or  feemingly  disjointed  appearances  of  Nature 
excite,  yet  (lie  never  triumphs  fo  much  as  when,  in  or¬ 
der  to  conned  together  a  few,  in  themfelves  perhaps 
inconfiderable  objeds,  fhe  has,  if  I  may  fay  fo,  created 
another  conftitution  of  things,  more  natural  indeed,  and 
fuch  as  the  imagination  can  more  eafily  attend  to,  but 
rfiore  new,  more  contrary  to  common  opinion  and  ex- 
pedation,  than  any  of  thofe  appearances  themfelves.  As 
i*n  the  iiiftance ‘before  us,  in  order  to  conned  together 
fome  feeming  irregularities  in  the  motions  of  the  pla¬ 
nets,  the  moft  inconfiderable  objeds  in  the  heavens,  and 
of  which  the  greater  part  of  mankind  have  no  occafion 
to  take  any  notice  during  the  whole  courfe  of  their  lives, 
file  has,  to  talk  in  the  hyperbolical  language  of  Tycho 
Brahe,  moved  the  earth  from  its  foundations,  ftopt  the 
revolution  of  the  firmament,  made  the  fun  ftand  ftill, 
and  fubverted  the  whole  order  of  the  univerfe. 

“  Such  were  the  advantages  of  this  new  hypothefis, 
as  they  appeared  to  its  author  when  he  firft  invented  it. 
But  though  that  love  of  paradox,  fo  natural  to  the 
learned,  and  that  pleafure  which  they  are  fo  apt  to  take 
in  exciting,  by  the  novelty  of  their  fuppofed  difeoveries, 
the  amazement  of  mankind,  may,  notwithftanding  what 
otie  of  his  difciples  tells  us  to  the  contrary,  have  had  its 
weight  in  prompting  Copernicus  to  adopt  this  fyftem  ; 
yet  when  he  had  completed  his  Treatife  of  Revolutions, 
and  began  coolly  to  confider  what  a  ftrange  dodrine  he 
was  about  to  offer  to  the  world,  he  fo  much  dreaded 
the  prejudice  of  mankind  againft  it,  that,  by  a  fpecies 
of  continence  of  all  others  the  moft  difficult  to  a  philo- 
fopher,  he  detained  it  In  his  clofet  for  thirty  years  to¬ 
gether.  At  laft,  in  the  extremity  of  old  age,  he  allow¬ 
ed  it  to  be  extorted  from  him,  but  died  as  foon  as  it 
was  printed,  and  before  it  was  publiffied.’’ 

This  noble  theory,  however,  being  repugnant  to  the 
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prejudices  of  habit  and  education,  was  at  firft  coldly  re¬ 
ceived,  or  utterly  rejeded,  by  every  clafs  of  men.  The 
aftronomers  alone  favoured  it  with  their  notice,  though 
rather  as  a  convenient  hypothefis  than  an  important 
truth.  By  the  vulgar  it  was  confidered  as  a  chimera, 
belied  by  the  cleared  evidence  of  our  fenfes  ;  while  the 
karned  beheld  it  with  difdain,  becaiife  it  militated 
againft  the  fanciful  diftiiidions  and  the  vague  erroneous 
tenets  of  the  Penpatetic  philofophy,  which  no  one  had 
ventured  to  call  in  queilion  ;  and  it  is  amufing  to  ob- 
ferve  with  what  dexterity  the  Copernicans,  it'll  ufing 
the  fame  weapons,  endeavoured  to  parry  the  blows  of 
their  antagonifts.  Its  real  merits  and  bkmilhes  appear 
to  have  been  overlooked  by  both  parties*,  Brahe 
framed  a  fort  of  intermediate  fyftem  j  but  this  Daiiifii 
aftronomer  was  more  remarkable  for  his  patience  and 
ffiill  in  obferving  the  heavens,  than  for  his  talents  of 
pliilofophical  inveftigation.  Towards  the  commenee- 
ment  of  the  i6th  century,  a  new  order  of  things  emer¬ 
ged.  The  fyftem  of  Copei  uiciis  became  generally  known 
and  daily  made  converts.  Its  reception  alarnied  the 
ever-watchful  authority  of  the  church,  roukdherjea- 
loufy,  and  at  length  provoked  her  vindidive  artillery. 
The  ultima  ratio  theologoriim  was  pointed  at  the  head  of 
the  illuftrious  Galileo,  whofe  elegant  genius  difcovered 
the  laws  of  motion,  extended  the  fcience  of  mechanics, 
and  added  luftre  and  folidity  to  the  true  fyftem  of  the 
univerle.  From  the  ftorms  of  perfecutlon  Copernicus 
himfelf  had  been  exempted  only  by  a  timely  death. 

COPPER,  one  of  the  metals  ;  for  the  properties  of 
which,  fee  Chemistry*/W^^  in  this  Supplement. 
The  Chinefe  have  a  metal  which  they  call  pe-tungy  but 
which  Sir  George  Staunton  denominates 

Ji'^hite  Copper,  This  metal  has  a  beautiful  filver- 
like  appearance,  and  a  very  ciofe  grain.  It  takes  a  fine 
poliffi,  and  many  articles  of  neat  workmanOiip,  In  Imi¬ 
tation  of  filver,  are  made  of  It.  An  accurate  analyfis  has 
determined  it  to  confift  of  copper,  zinc,  a  little  filver  ; 
and  in  fome  fpecimens  a  few  particles  of  iron  and  of 
nickel  have  been  found.  From  this  account  it  would 
appear  that  vyhite  copper  Is  not  an  artificial  mixture  of 
metals,  but  is  found  native  in  the  mine.  Yet  in  the 
very  fame  psge  and  paragraph.  Sir  George  proceeds  to 
fay  that  Dr  Gallan  was  informed  at  Canton,  that  the 
artifts,  In  making  their  pe-tuiig,  reduce  the  copper  in¬ 
to  as  thin  Iheets  or  laminas  as  poffible,  which  they  make 
red-hot,  and  Increafe  the  fire  to  fuch  a  pitch  as  to  foften 
in  fome  degree  the  laminae,  and  to  render  them  ready 
almoft  to  flow.  In  this  ftate  they  are  fufpended  over 
the  vapour  of  their  pureft  tu-te-nag  or  zinc,  placed  In 
a  fubliming  veffel  over  a  brillc  fire.  The  vapour  thus 
penetrates  the  heated  laminae  of  the  copper,  fo  as  to  re¬ 
main  fixed  with  It,  and  not  to  be  eafily  diflipated  or 
caicined  by  the  fucceeding  fufion  it  has  to  undergo. 
The  whole  is  fuffered  to  cool  gradually,  and  is  then 
found  to  be  of  a  brighter  colour,  and  of  a  clofer  gram, 
than  when  prepared  in  the  European  way.  Surely  this 
is  not  the  white  copper,  which  confifts  of  copper,  zinc, 
filver,  iron,  and  nickel. 

CORK  is  the  exterior  bark  of  a  tree  which  has  been 
deferibed  in  the  Encyclopasdla.  When  the  tree  is  about 
15  years  old  it  is  fit  to  be  barked,  and  this  can  be  done 
fucceffively  for  eight  years.  The  bark  always  grows 
up  again,  and  its  quality  improves  as  the  age  of  the 
tiee  increafes*  It  is  commonly  linged  a  little  over  a 
3  M  2  ftrong 
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Cornua,  ftronff  five  or  glowing  coals,  or  laid  to  fork  a  certain 
^  time  in  water  ;  after  which  it  is  placed  under  ftoues  in 
order  to  be  prefied’ftraight.  We  were  wont  to  pro¬ 
cure  the  greater  part  of  our  cork  from  the  Dutch,  who 
brought  it  principally  from  France  ;  but  they  imported 
fome  alfo  from  Portugal  and  Spam.  .  ,  ,  ■ 

This  tree,  as  well  as  the  ufcs  to  which  its  bark  is 
put,  was  known  to  the  Greeks  and  the  Romans  ;  by 
the  former  of  whom  it  was  called  and  by  the  lat¬ 
ter  By  the  Romans,  as  we  learn  from  Pliny, 

it  was  even  employed  to  flop  veffels  of  every  ki'nd  ;  but 
its  application  to  this  ufe  feems  not  to  have  been  very 
common  till  the  invention  of  glafs  bottles,  of  which 
Profeffor  Beckmann  finds  no  mention  before  the  15th 

In  later  times,  fome  other  vegetable  prodmftions  have 
been  found  which  can  be  employed  inftead  of  cork  for 
the  lail  mentioned  piirpofe.  Among  thefe  is  the  wood 
of  a  tree  common  in  South  America,  particularly  in 
inolll  places,  which  is  called  thtire  monMn  or  monlain, 
and  by  botanills  Jpondias  lutea.  This  wood  is  brought 
to  England  in  great  abundance  for  that  ufe.  The 
fpongy  root  of  a  North  American  tree,  known  by 
the  name  of  nyfc,  is  alfo  ufed  for  the  fame  end,  as  are 
the  roots  of  liquorice,  which,  on  that  account,  is  much 
cultivated  in  Sclavonia,  and  exported  to  other  countriw. 

CORNUA  Ammonis,  in  natural  hiftory,  are  foffil 
fhells,  of  which  a  pretty  full  account  is  given  in  the 
Encyclopsedia.  vSee  Cosnu  Ammonis  and  Ssake- 
Stones.  It  was  obferved  in  the  laft  of  thefe  articles, 
that  few,  if  any,  of  thefe  (hells  are  known  in  their  re¬ 
cent  ftate,  or  as  occupied  by  the  living  animal ;  but 
fome  authors  have  aflerted,  on  the  authority  of  Lin- 
nseus,  that  ammonites,  with  (hells  fimilar  to  all  the  va¬ 
rieties  of  the  foffil  ones,  are  yet  found  alive  in  the  depth 
■of  the  fta.  We  are  much  inclined  to  embrace  this  opi¬ 
nion  ;  but  it  has  been  controverted  by  M.  de  Lamanon, 
who  accompanied  La  Peroufe  on  his  voyage  of  difco- 
»qry,  by  fuch  arguments  as  we  know  not  how  to  an- 
fwer.  This  unfortunate  naturalift  (fee  Lamanon  in 
this  Supplement)  allows  that  there  are  (till  in  the  fea 
living  cornfta  ammonis  ;  but  he  thinks  that  they  are  in 
very  fmall  numbers,  and  materially  different  from  the 
greater  part  of  the  foffil  ones.  According  to  him,  thefe 
Taft  ought  to  be  confidered  as  a  race,  formerly  the  moft 
numerous  of  all,  of  wffiich,  either  there  are  no  defcend- 
ants,  or  tfiofe  defcendants  are  reduced  to  a  few  dege- 
nerate  individuals.  That  there  are  no  living  animus 
w.ith  (hells  of  the  very  fame  kind  with  ("ome  of  the  totlil 
cornua  ammonis,  the  following  obfervatioiis  he  confiders 
as  a  fuflicient  proof. 

‘‘  The  foffil  ffiells  are  very  light  and  tliin,  whereas 
the  fhells  of  thofe  animals  that  live  in  very  deep  water 
are  always  thick  and  ponderous  ^  befides,  the  form  of 
the  foffil  cornua  ammonis  points  out  to  us,  in  fome  mea- 
fure,  the  organization  of  the  animal  w.hich  inhabited  it. 
The  celebrated  Juffieu  proved,  in  1721,  that  there  ex- 
ifted  a  very  clofe  analogy  between  the  ammonite  and 
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nautilus  (a).  It  Is  well  known  that  the  nautilus,  by  Cornua, 
filling  or  emptying  a  part  of  its  fhell,  has  the  power  of ' 
remaining  ftationary  in  any  depth  it  pleafes  :  the  fame 
was  douhtlefs  the  cafe  with  the  ammonite  ;  and  if  this 
fpecies  ftill  abounds  in  the  fea,  it  would  furely  be  occa- 
fioiially  dlfcovered  by  Tailors. 

“  The  waves  alfo  would  throw  fragments  of  it  on 
the  fhore  ;  fiffiermen  might  fometimes  entangle  it  in 
their  nets  ;  or,  at  leaft,  there  would  be  fragments  ftick- 
ing  to  the  lead  of  the  founding  line  when  afcertaining 
great  depths.  It  may  alfo  be  added,  that  if  the  am¬ 
monites  never  quitted  the  abyfs  of  the  fea,  thofe  which 
are  found  petrified  would  not  be  conflantly  met  with  on 
the  fame  level,  and  in  the  fame  bed,  as  thofe  fhell-fifh 
that  only  inhabit  the  fhallows.  There  are,  however, 
found  in  Normandy,  Provence,  Touraine,  and  a  multi¬ 
tude  of  other  places,  ammonites  mixed  with  turbines, 
buccina  (whelks),  and  other  littoral  fhells.  They  are 
found,  befides,  at  every  degree  of  elevation  from  below 
the  level  of  the  fea  to  the  fummits  of  the  higheft  moun- 
tains.  Analogy  alfo  leads  us  to  fuppofe,  that  Nature, 
who  has  given  eyes  to  the  nautilus,  has  not  refufed  them 
to  the  ammonite:  now  what  ufe  could  thefe  he  of  if 
they  remained  confined  to  thofe  depths  which  the  light 
is  unable  to  penetrate  ?  ^  ^ 

“  The  extinftion  of  the  ancient  race  of  ammonites  is 
therefore  an  eftahliffied  faa,  which  no  rational  fuppo- 
fition  can  dellroy  ;  and  this  faft  is  undoubtedly  the  moft 
furprifing  of  any  that  is  prefented  to  us  in  the  hiftory 
of  aquatic  animals.  The  difeovery  of  a  few  living  fpe¬ 
cies  of  cornua  ammonis  does  not  deftroy  the  truth  of 
this,  for  thefe  ammonites  are  very  different  from  thofe 
which  are  found  petrified.  They  are  extremely  rare, 
and  cannot  be  looked  up  to  as  the  reprefentatives  of 
the  old  ammonites,  fo  varied  in  their  fpecies,  and  the 
number  of  which  in  the  ancient  ocean  was  probably 
far  more  confiderable  than  that  of  all  the  other  fhells 
befides.’^ 

To  every  univolve  fhell,  rolled  in  a  fpiral,  fo  as  that 
a  horizontal  plane  will  divide  it  into  two  equal  parts, 
formed  of  united  fpirals,  and  bearing  a  certain  propor¬ 
tion  to  each  other,  our  author  gives  the  name  of  an  am¬ 
monite.  “  I  thought  it  abfolutely  necelTary  (fays  he)  to 
afeertain  the  precife  meaning  of  the  term  ammonite,  pre¬ 
vious  to  defcribing  that  which  I  found  during  our  voy¬ 
age  round  the  world.  The  form  of  this  is  almoft  or¬ 
bicular,  the  long  diameter  being  to  the  (hort^  one  as 
three  lines  to  two  lines  and  three  quarters.  The  firft 
fpire  is  by  far  the  largeft,  occupying  nearly  half  of  the 
longitudinal  diameter.  The  fummit  is  placed  at  the 
diftance  of  about  two-thirds  of  this  diameter  ;  it  ter¬ 
minated  on  the  right  fide  by  a  vpy  fmall  knob  vifible 
only  through  a  magnifier,  thus  differing  from  the  am¬ 
monite  of  Rimini,  which  befides  is  microfcopical  and 
celled,  the  inlide  of  this  which  we  are  now  fpeaking  ot 
being  entirely  plain.  The  number  of  fpiral  circumvo¬ 
lutions  is  four  and  a  half ;  they  are  equally  convex  on 
both  fides,  and  are  fixed  on  a  plane,  dividing  the  (lieU 

into 


(a)  There  are,  however,  fome  ftriking  internal  differences:  firft,  the 
are  more  curved  than  thofe  of  the  ammonite  :  fecondly,  the  ammonite  wants  e  ma  o  t 
from  one  cell  ,to  the  other* 
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Gcrnua.  Into  two  equal  parts:  there  is  on  each  fide 

-  bofs  formed  by  the  increafe  of  the  perpendicular  dia¬ 
meter  of  the  fpires,  in  proportion  as  they  recede  from 
the  centre.  The  furface  is  fmooth  ;  the  back  is  armed 
with  a  flat,  even,  brittle  creft,  as  thin  as  paper,  fur¬ 
rounding  it  on  every  flde  like  a  ruff :  it  is  about  half  a 
line  broad,  extends  over  the  fummit  of  the  fpires,  and 
ferves  to  join  them  together.  The  mouth  of  the  fliell 
is  nearly  triangular  ;  its  edges  project  in  the  form  of 
lips,  and  are  rounded  at  the  border.  I  have  often  found 
this  ammonite  enclofed  in  the  flomach  of  the  bonetta 
(fcomber  pelamis,  Linn.),  caught  in  the  South  Sea, 
between  the  tropics,  where  no  bottom  was  found  with 
a  line  of  more  than  two  hundred  fathoms.  Thefe 
fliells  were  covered  with  a  black  clayey  mud.  Their 
fize  varies  from  one  to  four  lines  acrofs  ;  they  are  con- 
fequently  the  largeft  living  ammonites  that  have  yet  been 
difeovered.’’ 

It  is  well  known  for  what  purpofe  the  modern  phi- 
lofophers  of  Trance  have  been  fo  indefatigable  in  the 
fludy  of  natural  hiftory  ;  and  there  can  be  little  doubt 
but  that  it  is  to  ferve  the  fame  purpofe  that  Lamanon 
thus  reafons  for  the  defl:ru£lion  of  the  ancient  race  of 
ammonites  in  fome  univerfal  convulfion  of  the  world. 
But  fuppoflng  his  arguments  conclufive,  they  affe(5i;  not 
the  truth  of  the  Jewifli  and  Chriftian  feriptures.  It  is 
nowhere  faid  in  the  Bible,  that  the  matter  of  this  globe 
was  brought  into  being  at  the  moment  when  Mofes  re¬ 
presents  the  Creator  as  beginning  to  reduce  the  chaos 
into  order ;  and  it  is  more  than  infinuated  that  there 
will  be  a  nenv  earth  after  the  prefent  fyftem  of  things 
(hall  be  diflblved.  That  ne’w  earth  will  certainly  be 
flored  with  fome  kind  of  inhabitants  ;  and  could  it  be 
demon ftrated  that  there  was  an  old  earth,  previous  to 
the  era  of  the  Mofaic  cofmogany,  inhabited  by  creatures 
rational  and  irrational,  and  that  the  foflil  cornua  ammonis 
make  part  of  the  wreck  of  that  fyftem,  the  caufe  of  re¬ 
velation  would  remain  uninjured.  “  Mofes,  as  a  real 
philofopher  *  has  well  obferved,  writes  the  hiftory,  not 
of  this  fflobe  through  all  its  revolutions,  but  of  the  race 
of  Adam.’^ 

This  fecret  attack,  therefore,  made  by  Lamanon 
againft  that  religion  of  which  he  once  profefled  to  dif- 
charge  the  duties  of  a  prieft,  is  nothing  more  than  ie- 
lum  imlelk  fine  iSu,  Yet  it  may  be  worth  fome  natu- 
ralift^s  while  to  enquire,  whether,  though  feeble,  it  has 
been  fairly  made.  We  confefs  tli^t  our  own  fufpicions 
of  unfair  dealing  are  ftrong  ;  for  when  a  man  of  fcience 
contradi<^s  himfelf  in  the  courfe  of  two  pages,  the  blun¬ 
der  muft  be  attributed  to  fome  other  Source  than  mere 
inadvertency.  M.  de  Lamanon  wifhes  to  prove,  among 
other  things,  that  the  ancient  ammonites  did  not  inha¬ 
bit  great  depths  of  the  fea ;  and  that  Linnaeus  was  inif- 
taken  when  he  fuppofed  that  in  great  depths  they  may 
jftill  be  found.  Yet  he  himfelf  tells  us,  that  he  frequent¬ 
ly  caught  ammonites  in  the  South  Sea,  where  no  bot¬ 
tom  was  to  be  found  with  a  line  of  more  than  200  fa~ 
thorns;  and  to  put  it  beyond  a  doubt  that  the  animals 
had  been  at  that  bottom,  he  informs  us,  that  their  fliells 
were  covered  with  a  black  clayey  mud.  It  is  true  thefe 
ammonites  were  but  Ihiall  ;  while  of  500  varieties  of 
foflil  ammonites  which  he  mentions,  fome,  he  fays,  have 
been  found  ten  feet  in  circumference.  But  is  it  certain- 
that  thefe  large  fliells  were  real  cornua  ammonis  P  If 
they  agree  not  exadtiy  with  our  author’s  defeription  of 
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a  kind  of  the  fliell  of  the  ammonite  (a  fadl  into  which  we  have  Corrediozx. 

had  no  opportunity  of  inquiring),  his  arguments  for  ^ 

the  extinction  of  the  ancient  race  are  grofs  fophifms, 
unworthy  of  a  man  either  of  feienqe  or  of  candour. 

CORRECTION- HOUSE  is  a  prifon  where  idle  va¬ 
grants  are  compelled  to  work,  and  where  perfons  guilty 
of  certain  crimes  fuffer  puniflimeiit  and  make  reparation 
to  the  public.  Of  the  former  kind  of  corrc8ion- houfesr 
perhaps  enough  has  been  faid  in  the  Encyclopaedia  un-- 
der  the  title  oviK-Houfe ;  but  of  the  latter  very  little 
will  be  found  in  that  work  under  the  titles  Bridewell 
and  Idleness. 

Perhaps  houfes  of  corredlion,  as  means  of  punifli- 
ment,  are  not,  in  this  country,  employed  fo  frequently 
as  juftice  and  expediency  feem  to  require.  In  the  opi¬ 
nion  of  Dr  Palcy,  whofe  opinions  are  always  worthy  of 
attention,  it  is  one  of  the  greateft  defedls  of  the  laws  of 
England  (and  we  may  fay  the  fame  thing  of  the  laws 
of  Scotland),  that  “  they  are  not  provided  with  any 
other  punifliment  than  that  of  death,  fufflciently  terrible 
to  keep  offenders  in  awe.  Tranfportation,  which  is  the 
punifliment  fecond  in  the  order  of  feverity,  anfwcrs  the 
purpofe  of  example  very  imperfedly  ;  not  only  becaufe 
exile  is  in  reality  a  flight  punifliment  to  thofe  who  have 
neither  property,  nor  friends,  nor  regular  means  of  fub- 
fiftence  at  home,  but  becaufe  the  punifliment,  whatever 
it  be,  is  unobferved  and  unknown.  A  tranfported  con- 
vidf  may  fuffer  under  his  fentence,  but  his  fufferings  are 
removed  from  the  view  of  his  countrymen  ;  his  mifery 
is  unfeen;  his  condition  ftrikes  no  terror  into  the  minds 
of  thofe  for  whofe  warning  and  admonition  it  was  in¬ 
tended.  This  chafm  in  the  fcale  of  punifliment  pro¬ 
duces  alfo  two  farther  imperfedionS  in  the  adminiftra- 
tion  of  penal  juftice  ;  of  which  the  firft  is,  that  the 
fame  punifliment  is  extended  to  crimes  of  very  different 
characters  and  malignancy  ;  and  the  fecond,  that  pu- 
nifliments,  feparated  by  a  great  interval,  are  afligned  to 
crimes  hardly  diftinguifliable  in  their  guilt  and  mif- 
chief.’’  • 

Perhaps  this  chafm  might  be  properly  filled  up  by 
houfes  of  correction  under  judicious  management,  which 
might  likewife  promote  another  important  purpofe,  bet¬ 
ter  than  the  punifliments  in  common  ufe. 

The  end  of  punifliment  is  twofold,  amendment  and  ex~ 
ample.  In  the  firft  of  thefe,  the  reformation  of  crimi¬ 
nals,  little  has  ever  been  effected,  and  little  indeed  feems 
prai^icable  by  the  punifhments  known  to  the  laws  of 
Britain.  From  every  fpecies  of  punifliment  inflicted 
among  us,  from  imprifonment  and  exile,  from  pain  and 
infamy,  malefactors  return  more  hardened  in  their 
crimes,  and  more  inftruifted.  The  cafe  we  think  would 
often  be  different  when  they  returned  to  the  world  from 
a  well-regulated  houfe  of  corredion.  As  experience  is 
the  only  fafe  guide  in  matters  of  legiflation  and  police, 
we  fliall  lay  before  our  readers  M.  'Thomn^%  account  of 
the  houfe  of  correction  at  Amllerdam,  w  hich  feems  to 
corroborate  our  opinion. 

The  Amfterdam  correction  houfe,  from  the  employ- 
m.ent  of  the  prifoners  confined  in  it,  is  called  the 
houfe,  and  i$.deftined  to  the  reception  of  thofe  maiefac- 
tors  whofe  crimes  do  not  amount  to  a  capital  offence. 

Their  punifliment  cannot  fo  properly  be  denominated; 
folitary  confinement  as  a  fequeftration  from  fociety  du- 
ring  a  limited  term  of  years.  The  building  is  fituated 
in. a  part  of  the  fuburbs  to  the  uorth-eafl  of  the  city. 

The. 


COR  [  462  ]  COR 


Co»feAi6n.  The  exterior  has  nothing  remarkable,  either  with  re- 
w.  y  — fpe6l  to  form  or  extent.  It  is  detached  from  the  ftreet 
by  a  fpacious  court,  which  contains  the  keeper’s  lodge, 
together  with  apartments  for  the  different  fervants  be¬ 
longing  to  the  eftablifhment.  Over  the  gate,  which 
opens  from  this  court  dnto  the  prifon,  are  placed  two 
ftatues,  as  large  as  life,  reprefenting  two  men  in  the  a£l 
of  fawing  a  piece  of  logwood. 

The  inner  court  is  in  the  form  of  a  fquare,  round 
which  are  arranged  the  apartments  of  the  prifoners,  to¬ 
gether  with  the  neceffary  warehoufeSi  One  part  of  the 
ground  ftory  is  divided  into  different  chambers  ;  the 
other  ferves  as  a  depot  for  the  logwood,  and  the  imple¬ 
ments  employed  in  its  preparation. 

The  keeper,  whofe  countenance,  contrary  to  the  ge¬ 
neral  cuftom  of  perfons  of  his  profeflion,  was  ftrongly 
indicative  of  urbanity  and  gentlenefs,  introduced  M. 
Thouin  into  an  apartment  where  two  prifoners  were  at 
work  in  fawing  a  large  log  of  Campeachy  wood.  The 
faw  is  compofed  of  four  blades  Joined  together,  with^ 
very  ftrong,  large,  and  fharp  teeth,  which  make  a  fcif- 
fure  in  the  wood  of  nearly  two  inches  in  breadth.'  The 
operation  is  repeated,  till  the  pieces  become  too  fmall 
to  undergo  the  faw,  when  they  are  ground  in  mills  pe¬ 
culiarly  conftrii6fed  for  this  purpofe. 

This  employment  requires  an  extraordinary  exertion 
of  llrength,  and  is  at  hril  a  fevere  penance  even  to  ro- 
bu(l  perfons  ;  but  habit,  addrefs,  and  practice,  foon  ren¬ 
der  it  eafy  ;  and  the  prifoners  in  a  fhort  time  become 
competent  to  furnilh,  without  painful  exertion,  their 
weekly  contingent  of  200  lb.  weight  of  fawed  pieces. 
After  completing  this  taflc,  they  even  find  time  to  fa¬ 
bricate  a  variety  of  little  articles  in  wood  and  ftravv, 
which  they  fell  to  thofe  who  vifit  the  prifon,  or  difpofe 
of,  by  means  of  agents,  in  tlie  town. 

M.  Tliouiii  next  infpedled  three  apartments  of  dif¬ 
ferent  dimenfions,  which  opened  into  the  inner  court. 
The  one  was  inhabited  by  four,  the  fecond  by  fix,  and 
the  third  by  ten  prifoners.  The  furniture  of  the  rooms 
confided  in  hammocks,  with  a  matrafs,  a  blanket,  and  a 
coverlid  to  each,  tables,  chairs,  and  ftools,  glafs,  &c. 
earthen  veffels,  and  various  other  articles  of  convenience. 
Every  thing  in  thefe  apartments  was  didinguifhed  by 
neatnefs  and  propriety  ;  and  notwithftanding  the  num¬ 
ber  of  inhabitaiits  allotted  to  each,  was  fully  adequate 
to  the  dimenfions  of  the  rooms ;  the  fenfes  were  not  of¬ 
fended  with  any  difagreeable  feent,  and  the  air  was  in 
every  refped  as  pure  and  wholefome  as  the  furrounding 
atmofphere. 

In  an  obfeure  part  of  the  building  are  a  number  of 
cells,  in  which  formerly  thofe  prifoners  who  revolted 
againft  the  proper  fubordination  of  the  place,  or  ill- 
treated  their  comrades,  were  confined  for  a  few  days. 
But  the  keeper  affured  M.  Thouin  that  thefe  cells  had 
not  been  made  ufe  of  for  upwards  of  10  years.  They 
are  dark  gloomy  dungeons,  with  only  a  fmall  aperture 
for  the  admiflion  of  light  and  air.  The  fupprelfion  of 
this  barbarous  and  coercive  punifiiment  does  honour  to 
the  humanity  of  government. 

The  (lore  rooms  are  filled  with  various  kinds  of  wood 
for  the  purpofes  of  dyeing  ;  as  the  haemotoxylum  cam- 
pechianum,  the  morus  tindloria,  the  caefalpiiiia  fappan, 
&c.  They  are  all  exotics,  with  the  exception  of  the 
Evonymus  Europseus.  The  warehoufes  were  not  of 
fufficient  extent  to  contain  the  quantity  of  wood, 


which  was  depofited  in  piles  in  different  parts  of  the  CorrecflioR. 
court.  w— 

The  prifoners,  amounting  to  76  in  number,  were 
uniformly  habited  in  coarfe  woollens  ;  wear  very  good 
ftockings,  large  leather  fhoes,  white  fhirts,  and  caps  or 
hats.  TLey  are,  by  the  rules  of  the  houfe,  obliged  to 
frequent  ablutions,  which  greatly  contribute  to  the  pre- 
fervation  of  their  health.  There  was  only  one  fick  per- 
fon  amongft  them  ;  and,  w^hat  is  not  a  little  remark¬ 
able,  almoft  all  the  prifoners  had  formerly  lived  in  large 
commercial  towns  ;  very  few  villagers  were  amongft 
them.  They  had  all  been  fentenced  to  imprifonment 
for  theft  ;  but  it  depends  upon  themfelves,  by  reforma¬ 
tion  and  good  behaviour,  to  fhorten  the  term  of  their 
confinement,  which  many  of  them  frequently  do. 

The  keeper,  w'hofe  humanity  to  the  unfortunate  per¬ 
fons  committed  to  his  care  entitles  liirn  rather  to  the 
title  of  their  protedlor  than  their  gaoler  (and  M.  Thou¬ 
in  informs  us,  that  the  prifoners  generally  called  him  by 
no  other  name  than  father )y  afiilts  them  with  his  coun- 
fels  and  friendly  admonitions.  He  regifters  every  w  eek, 
in  a  book  appropriated  to  this  purpofe,  both  the  in- 
ftances  of  good  and  bad  behaviour,  which  is  annually 
fubmitted  to  the  examination  of  the  magiflracy,  who, 
from  this  report,  abridge  or  prolong  the  term  of  con¬ 
finement,  according  to  the  degree  of  indulgence  which 
each  prifoner  appears  to  merit.  Cafes  frequently  happen 
w'^here  a  malefaAor,  condemned  to  an  imprifonment  of 
eight  years,  by  his  good  behaviour  procures  his  enlarge¬ 
ment  at  the  expiration  of  four  ;  and  fo  in  proportion  for 
a  fhorter  term.  But  great  attention  is  paid  to  diferimi- 
nate  between  adual  reform  and  hypocritical  artifice. 

The  reward  of  good  behaviour  is  not,  however,  con¬ 
fined  to,  or  withheld  till,  the  period  of  adnal  liberation* 

Their  reftoration  to  fociety  is  preceded  by  a  progref- 
five  amelioration  of  their  lot.  Their  work  is  gradually 
rendered  Icfs  laborious,  they  are  accommodated  w  ith  fe- 
parate  apartments,  and  employed  in  the  fervices  of  do- 
meftic^conomy .  The  keeper  even  entrufts  them  with 
commifiions  beyond  the  precindls  of  the  prifon  ;  and 
fearce  a  fingle  inftance  has  occurred  of  tlieir  abufing 
this  indulgence.  By  this  prudent  management,  a  con- 
fiderable  faving  is  effedled  in  the  expence  of  the  efta- 
blifiiment,  at  the  fame  time  that  it  tends  to  W'ear  away 
prejudice,  and  to  initiate  the  prifoners  by  gradual  ad¬ 
vances  into  the  reciprocal  duties  of  focial  life. 

M.  Thouin  made  particular  inquiries  w^hether  it  was 
cuftomary  for  perfons  after  their  difeharge  to  be  con¬ 
fined  a  fecond  and  third  time,  as  is  but  too  often  the 
cafe  in  many  countries,  for  a  repetition  of  tlieir  offence. 

He  was  informed,  that  fudh  inftances  very  rarely  occur  ; 
but  tlie  cafe  is  not  without  precedent,  as  he  obferved  in 
the  perfon  of  a  young  Jew,  who  w'as  then  in  the  rafp- 
ing-iioufe  for  the  third  time.  The  cafe  of  this  man  is 
fomewhat  extraordinary.  During  the  period  of  his  de¬ 
tention,  he  always  conforms,  with  the  moft  fcrupulous 
obfervance,  to  the  rules  of  the  place,  and  gives  general 
fatisfa(ftion  by  his  exemplary  condudf.  But  fuch,  as 
he  liimfelf  avowed  to  our  traveller,  is  his  conftitutional 
propenfity  to  thieving,  that  no  fooner  is  the  term  of  his 
imprifonment  elapfed,  than  he  returns  with  redoubled 
ardour  to  his  lawlefs  courfes.  It  is  not  fo  much  for  the 
fake  of  plunder,  as  to  gratify  his  irrefiftible  impulfe, 
that  he  follow^s  this  vicious  life  ;  and  M.  Thouin  adds, 
that  he  recounted  his  different  exploits  wdth  as  much 

exultation 
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Correilion.  exultation  and  triumph  as  a  veteran  difplays  when  re-  We  will  not  take  It 
liearfing  his  warlike  atchievements. 

Another  falutary  regulation  in  this  inftitution,  from 
which  the  bed  confequences  refult,  is  the  indulgence 
granted  to  the  prifoners  of  receiving  tlie  vifits  of  their 
wives  and  midreffes  twice  every  week.  Proper  care, 
however,  is  taken  to  guard  againil  the  introdudion  of 
difeafe  ;  and  the  ladies,  in  one  fenfe,  purchafe  their  ad- 
miflion  by  giving  a  trifling  funi  of  money  at  the  gate, 
which  becomes  the  pcrquifite  of  the  aged  prifoners, 
whofe  wants  are  of  a  different  nature  from  their  youth¬ 
ful  comrades.  Thus  the  pleafures  of  one  clafs  contri¬ 
bute  to  the  comforts  of  the  other;  and  the  entrance 
money,  trifling  as  it  is,  keeps  away  a  croud  of  idle  va¬ 
gabonds,  who  have  no  acquaintance  with  the  prifoners. 

The  ladies  at  their  vifits  are  permitted  to  eat  and  drink 
with  their  lovers  ;  and  when  the  converfation  becomes 
too  animated  for  a  third  perfon  to  be  prefent,  the  reft 
of  the  company  obligingly  take  the  hint,  and  leave  them 
to  enjoy  a  tete-a-tete, — By  this  prudent  regulation,  many 
hurtful  confequences  attendant  on  a  total  feclufion  from 
female  fociety  are  guarded  againft. 

M.  Thouin  concludes  his  account  with  obferving, 
that  the  rafping-houfe  at  Amfterdam  bears  a  greater  re- 
femblance  to  a  well-ordered  manufadlory  than  to  a  pri- 
fon.  It  were  to  be  wiflied  that  all  fimilar  inftitutions 
were  conducted  upon  a  fimilar  plan  (a). 

So  fays  our  author  :  But  though  we  have  admitted 
experience  to  be  the  only  fafe  guide  in  regulating  infti¬ 
tutions  of  this  kind,  we  cannot  help  thinking  that  the 
plan  is  fufceptible  of  improvement.  We  do  not  fee  the 
propriety  of  locking  up  four,  fix,  or  ten  thieves  in  the 
fame  apartment.  The  uncommon  attention  to  cleanli- 
nefs,  which  diflinguilhes  all  ranks  among  the  Dutch, 
may  indeed  prevent  the  room  from  having  an  offenfive 
fjcent  ;  but  what  can  prevent  fuch  a  number  of  unprin¬ 
cipled  perfons  from  corrupting  each  other  in  Holland, 

-as  we  know  that  they  do  in  Great  Britain  ?  The  in- 
trodu<Slion  of  females  of  loofe  charaefter  to  felons  fuffer- 
ing  punilhment  for  their  offences  in  a  prifon,  is  a  prac¬ 
tice  which  we  truft  will  be  approved  only  by  philofo- 
phers  of  the  French  fchool.  The  Britifli  philofopher, 
whom  we  have  already  quoted  with  approbation,  is  of 
opinion,  and  vve  heartily  agree  with  him,  that 
forming  puni/hments,  none  promifes  fo  much  fuccefs  as 
that  of  fohtary  imprifonment,  or  the  confinement  of 
criminals  in  feparate  apartments.  This  improvement 
of  the  Amfterdam  houfe  of  corredlon  would  augment 
the  terror  of  the  puniftiment,  would  feclude  thecrimi. 
nal  from  the  fociety  of  his  fellow-prifoiiers,  in  which  fo- 
ciety  the  worfe  are  fure  to  corrupt  the  better  ;  would 
wean  him  from  the  knowledge  of  his  companions,  and 
irom  the  love  of  that  turbulent  pernicious  life  in  which 
Ins  vices  had  engaged  him  ;  would  raife  up  in  him  re- 
fleaions  on  the  folly  of  his  choice,  and  difpofe  his  mind 
to  iuch  bitter  and  continued  penitence,  as  might  pro- 
duce  a  lafting  alteration  in  the  principles  of  his  con- 
dudf.” 

•  houfes  of  corredlion,  the  prifoners  are  fub- 

jeded  to  the  difcipliiie  of  ftagellation  at  ftated  intervals. 
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upon  US  to  fay  that  this  punifli-  Courtefejr 


ment  is  never  proper  ;  but  we  are  fully  convinced  that 


it  is  not  often  fo  ;  and  that  flagellation,  if  it  can  at  all 


Crane. 
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produce  any  good  efiedl,  muft  be  adminiftered  in  pri¬ 
vate.  It  is  obferved  by  Fielding,  who  well  underftood 
human  nature,  that  falling  is  the  proper  punilhment  of 
profligacy,  not  any  punilhment  that,  like  flagellation, 
is  attended  with  lhame.  Punilliment  (fays  he)  that  de¬ 
prives  a  man  of  all  fenfe  of  honour,  never  wull  contri¬ 
bute  to  make  him  virtuous  ;  and  we  believe  it  is  gene¬ 
rally  admitted  by  the  gentlemen  of  the  army,  that  a 
foldier  who  has  fuffered  the  punilhment  of  w  hipping  fel- 
dom  proves  good  for  any  thing. 

COURTESEY  of  Scotland.  See  Law  (EncvcL). 
Part  III.  lea.  ix.J  28. 

COWRY-Sh ELLS,  the  low^eft  money  in  fome  parts 
of  the  Eall.  See  Money  where  they  are 

called  J^aris, 

CRANE,  in  mechanics,  a  machine  ufed  for  raifing 
or  low’ering  great  weights.  For  the  principles  on  which 
thefe  machines  ad,  fee  Dynamics  in  this  Supplement^ 
and  likewife  Mechanics,  EncycL  w^here  deferiptions 
are  given  of  feveral  very  pow'erful  cranes. 

The  crane  in  common  ufe  is  employed  vvith  fome 
danger  to  thofe  who  w^ork  it  ;  and  therefore  a  machine 
of  this  kind,  adting  upon  a  fimple  and  certain  principle, 
by  which  the  men  walking  in  the  wheel  can  lower  goods 
with  fafety  as  well  as  expedition,  has  long  been  conli- 
dered  as  a  great  defideratum  in  mechanics.  Repeated 
premiums  have  been  offered  by  the  Society  for  the  Encou- 
ragement  of  Arts  to  induce  ingenious  men  to  attempt 
the  invention  of  fuch  a  machine;  and  various  have  been 
the  contrivances  for  accompliftiing  fo  defirable  a  pur- 
"'•‘f  fubferibes  E.  C.  we  fuppofe 
as  the  initials  ot  his  name,  propofes,  through  the  medi¬ 
um  of  the  Repertory  of  Arts,  to  accomplilh  it  merely  by 
introducing  the  adlioii  of  a  worm  or  ferew  into  the  crane. 

Whenever  a  worm  of  tw''o  threads  is  introduced  into 
a  machine,  all  retrograde  motion  is  flopped,  unlcfs  that 
worm  receive  its  readion  from  the  firft  moving  force  ; 
for,  powerfully  as  a  worm  ads  upon  a  wheel,  a  wheel 
has  no  power  upon  a  worm,  whatever  force  may  he  ap¬ 
plied  to  it.  Suppofe,  then,  the  firft  motion  in  a  crane 
were  given  by  a  worm  upon  the  axis  of  the  wheel  in 
w  hich  the  man  walks,  the  man  would  have  perfed  com¬ 
mand  of  the  machine,  to  raife  or  lower  the  goods  at 
plcafure,  with  the  remoteft  poffibility  of  being  over¬ 
powered  by  the  defeending  weight.  “ 

“  Were  I  to  conftrud  (fays  the  author)  a  crane  upon 
this  principle,  1  would  have  the  axis  of  the  wheel  in 
which  the  man  walks,  and  the  axis  of  the  worm,  in  fe- 
parate  parts,  and  occafionally  united  by  a  coupling-box 
When  goods  were  to  be  raifed,  the  two  axes  Ihould  he 
conneded;  t\d,en  lowered,  they  might  be  difunited,. 
and  the  worm  turned  by  a  winch,  which  would  be  done 
much  more  expeditioufly  that  way  than  by  the  wheel 
For  the  reafons  before  fuggefted,  the  defeent  of  the 
weight  could  be  accelerated  or  flopped  at  pleafure,  at 
the  dilcretion  of  the  perfon  turning  the  winch. 

»  This  contrivance  might  be  not  inconveniently  ap- 

plied 
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plleS  to  a  cra^ie  alfsady  erected  upon  the  common  prin- 
^  ciple  :  Let  there  be  a  wheel  put  upon  any  convenient 
axis  in  the  machine  as  it  now  ftands  ;  upon  this  let 
there  lie  a  worm,  that  can  be  thrown  in  or  out  of  gear 
at  })leafure  ;  and  let  the  lever  by  which  it  is  done  lie 
within  reach  of  the  man’s  hand  in  the  wheel.  The 
goods  being  faftened  to  the  crane,  and  raifed  off  the  floor 
of  the  warehoufe  ready  for  letting  down,  the  man  puts 
the  worm  into  gear,  leaves  the  wheel,  and  lets  the 
goods  down  by  the  winch.  Provided  it  can  be  conve¬ 
niently  done,  it  would  be  advifable  to  throw  the  v/heel 
in  which  the  man  walks  out  of  gear  when  the  winch  is 
•made  ufc  of ;  this,  however,  I  (hould  apprehend,  would 
not  be  a  matter  of  abfoliite  neceflity.” 

Our  author  is  aware  of  two  objedlions  which  may  be 
urged  againfl:  the  introduction  of  a  worm  into  a  crane 
in  the  manner  which  he  propofes.  The  lirft  arifes  from 
the  flownefs  of  the  motion  produced  by  the  turning  of 
a  ferew,  which  he  confiders  as  unwortliy  of  regard;  be- 
caufe  the  necefiary  fpeed  is  to  be  gained  by  the  firfl:  pair 
of  wheels  and  the  diameter  of  the  barrel  of  the  windlafs. 

To  the  feoond,  arifing  from  the  fuppofed  greater 
friction  between  a  worm  and  wheel,  he  replies,  that  as 
the  friction  between  the  teeth  of  two  wheels  (if  not 
formed  on  the  true  epicycloidal  principle)  muft,  while 
it  lalts,  be  greater  than  between  a  worm  and  wheel  for 
tlie  fame  fpace  of  time,  it  feems  no  unreafonable  fiippo- 
fuion  that  the  aggregate  of  friCtion  will,  in  the  two 
cafes,  nearly  balance  each  other  ;  efpecially  if  it  be 
taken  into  the  account,  that  to  obtain  the  poVver  of 
one  worm  and  wheel,  there  will  be,  in  moil  cafes,  re¬ 
quired  two  pair  of  wheels,  and  two  additional  axes — all 
which  will  add  to  the  friClion.  But,  granting  the  ba* 
lance  of  fridion  to  be  agalnH  the  aClion  of  the  W'orm, 
the  power  to  overcome  it  is  greater  in  proportion  than 
to  overcome  the  friClion  of  two  wheels. 

Mr  James  Whyte  of  Cheveiiing,  in  the  county  of 
Kent,  whofe  improvement  ia  the  conftruClion  of  pullies 
has,  with  due  refped,  been  noticed  elfewhere  *,  gives, 
See  TranfaSions  of  the  Society  for  the  Encouragement  of 

ti^Encycl.  yirtSy  6cc.  the  following  defeription  of  a  new  crane  for 
wharfs : 

PI  XX  ^  ^  circular  inclined  plane,  moving  on  a 

■  pivot  underneath  it,  and  carrying  round  with  it  the 
Lis  E.  A  perfon  walking  on  this  plane,  and  prefiing 
againll  the  lever  B,  throws  off  the  gripe  D,  by  means 
of  an  iron  rod  C  ;  and  thus  admits  the  plane  and  its 
axis  to  move  freely,  and  raife  the  weight  G  by  the  coil¬ 
ing  of  the  rope  F  round  the  axis  E. 

To  fliew  more  clearly  the  conftrudlon  and  aClion  of 
the  lever  and  gripe,  a  plan  of  the  circular  inclined  plane, 
with  the  lever  and  gripe.  Is  added  (fee  fig.  2.),  where 
B  reprefents  the  lever,  D  the  fpiing  or  gripe.  In  this 
plan,  when  the  lever  B  is  in  the  fit  nation  in  which  it 
now  appears,  the  fpring  or  gripe  D  preffes  againfl:  the 
periphery  of  the  plane,  as  flievvn  by  the  double  line, 
and  the  machine  cannot  move  ;  but  when  the  lever  B 
is  preffed  out  to  the  dotted  line  H,  the  gripe  is  alfo 
thrown  off  to  the  dotted  line  I,  and  the  whole  machine 
left  at  liberty  to  move.  One  end  of  a  rope  or  cord,  of 
a. proper  length,  is  fixed  near  the  end  of  the  lever  B, 
and  the  other  end  made  fall  to  one  of  the  uprights, 
ferving  to  prevent  the  lever  moving  too  far  when  preffed 
fey  the,  man. 

The  properties  of  this  crane,  for  which  the  premium 


of  40  guineas  was  adjudged  by  the  fociety  to  the  in-  CraTic, 
ventor,  are  as  follows  :  ,  Crofa. 

J.  It  is  Ample,  confifling  merely  of  a  wheel  and  axle. 

2.  It  has  comparatively  little  fri6lion,  as  is  obvious  from 
the  bare  infpt£lion  of  the  figure.  It  is  durable,  as 
is  evident  from  the  two  properties  above  mentioned. 

4.  It  is  fafe  ;  for  it  cannot  move  but  during  the  plea- 
fure  of  the  man,  and  while  he  is  adlually  prefling  on 
the  gripe-lever.  5.  This  crane  admits  of  an  almoll:  in¬ 
finite  variety  of  different  powers ;  and  this  variation  is^ 
obtained  without  the  leaft  alteration  of  any  part  of  the 
machine.  If,  in  unloading  a  veffel,  there  fhould  be 
found  goods  of  every  weight,  from  a  few  hundreds  to  a 
ton  and  upwards,  the  man  that  does  the  work  will  be 
able  fo  to  adapt  his  ftrength  to  each  as  to  raife  It  In  a 
fpace  of  time  proportionate  to  its  weight  ;  he  walking 
always  with  the  fame  velocity  as  nature  and  his  greatefl 
eafe  may  teach  him. 

It  Is  a  great  difadvantage  in  fome  cranes,  that  they 
take  as  long  time  to  raife  the  fmalleft  as  the  largefl 
weight,  iinlefs  the  man  who  works  them  turn  or  walk 
with  fuch  velocity  as  muft  foon  tire  him.  In  other 
cranes,  perhaps,  two  or  three  different  powers  may  be 
procured  ;  to  obtain  which,  fome  pinion  mufl  be  Ihift- 
ed,  or  frefh  handle  applied  or  reforted  to.  In  this 
crane,  on  the  contrary,  if  the  labourer  find  his  load  fo 
heavy  as  to  permit  him  to  afeend  the  wheel  without  its 
turning,  let  him  only  move  a  flep  or  two  toward  the 
circumference,  and  he  will  be  fully  equal  to  the  talk. 

Again,  if  the  !oad  be  fo  light  as  fcarcely  to  refill  the  ac¬ 
tion  of  his  feet,  and  thus  to  oblige  him  to  run  through 
fo  much  fpace  as  to  tire  him  beyond  iiecefhty,  let  him 
move  laterally  towards  the  centre,  and  he  will  foon  feel 
the  place  where  his  llrength  will  fuffer  the  leall  fatigue 
by  raifing  the  load  in  quellion.  One  man’s  w'eight  ap¬ 
plied  to  the  extremity  of  the  wheel  would  raife  up¬ 
wards  of  a  ton;  and  it  need  not  be  added,  that  a  Angle- 
fheaved  block  would  double  that  power.  Siiflice  it  to 
fay,  that  the  Aze  may  be  varied  in  any  required  ratio  > 
and  that  this  wheel  will  give  as  great  advantage  at  any 
point  of  its  plane  as  a  common  walking-wheel  of  equal 
diameter,  as  the  inclination  can  be  varied  at  plcafure, 
as  far  as  expediency  may  require.  It  may  be  necelfary 
to  obferve,  that  what  in  the  figure  is  the  frame,  and 
feems  to  form  a  part  of  the  crane,  muft  be  confidered 
as  a  part  of  the  houfe  in  which  it  is  placed  ;  Alice  it 
would  be  moftly  imneceflary  fhould  fucli  cranes  be  erect¬ 
ed  in  houfes  already  built.  With  refpedl  to  the  hori¬ 
zontal  part,  by  walking  on  which  the  man  who  attends 
the  gib  occaAonally  affifts  in  raifing  the  load,  it  is  not 
an  eflential  part  of  this  invention,  where  the  crane  is 
not  immediately  contiguous  to  the  gib,  although,  where 
it  Is,  ’it  would  be  certainly  very  convenient  and  econo¬ 
mical. 

Crane  is  alfo  a  popular  name  for  a  fyphon,  employ¬ 
ed  in  drawing  off  liquors. 

CKOSS,  in  furveyingy  is  an  inftriiment  conAfting  of 
a  brafs  circle,  divided  into  four  equal  parts  by  two  lines 
crofGng  each  other  in  the  centre.  At  each  extremity 
of  thefe  lines  is  fixed  a.  perpendicular  fight,  with  finally 
holes  below  each  flit,  for  the  better  difeovering  of  dlf- 
tant  objedls.  The  crofs  is  mounted  on  a  ftaff  or  ftand, 
to  flx.it  in  the  ground,  and  is  very  ufeful  for  meafu- 
ring  fmall  pieces  of  land,  and  taking  offsets,  &c. 

Cross flajfy  or  ForeJlajf^  is  a  mathematical  inftrument 
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of  box  or  pear-tree,  confifting  of  a  fquare  ftaff  of  about 
three  feet  long,  having  each  of  its  faces  divided  like  a 
line  of  tangents,  and  having  four  crofs  pieces  of  une- 
qual  lengths  to  fit  on  the  ftaff,  the  halves  of  thefe  being 
as  the  radii  to  the  tangent  lines  on  the  faces  of  the 
ftaff.— The  inftrument  was  ufed  in  taking  the  altitudes 
of  the  celeftial  bodies  at  fea. 

CROWN,  in  attronomy,  a  name  given  to  two  con- 
ftellations,  the  fouthern  and  the  northern. 

Crown,  in  geometry,  a  plane  ring  included  between 
two  parallel  or  concentric  peripheries  of  unequal  circles. 

CRowii-PoJly  is  a  poft  in  fome  buildings  {landing  up¬ 
right  in  the  middle  between  two  principal  rafters;  and 
from  which  proceed  ftruts  or  braces  to  the  middle  of 
each  rafter.  It  is  otherwife  called  a  king-pojl,  or  king's* 
piecey  or  joggle-piece. 

La  CRUZ,  an  excellent  harbour  on  the  north-weft 
coaft  of  America,  difcovered  by  the  Spaniards  in  1779. 
They  were  introduced  into  it  by  a  paffage  which  they 
called  Bucarelli's  Eniranccy  and  which  they  placed  in 
550  18'  N.  Lat.  and  139Q  1 5'  W.  Long,  from  the  meri¬ 
dian  of  Paris.  There  is  110  good  reafon  to  queftion  the 
exadnefs  of  the  latitude  of  this  paffage  as  laid  down  by 
the  Spaniards;  but  the  editor  of  Peroufe’s  voyage  juft- 
ly  concludes,  from  the  furvey  made  by  our  celebrated 
navigator  Captain  Cook  on  the  coafts  adjacent  to  the 
entrance  of  Bucarelli,  that  this  entrance  is  about  13  f 
20'  to  the  weft  of  Paris,  or  very  nearly  133^  weft  of 
Greenwich. 

The  Spaniards  were  not  long  in  the  harbour  of  La 
Cruz  before  they  received  a  vifit  from  the  inhabitants 
in  its  neighbourhood.  Bartering  took  place.  The  In- 
dians  gave  their  peltry,  and  various  trifles,  for  glafs 
hx'ddsy  bits  of  old  iron,  &c.  By  this  traffic  the  Spa¬ 
niards  were  enabled  to  gain  a  fufficiently  exaft  know¬ 
ledge  of  their  genius,  of  their  offenfive  and  defeiifive 
arras,  of  their  manufadures,  &c. 

Their  colour  is  a  clear  olive  ;  many  among  them 
have,  however,  a  perfedly  white  flo'n  :  their  counte- 
nance  is  well  proportioned  in  all  its  parts.  They  are 
robuft,  courageous,  arrogant,  and  warlike. 

They  clothe  themfelves  in  one  or  two  undreffed  ffiins 
(with  the  fur  apparently)  ;  thefe  are  the  flans  of  otters, 
of  fea-wolves,  of  benades  (a  fpecies  of  deer),  of  bears, 
or  other  animals,  which  they  take  in  hunting.  Thefe 
dreffes  cover  them  from  the  neck  to  the  middle  of  the 
leg  ;  there  are,  however,  many  among  them  who  wear 
boots  of  fmooth  fldn,  refembling  pnglifh  boots,  only 
that  thofe  of  the  Indians  open  before^  and  are  laced 
tight  with  a  firing.  They  wear  hats  woven  from  the 
fine  bark  of  trees,  the  form  of  which  refembles  that  of 
a  funnel  or  a  cone.  At  the  wrifts  they  have  bracelets 
of  copper  or  iron,  or  for  want  of  thefe  metals  the  fins 
of  whales  ;  and  round  the  neck,  necklaces  of  fmall  frao*. 
inents  of  bones  of  fifhes  and  other  animals,  and  even 
copper  collars  of  the  bignefs  of  two  fingers.  They 
wear  in  their  ears  pendants  of  mother-of-pearl,  or  flat 
pieces  of  copper,  on  which  is  emboffed  a  refin  of  a  to- 
paz  colour,  and  which  are  accompanied  with  jet  beads. 
Their  hair  is  long  and  thick,  and  they  make  ufe  of  a 
comb  to  hold  it  together  in  a  fmall  queue  from  the 
middle  to  the  extremity  ;  a  narrow  ribbon  of  coarfe  li- 
r.en,  woven  for  this  purpofe,  ftrves  as  a  ligament.  They 
wear  alfo  as  a  covering  a  kind  of  fcarf,  woven  in  a  par- 
ticular  manner,  fomething  more  than  a  yard  and  a  half 
SuPFL.  VoL.  I.  Part  IL 
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long,  and  about  half  a  yard  broad,  round  which  hangs 
a  fringe  fomething  more  than  half  a  quarter  of  a  yard  ' 
deep,  of  which  the  thread  is  regularly  twifted. 

The  women  give  proofs  of  their  modefty  and  decen- 
by  their  drefs.  "I  heir  phyfiognomy  is  agreeable. 


Cruz. 


their  colour  frefh,  their  cheeks  vermilioned,  and  their 
hair  long ;  they  plait  it  together  in  one  long  trefs. 
They  wear  a  long  robe  of  a  fmooth  flcin  tied  round  the 
loins,  like  that  of  a  nun;  it  covers  them  from  the  neck 
as  low  as  the  feet;  the  fleeves  reach  down  to  the  wrifls. 
Upon  this  robe  they  put  divers  fleihs  of  otters  or  other 
animals  to  defend  themfelves  from  the  inclemency  of  the 
weather.  ^  Better  dreffed,  many  of  them  might  difputc 
charms  with  the  moft  handfome  Spanifh  women;  but 
diffatisfied  with  their  natural  charms,  they  have  recourfe 
to  art,  not  to  embellifh,  but  to  disfigure  themfelves. 
All  the  married  women  have  a  large  opening  in  the  un¬ 
der  lip,  and  this  opening  or  orifice  it?  filled  up  by  h 
piece  of  wood  cut  in  an  oval  fhape,  of  which  the  fmal!- 
eft  diameter  is  almoft  an  inch;  the  more  a  woman  is  ad¬ 
vanced  in  years,  the  more  this  curious  ornament  is  ex¬ 
tended:  it  renders  them  frightful,  the  old  women  efpe- 
cially,  whofe  lip,  deprived  of  its  wonted  fpring,  and 
dragged  by  the  weight  of  this  extraordinary  jewel,  ne-  . 
ceffarily  hangs  in  a  very  difagreeable  manner.  The 
girls  wear  only  a  copper  needle,  which  croftes  the  lip  in 
the  place  where  the  ornament  is  intended  hereafter  to 
be  placed. 

Thefe  Indians  in  war  make  ufe  of  cuiraffes  and 
fhoulder  pieces  of  a  manufadure  like  that  of  the  whale- 
bone  flays  among  the  Europeans.  Narrow  boards  or 
fcantlings  form,  in  fome  fort,  the  woof  of  the  texture, 
and  threads  are  the  warp  :  in  this  manner  the  whole  is 
very  flexible,  and  leav^es  a  free  ufe  to  the  arms  for  the 
handling  of  weapons.  They  wear  round  the  neck  » 
coarfe  and  large  gorget  which  covers  them  as  high  as 
below  the  eyes,  and  their  head  i-s  defended  by  a  morion, 
or  flcull-piecc,  ufually  made  of  the  head  of  fome  feroci¬ 
ous  animal.  From  the  waifl  downwards,  they  wear  a 
kind  of  apron,  of  the  fame  contexture  as  their  cuirafs, 
Lallly,  a  fine  ffiin  hangs  from  their  fhoulders  down  to 
the  knee.  With  this  armour  they  are  invulnerable  to 
the  arrows  of  their  enemies  ;  but  thus  armed,  they  can¬ 
not  change  pofition  with  fo  much  agility  as  if  they  were 
lefs  burdened. 

Their  offenfive  arms  are  arrows;  bows,  of  which  the 
firings  are  woven  like  the  large  cords  of  our  heft  mufi- 
cal  inftruments  ;  lances,  four  yards  in  length,  tongued 
with  iron  ;  knives,  of  the  fame  metal,  longer  than  Eu- 
ropean  bayonets,  a  weapon,  however,  not  very  common 
among  them  ;  little  axes  of  flint,  or  of  a  green  Hone,  fo 
hard  that  they  cleave  the  moft  compaa  wood  without 
injury  to  their  edge. 

The  pronunciation  of  their  language  is  extremely  dif. 
ficult ;  they  fpeak  from  the  throat,  with  a  movement  of 
the  tongue  againft  the  palate.  i^he  little  ufe  th<^.  wo¬ 
men  make  of  the  inferior  lip  greatly  injures  the  diftinc- 
tivenefs  of  their  language.  The  Spaniards  could  neither 
pronounce  nor  write  the  words  which  they  heard. 

From  the  vivacity  of  fpirit  in  thefe  Indians,  and  from 
their  attention  amply  to  furnifh  the  market  eftabliflied 
in  the  harbour,  it  may  be  concluded  that  they  are  pret¬ 
ty  laborious.  They  continually  brought  Ihiffs  .well 
woven  and  fliaded  by  various  colours,  the  ftins  of  land 
and  fca  w  olves,  of  otters,  bears,  and  other  fmaller  ani. 

3  ^  maio ; 
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mals  ;  of  thefe  fome  were  raw,  and  others  dreffed.  ftrait. 

'  There  were  to  be  found  at  this  market  alio  coverlets  ot 
coarfe  cloth,  (haded  with  white  and  brown  colours,  very 
well  woven,  but  in  fmall  quantities  :  large  ribbons  ot 
the  fame  linen  which  might  match  with  that  of  the 
Spanifh  officers  mattreffes;  (Iceins  of  thread  fuch  as  this 
cloth  was  made  of;  wooden  plates  or  bowls  neatly 
worked  ;  fmall  boats,  or  canoes,  painted  in  various  co¬ 
lours,  the  figures  of  which  reprefented  heads  with  all 
their  parts;  frogs  in  wood,  nicely  imitated,  which  open¬ 
ed  like  tobacco  boxes,  and  which  they  employed  to 
keep  their  trinkets  in  :  boxes  made  of  fmall  planks,  of 
a  cubical  form,  being  three  quarters  of  a  yard  on  each 
fide,  with  figures  well  drawn,  or  carved  on  the  outfide, 
reprefenting  various  animals;  the  covers  fabricated  like 
Flanders  etwees,  with  rabbeted  edges,  formed  fo  as  to 
(hut  into  the  body  of  the  box  ;  animals  in  wood,  as 
well  thofe  of  the  earth  as  of  the  air  ;  figures  of  men  of 
the  fame  material,  with  (kull-caps  reprefenting  the  heads 
of  various  fierce  animals  ;  fnares  and  nets  for  filhing  ; 
copper  collars  for  the  neck,  and  bracelets  of  iron  for 
the  wrift,  but  which  they  would  not  part  with  except 
at  a  very  high  price  ;  beak-like  inftruments,  from  which 
they  drew  founds  as  from  a  German  flute.  The  prin¬ 
cipal  officers  took  fuch  of  thefe  merchandizes  as  were 
molt  agreeable  to  them,  and  left  the  remainder  to  the 

(hips  crews.  ,  „  .  , 

As  the  Indians  difcovered  that  the  Spaniards  were 
very  dainty  in  their  fi(h,  they  did  not  let  them  want  for 
choice  :  the  greateft  abundance  was  in  falmon,  and  a 
fpecies  of  foie  or  turbot  three  yards  and  a  quarter  long, 
broad  and  thick  in  proportion ;  cod  and  pilchards  were 
alfo  brought  to  market,  and  fiflies  refembllng  trout. 

From  all  this  it  may  be  inferred,  that  this  gulf  is  full  of 
filh;  the  banks  too  arc  covered  with  (hells. 

The  quantity  of  mother-of-pearl  that  thefe  Indians 
cut  to  pieces  for  making  ear  rings  awakened  the  curlo- 
fity  of  the  Spaniards  :  they  tried  to  difcover  whether 
thefe  people  had  not  in  their  poffeffion,  or  whether  their 
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As  thefe  trees  cannot  llrike  very  deep  into  the  Cmz 
earth,  the  violence  of  the  wind  often  tears  them  up  by 
the  roots :  they  rot  and  become  a  light  mould,  upon  ^ 
wdiich  grows  a  bulhy  thicket ;  and  in  this  are  found 
nettles,  camomile,  wild  celery,  anife,  a  fpecies  of  cab¬ 
bage,  celandine,  elder,  wormwood,  forrel ;  and  without 
doubt  there  are  other  plants  along  the  rivers. 

The  Spaniards  faw  ducks,  gulls,  divers,  kites,  ravens, 
geefe,  llorks,  gold-hnches,  and  other  little  birds  un¬ 
known  to  them. 

The  commerce  between  the  Spaniards  and  the  In¬ 
dians  was  quite  undifturbed  ;  and  fo  defirous  were  the 
latter  to  obtain  iron,  cloth,  and  other  duffs,  that  they 
fold  their  children  for  broken  iron  hoops  and  other 
wares.  The  Spaniards  in  this  manner  bought  three 
young  lads,  one  from  live  to  fix  years  old,  another  of 
four,  and  the  third  from  nine^  to  ten,  not  to  make 
Haves,  but  Cliriftians  of  them  ;  they  hoped  befides  to 
derive  ufeful  information  from  them  as  to  the  nature  of 
the  country  and  its  inhabitants.  Thefe  youths  weie  fo 
contented  in  being  with  the  Spaniards,  that  they  hid 
themfelves  when  their  parents  came  on  board,  from  the 
apprehenfion  of  being  again  reftored  to  them.  Two 
young  girls  w’cre  alfo  purchafed  with  the  fame  vie^v  5 
one  very  ugly,  feven  years  of  age  ;  the  other  younger, 
better  made,  but  fickly,  and  aimed  at  the  gates  of 

death.  -r  • 

At  the  full  and  change  of  the  moon,  the  fea  rifes  m 
the  harbour  of  La  Cruz  feventeen  feet  three  inches 
Englifh  ;  it  is  then  high  water  at  a  quarter  after  12  at 
noon  :  the  lowed  tides  are  fourteen  feet  three  inches 
the  night  tides  exceed  by  one  foot  nine  inches  thofe  of 
the  day. 
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country  did  not  produce  pearls,  or  fome  precious  (tones: 
their  refearches  were  fruitlefs  ;  they  only  found  fome 
Hones  which  they  judged  to  be  metallic,  and  which  they 
carried  on  board,  not  having  the  neceflary  means  forex- 
trafting  the  metal  they  might  contain. 

Thefe  Indians  feed  upon  fi(h,  frelh  or  dry,  boiled  or 
roalled  ;  herbs  and  roots  which  their  rnountains  yielded 
them,  and  particularly  that  which  in  Spain  is  called  fea 
parlley  ;  and,  laftly,  upon  the  fleih  of  animals  which 
they  take  in  hunting  :  the  produdlions  of  the  chafe  are 
undoubtedly  abundant,  feeing  the  number  of  dogs  they 
keep  for  this  purpofe. 

Thefe  Indians  appeared  to  the  Spaniards  to  woriliip 
the  fun,  the  earlieft  and  moft  natural  of  all  idolatrous 
worfhip  ;  and  they  paid  a  decent  refpea  to  the  remams 
of  their  dead.  Don  Maurelle,  one  of  the  Spanifh  offi¬ 
cers,  in  an  expedition  round  the  gulf,  found  in  two 
iflands  three  dead  bodies  laid  in  boxes  of  a  fimilar  form 
to  thofe  which  have  been  defcribed  above,  though  con- 
fiderably  larger,  and  decked  in  their  furs.  Ihefe  biers 
were  placed  in  a  little  hut  upon  a  platform,  or  railed 
floor,  made  of  the  branches  of  trees. 

The  country  is  very  hilly,  the  mountains  are  lotty, 
and  their  Hope  extends  almoft  every  where  to  the  fea. 
The  foil,  llraeftone  ;  it  is  neverthelefs  covered  with  an 
impenetrable  foreff  of  tall  fir  trees,  very  large  and  very 
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CUBIC  Hyperbola,  is  a  figure  expreffed  by  the 
equation  xy^zza,  having  two  afymptotes,  and  confifting 
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of  two  hvperbolas,  lying  in  the  adjoining  angles  ot  the 
afymptotes,  and  not  in  the  oppofite  angles,  like  the 
Apollonian  hyperbola  ;  being  otherwife  called  by  New¬ 
ton,  in  his  Eniimeratio  Lineanim  Tertii  Ordhils,  an  hy- 
perbolifmus  of  a  parabola  ;  and,  is  the  65tb  fpecies  of 
thofe  lines  according  to  him.  ^ 

Cvbic  Paraholay2i  curve  of  the  fecond  order,  having 
two  infinite  legs  tending  contrary  ways.  The  curve  of 
this  parabola  cannot  be  reaified  even  by  means  of  the 
conic  fedfions. 

CULLEIST  (Dr  William)  was  a  man  to  whom  phy- 
fieal  fcience  is  fo  deeply  indebted,  that  it  has  often 
ftruck  us  with  wonder  that  no  account  of  liini  has  yet 
been  given  to  the  public,  which  deferves  to  be  claffed 
with  Britiih  biography.  We  know,  indeed,  that  a  life 
of  him  has  been  written  by  an  eminent  phylician  well 
qualified  and  ftrongly  inclined  to  do  juftice  to  the  merits . 
of  his  revered  preceptor ;  but  that  life  has  been  with¬ 
held  from  us  by  him  who  has  certainly  the  beit  right 
to  confider  himfelf  as  the  guardian  of  the  Dodor  s 
fame,  and  who,  we  have  been  told,  is  to  enlarge  and 
publifii  it  himfelf.  In  this  ftate  of  things  our  read¬ 
ers  muff  pardon  us  for  laying  before. them  a  very  im- 
perfea  account  of  this  eminent  man,  to  whom  we  were 
Lrfelves  almoft  ftrangers.  There  is  a  charader  of  him 
in  the  periodical  publication  called  flTfi 
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fliall  appropriate  to  our  own  ufe,  we  are  perfuaded,  with 
the  entire  approbation  of  its  author,  though  fometimes 
we  may  exprefs  our  fufpicions  that  his  praife  is  exagge¬ 
rated. 

Dr  AVilliam  Cullen  was  born  in  Lanarkshire,  in  the 
weft  of  Scotland,  i  ith  December  in\  2.  His  father  was 
for  fome  time  chief  magiftrate  of  the  town  of  Hamil¬ 
ton  ;  but  though' a  very  refpedlable  man,  his  circum- 
ftances  were  not  fuch  as  to  permit  him  to  lay  out  much 
money  on  the  education  of  his  fon.  William  therefore, 
after  ferviiig  an  apprenticeship  to  a  furgeon  apothecary 
in  Glafgow,  went  feveral  voyages  to  the  Weft  Indies 
as  a  furgeon  in  a  trading  velfel  from  London  :  but  of 
this  employment  he  tired,  and  fettled  himfelf,  at  au  ear¬ 
ly  period  of  life,  as  a  country  furgeon  in  the  pariSh  of 
Shotts,  where  he  ftaid  a  Sliort  time  pradlifing  among 
the  farmers  and  country  people,  and  then  went  to  Ha¬ 
milton  with  a  view  to  pradife  as  a  phylician,  having 
never  been  fond  of  operating  as  a  furgeon. 

While  he  refided  near  Shotts,  it  chanced  that  Archi¬ 
bald  Duke  of  Argyle,  who  at  that  time  bore  the  chief 
political  fway  in  Scotland,  made  a  vifit  to  a  gentleman 
of  rank  in  that  neighbourhood.  The  Duke  was  fond 
of  literary  purfuits,  and  was  then  particularly  engaged 
in  fome  chemical  refearches,  which  required  to  be  elu- 
cldated  by  experiment.  Eager  in  thefe  purfuits,  his 
Grace,  wdiile  on  this  viht,  found  himfelf  much  at  a  lofs 
for  the  want  of  fome  fmall  chemical  apparatus,  which 
his  landlord  could  not  furniSh  :  but  happily  recolleding 
young  Cullen  in  the  neighbourhood,  he  mentioned  him 
to  the  Duke  as  a  perfon  who  could  probably  funiiSh  it. 
He  was  accordingly  invited  to  dine  ;  was  introduced  to 
his  Grace, — wdio  was  fo  much  pleafed  with  his  know¬ 
ledge,  his  politenefs,  and  addrefs,  that  he  formed  an  ac¬ 
quaintance  which  laid  the  foundation  of  all  Dr  Cullen’s 
future  advancement. 

The  name  of  Cullen  by  this  time  became  familiar  at 
every  table  in  that  neighbourhood  ;  and  thus  he  came 
to  be  known,  by  cliarader,  to  the  Duke  of  Hamilton, 
who  then  refided,  for  a  (liort  time,  in  that  part  of  the 
country  ;  and  that  nobleman  having  been  fuddenly  ta¬ 
ken  ill,  the  affiftance  of  young  Cullen  was  called  in  ; 
which  proved  a  fortunate  circumftance  in  ferving  to  pro¬ 
mote  his  advancement  to  a  ftation  in  life  more  fuited  to 
bis  talents  than  that  in  which  he  had  hitherto  moved. 

The  charadler  of  the  Douglafles,  of  which  name  the 
family  of  Hamilton  now  forms  a  principal  branch,  has 
always  been  fomewhat  of  the  fame  ftamp  with  that  of 
the  riling  Cullen.  Genius,  benevolence,  franknefs,  and 
conviviality  of  difpofition,  have  been,  with  them  in  ge¬ 
neral,  very  prominent  features;  and  if  to  that  be  added 
a  fpirit  of  frolic  and  dilTipatiou,  thefe  will  be  accounted 
as  only  natural  confequences  of  thofe  youthful  indul¬ 
gences  that  fpring  from  an  excefs  of  wealth  at  an  early 
period  of  life,  and  the  licence  allowed  to  people  of  ele¬ 
vated  rank.  The  Duke  was  therefore  highly  delight¬ 
ed  with  the  fprightly  charadfer  and  ingenious  converfa- 


[  467  3 


C  U  L 


tion  of  his  new  acquaintance.  Receiving  inftruAion  from  Cullen, 
him  in  a  much  more  pleaflng,  and  an  infinitely  eaficr  * 
way  than  he  had  ever  before  obtained,  the  converfation 
of  Cullen  proved  highly  Interefting  to  his  Grace. — No 
wonder  then  that  he  foon  found  means  to  get  his  favou¬ 
rite  Dodlor,  who  was  already  the  efteemed  acquaintance 
of  the  man  through  whofe  hands  all  preferments  in 
Scotland  were  obliged  to  pafs,  appointed  to  a  place  in 
the  univxrfity  of  Glafgow,  where  his  fingular  talents  for 
difeharging  the  duties  of  the  ftation  he  now  occupied 
foon  became  very  confpicuous  (a). 

During  his  refidence  in  the  country,  however,  feve* 
ral  important  Incidents  occurred,  that  ought  not  to  be 
pafTed  over  in  filence.  It  was  during  this  time  that 
was  formed  a  connedion  in  bufinefs  In  a  very  humble 
line  between  two  men,  who  became  afterguards  eminent¬ 
ly  confpicuous  in  much  more  exalted  ftations.  William, 
afterwards  Dodor,  Hunter,  the  famous  ledureroii  ana¬ 
tomy  in  London,  was  a  native  of  the  fame  part  of  the 
country  ;  and  not  being  in  affluent  circumftances  more 
than  Cullen,  thefe  two  young  men,  ftimulated  !>y  the 
impulfe  of  genius  to  profecute  their  medical  ftuJies 
with  ardour,  but  thwarted  by  the  narrownefs  of  their 
fortune,  entered  into  a  copartnery  bufinels  as  furgeons 
and  apothecaries  in  the  country.  The  chief  end  of 
their  contrad  being  to  furnifh  the  parties  with  the 
means  of  profecuting  their  medical  ftudies,  which  they 
could  not  feparately  fo  well  enjoy,  it  was  ftipulated, 
that  one  of  them  alternately  fflould  be  allowed  to  ftudy 
in  what  college  he  inclined,  during  the  winter,  while 
the  other  fflould  carry  on  the  bufinefs  in  the  country 
for  their  common  advantage.  In  confequence  of  this 
agreement,  Cullen  was  ftrft  allowed  to  ftudy  in  the  uni- 
verfity  of  Edinburgh  for  one  winter;  but  when  it  came 
to  Hunter’s  turn  next  winter,  he,  preferring  London  ta 
Edinburgh,  went  thither.  There  his  fingular  neatnefs 
in  diffeding,  and  uncommon  dexterity  in  making  ana¬ 
tomical  preparations,  his  afflduity  in  liudy,  his  miluneffl 
of  manner,  and  pliability  of  temper,  foon  recommended 
him  to  the  notice  of  Dr  Douglafs,  who  then  read  lec¬ 
tures  upon  anatomy  and  midwifery  there ;  v/ho  enga¬ 
ged  Hunter  as  an  afliftant,  and  whofe  chair  he  after¬ 
wards  filled  with  fo  much  honour  to  himfelf  and  fatis- 
fadion  to  the  public. 

Thus  was  difiblved,  in  a  premature  manner,  a  copart¬ 
nery  perhaps  of  as  fingular  a  kind  as  is  to  be  found  in 
the  annals  of  literature  :  nor  was  Cullen  a  man  of  that 
difpofition  to  let  any  engagement  with  him  prove  a  bar 
to  his  partner’s  advancement  in  life.  The  articles  were 
freely  departed  from  by  him  ;  and  Cullen  and  Hunter 
ever  after  kept  up  a  very  cordial  and  friendly  correfpond- 
ence  ;  though,  it  is  believed,  they  never  from  that  time 
had  a  perfonal  interview. 

During  the  time  that  Cullen  pradifed  as  a  country 
furgeon  and  apothecary,  he  formed  another  connedion 
of  a  more  permanent  kind,  which,  happily  for  him,  was 
not  diflblved  till  a  very  late  period  of  his  life.  With 
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(a)  It  was  not,  however,  folely  to  the  favour  of  thefe  two  great  men  that  Cullen  owed  his  literary  fame.  He 
was  recommended  to  the  notice  of  men  of  fcience  in  a  way  ftill  more  honourable  to  himfelf  The  difeafe  of  the 
Duke  of  Hamilton  having  refifted  the  effed  of  the  firft  applications,  Dr  Clarke  was  fent  for  from  Edinburirh  • 
and  he  was  fo  much  pleafed  with  every  thing  that  Cullen  had  done,  that  he  became  his  euWift  upon  everv  od 
never  forgot  this ;  and  when  Clarke  died,  gave  a  public  oration  in  his  praife  in  the  UnivLfity 
of  Edinburgh  ;  which,  it  is  believed,  was  the  firft  of  the  kind  in  this  country,  ^ 
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Cullen,  llie  ardour  of  difpofitioii  he  pofleficd,  it  cannot  be  fup- 

■ - r— '  pofed  he  beheld  the  fair  fex  with  indiCFerence.  Very 

early  in  life  he  took  a  ttrong  attachment  to  an  amiable 
woman,  a  Mifs  Johnllon,  daughter  to  a  clergyman  in 
that  neighbourhood,  nearly  of  his  own  age,  who  was 
prevailed  on  to  join  with  him  in  the  facred  bonds  of 
wedlock,  at  a  time  when  he  had  nothing  elfe  to  recom¬ 
mend  him  to  her  except  his  perfon  and  difpofitions  ;  for 
as  to  riches  and  poffelRons  he  had  little  of  thefe  to  boaft 
of.  She  was  beautiful,  had  great  good  fenfe,  equani¬ 
mity  of  temper,  an  amiable  dilpofition,  and  elegance  of 
manners,  and  brought  with  her  a  little  money,  vrhich, 
though  it  would  be  accounted  nothing  now,  was  foine- 
thingin  thofe  days  to  one  in  his  fit  nation  in  life.  After 
giving  to  him  a  numerous  family,  and  participating  with 
him  the  changes  of  fortune  which  he  experienced,  Ihe 
peacefully  departed  this  life  in  fummer  t  y86.  ^ 

.  In  the  year  1746,  Cullen,  wdio  had  now  taken  the 
degree  of  doSor  in  pliyfic,  was  appointed  a  leifturcr  in 
chemillry  in  the  univerfity  of  Glafgow  :  and  in  the 
month  of  Oaober  began  his  Waurcs  in  that  fcience. 

His  fingular  talents  for  arrangement,  his  diftinanefs  of 
enunciation,  his  vivacity  of  manner,  and  his  knowledge 
of  the  fcience  he  taught,  rendered  his  kaures  interefl- 
jng  to  the  ftudents  to  a  degree  that  had  been  till  then 
unknown  at  that  univerfity.  He  became,  therefore,  in 
fome  meafure,  adored  by  the  ftudents.  The  former  pro- 
feiTors  were  eclipkd  by  the  brilliancy  of  his  reputation; 
and  he  had  to  experience  all  thofe  little  rubs  that  envy 
and  difappointed  ambition  naturally  threw  in  his  way. 
Rto-ardkfs,  however,  of  thefe  fecret  fhagreens,  he  prel- 
fed*’ forward  with  ardour  in  his  literary  career;  and, 
fupported  by  the  favour  of  the  public,  he  confoled  him 
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felf  for  the  contumely  he  met  with  from  a  few  indivi¬ 
duals.  His  practice  as  a  phyfician  Increafed  from  day 
to  day  ;  and  a  vacancy  having  occurred  in  the  year 
1751,  he  was  then  appointed  by  the  king  profeflor  of 
medicine  in  that  univerfity.  This  new  appointment 
ferved  only  to  call  forth  his  powers,  and  to  bring  to 
light  talents  that  It  was  not ‘formerly  known  he  poflef- 
fed  ;  fo  that  his  fame  continued  to  increafe. 

As,  at  that  period,  the  patrons  of  the  univerfity  of 
Edinburgh  were  conftantly  on  the  watch  for  the  moft 
eminent  medical  men  to  fupport  the  rifing  fame  of  the 
college,  their  attention  was  foon  diredled  towards  Cul¬ 
len  ;  who,  on  the  death  of  Dr  Plumber,  profeflbr  of 

chemiftry,  was,  in  1756,  unanimonfly  invited  to  accept 
the  vacant  chair.  This  invitation  he  accepted  :  and  ha- 
ving  refigned  all  his  employments  in  Glafgow,  he  be- 
jran  his  academical  career  in  Edinburgh  in  the 
of  oaober  of  that  year;  and  there  he  refided  till  his 

If  the  adraiffion  of  Cullen  into  the  univerfity  of  Glaf¬ 
gow  gave  great  fpirit  to  the  exertions  of  the  ftudents, 
this  was  Hill,  if  pofiible,  more  ftrongly  felt  in  Edin- 
hurgh.  Chemiftry,  which  had  been  till  that  time  ot 
frnall  account  in  that  univerfity,  and  was  attended  to  by 
very  few  of  the  ftudents,  inftantly  became  a  favourite 
ftudy ;  and  the  leftures  upon  that  fcience  were  more 
frequented  than  any  others  in  the  univerfity,  anatomy 
alone  excepted.  The  ftudents,  in  general,  fpoke  of  Cul¬ 
len  with  the  rapturous  ardour  that  is  natural  to  youth 
when  they  are  highly  pleafed.  Thefe  eulogiums  ap¬ 
peared  extravagant  to  moderate  men,  and  could  not  fail 
to  prove  difgufting  to  his  colleagues.  A  party  was 
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formed  among  the  {Indents  for  oppofmg  this  new  fa-  ^ 
voiirite  of  the  public  ;  and  thefe  ftudents,  by  mifrepre- 
feiitiiig  the  doCtrines  of  Cullen  to  others  who  could  not 
have  an  opportunity  of  hearing  thefe  do6frines  them- 
felves,  made  even  fome  of  the  moft  intelligent  men  in  the 
univerfity  think  it  their  duty  publicly  to  oppofe  thefe 
imaginary  tenets.  The  ferment  was  thus  augmented  ; 
and  it  was  fome  time  before  the  profeffors  difcovered 
the  arts  by  which  they  had  been  impofed  upon,  and 
univerfal  harmony  reftorcd. 

During  this  time  of  public  ferment,  Cullen  went 
fteadily  forward,  without  taking  any  part  himfelf  in 
thefe  difputes.  He  never  gave  ear  to  any  tales  refpe£l- 
ing  his  colleagues,  nor  took  any  notice  of  the  doftrines 
they  taught :  That  fome  of  their  unguarded  ftn£liires 
might  at  times  come  to  his  knowdedge,  is  not  impof- 
fible  ;  but  if  they  did,  they  feemed  to  make  no  impref- 
fion  on  his  mind. 

Tiiefe  attempts  of  a  party  of  ftudents  to  lower  the 
charader  of  Cullen  on  his  firft  outfet  in  the  univerfity 
of  Edinburgh  having  proved  fruitlefs,  his  fame  as  a 
profeffor,  and  his  reputation  as  a  phyfician,  became  more 
and  more  refpedled  every  day.  Nor  could  it  well  be 
otherwife:  Cullen’s  profefTional  knowledge  was  always 
great,  and  liis  manner  of  lefturing  fingularly  clear  and. 
intelligible,  lively  and  entertaining  ;  and  to  his  patients, 
his  conduft  in  general  as  a  phyfician  was  fo  pleafing,  his 
addrefs  fo  affable  and  engaging,  and  his  manner  fo  open, 
fo  kind,  and  fo  little  regulated  by  pecuniary  confidera- 
tions,  that  it  was  impoffible  for  thofe  who  had  occafion  to 
call  once  for  his  medical  affiftance,  ever  to  be  fatisfied  on 
any  future  occafion  without  it.  He  became  the  friend, 
and  companion  of  every  family  he  vifited  ;  and  his  fu- 
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ture  acquaintance  could  not  be  difpenfed  with. 

But  if  Dr  Cullen  in  his  public  capacity  deferved  to 
be  admired,  in  his  private  capacity  by  his  ftudents  he  de¬ 
ferved  to  be  adored*  His  condu£l  to  them  was  fo  at¬ 
tentive,  and  the  iiitereft  he  took  in  the  private  concerns 
of  all  thofe  ftudents  who  applied  to  him  for  advice,  was 
fo  cordial  and  fo  warm,  that  it  was  impoffible  for  any 
one  who  had  a  heart  fufceptible  of  generous  emotions, 
not  to  be  enraptured  with  a  condu6l  fo  uncommon  and. 
fo  kind.  Among  ingenuous  youth,  gratitude  eafily  de¬ 
generates  into  rapture— into  refpeft  nearly  allied  to  a- 
doration.  Thofe  who  advert  to  this  natural  conftruc- 
tioii  of  the  human  mind,  will  be  at  no  lofs  to  account 
for  that  popularity  that  Cullen  enjoyed — a  popularity, 
that  thofe  who  attempt  to  weigh  every  occurrence  by 
the  cool  ftandard  of  reafon  alone,  will  be  inclined  to 
think  exceffive.  It  is  fortunate,  however,  that  the  bulk 
of  mankind  will  ever  be  influenced  in  their  judgment, 
not  lefs  by  feelings  and  affe£Iions  than  by  the  cold  and 
phlegmatic  dictates  of  reafon*  The  adoration  which.- 
generous  condu6l  excites,,  is  the  reward  which  nature 
bath  appropriated  exclufively  to  difinterefted  beneficence. 
This  was  the  fecret  charm  that  Cullen  ever  carried  a- 
bout  with  him,  which  fafcinated  fuch  numbers  of  thofe 
who  had  intimate  accefs  to  him.  This  was  the  power 
which  his  envious  opponents  never  could  have  an  op¬ 
portunity  of  feeling. 

The  general  condua  of  Cullen  to  his  ftudents  was- 
thus.  With  aU  fuch  as  he  obferved  to  be  attentive  and 
diligent,  he  formed  an  early  acquaintance,  by  invitmg 
them  by  twos,  by  threes,  or  by  fours  at  a  time,  to  fup. 
with  him,  converfing  with  them  on  thefe  occafions  with. 
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the  mofl:  engaging  eafe,  and  freely  entering  with  them 
on  the  fubje6f  of  their  (Indies,  their  amufements,  their 
difficulties,  their  hopes,  and  future  profpeds.  In  this 
way  he  ufually  invited  the  whole  of  his  numerous  clafs, 
till  he  made  himfelf  acquainted  with  their  abilities,  their 
private  charader,  and  their  objeds  of  purfuit.  Thofe 
among  them  whom  he  found  moil  affiduous,  bell  dif- 
pofed,  or  the  mod  friendlefs,  he  invited  the  mod  fre¬ 
quently,  till  an  intimacy  was  gradually  formed,  which 
proved  highly  beneficial  to  them.  Their  doubts,  with 
regard  to  their  objeds  of  dudy,  he  lidened  to  with  at¬ 
tention,  and  folved  with  the  mod  obliging  coiidefcen- 
fion.  His  library,  which  confided  of  an  excellent  af- 
fortment  of  the  bed  books,  efpecially  on  medical  fub- 
jeds,  was  at  all  times  open  for  their  accommodation  ; 
and  his  advice,  in  every  cafe  of  difficulty  to  them,  they 
always  had  it  in  their  power  mod  readily  to  obtain. 
They  feemed  to  be  his  family  ;  and  few  perfons  of  dif- 
tinguifhed  merit  have  left  the  univerfity  of  Edinburgh 
in  his  time,  with  whom  he  did  not  keep  up  a  corre- 
'  fpondence  till  they  w^ere  fairly  edablifned  in  bufinefs. 
By  thefe  means  he  came  to  have  a  mod  accurate  know¬ 
ledge  of  the  date  of  every  country,  with  refped  to 
praditioners  in  the  medical  line  ;  the  only  ufe  he  made 
of  which  knowledge  was,  to  dired  dudents  in  their 
choice  of  places,  where  they  might  have  an  opportuni- 
ty  of  engaging  in  bufinefs  with  a  reafonable  profped  of 
fiiccefs.  Many,  very  many,  able  men  has  he  thus  put 
into  a  good  line  of  bufinefs  where  they  never  could  have 
thought  of  it  themfelves  ;  and  they  are  now  reaping  the. 
fruits  of  this  beneficent  forefight  on  his  part. 

Nor  w^as  it  in  this  way  only  that  he  befriended  the 
dudents  at  the  univerfity  of  Edinburgh.  PofTeffing  a 
benevolence  of  mind  that  made  him  ever  think  fird  of 
the  wants  of  others,  and  recolleding  the  difficulties 
that  he  himfelf  had  had  to  druggie  with  in  his  younger 
days,  he  was  at  all  times  fiiigularly  attentive  to  their  pe¬ 
cuniary  concerns.  From  his  general  acquaintance  a-, 
inong  the  dudents,  and  the  friendly  habits  he  was  011. 
with  many  of  them,  he  found  110  difficulty  in  dlfcover- 
ing  thofe  among  them  who  were  rather  in  hampered 
circumdances,  without  being  obliged  to  hurt  their  de¬ 
licacy  in  any  degree.  To  fuch  perfons,  when  their 
habits  of  dudy  admitted  of  it,,  he.  was  peculiarly  at¬ 
tentive.  They  were  more  frequently  invited  to  his 
lioufe  than  others;  they  were  treated  with  .more  than, 
iifual  kindnefs  and  familiarity  ;  they  were  conducted  to 
his  library,  and  encouraged  by  the  mod  delicate  addrefa 
to  borrow  from  it  freely  whatever  books  he.  thought, 
they  had  occafion  for  ;  and  as  perfons  in  thefe  circum-. 
dances  were  ufually  inore.fliy  in  this .refpe.6l  than  others, 
books  were  foinetimes  preffed  upon  them  as  a  fort  of 
condraint,  by  the  Do<dor  infiding  to  have  their  opinion 
of  fuch  or  fuch  paffagesthey  had  not  read,  and  defiring 
them  to  c^rry  the  book  home  for  that,  purpofe.  He, 
in  diort,  behaved  to  them  rather  as  if  he  .courted  their 
company,  and  dood  in  need  of  their  acquaintance  than 
they  of  his.  He  thus  ralfed  them  in  the  opinion  of 
their  acquaintance  to  a  much  higher  degree  of  edima^ 
tion  than  they  could  othervvife  have  obtained  ;  .which,  . 
to  people  whofe  minds  were  depreffed  by  penury,  and 
whofe  fenfe  of  honour  was  (harpened  by  the  confeioufr 
nefs  of  an  inferiority  of  a  certain  kind,  was  fingularly 
engaging.  Thus  they  were  infpired  with  a  fecret  fenfe 
cif  dignity,  wdiicli  ekyated. their  minds,  and  excited  an 


uncommon  ardour  of  purfuit,  indead  of  that  melancho-  Cullen, 
ly  ina^llvity  which  is  fo  natural  in  fuch  circumdances,  —V"” 
and  which  too  often  leads  to  defpair.  Nor  was  he  lefs 
delicate  ill  the  manner  of  fupplying  their  wants,  than 
attentive  to  difeover  them.  He  often  found  out  fome 
polite  excufe  for  refufing  to  take  payn.ent  for  a  fird 
courfe,  and  never  was  at  a  lofs  for  one  to  an  after  courfe. 

Before  they  could  have  an  opportunity  of  applying  for 
a  ticket,  he  would  foinetimes  lead  the  converfation  to 
fome  fubjeiSl  that  occurred  in  the  courfe  of  hisledlures; 
and  as  his  ledlures  were  never  put  in  writing  by  him¬ 
felf,  he  would  fometlmes  beg  the  favour  to  fee  their 
notes,  if  he  knew  they  had  been  taken  wdth  attention, 
under  a  pretext  of  affiding  Ills  memory..  Sometimes  lie 
would  exprefs  a  wi(h  to  have  their  opinion  of  a  particu¬ 
lar  part  of  his  courfe,  and  prefented  them  wdtli  a  ticket 
for  that  purpofe  ;  and  foinetimes  he  refufed  to  take 
payment,  under  the  pretext  that  they  had  not  received 
his  full  courfe  the  preceding  year,  fome  part  of  it  ha¬ 
ving  been  neceffarily  omitted  for  want  of  time,  which 
he  meant  to  include  in  this  courfe.  By  fuch  delicate 
addrefs,  in  which  he  greatly  excelled,  he  took  care  to 
forerun  their  wants.  Thus  he  not  only  gave  them  the- 
benefit  of  his  own  lectures,  but  by  refufing  to  take 
their  money,  he  aifo  enabled  them  to  attend  thofe  of 
others  that  were,  neceffaiy  to  complete  their  courfe  of 
dudies.  Thefe  were  particular  devices  he  adopted  to 
individuals  to  whom  economy  was  neceiTary  ;  but  it 
was  a  general,  rule  with  him,  never  to  take  money  from 
any  dudent  for  more  than  two  courfes  of  the  fame  fet 
of  ledlures,  permitting  him  to  attend  thefe  ledlures  aa 
many  years  longer  as  he  pleafed  grafts. 

He  introduced  another  general  rule  into  the  univer^ 
fity,  that  was  didlated  by  the  fame  principle  of  difin- 
tereded  beneficence,  that  ought  not  to  be  here  paffed 
over  in  filenec.  Before  he  came  to  Edinburgh,  it  was. 
the  cudom  of  medical  profeffors  to  accept  of  fees  for 
their  medical  aflidance,  wlien  w^anted,  even  from  medi¬ 
cal  dudents  themfelves,  who  w’cre  perhaps  attending  the. 
profefTor’s  own  k£lures  at  the  time.  But  Cullen  liever 
would  take  fees  as  a  pliyficiaii  from  any  dudent  at  the 
univerfity,  though  he  attended  them,  when  called  in  as  . 
a  phyfician,  with  the  fame  affiduity  and  care  as  if  they 
had  been  perfoils  of  the  fird  rank,., who  paid  him  moil 
liberally.  This  gradually  induced  others  to  adopt  a  fi- 
milar  pra^lice  ;  fo  that  it,  is  now  become  a  general  rule 
for  medical  profeflbrs  to  decline  taking  any  fees  w'heii 
their  affidance  is  necefiary  to  a  dudent.  Fur  this  ufe- 
ful  reform,  with  many  others,  the  dudents  of  the  uni-  . 
verfity  of  Edinburgh  are  folely  indebted  to  the  liberali¬ 
ty  o(  Dr  Cullen.  . 

The  .  fird  dedlures  which.  Culleh  delivered  in  Edin¬ 
burgh  were  on  cliemidry  ;  and  for  many  years  he  alfo 
gave  clinical  lectures  on  the  cafes  which  occurred  in  the 
Royal  Infirmary.  In  the  month  of  February  1763, 

Dr  Aldon  died,  after  having  begun  his  ufiia!  courfe  of 
ledlures  on  the  materia  .mcdica  ;  .and  tl;e  magidrates  of 
Edinburgh,  as  patrons  of  that  profeirordiip  in  the  uni¬ 
verfity,  .appointed  Dr  Cullen  to  that  chair,  requeding 
that  he  would  finifii  the.  courfe.  of  lefturcs  that  had  been 
begun  for  that  feafon.,,  This  he  agreed,  to  do;  and  • 
though  he  was  under  a  peceffity  of  going  on  with  the 
courfe  in  a  few,  days  after  lie  was  nominated,  he  did  not  . 
once  think  of  reading  the  leisures  of  his  predeceffor,  ^ 
but  refolved  to  deliver  a  new  courfe  entirely  his  own 
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CuUcn.  The  popularity  of  Cullen  at  this  time  may  be  guefied 
'  at  by  the  increafe  of  new  ftudents  who  came  to  attend 
his  courfe  in  addition  to  the  eight  or  ten  who  had  en¬ 
tered  to  Dr  Ahlon.  The  new  iludents  exceeded  lOO. 
An  impcrfca  copy  of  thefe  ledures,  thus  fabricated  in 
haftc,  having  been  publiihed,  the  Doftor  thought  it  ne- 
ceffary  to  give  a  more  correa  edition  of  them  in  the 
latter  part  of  his  life.  But  his  faculties  being  then 
much  impaired,  his  friends  looked  in  vain  for  thofe  (In¬ 
king  beauties  that  charaaerifed  his  literary  exertions  in 

the  prime  of  life.  . 

Some  years  afterwards,  on  the  death  or  Dr  Wliite, 
the  magiftrates  once  more  appointed  Dr  Cullen  to  give 
leaures  on  the  theory  of  phyfic  in  his  head.  And  it 
was  on  that  occafioii  Dr  Cullen  thought  it  expedient  to 
refign  the  chemical ,  chair  in  favour  of  Dr  Black,  his 
former  pupil,  whofe  talents  iti  that  department  of  fcience 
were  then  well  known,  and  who  filled  the  chair  till  hiS 
*  See death  with  great  fatisfadion  to  the  public*.  Soon  after, 
Supph  on  the  death  of  Dr  Rutherford,  who  for  many  years 
had  given  ledures  with  applaufe  on  the^radice  of  phy¬ 
fic,  Dr  John  Gregory  (whofe  name  can  never  be  men¬ 
tioned  by  any  one  who  had  the  pleafure  of  his  acquain¬ 
tance  without  the  w^avmed  tribute  of  a  grateful  refped) 
having  become  a  candidate  for  this  place  along  with  Dr 
Cullen,  a  fort  of  compromife  took  place  between  them  ; 


is  therefore  not  fo  much  employed  in^xamjning  the  fe- 
parate  parts  of  this  individual  objed,  as  in  tracing  its 
relations,  connedions,  and  depe^encies,  on  thofe  a- 
round  it. — Such  was  the  turn  of  Cullen’s  mind.  The 
talent  for  arrangement  was  that  which  peculiarly  dif- 
tinguiihed  him  from  the  ordinary  clafs  of  mortals  ;  and 
this  talent  he  pofTeffed  perhaps  in  a  more  diftinguifhed 
degree  than  any  other  perfon  of  the  age  in  w’hich  he 
lived.  Many  perfons  exceeded  him  in  the  minute  know¬ 
ledge  of  particular  departments,  w^ho,  knowing  this, 
naturally  looked  upon  him  as  their  inferior  ;  but  pof- 
felTing  not  at  the  fame  time  that  glorious  faculty,  which, 
‘‘  with  an  eye  wid-e  roaming,  glances  from  the  earth  to 
heaven,”  or  the  charm's  which  this  talent  can  infufe 
into  congenial  minds,  felt  diigiift  at  the  pre-eminence 
he  obtained,  and  aftonifhment  at  the  means  by  w'hich 
he  obtained  it.  An  Arillotle  and  a  Bacon  have  had 
their  talents  in  like  manner  appretiated  ;  and  many  are 
the  perfons  who  can  neither  be  exalted  to  fublime  ideas 
with  Homer,  nor  ravifhed  with  the  natural  touches  of  a 
Shakefpeare.  Such  things  are  wifely  ordered,  that  every 
department  in  the  univerfe  may  be  properly  filled  by 
thofe  who  have  talents  exactly  fuited  to  the  tafic  affign- 
ed  them  by  heaven. 

Had  Cullen,  however,  poirelTed  the  talents  for  ar¬ 
rangement  alone,  fmall  would  have  been  his  titlc^  to 
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Cullen,  a  fort  f that  high  degree  of  applaufe  he  has  attained.  With- 

by  winch  they  agreed  each  'P  ^5  out  a  knowledge  o(  fJs,  a,  talent  for  arrangement  pro- 

on  the  theory  and  on  the  ^  beiL^llowcd  tf  duces  nothing  but  chimeras ;  without  materials  to  work 

their  joint  lives,  the  longed  °  S  ^  llrudures  which  an  over-heated  imagination 

hold  either  of  the  clalTes  fjth:;red  tl^S  r/.’e^up  arf^rdy  -Uhe  bafelefs  fabric  of /vifion.’' 

quence  of  tins  Cullen  d  1  d  J  ^  the  jullnefs  of  this  remark 

courfe  of  leaures  on  the  praa.ce  of  f  )  ‘‘C  .  4 
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in 66,  and  Dr  Gregory  fucceeded  him  in  tliat  branch 
the  following  year.  Never  perhjips  did  a  literary  ar¬ 
rangement  take  place  that  could  have  proved  more  be¬ 
neficial  to  the  (Indents  than  this.  Both  thefe  men  poi- 
fefTed  great  talents,  though  of  a  kind  extremely  dilhmi. 
lar.  Both  of  them  had  certain  failings  ortkixas,  which 
the  other  was  aware  of,  and  counteraaed.  ^ 

them  knew  and  refpeaed  the  talents  of  the  other.  They 
co-operated,  therefore,  in  the  liappieft  manner,  to  en¬ 
large  the  underftanding,  and  to  forward  the  purfuits  ot 
their  pupils.  Unfortunately  this  arrangement  was  loon 
defiroyed  by  the  unexpeaed  death  of  Dr  Gregory, 
who*  vvas  cut  od  in  the  flower  of  life  by  a  fudden  and 
unforefeen  event.  After  this  time,  Cullen  continued 
to  give  leaures  on  the  praaice  of  phyfic  till  a  tew 
months  before  his  death,  which  happened  on  the  5tu 
‘  of  February  1790,  in  the  77th  year  of  his  age. 

In  drawing  the  charaaer  of  Dr  Cullen, 


than  Dr  Cullen,  and  few  were  at  greater  pains  to  avoid 
it.  His  whole  life,  indeed,  \vas  employed,  almoft  with¬ 
out  interruption,  in  colkaing  fa6ls.  Whether  he  was 
reading,  or  walking,  or  converfing,  thefe  were  continu¬ 
ally  falling  into  liis  way.  With  the  keen  perception  of 
an  eagle,  he  marked  them  at  the  firtl  glance  ;  and  with¬ 
out  (topping  at  the  time  to  examine  them,  they  were 
(lored  up  in  his  memory,  to  be  drawn  forth  as  occafion 
required,  to  be  confronted  with  other  faas  that  had 
been  obtained  after  the  fame  manner,  and  to  have  their 
truth  afcertalned,  or  their  falfity  proved,  by  the  evidence 
which  fhould  appear  when  carefully  examined  at  the 
impartial  bar  of  juftice.  Without  a  memory  retentive 
in  a  fingular  degree,  this  could  not  have  been  done  ; 
but  fo  very  extraordinary  was  Dr  Cullen’s  memory, 
that  till  towards  the  very  decline  of  life,  there  was 
fcarcely  a  faa  that  had  ever  occurred  to  him  which  he 
could  not  readily  recolka,  with  all  its  concomitant  cir- 


In  drawing  the  charader  oj occafion  to  refer  to  it.  It 
fon,  to  whom  we  are  “'^'^bted  for  tins  fitelc  ,  ^  abridged  his  labour  nt 


ion,  to  wiiuiii  wc  Alt  . —  -  . 

that  in  fclentific  pui-fuits  men  may  be  arranged  into 
two  grand  clalTes,  which,  though  greatly  difte rent  from 
each  other  in  their  extremes,  yet  approximate  at  times 
fo  near  as  to  be  blended  iiidifcrimmately  together  ; 
thofe  who  poiTefs  a  talent  for  detail,  and 
endowed  with  the  faculty  of  arrangement.  ^ 

may  be  faid  to  view  obje£ls  individually  as  tliroug  1  a 
microfeope.  The  field  of  vifion  is  confined  ;  ut  t  e 
objedls  included  within  that  field,  which  mull  ulua  y 
be  confidered  fingly  and  apart  from  all  others,  are  eeii 


was  this  faculty  which  fo  much  abridged  ks  kbour  in 
ftudy,  and  enabled  him  fo  happily  to  avail  hinifelf  ot  the 
labour  of  others  in  all  his  literary  fpcculations.  He  of¬ 
ten  reaped  more  by  the  converfation  of  an  hour  than 
another  man  would  have  done  in  whole  weeks  of  labo- 

i*lou3  (ludy.  .  1  . 

In  his  preleaions,  Dr  Cullen  never  attempted  to 
read.  His  lediires  were  delivered  vtva  voce,  without 
having  been  previoufly  put  into  writing,  or  thrown  in¬ 
to  any  particular  arrangement.  The  vigour  of  his  min 


be  confidered  fingly  and  apart  from  all  others,  are  leen  ro  any  f  ^  than  a  few 

with  a  wondrous  degree  of  accuracy  and  diftmanefs  was  fuch,  hra  from  va- 

The  other  takes  a  fleeplng  view  of  the  uu.verfe  at  “X  he  Cbeeu  accuftomed 

large,  confiders  every  objea  he  w  obferve  Thfs  gave  to  his  difeourfes  an  cafe,  a  vi- 

ally,  but  as  a  part  of  one  harmonious  whole  :  His  mind  to  oblerve.  i  g  vacity. 
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Cullen,  vacity,  a  variety,  and  a  force,  that  are  rarely  to  be  met 
with  in  academical  difcourfcs.  His  leftures,  by  coiife- 
quence,  upon  the  fame  fubjedl  were  never  exactly  the 
fame.  Their  general  tenor  indeed  was  not  much  va¬ 
ried  ;  but  the  particular  illuftrations  were  always  new, 
well  fuited  to  the  circumftances  that  attradled  the  ge¬ 
neral  attention  of  the  day,  and  were  delivered  in  the 
particular  way  that  accorded  with  the  call  of  mind  the 
prelector  found  hiinfelf  in  at  the  time.  To  thefe  cir¬ 
cumftances  muft  be  afcribed  that  energetic  artlefs  elo¬ 
cution,  which  rendered  his  ledlures  fo  generally  capti¬ 
vating  to  his  hearers.  Even  thofe  who  could  not  fol¬ 
low  him  in  thofe  extenfive  views  his  penetrating  mind 
glanced  at,  or  who  were  not  able  to  underftand  thofe  apt 
allufions  tc^collateral  objects  which  he  could  only  rapidly 
point  at  as  he  went  along,  could  not  help  being  warm¬ 
ed  in  fome  meafure  by  the  vivacity  of  his  manner.  But 
to  thofe  who  could  follow  him  in  hjs  rapid  career,  the 
ideas  he  fuggefted  were  fo  numerous,  the  views  he 
laid  open  were  fo  extenfive,  and  the  objects  to  be  at¬ 
tained  were  fo  important — that  every  adtive  faculty  of 
the  mind  was  roufed;  and  fuch  an  ardour  of  enthufiafm 
was  excited  in  the  profecutfon  of  lludy,  as  appeared  to 
be  perfectly  inexplicable  to  thofe  who  were  merely  un¬ 
concerned  fpedators.  In  confequence  of  this  unfhack- 
led  freedom  in  the  compofitioii  and  delivery  of  his  lec¬ 
tures,  every  circumftaiice  was  in  the  niceft  unifon  with 
the  tone  of  voice  and  expreflion  of  countenance,  which 
the  particular  caft  of  mind  he  was  in  at  the  time  infpi- 
red.  Was  he  joyous,  all  the  figures  introduced  for  il- 
luftration  were  fitted  to  excite  hilarity  and  good  hu¬ 
mour  :  was  he  grave,  the  objedls  brought  under  view 
were  of  a  nature  more  folernn  and  grand  :  and  was  he 
peevifti,  there  was  a  peculiarity  of  manner  in  thought, 
in  word,  and  in  adion,  which  produced  a  moft  ftriking 
and  interefting  efFcdf.  The  languor  of  a  nervelefs  uni¬ 
formity  was  never  experienced,  nor  did  an  abortive  at¬ 
tempt  to  excite  emotions  that  the  fpeaker  himfelf  could 
not  at  the  time  feel,  ever  produce  thofe  difeordant  ideas 
which  prove  difgufting  and  iinpleafing. 

It  would  feem  as  if  Dr  Cullen  had  confidered  the 
proper  bufinefs  of  a  preceptor  to  be  that  of  putting  his 
pupils  into  a  proper  train  of  ftudy,  fo  as  to  enable  them 
to  profecute  thofe  ftudies  at  a  future  period,  and  to  car¬ 
ry  them  on  much  farther  than  the  fhort  time  allowed 
for  academical  p/eleftions  would  admit.  He  did  not, 
therefore,  fo  much  ftrive  to  make  thofe  who  attended 
his  leiflures  deeply  verfed  in  the  particular  details'*  of 
objedls,  as  to  give  them  a  general  view  of  the  whole 
fubjeft  ;  to  fhew  what  had  been  already  attained  re- 
fpeding  it ;  to  point  out  what  remained  yet  to  be  dif- 
Govered  ;  and  to  put  them  into  a  train  of  ftudy  that 
ftiould  enable  them  at  a  future  period,  to  remove  thofe 
difficulties  that  had  hitherto  obftrudled  our  progrefs  y 
and  thus  to  advance  of  themfelves  to  farther  and  far¬ 
ther  degrees  of  perfedlion.  If  thefe  were  his  views, 
nothing  could  be  more  happily  adapted  to  them  than  the 
mode  he  invariably  purfued.  He  firft  drew,  with  the 
ftriking  touches  of  a  mafter,  a  rapid  and  general  outline 
of  the  fubje^l,  by  which  the  whole  figure  was  feen  at 
once  to  ftart  boldly  from  the  canvas,  diftind  in  all  its 
parts,  and  unmixed  with  any  other  objed.  He  then 
began  anew  to  retrace  the  pidure,  to  touch  up  the  lef- 
fer  parts,  and  to  fini/h  the  whole  in  as  perfed  a  manner 
as  the  ftate  of  our  knowledge  at  the  time  would  permit* 


Where  materials  were  wanting,  the  pidure  there  conti-  Cullen, 
nued  to  remain  imperfed.  The  wants  were  thus  ren-  ' " 
dered  obvious  ;  and  the  means  of  fupplying  thefe  were 
pointed  out  with  the  moft  careful  difcriinination.  The 
ftudent,  whenever  he  looked  back  to  the  fubjed,  per¬ 
ceived  the  defeds  ;  and  his  hopes  being  awakened,  he 
felt  an  irrefiftible  impulfe  to  explore  that  hitherto  un¬ 
trodden  path  which  had  been  pointed  out  to  him,  and 
fill  up  the  chafm  which  ftill  remained.  Thus  were  the 
adive  faculties  of  the  mind  moft  powerfully  excited  ; 
and  inftead  of  labouring  himfelf  to  fupply  deficiencies 
that  far  exceeded  the  power  of  any  oiicjrjan  to  accom- 
plifh,  he  fet  thoufaiids  at  work  to  fulfil  the  taf]<,  and 
put  them  into  a  train  of  going  on  with  it,  when  he  him¬ 
felf  fhould  be  gone  to  that  country  from  whofe  dread 
bourne  no  traveller  returns.” 

It  was  to  thefe  talents,  and  to  this  mode  of  applying 
them,  that  Dr  Cullen  pwed  his  celebrity  as  a  profeftor ; 
and  it  was  in  this  manner  that  he  has  perhaps  done 
more  towards  the  advancement  of  fcience  than  any 
other  man  of  his  time,  though  many  individuals  might 
perhaps  be  found  who  were  more  deeply  verfed  in  the 
particular  departments  he  taught  than  he  himfelf  was, 
Chemillry,  which  was  before  his  time  a  moft  difgufting 
purfuit,  was  by  him  rendered  a  ftudy  fo  pieafing,  fo  ea- 
fy,  and  fo  attradive,  that  it  is  now  profecuted  by  num¬ 
bers  as  an  agreeable  recreation,  who  but  for  the  lights 
that  were  thrown  upon  it  by  Cullen  and  his  pupils, 
would  never  have  thought  of  engaging  in  it  at  all; 
though  perhaps  they  never  heard  of  Cullen’s  name,  nor 
have  at  this  time  the  moft  diftant  idea  that  they  owe 
any  obligations  to  him  ;  and  the  fame  may  be.  laid  of 
the  other  branches  of  fcience  which  he  taught. 

According  to  a  man  who  knew  him  well,  there  are 
three  things  which  eminently  diftinguiftied  Cullen  as  a 
profeftor.  The  energy  of  his  mind,  by  which  he 
viewed  every  fubjed  with  ardour,  and  combined  it  im¬ 
mediately  with  the  whole  of  his  knowledge. 

“  The  fcieiitific  arrangement  which  he  gave  to  his 
fubjed,  by  which  there  was  a  luddus  ordo  to  the  dulleft 
fcholar.  He  was  the  .firft  perfon  in  this  country  who 
made  chemiftry  ceafe  to  be  a  chaos. 

“  A  wonderful  art  of  interefting  the  ftudents  in  every 
thing  which  he  taught,  and  of  railing  an  emulative  en- 
thufiafm  among  them.” 

We  are  well  aware  that  this  charader  will  by  many 
be  deemed  an  extravagant  panegyric  ;  but  having  no 
opportunity  of  judging  for  ourfelves,  we  would  rather 
adopt  from  others  an  extravagant  panegyric  than  an 
unmerited  cenfiire.  Dr  Anderlbn  himfelf  admits  that 
Cullen’s  charader  was  far  from  perfed,;  and,  in  the 
opinion  of  moft  other  men  with  whom  we  have  conver- 
fed  on  the  fubjed,  and  who  were  at  the  fame  time  qua¬ 
lified  to  form  an  eftimate  of  his  meatal  powers,  his  ima¬ 
gination  was  not  balanced  by  his  judgment.  Hence 
the  common  remark  in  the  univerfity  of  Edinburgh, 
that  Dr  Cullen  was  more  fuccefsfiil  in  demoliftiing  the 
theories  of  others  than  in  giving  ftability  to  thofe 
which  were  reared  by  himfelf. 

Dr  Cullen’s  external  appearance,  though  ftriking  and 
not  unpleafing,  was  not  elegant.  His  countenance  was 
expreffive,  and  liis  eye  in  particular  remarkably  lively, . 
and  at  times  wonderfully  penetrating.  In  his  perfon  he 
was  tall  and  thin,  ftooping  very  much  about  the  ftioul- 
derg.  When  he  walked,  he  had  a  contemplative  look,. 
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and  did  not  feem  much  to  regard  the  objeas  around  a  palm  branch 

,  CURFEU  Bell  {ke  CvKTEWy  Ency cl ),  called  m 
the  law  Latin  of  the  middle  ages  ignitegium  ox  pyrite- 
■gtum,  and  in  French,  ctivre-feu^\v2iS  a  fignal  for  all  per- 
: ions  to  extinguifh  their  fires  at  a  certain  hour.  In  thofe 
ages  people  made  fires  in  their  lionfes  in  a  hole  or  pit  In 
’the  centre  of  the  floor,  under  an  opening  formed  in  the 
roof;  and  when  the  fire  was  burnt  out,  or  the  family 
iwent  to  bed,  the  hole  was  fliut  by  a  cover  of  w^ood 
^or  of  earth.  This  pradice  *11:111  prevails  among  the  cot¬ 
tagers  in  fonm.  parts  of  Scotland,  and  we  doubt  not  of 
cother  countries.  In  the  dark  ages,  when  all  ranks  of 
people  w'ere  turbulent,  a  law  was  almoft  everywhere 
>efl;abliflied,  that  the  fire  (hould  be  extinguiflied  at  a  cer¬ 
tain  time  in  the  evening  ;  that  the  cover  (hould  be  put 
over  the  fire-place  ;  and  that  all  the  family  (hould  re¬ 
tire  to  red,  or  at  leaft  keep  within  doors  The  time 
when  this  ought  to  be  done  was  fignified  by  the  ring¬ 
ing  of  a  bell,  called  therefore  cur  feu-hell  or  ignitegium. 

The  law  of  William  the  Conqueror,  which  Introduced 
this  pra6flce  into  England,  as  has  been  mentioned  in  the 
Encyclopaedia,  was  aboli(hed  by  Henry  I.  In  iioo. 

The  ringing  of  the  curfeu-bell  gave  rife  to  the  prayer- 
bell,  as  It  is  called,  which  Is  Hill  retained  in  fome  Pro- 
teftaiit  countries.  Pope  John  XXII I.  with  a  view  to 
avert  certain  apprehended  misfortunes,  which  rendered 
his  life  uncomfortable,  gave  orders,  that  every  perfon,  on 
hearing  the  ignitegium ^  (hould  repeat  the  Ave  Maria  three 
times.  When  the  appearance  of  a  comet,  and  a  dread 
of  the  Turks,  afterwards  alarmed  all  ChrKlendom,  Pope 
Calixtus  III.  increafed  thefe  periodical  times  of  prayer, 
by  ordering  the  prayer-bell  to  be  rung  alfo  at  noon. 

Beckmann" s  Hijlory  of  Inventions. 

tCURVE  OF  Equable  Approach.  It  was  firft  pro- 
pofed  by  Leibnitz,  namely,  to  find  a  curve,  down  which 
a  body  defcending  by  the  force  of  gravity  (hall  make 
equal  approaches  to  the  horizon  in  equal  portions  of  time. 

It  has  been  found  by  Bernoulli  and  others,  that  the 
curve  is  the  fecond  cubical  parabola,  placed  with  its  ver¬ 
tex  uppermoft,  and  which  the  defeending  body  mull  en¬ 
ter  with  a  certain  determinate  velocity.  Varignon  ren¬ 
dered  the  queftion  general  for  any  law  of  gravity,  by 
which  a  body  may  approach  towards  a  given  point  by 
equal  fpaces  in  equal  times.  And  Maupertuls  alfo  re- 
folved  the  problem  in  the  cafe  of  a  body  defeending  in 
a  medium  which  refills  as  the  fquare  of  the  velocity. 

CUSSO,  or  Bai^ksia  Abyssinica,  is  a  beautiful  and 
ufeful  tree,  indigenous  to  the  high  country  of  Abyfiinia. 

At  lead  Mr  Bruce,  who  has  given  of  it  the  only  deferip- 
tion  which  we  have  feen,  fays  that  he  never  faw  it  in  any 
other  part  of  Afia  or  Africa.  It  feldom  grows  above 
20  feet  high,  very  rarely  ilraight,  generally  crooked  or 
inclined.  Its  leaf,  which  Is  of  a  deep  unvarnilhed  green, 
having  the  fore  part  covered  with  foft  hair  or  down.  Is 
about  2|  inches  long,  divided  by  a  llrong  rib  into  two 
unequal  divifions,  of  which  the  upper  is  broader  and 
larger  than  the  lower.  It  is  more  indented  than  even 
the  nettle  leaf,  which  it  In  fome  meafure  refembles,  only 
the  leaf  of  the  Is  narrower  and  longer. 

Thofe  leaves  grow  two  and  two  upon  a  branch,  ha¬ 
ving  between  each  two  the  rudiments  of  two  pair  of 
leaves,  which  probably  are  deciduous  ;  but  the  branch  is 
terminated  with  a  Angle  leaf  or  Jiipula  at  the  point. 

The  end  of  this  (talk  is  broad  and  ftrong,  like  that  of 
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„  _ _  It  is  not  folid  like  the  gerid  of  the 

date  tree,  but  opens  In  the  part  that  is  without  leaves 
about  an  inch  and  a  half  from  the  bottom,  and  out  of 
this  aperture  proceeds  the  flower.  There  is  a  round 
llalk,  bare  for  about  an  inch  and  a  quarter,  from  which 
proceed  crooked  branches  with  (ingle  flowers  attached 
to  their  ends  ;  the  (lalk  that  carries  thefe  proceeds  out 
of  every  crook  or  genlculation.  The  whole  duller  01 
flowers  has  very  much  the  (liape  of  a  clutter  of  grap^  ; 
the  ttalks  which  fupport  it  refemble  the  ftalks  of  the 
grape  ;  and  a  very  few  fmall  leaves  are  fcattered  through 
the  clutter  of  flowers. 

“  The  calyx  or  flower  cup  is  of  a  greenijls  colour,  tin¬ 
ged  with  purple  ;  when  fully  blown  it  is  altogether  of 
a  deep  red  or  purple  ;  the  corolla  Is  whiie^  and  confifts 
of  five  petals  ;  in  the  midtt  is  a  (hort  pittil  with  a  round 
head,  furrounded  by  eight  (lamina,  of  the  fame  form, 
loaded  with  yellow  farina.  The  cup  confifts  of  five  pe¬ 
tals,  which  much  refemble  another  flower  ;  they  are 
rounded  at  the  top,  and  nearly  of  an  equal  breadth 
every  way.  The  feed  is  very  fmall,  fmaller  than  even 
the  femen  fantonicum  ;  and  being  likewife  very  bitter  it 
is  ufed  In  Abyfiinia  as  a  vermifuge.  From  Its  fmall- 
nefs,  however,  and  its  being  very  eafily  (hed,  no  great 
quantity  of  it  is  ever  gathered,  and  therefore  the  flower 
is  often  fubftituted  in  Its  (lead.  The  Abyfiinians,  fays 
our  author,  of  both  fexes,  and  at  all  ages,  are  troubled 
with  the  fort  of  worm  called  afearides,  of  which  every 
individual  evacuates  a  large  quantity  once  a-month. 
The  method  of  promoting  thefe  evacuations  Is  by  In- 
fufing  a  handful  of  dry  culTo  flowers  In  about  two  Eng- 
li(h  quarts  of  bouza,  or  the  beer  they  make  of  teff  (fee 
Teff,  EncycL)y  and  after  it  has  been  deeped  all  night, 
the  next  morning  it  is  fit  for  ufe. 

“  The  bark  of  the  tree  is  fmooth,  of  a  yellowKh  white, 
Interfperfed  with  brown  (Ireaks,  which  pafs  through  the 
whole  body  of  the  tree.  It  is  not  firm  or  hard,  but  ra¬ 
ther  ftringy  and  reedy.  On  the  upper  part,  before  the 
firft  branch  of  leaves  fet  out,  are  rings  round  the  trunk, 
of  fmall  filaments  of  theconfiftence  of  horfe  hair  :  thefe 
are  generally  fourteen  or  lixteen  in  number,  and  are  a 
very  remarkable  charafterillic  belonging  to  the  tree.” 

From  this  defeription,  which,  it  mull  be  confeffed, 
is  not  remarkable  for  perfpicuity,  and  frorn  an  infpec- 
tlon  of  the  figure  which  Mr  Bruce  has  given  of  the 
culTo,  we  are  inclined  to  rank  it  with  the  palms,  as  a 
new  genus,  neared  to  the  caryota, 

CUVETTE,  or  CuNETTE,  In  fortification,  is  a  kind 
of  ditch  within  a  ditch,  being  a  pretty  deep  trench,  about 
four  fathoms  broad,  funk  and  running  along  the  middle 
of  the  great  dry  ditch,  to  hold  water  ;  ferviiig  both  to 
keep  off  the  enemy  and  prevent  him  from  mining. 

CYCLE  OF  Indiction,  is  a  ferles  of  15  years,  re¬ 
turning  conftantly  around  like  the  other  cycles,  and 
commenced  from  the  third  year  before  Chritt  ;  whence 
it  happens  that  If  3  be  added  to  any  given  year  of  Chritt, 
and  the  fun  be  divided  by  I5>  what  remains  is  the  year 
of  the  indidllon. 

CYCLOID  (fee  Encycl.)  is  a  curve,  which  is  thus 
generated  :  Suppofe  a  wheel  or  circle  to  roll  along  a 
llraight  line  till  it  has  completed  jutt  one  revolution  ;  a 
nail  or  point  in  that  part  of  the  circumference  of  the 
circle,  which  at  the  beginning  of  the  motion  touches 
the  ftralght  line,  will,  at  the  end  of  the  revolution,  have 
deferibed  on  a  vertical  plane  a  cycloid. 
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Da^elet, 

Dairy 


T^AGELET,  the  name  given  by  La  Peroufe^  X^t. 
^  celebrated  though  unfortunate  navigator,  to  an 
Illaild  on  the  coaft  of  Corea  (fee  Corea,  EncycL)^  which 
he  difcovered  In  the  year  1787.  It  Is  little  more  than 
three  leagues  in  circumference  ;  and  our  author  almoft 
made  Its  circuit  at  the  dittance  of  a  mile  witliout  finding 
bottom.  This  fmall  fpot  is  very  deep,  but  covered  with 
the  fineft  trees  from  the  fea-fiiore  to  the  fummit.  A  ram- 
part  or  bare  rock,  like  a  wall,  encircles  the  whole  out¬ 
line  of  It,  with  the  exception  of  feven  little Tandy  creeks, 
where  it  Is  pofiible  to  land.  In  thefe  creeks  the  French¬ 
men  faw  upon  the  (locks  fome  boats  of  a  conftrudion 
altogether  Chinefe ;  but  the  fight  of  their  (hips  fright¬ 
ened  the  workmen,  who  fled  from  their  dock-yard  into 
the  wood,  which  was  not  more  than  fifty  paces  dlilant. 
As  a  few  huts  were  feen,  but  neither  villages  nor  cul¬ 
tivation,  La  Peroufe  concluded  that  the  ifland  is  with¬ 
out  inhabitants,  and  that  the  men  whom  he  faw  at 
work  were  Corean  carpenters,  who  during  the  fummer 
months  go  with  provifion  to  Dagelet  for  the  purpofe  of 
building  boats,  which  they  fell  upon  the  continent.  He 
places  the  north-eaft  point  of  this  ifland  in  Lat.  37°.  25'. 
and  E.  Long,  i  29^.  2'.  from  Paris. 

DAIRY  is  a  word  which  fignifies  fometimes  the  art 
of  making  various  kinds  of  food  from  milk  ;  fometimes 
the  place  where  milk  Is  manufadured ;  and  fometimes 
the  management  of  a  milk-farm.  On  the  dairy,  in  the 
firfi  and  fccond  of  thefe  fenfes,  enough  has  been  faid  in 
the  Ericycloptsdia  under  the  titles  Butter,  Cheese, 
and  Dairy  ;  on  the  management  of  a  milk  farm  that 
work  contains  nothing. 

When  a  dairy  Is  efiablKhed,  the  undertaker  may 
fometimes  think  it  his  intereft  to  obtain  the  greateil 
pcflible  quantity  of  produce  j  fometimes  it  may  be  more 
beneficial  for  him  to  have  it  of  the  fineft  quality  ;  and 
at  other  times  it  may  be  necelTary  to  have  both  thefe 
objects  in  view,  the  one  or  the  other  in  a  greater  or  lefs 
proportion  :  It  is  therefore  of  importance  that  he  (hould 
know  how  he  may  accomplifli  the  one  or  the  other  of 
thefe  purpofes  in  the  eafied  and  moft  diredl  manner. 

To  be  able  to  convert  bis  milk  to  the  higheft  pofTible 
profit  in  every  cafe,  he  ought  to  be  fully  acquainted 
with  every  circnmftance  refpeaing  the  manufaaure  both 
of  butter  and  of  cheefe  ;  as  it  may  in  fome  cafes  hap¬ 
pen,  that  a  certain  portion  of  that  milk  may  be  more 
advantageoufly  converted  into  butter  than  into  cheefe, 
while  another  portion  bf  it  would  return  more  profit  if 
made  into  cheefe. 

The  firfi  thing  to  be  adverted.to.  In  an  undertaking 
of  this  nature,  is  to  choofe  cows  of  a  proper  fort.  A- 
mong  this  clafs  of  animals,  it  is  found,  by  experience, 
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that  fome  kinds  give  milk  of  a  much  thicker  confift- 
ence  and  richer  quality  than  others  ;  nor  is  this  rich- 
nefs  of  quality  ncceffarily  connedled  with  the  fmallnefs 
of  the  quantity  yielded  by  cows  of  nearly  an  equal  fize  ; 
It  therefore  behoves  the  owner  of  a  dairy  to  be  pecu¬ 
liarly  attentive  to  this  circumftance.  In  judging  of  the 
value  of  a  cow,  it  ought  rather  to  be  the  quantity  and 
the  quality  of  the  cream  produced  from  the  milk  of  the 
cow,  In  a  given  time,  than  the  quantity  of  the  milk  it- 
felf :  this  is  a  circumftance  that  will  be  (hewn  hereafter 
to  be  of  m.ore  importance  than  Is  generally  imagined. 
The  fmall  cows  of  the  Alderney  breed  afford  the  rich- 
eft  milk  hitherto  known  j  but  individual  cqws  in  every 
country  may  be  found,  by  a  careful  feledion,  that  afford 
much  thicker  milk  than  others  ;  thefe  therefore  ought 
to  be  fearched  for  with  care,  and  their  breed  reared  with 
attention,  as  being  peculiarly  valuable. 

Few  perfons  who  have  had  any  experience  at  all  In 
the  dairy,  can  be  ignorant,  however,  that. In  comparing 
the  milk  of  two  cows,  to  judge  of  their  refpe-dlive  qua¬ 
lities,  particular  attention  mull  be  paid  to  the  time  that 
has  elapfed  fince  their  calving  ;  for  the  milk  of  the  fame 
cow  Is  always  thinner  foon  after  calving  than  it  is  af¬ 
terwards ;  as  it  gradually  becomes  thicker,  though  ge- 
nerally  lefs  in  quantity,  in  proportion  to  the  time  fince 
the  cow  has  calved.  The  colour  of  the  milk,  foon  after 
calving,  is  richer  than  it  is  afterwards  ;  but  this,  efpe- 
cially  for  the  firft  two  w'eeks,  is  a  faulty  colour  that 
ought  not  to  be  coveted. 

To  make  the  cows  give  abundance  of  milk,  and  of  a 
good  quality,  they  mud  at  all  times  have  plenty  of 
food,  Grafs  Is  the  bed  food  yet  known  for  this  pur¬ 
pofe,  and  that  kind  of  grafs  which  fprings  up  fponta- 
neoufly  on  rich  dry  foils  is  the  bed  of  all.  If  the  tem¬ 
perature  of  the  climate  be  fuch  as  to  permit  the  cowjs 
to  graze  at  eafe  throughout  the  day,  they  (hould  be 
fuffered  to  range  on  fuch  paftures  at  freedom  ;  but  If 
the  cows  are  fo  much  Incommoded  by  the  heat  as  to 
be  prevented  from  eating  through  the  day,  they  ought 
In  that  cafe  to  be  taken  into  cool  (liades  for  prot*^aion  ; 
where,  after  allowing  them  a  proper  time  to  ruminate^ 
they  (hould  be  fupplied  with  abundance  of  green  food, 
frefli-cut  for  the  purpofe,  and  given  to  them  by  hand 
frequently,  In  fmall  quantities,  frefli  and  frefli,  fo  as  to 
Induce  them  to  eat  It  with  pleafure.  When  the  heat  of 
the  day  Is  over,  and  they  can  remain  abroad  with  eafe, 
they  may  be  again  turned  Into  the  pafture,  where  they 
(hould  be  allowed  to  range  with  freedom  all  night,  du¬ 
ring  the  mild  weather  of  fummer. 

Cows,  If  abundantly  fed,  (hould  be  milked  three  times 
a-day,  during  the  whole  of  the  fummer  feafon  f  a)  •  lit 
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(a)  If  cows  be  milked  only  twice  In  the  day  (24  hours),  while  they  have  abundance  of  fucculent  food  thev 
will  yjeld  a  much  Jnaller  quantity  of  milk,  in  the  fame  time,  than  if  they  be  milked  three  times.  Sonm ’atten 
tive  obfervers  think  a  cow,  in  thefe  circumftances,  will  give  nearly  as  much  milk  at  each  time  if 
..  if  ,..i„.  Thi.  f.a,  howLr,  h„  J„.,  .h.t  „=  t„„“  cTbW. 
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T)a!r>’-  the  morning  early,  at  noon,  and  in  the  evening,  jutt  he- 

- , - fore  night,  fall.  In  the  choice  of  peifons  for  milking 

the  cows,  great  caution  Ihould  be  employed;  for  it 
that  operation  be  not  carefully  and  properly  performed, 
not  only  the  quantity  of  the  produce  of  the  dairy  will 
be  greatlv  dlniiniflied,  but  its  quality  alfo  will  be  very 
much  debafed  ;  for  if  all  the  milk  be  not  thoroughly 
drawn  from  a  cow  when  fhe  is  milked,  that  portion  of 
milk  which  is  left  in  the  udder  feems  to  be  gradually 
abforbed  into  the  fyftem,  and  Nature  generates  no  more 
than  to  fupply  the  watle  of  what  has  been  taken  away. 
If  this  lefTened  quantity  be  not  again  thoroughly  drawn 
off,  it  occafions  a  yet  farther  diminution  of  the  quan¬ 
tity  of  milk  generated  ;  and  thus  it  may  be  made  to 
proceed,  in  perpetual  progreifion  from  little  to  kfs,  till 
none  at  all  is  produced,  in  fhort,  this  is  the  pradice 
in  all  cafes  followed,  when  it  is  meant  to  allow  a  cow’s 
milk  to  dry  up  entirely,  without  doing  her  hurt.  In 
this  manner,  therefore,  the  profits  of  a  dairy  might  be 
wonderfully  diminiihed  ;  fo  that  it  much  behovp  the 
owner  of  it  to  be  extremely  attentive  to  this  circiim- 
flance,  if  he  wiflies  to  avoid  ruin.  It  ought  to  be  a 
rule  without  an  exception,  never  to  allow  this  important 
department  to  be  entrufted,  without  controul,  to  the  ma¬ 
nagement  of  hired  fervants  (b).  Its  importance  will  be 
Hill  more  manifefl  from  what  follows. 

It  is  to  Dr  James  Anderfon  that  are  indebted  for 
thefe  judicious  obfervations,  as  well  as  for  the  following 
aphorifms  which,  though  they  maybe  in  part  known  to 
attentive  houfewifes,  he  has  reafon  to  believe  are  not 
commonly  adverted  to  as  their  importance  deferves. 

“  Of  the  milk  that  is  drawn  from  any  cow  at  one  time, 
Apliorifm  which  comes  oif'at  the  hrft  is  always  thinner,  and 
of  a  much  worfe  quality,  than  that  which  comes  after¬ 
wards  ;  and  the  richnefs  goes  on  continually  increafing 
to  the  very  laft  drop  that  can  be  drawn  from  the  udder 
at  that  time.’" 

Few  perfons  are  ignorant  that  the  milk  which  is  lait 
cf  all  taken  from  the  cow  at  milking  (in  this  country 
called  Jlroahngs)  is  richer  than  the  reft  of  the  milk  ; 
but  fewer  ftill  are  aware  of  the  greatnefs  of  the  difpro- 
portion  between  the  quality  of  the  fir  ft  and  the  laft 
drawn  milk,  from  the  fame  cow,  at  one  milking.  ^  The 
following  fads  (fay?  our  author)  refpeding  this  circum- 
ftance  v/erc  afcertained  by  me  many  years  ago,  and 
have  been  confirmed  by  many  fubfequent  experiments 
and  obfervations. 

Having  taken  feveral  large  tea-cups,  exadly  ot  the 
fame  fize^nd  ftiape,  one  of  thefe  tea-cups  was  filled  at 
the  beginning  of  the  milking,  and  the  others  at  regular 
intervals,  till  the  laft,  which  was  filled  with  the  dregs 
of  the  ftroakings.  Thefe  cups  were  then  weighed,  the 
weight  of  each  having  been  fettled,  fo  as  to  afcertain 
that  the  quantity  of  milk  in  each  was  precifely  the 
fame  ;  and  from  a  great  number  of  experiments,  fre¬ 
quently  repeated  with  many  different  cows,  the  refult 
was  in  all  cafes  as  follows  : 


The  quantity  of  cream  obtained  from  the  firft-drawn 
cup  was,  in  every  cafe,  much  fmaller  than  from  that  ^ 
which  was  laft  drawn  ;  and  thofe  between  afforded  lefs 
or  more  as  they  were  nearer  the  beginning  or  the  end. 

It  is  unneceffary  here  to  fpecify  thefe  intermediate  pro- 
portions  ;  but  it  is  proper  the  reader  fhould  be  inform¬ 
ed,  that  the  quantity  of  cream  obtained  from  the  laft- 
drawn  cup,  from  fome  cows,  exceeded  that  from  the 
firft  in  the  proportion  of  fixteen  to  one.  In  other 
cows,  however,  and  in  particular  circumftances,  the  dif- 
proportion  was  not  quite  fo  great ;  but  in  no  cafe  did  it 
fall  ftiort  of  the  rate  of  eight  to  one.  Probably,  upon 
an  average  of  a  great  many  cows,  it  might  be  found  to 
run  as  ten  or  twelve  to  one. 

Secondly,  The  difference  in  the  quality  of  the  cream, 
however,  obtained  from  thefe  two  cups,  was  much 
greater  than  the  difference  in  the  quantity.  In  the  firft 
cup,  the  cream  was  a'thin  tough  film,  thinner,  and  per¬ 
haps  whiter,  than  writing  paper;  in  tiie  laft,  the  cream 
was  of  a  thick  hutyrous  coiififtence,  and  of  a  glowing 
richnefs  of  colour  that  no  other  kind  of  cream  is  ever 

found  to  pofi'efs.  r  -n 

Thirdly,  The  difference  in  the  quality  of  the  milk 
that  remained,  after  the  cream  was  feparated,  was  per¬ 
haps  ilill  greater  than  either  in  refpedl  to  the  quantity 
or  the  quality  of  the  cream.  The  milk  in  the  firft  cup 
was  a  thin  bluiih  liquid,  as  if  a  very  large  proportion  of 
water  had  been  mixed  with  ordinary  milk  ;  that  in  the 
laft  cup  was  of  a  thick  confiftence,  and  yellow  colour, 
more  refembliug  cream  than  milk  both  in  tafte  and  ap¬ 
pearance. 

From  this  important  experiment,  it  appears  that  the 
perfon  who,  by  bad  milking  of  his  cows,  lofes  but  half 
a  pint  of  his  milk,  lofes  in  faa  about  as  much  cream  as 
would  be  afforded  by  fix  or  eight  pints  at  the  begin¬ 
ning,  and  lofes,  befides,  that  part  of  the  cream  which 
alone  can  give  richnefs  and  high  flavour  to  his  butter. 

“  If  milk  be  put  into  a  difti,  and  allowed  to  ftand  Aphorlfo^ 
till  it  throws  up  cream,  that  portion  of  cream  which  a, 
rifes  firft  to  the  furface  is  richer  in  quality,  and  greater 
in  quantity,  than  what  rifes  in  a  fecond  equal  fpace  of 
time  ;  and  the  cream  that  rifes  in  the  fecond  interval  of 
time  is  greater  in  quantity,  and  richer  in  quality,  than 
that  which  rifes  in  a  third  equal  fpace  of  time  ;  that  of 
the  third  than  the  fourth,  and  fo  on  ;  the  cream  that 
rifes  decreafing  in  quantity,  and  declining  in  quality, 
continually,  as  long  as  any  rifes  to  the  furface.”  _ 

Our  ingenious  author  confeffes,  that  his  experiments 
not  having  been  made  with  fo  much  accuracy  in  this 
cafe  as  in  the  former,  he  was  not  enabled  to  afcertain 
the  difference  in  the  proportion  that  takes  place  in 
equal  portions  of  time  ;  but  they  have  been  fo  often  re- 
peated  as  not  to  leave  any  room  to  doubt  the  faa,  and 
it  will  be  allowed  to  be  a  fad  of  no  fmall  importance  m 
the  management  of  the  dairy.  It  is  not  certain,  how¬ 
ever,  but  that  a  greater  quantity  of  cream  may,  upon 
the  whole,  be  obtained  from  the  milk  by  taking  it 

away 


(b)  Cows  (bould  always  be  treated  with  great  gentlenefs,  and  Toothed  by  mild  ufage, 
and  tlcklifii,  or  when  the  paps  are  tender;  in  which  laft  cafe,  the  udder  ought  to  be  " 

before  milking,  and  touched  with  the  greateft  gentlenefs,  otherwife  the  cow  will  be  in  “"7^.  ,  . 

habits,  becoming  ftubborn  and  unruly,  and  retaining  her  milk  ever 77;  A  wfth'clean  water  bel- 

fantly  to  the  perfon  fhe  dreads  or  diflikes.  The  udder  and  paps  fhould  always  be  wafhe 

fore  milking  ;  but  care  fhould  be  taken  that  none  of  that  water  be  admitted  into  the  milking-pai  . 
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away  at  different  times ;  but  the  prbcefs  is  fo  trouble- 
feme  as'not  to  be  counterbalanced  by  the  increafed  quan¬ 
tity  obtained,  if  indeed  an  increafed  quantity  be  thus 
obtained,  which  is  not  as  yet  quite  certain* 

“  Thick  milk  always  throws  up  a  fmallcr  proportion 
of  the  cream  it  adually  contains  to  the  furface,  than 
milk  that  is  thinner;  but  that  cream  is  of  a  richer  qua¬ 
lity.  If  water  be  added  to  that  thick  milk,  it  will  af¬ 
ford  a  confiderably  greater  quantity  of  cream  than  it 
would  have  done  if  allowed  to  remain  pure,  but  its  qua¬ 
lity  is,  at  the  fame  time,  greatly  debafed.^’ 

This  is  a  fa(ft  that  every  perfon  attentive  t.o  a  dairy 
muff  have  remarked;  but  I  have  never  (fays  our  author) 
heard  of  any  experiment  that  could  afeertain,  either  the 
precife  amount  of  the  increafed  quantity  of  cream  that 
might  thus  be  obtained,  or  of  the  ratio  in  the  decreafe 
of  its  quality.  The  effedls  of  mixing  water  with  the 
milk  in  a  dairy  are  at  leall  afeertained  ;  and  the  know- 
led|fe  of  this  fad  will  enable  attentive  perfons  to  follow 
that  pradice  which  they  think  will  bell  promote  their 
own  intereft. 

Milk  which  is  put  into  a  bucket  or  other  proper 
vefTel,  and  carried  in  it  to  any  coniiderable  diftance,  fo 
as  to  be  much  agitated,  and  in  part  cooled,  before  it 
be  put  into  the  milk-pans  to  fettle  for  cream,  never 
throws  up  fo  much,  nor  fo  rich  cream,  as  if  the  fame 
milk  had  been  put  into  the  milk-pans  diredly  after  it 
was  milked.”  - 

In  this  cafe,  it  is  believed  the  lofs  of  cream  will  be 
nearly  in  proportion  to  the  time  that  has  elapfed,  and  the 
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agitation  the  milk  has  fuftained,  after  being  drawn  from 


the  cow.  But  Dr  Anderfon  fays  that  he  is  not  yet  in 
pofTefiion  of  any  experiments  which  fiifficiently  afeer¬ 
tain  how  much  is  to  be  aferibed  to  the  time,  and  the 
agitation,  taken  feparately.  On  every  branch  of  agri¬ 
culture  we  find  experiments  wanting,  at  each  ftep  we 
advance  in  our  inquiries  ;  and  it  is  the  duty  of  every  en¬ 
quirer  to  point  out,  as  he  goes  along,  where  they  are 
wanted,  fince  the  labours  of  no  one  man  can  poflibly 
complete  the  whole. 

From  the  above  fads,  the  following  corollaries  feem 
to  be  clearly  deducible  ; 

Firjl,  It  is  of  importance  that  the  cows  fhould  be 
always  milked  as  near  the  dairy  as  poffible,  to  prevent 
the  neceflity  of  carrying  and  cooling  the  milk  before  it 
is  put  into  the  diihes ;  and  as  cows  are  much  hurt 
by  far  driving,  it  muff  be  a  great  advantage  in  a  dairy- 
farm  to  have  the  principal  grafs  fields  as  near  the  dairy 
or  homeffead  as  poflible.  ^ 

Secondly.  The  pradice  of  putting  the  milk  of  all 
the  cows  of  a  large  dairy  into  one  veflel,  as  it  is  milked, 
there  to  remain  till  the  vvhole  milking  is  finifhed,  before 
any  part  of  it  is  put  into  the  milk-pans — feems  to  be 
highly  injudicious  ;  not  only  on  account  of  the  lofs  that 
IS  fuftained  by  agitation  and  cooling,  but  alfo,  more 
Specially,  becaufe  it  prevents  the  owner  of  the  dairy 
from  diftinguifhing  the  good  from  the  bad  cow’s  milk, 
fo  as  to  feparate  thefe  from  each  other,  where  it  is  ne- 
ceffary.  He  may  thus  have  the  whole  of  his  dairy  pro- 
dud  greatly  debafed  by  the  milk  of  one  bad  cow,  for 
years  together,  without  being  able  to  difeover  it.  A 
better  pradice,  therefore,  would  be,  to  have  the  milk 
drawn  from  each  cow  put  feparately  into  the  creaming- 
pans  as  foon  as  it  is  milked,  without  being  ever  mixed 
with  any  other.  Thus  would  the  careful  manager  of 


the  dairy  be  able  on  all  occafions  to  obferve  the  parti¬ 
cular  quality  of  each  individual  cow’s  milk,  as  well  as  ‘ 
Its  quantity,  and  to  know  with  precifion  which  of  his 
cows  it  was  his  intereft  to  difpofe  of,  and  which  of  them 
he  ought  to  keep  and  breed  from. 

Thirdly.  If  it  be  intended  to  make  butter  of  a  very- 
fine  quality,  it  will  be  advifablc  in  all  cafes  to  keep  the 
mdk  that  is  firft  drawn  feparate  from  that  which  comes 
laft ;  as  it  is  obvious,  that  if  this  be  not  done,  the  qua¬ 
lity  of  the  butter  will  be  greatly  debafed,  without  much 
augmenting  its  quantity.  It  is  alfo  obvious,  that  if  this 
is  done,  the  quality  of  the  butter  will  be  improved  in 
proportion  to  the  Imallnefs  of  the  quantity  of  the  laft* 
drawn  milk  that  is  retained ;  fo  that  thofe  who  wufh  to 
be  fingularly  nice  in  this  refped,  will  do  well  to  retain 
onlj'^  a  very  fmall  portion  of  the  lall-drawn  milk. 

^  1  o  thofe  owners  of  dairies  who  have  profit  only  in 
view.  It  miift  ever  be  a  matter  of  trial  and  calculation, 
how  far  it  is  expedient  for  them  to  carry  the  improving 
of  the  quality  of  their  butter  at  the  expence  (,f  dimi- 
nifhing  Its  quantity.  In  different  fituations  prudence 
will  point  out  different  kinds  of  pradfice  as  mofl  eli¬ 
gible  ;  and  all  perfons  mud  be  left,  after  making  accu¬ 
rate  trials,  to  determine  for  tliemfelves.  It  is  hkewife 
a  confideration  of  no  fmall  importance,  to  determine  in 
what  way  the  inferior  milk,  that  is  thus  to  be  fet  apart 
where  fine  butter  is  wanted,  can  be  employed  with  the 
greatefl  profit.  In  the  Highlands  of  Scotland  they 
have  adopted,  without  thinking  of  the  improvement  of 
their  butter,  a  very  Ample  and  economical  pradlice  in 
this  refpedf.  As  the  rearing  of  calves  is  there  a  prin¬ 
cipal  objea  with  the  farmer,  every  cow  is  allowed  to 
iuckle  her  own  calf  with  a  part  of  her  milk,  the  remain- 
der  only  being  employed  in  the  dairy.  To  give  the 
calf  Its  portion  regularly,  it  is  feparated  from  the  cow, 
and  kept  in  an  inclofure,  with  all  the  other  calves  be¬ 
longing  to  the  fame  farm.  At  regular  times,  the  cows 
are  driven  to  the  door  of  the  inclofure,  where  the  young 
calves  fail  not  to  meet  them.  Each  calf  is  then  fe pat 
rately  let  out,  and  runs  diredtly  to  its  mother,  where  it 
lucks  till  the  dairy-maid  judges  it  has  had  enough  ;  ihe 
^en  orders  it  to  be  driven  away,  having  previoufly 
lhackled  the  hinder  legs  of  the  mother,  by  a  very  fim- 
ple  contrivance,  to  oblige  her  to  fiand  ftill.  Boys  drive 
away  the  calf  with  fwitches,  and  return  it  to  the  inclo¬ 
fure,  while  the  dairy-maid  milks  off  what  was  left  by 
the  calf :  thus  they  proceed  till  the  whole  of  the  cows 
1 1'sy  obtain  only  a  fmall  quantity  of 
milk,  it  is  true,  but  that  milk  is  of  an  exceeding  rich 
quality  ;  which  in  the  hands  of  fuch  of  the  inhabitants 
as  know  how  to  manage  it,  is  manufadured  into  the 
ncheft  marrowy  butter  that  can  be  anywhere  met  with. 
This  richnefs  of  the  Highland  butter  is  univerfallv  a- 
Icribed  to  the  old  grafs  the  cows  feed  upon  in  their 
remote  glens  ;  but  it  is  in  faft  chiefly  to  be  attributed 
to  the  praiftice  here  deferibed,  which  has  long  prevailed 
in  thofe  regioiis.  Whether  a  fimilar  pradice  could  be 
economically  adopted  elfewliere,  our  author  takes  not 
upon  him  to  fay  ;  but  doubtlefs  other  fecondaiy  ufes 
might  be  found  for  the  milk  of  inferior  quality  On 
fome  occafions,  it  might  be  converted  into  butter  of  an 
i^nferior  quality  ;  on  other  occafions,  it  might  be  fold 
fweet,  where  the  fituation  of  the  farm  was  within  reach 
of  a  market. town  ;  and  on  others,  it  might  be  convert- 
ed  into  cheefes,  which,  by  being  made  of  fweet  milk, 
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ery  fine  quality  If  carefully  made  (c).  tion  of  each  cow’s  milk  can  be  fet  apart  for  throwing 
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- - . - '  Still  Other  ufes  might  be  deviled  for  its  apphcaUon  ; 

of  which  the  follov/ing  is  worthy  of  notice.  lake 
common  Ikimmcd  milk,  when  it  has  begun  to  turn  lour, 
put  it  into  an  upright  Hand- churn,  or  a  barrel  with  one 
of  its  ends  out,  or  any  other  convenient  veliel.  Heat 
fome  water,  and  pour  it  into  a  tub  that  is  large  enough 
to  contain  with  eafe  the  veliel  in  which  the  milk  was 
put.  Set  the  vefTel  containing  the  milk  into  the  hot 
water,  and  let  it  remain  there  for  the  fpace  of  one 
night.  In  the  morning  it  will  be  found  that  the  milk 
has  feparatcd  into  two  parts  ;  a  thick  cream  like  fub- 
ftance,  which  occupies  the  upper  part  of  the  velTel,  and 
a  thin  watery  part  that  remains  at  the  bottom.  -  Draw 
off  the  thin  part  (called  in  Scotland  'wigg),  by  opening 
a  ftop-cock,  placed  for  that  purpofe  clofe  above  the 
bottom,  and  referve  the  cream  for  ufe.  Not  much  lefs 
than  half  of  the  milk  is  thus  converted  into  a  fort  of 
cream,  which,  when  well  made,  feems  to  be  as  rich  and 
fat  as  real  cream  itfelf,  and  is  only  dillinguilhable  from 
It  is  eaten  with  fugar,  and  elleemed 
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up  cream,  and  when  only  a  fmall  proportion  of  that  " 
cream  can  be  referved,  of  the  prime  quality,  it  follows 
(the  quantity  of  milk  being  upon  the  whole  very  in. 
confiderable),  that  the  quantity  of  prime  cream  pro¬ 
duced  would  be  fo  fmall  as  to  be  fcarcely  worth  manu¬ 
facturing  feparately. 

Sixthly,  From  thefe  premifes  we  are  alfo  led  to  draw 
another  conclufioii,  extremely  different  from  the  opi-  _ 
iiion  that  is  commonly  entertained  on  this  fubjeCl,  viz. 
That  it  feems  probable,  that  the  very  bell  butter  could 
be  made  with  economy  in  thofe  dairies  only  where  the 
manufacture  of  cheefc  is  the  principal  objeCt.  The  rca- 
fons  are  obvious  :  If  only  a  fmall  portion  of  milk  Ihould 
be  fet  apart  for  butter,  all  the  reft  may  be  made  into 
cheefe,  while  it  is  yet  warm  from  the  cow,  and  perfect¬ 
ly  fweet  ;  and  if  only  that  portion  of  cream  which  rifes 
during  the  firft  three  or  four  hours  after  milking  is  to 
be  referved  for  butter,  the  rich  milk  which  is  left  after 
that  cream  is  feparated,  being  Hill  perfectly  fweet,  may 
be  converted  into  cheefe  with  as  great  advantage  near- 


a'gJerd5ic™cy!'anrufuany‘f^^^^^  ^7  uewly-milked  milk  itfelC 

frelh  unikimmed  milk.  It  requires  praaice,  however,  ^  l^ut  as  it  is  not  probable  jhat  many  perfons  could  be 

to  be  able  to  make  this  nicely  ;  the  degree  of  the  heat  . . 

of  the  water,  and  many  other  circumftances,  greatly  af- 
feCtlng  the  operation. 

Fourthly,  If  the  quality  of  the  butter  be  the  chief 
objed  attended  to,  it  will  be  neceffary,  not  only  to  fe- 
parate  the  firft  from  the  laft  drawn  milk,  but  alfo  to 
take  nothing  but  the  cream  that  is  firft  feparated  from 
the  beft  milk,  as  it  is  this  firft  rifing  cream  alone  that  is 
of  the  prime  quality.  The  remainder  of  the  milk,  which 
will  be  ftill  fweet,  may  be  either  employed  for  the  pur¬ 
pofe  of  making  fweet  milk  cheefes,  or  may  be  allowed 
to  ftand,  to  throw  up  cream  for  making  butter  of  an 
inferior  quality,  as  circumftances  may  dired. 

Fifthly,  From  the  above  fads,  we  are  enabled  to 
perceive,  that  butter  of  the  very  beft  pofiible  quality 
can  only  be  obtained  from  a  dairy  of  confiderable  ex¬ 
tent,  judicioufly  managed  ;  for  when  only  a  fmall  por- 


found  who  w^ould  be  willing  to  purchafe  the  very  fineft 
butter,  made  in  the  manner  above  pointed  out,  at  a 
price  that  v/ould  be  fufficient  to  indemnify  the  farmer 
for  his  trouble  in  making  it,  thefe  hints  are  thrown  out 
merely  to  Ihew  the  curious  in  what  way  butter  poffef- 
fing  this  fuperior  degree  of  excellence  may  be  obtained, 
if  they  choofe  to  be  at  the  expence  ;  but  for  an  ordi¬ 
nary  market.  Dr  Anderfon  is  fatisfied,  from  experience 
and  attentive  obfervation,  that  if  in  general  about  the 
firft  drawn  half  of  the  milk  be  feparated  at  each  milk¬ 
ing,  and  the  remainder  only  fet  up  for  producing  cream, 
and  if  that  milk  be  allowed  to  ftand  to  throw  up  the 
whole  of  its  cream  (even  till  it  begins  fenfibly  to  tafte 
fourifh),  and  that  cream  be  afterwards  carefully  mana¬ 
ged,  the  butter  thus  obtained  will  be  of  a  quality  great¬ 
ly  iuperior  to  what  can  ufually  be  procured  at  market,, 
and  Its  quantity  not  confiderably  lefs  than  if  the  whole 
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Id  The  making-  of  cheefe  has  never  yet  been  reduced  to  fclentific  principles,  and  confequently  the  reafoning 
relating  to  it  is  very  inconclufive.  It  is  in  general  fuppofed,  that  the  goodnefs  of  cheefe  depends  almoft  entirely 
npon  its  richnefs,  by  which  is  meant  the  proportion  of  oily  matter,  whether  natural  or  extraneous,  it  contains ; 
nothing,  however,  is  more  certain,  than  that  this  opinion  is  erroneous,  bometimes  a  very  lean  cheefe  is  much 
better  tailed  than  one  that  is  much  fatter;  and,  which  will  appear  to  moft  perfons  ftill  more  extraordinary,  it 
frequently  happens  that  a  cheefe  that  talles  foft  and  fat  is  much  leaner  than  one  that  is  hard,  dry,  “"d  ftjeky- 
The  mode  of  manufadurlng  it  occafions  this,  and  not  the  quantity  of  cream  it  contains.  It  iswery  ^7 

art  to  make  poor  fleim  milk  cheefe  affume  the  foft  buttery  tafte  and  appearance  even  of  cream  cheefe.  This  fub- 
lea,  therefore,  deferves  to  be  more  particularly  elucidated  than  it  has  hitherto  been,  n  r  , 

Conneaed  as  they  are  with  the  objea  dlfcuffed  in  the  text,  we  beg  leave  with  our  author  to  fuggeft  the  fol¬ 
lowing  particulars,  as  proper  objeas  of  examination  and  experiment,  viz.  Is  the  quantity  of  cafeous  matter  af- 
forded  by  milk  iiecelTarily  conneaed  with  the  proportion  of  cream  that  mihi  contains,  or  does  it  depend  upon 
fome  other  principle  not  hitherto  inveftigated  i  Without  pretending  to  decide  this  quell  ion.  Dr  Andeifon  feels 
himfelf  llrongly  inclined  to  believe  it  does  not  depend  upon  the  quantity  of  cream.  It  is  well  knovvn  that  cow  s- 
milk,  which  always  throws  up  more  cream,  and  that  of  a  much  richer  quality,  than  ewe-milk,  does  in  no  cale  af¬ 
ford  above  one-half  the  proportion  of  cheefe  that  ewe-milk  docs.  Nor  can  this  Angular  tendency  of  ewe-milk,  to 
yield  a  great  proportion  of  curd,  be  attributed  to  its  fuperior  thicknefs  ;  for  cow-milk  can  be  often  had  that  is 
thicker  and  richer  than  ewe-milk,  but  it  always  affords  a  much  fmaller  proportion  of  curd. 
derations,  it  is  not  impoffible  but  it  might  be  found,  upon  a  careful  inveftigatioH,  that  the  refufe  nii  ,  w  ic^oug  t 
to  be  feparated  from  the  other  in  making  the  beft  butter,  might  be  equally  proper,  or  very  nearly  io,  or  ma¬ 
king  cheefe,  as  if  no  fuch  feparation  had  been  made.  We  therefore  recommend  this  as  a  proper  objedt  ot  expCi* 
rimental  enquiry. 
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IVahalac.  of  the  milk  had  been  treated  alike.  This,  therefore,  is 

"“*^v**^'the  pra£lice  that  our  author  thinks  moil  likely  to  fiiit 
the  frugal  farmer,  as  his  butter,  though  of  a  fuperior 
quality,  could  be  afforded  at  a  price  that  would  always 
eiifure  it  a  rapid  fale. 

Dr  Anderfon  throws  out  many  other  ingenious  and 
iifeful  obfervations  on  this  important  branch  of  rural 
economy.  In  particular,  he  points  out,  in  the  plained 
^  manner,  the  requifites  of  a  good  milk-houfe,  which,  as 
he  truly  obferves,  fhould  be  cool  in  fummer  and  warm 
in  winter,  fo  as  to  preferve  a  temperature  nearly  the 
fame  throughout  the  year.  But  we  have  treated  of 
this  part  of  the  fubjedt  elfewhere,  and  mud  therefore 
refer  fuch  as  are  defirous  to  know  the  Doctor’s  fenti- 
ments  on  it,  to  T'he  Letters  mid  Papers  of  the  Bath  and 
lV(fl‘of  England  Society  for  the  encouragement  of  agri¬ 
culture,  &c.  or  to  the  eighth  volume  of  The  Repertory 
of  Arts  and  Mamf azures » 

D  AH  A  LAC,  the  larged  ifland  in  the  Red  Sea,  is 
thus  deferibed  by  Mr  Bruce,  It  is  low  and  even,  the 
foil  fixed  gravel  and  white  fand,  mixed  with  fliells  and 
other  marine  produdions.  It  is  deditiite  of  all  forts  of 
herbage,  at  lead  in  fummer,  unlefs  a  fmall  quantity  of 
bent  grafs,  jud  fuffiefent  to  feed  the  few  antelopes  and 
goats  that  are  on  the  ifland.  There  is  a  very  beautiful 
fpecies  of  this  lad  animal  found  here,  fmall,  fliort-hair- 
ed,  with  thin  black  fharp  horns,  having  rings  upon 
them,  and  they  are  very  fwift  of  foot. 

This  ifland  is,  in  many  places,  covered  with  large 
plantations  of  acacia  trees,  which  grow  to  no  height, 
feldom  above  eight  feet,  but  fpread  wide,  and  turn  flat 
at  top,  probably  by  the  influence  of  the  wind  from  the 
fea.  Though  in  the  neighbourhood  of  Abyflinia,  Da- 
halac  does  not  partake  of  its  feafons  ;  no  rain  falls  here 
from  the  end  of  March  to  the  beginning  of  Odfober  ; 
but  in  the  intermediate  months,  efpecially  December, 
January,  and  February,  there  are  violent  ihowers  for  12 
hours  at  a  time,  which  deluge  the  ifland,  and  fill  the 
ciderns  fo  as  to  ferve  all  next  fummer;  for  there  are  no 
hills  nor  mountains  in  Dahalac,  and  confequently  no 
fprings.  Thefe  ciderns  alone  preferve  the  water,  and 
of  them  there  yet  remain  370,  all  hewn  out  of  the  folid 
rock.  They  fay  thefe  were  the  works  of  the  Perfians; 
it  is  more  probable  they  were  thofe  of  the  fird  Ptole¬ 
mies.  But  w^hoever  were  the  condruedors  of  thefe  mag¬ 
nificent  refervoirs,  they  were  a  very  different  people 
from  thofe  that  now  poffefs  them,  who  have  not  induf- 
try  enough  to  keep  one  of  the  370  clear  for  the  ufe  of 
man.  All  of  them  are  open  to  every  fort  of  animal, 
and  half  full  of  the  filth  they  leave  there,  after  drinking 
and  vvafhing  in  them;  yet  one  of  thefe  ciderns,  cleaned 
and  fhut  up  with  a  door,  might  afford  them  wholefome 
fweet  water  all  the  year  over. 

After  the  rains  fall,  a  prodigious  quantity  of  grafs 
immediately  fprings  up  ;  and  the  goats  give  the  in- 
habitants  milk,  which  in  winter  is  the  principal  part  of 
their  fubfidence,  fer  they  neither  plow  nor  fow  ;  all 
their  employment  is  to  work  the  veffels  which  trade  to 
the  different  parts  of  the  coad.  One  half  of  the  inha¬ 
bitants  is  condantly  on  the  Arabian  fide,  and  by  their 
labour  is  enabled  to  furnifli  with  dora  (millet  or  Indian 
corn)  and  other  provifions  the  other  half  who  day  at 
home  ;  and  when  their  time  is  expired,  they  are  relieved 
by  the  other  half,  and  fupplied  with  neceffaries  in  their 
turn.  But  the  fudenance  of  the  poorer  fort  is  entirely 
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fhell  and  other  nfli.  Their  wives  and  daughters  arc 
very  bold  and  expert  fiiherwoinen.  Several  of  them,  en¬ 
tirely  naked,  fvvam  off  to  the  veffel  before  it  came  to  an 
anchor,  begging  handfuls  of  wheat,  rice,  or  dora.  They 
are  very  importunate  and  durdy  beggars,  and  not  cafily 
put  off  with  denials.  7Tefe  miferable  people,  who  live 
in  the  villages  not  frequented  by  barks  from  Arabia, 
are  fometimes  a  whole  year  without  tading  bread.  Yet 
fuch  is  the  attachment  to  their  place  of  nativity,  they 
prefer  living  in  this  bare,  barren,  parched  fpot,  ai¬ 
med  in  want  of  neceffaries  of  every  kind,  efpecially  of 
thefe  effential  ones,  bread  and  water,  to  thofe  pleaiant 
and  plentiful  countries  on  both  fides  of  them. 

There  are  in  Dahalac  twelve  villages  or  towns,  of 
which  each  has  a  plantation  of  doomtrecs  round  it, 
which  furnifh  the  only  manufa<dure  in  the  ifland.  The 
leaves  of  this  tree,  when  dried,  are  of  a  gloffy  white, 
which  might  very  eafily  be  midaken  for  fattin  :  of  thefe 
they  make  baficets  of  furprifing  beauty  and  neatnefs, 
daining  part  of  the  leaves  with  red  or  black,  and  work¬ 
ing  them  into  figures  very  artificially.  Our  author  knew 
fome  of  thefe,  relembliiig  draw-bafleets,  continue  full  of 
water  for  24  hours,  without  one  drop  coming  through. 
They  fell  thefe  at  I^oheia  and  Jidda,  the  larged  of  them 
for  four  corrmefh,  or  fixpence.  This  is  the  employment, 
or  rather  amuferaent,  of  the  men  who  flay  at  home  ; 
for  they  work  but  very  moderately  at  it,  and  all  of 
them  indeed  take  fpecial  care  not  to  prejudice  their 
health  by  any  kind  of  fatigue  from  indudry. 

People  of  the  better  fort,  fuch  as  the  Shekh  and  his 
relations,  men  privileged  to  be  idle,  and  never  expofed 
to  the  fun,  are  of  a  brown  complexion.  But  the  com¬ 
mon  fort  employed  in  fifliing,  and  tlu)fe  who  go  con¬ 
dantly  to  fea,  are  not  indeed  black  but  red,  and  little 
darker  than  the  colour  of  new  mahogany. 

The  inhabitants  oi  Dahalac  feemed  to  be  a  Ample, 
fearful,  and  inoffenfive  people.  It  is  the  only  part  of 
Africa  or  Arabia  (call  it  which  y^ou  pleafe)  where  you 
fee  no  one  carry  arms  of  any  kind  :  neither  gun,  knife, 
nor  fword,  is  to  be  feen  in  the  hands  of  any  one. 
Whereas  at  Loheia,  and  on  all  the  coad  of  Arabia,  and 
more  particularly  at  Yamboo,  every  perfon  goes  arm¬ 
ed  ;  even  the  porters,  naked  and  groaning  under  the 
weight  of  their  burden  and  heat  of  the  day,  have  yet  a 
leather  belt,  in  which  they  carry  a  crooked  knife,  fo 
raondroufly  long,  that  it  needs  a  particular  motion  and 
addrefs  in  walking  not  to  lame  the  bearer.  This  was 
not  always  the  cafe  at  Dahalac  ;  feveral  of  the  Portu- 
guefe,  on  their  fird  arrival  here,  were  murdered,  and 
the  ifland  often  treated  ill,  in  revenge,  by  the  arma¬ 
ments  of  that  nation.  The  men  feemed  healthy.  They 
told  our  author  they  had  no  difeafes  among  them,  un¬ 
lefs  fometimes  in  fpring,  when  the  boats  of  Yemen  and 
Jidda  bring  the  fmalhpox  among  them,  and  very  few 
efcape  with  life  that  are  infeded.  He  did  not  obferve 
among  them  a  man  that  feemed  to  be  fixtv  years  old  ; 
from  which  he  inferred  that  they  are  not  long  livers, 
though  the  air  fhould  be  healthy,  as  being  near  the 
channel,  and  as  they  have  the  north  wind  all  fummer, 
which  moderates  the-  heat. 

Dahalac,  like  all  the  other  iflands  in  the  Red  Sea, 
depends  upon  Mafuah.  The  revenue  of  its  governor 
confifts  in  a  goat  brought  to  him  monthly  by  each  of  the 
twelve  villages.  Every  veffel  that  puts  in  there  for  Ma¬ 
fuah  pays  him  alfo  a  pound  of  coffee,  and  every  one' 

from.. 
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from  Aralila  a  dollar  or  pataka.  No  fort  of  fmall  mo¬ 
ney  is  current  at  Dahalac,  excepting  Venetian  glafs- 
beads,  old  and  new,  of  all  fizes  and  colours,  broken  and 
whole. 

Although  this  is  the  miferable  (late  of  Dahalac  at 
prefent,  matters  were  widely  different  in  former  times. 
The  pearl  fifhery  flourifned  greatly  here  under  the  Pto¬ 
lemies  ;  and  even  long  after,  in  the  time  of  the  caliphs, 
it  produced  a  great  revenue,  and  till  the  fovereigns  of 
Cairo,  of  the  prefent  miferable  race  of  flaves,  began  to 
withdraw  themfelves  from  their  dependency  on  the  port, 
Dahalac  w^as  the  principal  ifland  that  fiirniflied  the  pearl 
hUiers  or  divers.  It  was,  indeed,  the  chief  port  for  the 
hOiery  on  tlie  foiithern  part  of  the  Red  Sea,  as  Sua- 
kem  was  on  the  north  ;  and  the  bafha  of  Mafuah  paifed 
part  of  eveiy  fnminer  here,  to  avoid  the  heat  at  his 
place  of  refidence  on  the  continent. 

The  hfliery  extended  from  Dahalac  and  its  iflands 
nearly  to  lat.  20^.  The  inhabited  iflands  furnifhed  each 
a  bark  and  fo  many  divers,  and  they  were  paid  in  wheat, 
flour,  &c.  fuch  a  portion  to  each  bark  for  their  life, 
and  fo  much  to  leave  with  their  family  for  their  fubfifl- 
ence  ;  fo  that  a  few  months  employment  furniflied  them 
with  every  thing  neceflary  for  the  refl  of  the  year.  The 
fifhery  w'as  rented  in  later  times  to  the  bafha  of  Sua- 
kem  ;  but  there  was  a  place  between  Suaketn  and  the 
fuppofed  river  Frat,  in  lat.  21®  28'  north,  called  Gw«- 
gunnahy  which  was  referved  to  the  grand  fignior  in  par¬ 
ticular,  and  a  fpecial  oflicer  was  appointed  to  receive  the 
pearls  on  the  fpot  and  fend  them  to  Conftantinople. 
The  pearls  found  there  were  of  the  largeft  flze,  and  in- 
ferio^to  none  in  water  or  roundnefs.  Tradition  fays, 
that  this  was  exclufively  the  property  of  the  Pharaohs; 
•by  which  is  meant,  in  Arabian  manufcripts,  the  old 
kings  of  Egypt  before  Mahomet. 

In  the  fame  extent  between  Dahalac  and  Suakem 
was  another  very  valuable  fifhery,  that  of  tortoifes,  from 
which  the  finefl  fliells  of  that  kind  were  produced,  and 
a  great  trade  was  carried  on  with  the  Eafl  Indies  (Chi¬ 
na  efpecially)  at  little  expence,  and  with  very  confider- 
able  profits.  But  the  immenfe  treafures  in  the  bottom 
of  the  Red  Sea  have  now  been  ahondoned  for  near  2CO 
years,  though  they  never  were  richer  in  all  probability 
than  at  prefent.  No  nation  can  now  turn  them  to  any 
profit  but  the  Englifh  Eafl  India  Company,  more  in¬ 
tent  on  multiplying  the  number  of  their  enemies,  and 
weakening  themfelves  by  fpreading  their  inconfiderahle 
force  over  new  conquefls,  than  creating  additional  pro¬ 
fit  by  engaging  in  new  articles  of  commerce.  A  fettle- 
ment  upon  the  river  Frat,  which  never  yet  has  belong¬ 
ed  to  any  one  but  wandering  Arabs,  would  open  them 
a  market  both  for  coarfe  and  fine  goods  from  the  fouth- 
crn  frontiers  of  Morocco,  to  Congo  and  Angola,  and 
fet  the  commerce  of  pearls  and  tortoife  fhell  on  foot 
again.  All  this  fedlion  of  the  gulf  from  Suez,  as  we  are 
told,  is  in  their  charter,  and  twenty  fhips  might  be 
employed  on  the  Red  Sea  without  any  violation  of  ter¬ 
ritorial  claims.  The  myhrrh,  the  frankincenfe,  fome 
cinnamon,  and  variety  of  drugs,  are  all  in  the  pofi'ef- 
fion  of  the  weak  king  of  Adel ;  an  ufurper,  tyrant,  and 
Pag^n,  without  protedlion,  and  willing  to  trade  with 
any  fuperior  power  that  only  would  feciire  him  a  mifer- 
^ble  livelihood. 

There  are  ^dther  horfes,  dogs,  flieep,  cows,  nor  any 
fort  of  quadruped  but  goats,  affes,  a  few  hatf-llarved 


camels,  and  antelopes  at  Dahalac,  which  lafl  arc  very  Da^rym- 
numerous.  The  inhabitants  have  no  knowledge  of  fire-  ^ 
arms,  and  there  arc  no  dogs  nor  beafts  of  prey  in  the 
ifland  to  kill  them;  they  catch  indeed  fome  few  of  them 
ill  traps. 

’  The  language  at  Dahalac  is  that  of  the  flieplierds, 
though  Arabic,  too,  is  fpoken  by  moft  of  them.  Our 
author  flates  the  latitude  of  Dahalac  to  lie  between  15*^ 

27'  30",  and  ^4'  20'  north. 

DALRYMPLE  (Sir  David),  was  born  in  Edin¬ 
burgh  on  the  2hth  of  0(^1  ober  (N.  S.)  1726.  His 
father  was  Sir  James  Dalrymple  of  Hailes,  Bart,  and 
his  mother  Lady  Chriflian  Hamilton,  a  daughter  of 
the  Earl  of  Hadinton.  His  grandfather  Sir  David 
Dalrymple  was  the  youngefl  fon  of  the  firft  Lord  Stair, 
and  is  faid  to  have  been  the  ablefl  of  that  family,  fo 
much  diflingui filed  for  ability.  He  was  Lord  Advo¬ 
cate  for  Scotland  in  the  reign  of  George  I.  and  his  fon 
Sir  James  had  the  auditorfhip  of  the  exchequer  for 
life. 

The  fubjeft  of  this  memoir  was  educated  at  Eton 
fchool,  where  he  was  diflinguifhed  as  a  fcholar,  and  long 
remembered  as  a  virtuous  and  orderly  youth.  In  that 
juflly  celebrated  feminary  he  acquired  a  ciaflical  tafte, 
which,  though  it  was  once  prevalent  in  Scotland,  has 
in  that  country  been  long  on  the  decline  ;  and  formed, 
befides,  friendfliips  to  perfons  and  attachments  to  things, 
which  accompanied  him  through  life.  Hence  probably 
fprung  his  partiality  to  Engliih  manners  and  cufloms, 
which  marked  both  his  public  conduct  and  private  con- 
verfation,  and  was  the  fource  of  much  of  his  dignity, 
and  fome  of  his  littlenefles. 

From  Eton  he  returned  to  Edinburgh,  whence,  after 
the  iifual  courfe  of  a  gentleman’s  fludies  in  that  univ'er- 
fity,  he  went  to  Utrecht  to  fludy  the  civil  law  ;  and 
remained  there  till  after  the  rebellion  in  1746.  Upon 
his  return  to  his  native  country,  fo  promifmg  were  his 
parts,  and  fuch  his  induflry  and  fobernefs  of  mind,  that 
very  fanguine  expedlations  were  entertained  of  his  fu¬ 
ture  eminence;  and  in  fome  refpedls  thefe  expedlations 
were  not  fruflrated.  To  his  intimate  friends  it  was 
well  known,  that  if  left  to  follow  the  bent  of  his  own 
inclinations,  he  would  have  devoted  his  time  and  his 
talents  to  the  fludy  of  antiquities  and  the  belles  lettres; 
in  both  which  departments  of  literature  he  was  emi¬ 
nently  qualified  to  excel.  On  the  death  of  his  father, 
however,  he  found  his  affairs  fo  very  much  encumbered, 
that  in  order  to  retrieve  them,  and  to  provide  for  his 
brothers  and  fifters,  he  refolved  to  follow  the  law  as  a 
profeffion,  in  which  fome  of  his  anceflors  had  made  a 
diflinguifhed  figure. 

He  was  called  to  the  Scotch  bar  in  1748,  where, 
notvvithflanding  the  elega.it  propriety  of  the  cafes  which 
he  drew,  it  mufl  be  confefTed  that  his  fuccefs  did  not 
anfwer  the  expectations  which  had  been  formed  of  him. 

This  was  not  owing  either  to  want  of  fcience  or  to 
want  of  induflry,  but  to  certain  peculiarities,  which,  if 
not  inherent  in  his  nature,  were  the  refult  of  early  and 
deep-rooted  habits.  He  poffeffed  on  all  occafions  a  fo- 
vereign  contempt,  not  only  for  verbal  antithefis,  hut 
for  well  rounded  periods,'  and  every  thing  which  had 
the  femblance  of  declamation;  and  indeed  he  was  whol¬ 
ly  unfitted  by  an  ill  toned  voice  and  ungraceful  elocu¬ 
tion,  for  fhining  as  an  orator.  No  wonder,  then, 
that  his  pleadings,  which  were  never  addreffed  to  the 

pafliona. 
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0alrym-  paflions,  did  not  rival  thofe  of  fome  of  his  opponents, 
who,  poficffed  of  great  rhetorical  powers,  did  not,  like 
^  him,  employ  ftrokes  of  irony  too  fine  to  be  perceived 

by  the  bulk  of  any  audience,  but  exprefied  themfelves 
in  full,  clear,  and  harmonious  periods.  Even  his  memo¬ 
rials,  though  clafiically  WTitten,  and  often  replete  with 
valuable  matter,  did  not  on  every  occafion  pleafe  the 
court ;  for  they  were  always  brief,  and  fometimes,  as  it 
was  faid,  indicated  more  attention  to  the  minutiae  of 
forms  than  to  the  merits  of  the  caiife.  Yet  on  points 
which  touched  his  owm  feelings,  or  the  interefts  of  truth 
and  virtue,  his  language  was  animated,  his  arguments 
forcible,  and  his  fcrupuloiis  regard  to  form  thrown  afide. 

He  w^as  fometimes  employed  as  a  depute  advocate, 
which  gave  him  opportunities  at  the  circuits  of  difplay- 
ing  that  candour  and  tendernefs  of  difpofition  which  fo 
well  becomes  the  public  profecutor  in  a  criminal  court. 
Of  this  the  following  inftance  may  be  worth  relating. 
On  the  firft  day  of  the  court  at  Stirling,  he  was  once 
accolted  by  another  advocate  in  thefe  words  :  “  Sir 
33avid,  why  is  there  not  a  trial  this  forenoon  ?  I  would 
be  getting  on.”  “  There  are  (replied  he)  fome  unhappy 
culprits  to  be  tried  for  their  lives  ;  and  therefore  it  is 
proper  that  they  have  time  to  confer  with  their  men  of 
law.”  “  That  is  of  little  confequence  (faid  the*  other), 
Taft  year  I  came  to  vifit  Eord  Karnes  when  he  was 
here  on  the  circuit,  and  he  appointed  me  counfel  for  a 
man  accufed  of  a  rape.  Though  I  had  very  little  time 
to  prepare,  yet  I  made  a  decent  fpeech.”  ‘‘  Pray,  Sir, 
(faid  Sir  David),  was  your  client  acquitted  or  con¬ 
demned  V*  “  O  (replied  the  other),  moft  unjuftly  con¬ 
demned.”  That,  Sir,  (faid  the  depute  advocate)  is 
no  good  argument  for  hurrying  on  trials.” 

To  return  from  this  digreffion,  if  it  be  confidered  as 
fuch,  it  is  furely  to  the  honour  of  Sir  David  Dalrymple, 
that  whatever  men  thought  of  his  fingularities,  his  de- 
tradlors  concurred  with  his  admirers  in  believing  him 
incapable  of  mifleading  the  judge  by  a  falfe  llatcmeiit  of 
fads ;  or  his  clients,  by  holding  out  to  them  fallacious 
grounds  of  hope. 

His  high  fenfe  of  honour,  and  his  inflexible  integri¬ 
ty,  were  indeed  univerfally  admitted  ;  and  it  was  wdth 
the  warmeft  approbation  of  the  public,  that  in  1766  he 
was  appointed  one  of  the  judges  of  the  court  of  fefiion, 
the  higheft  civil  tribunal  in  Scotland.  He  took  his 
feat  on  the  bench,  according  to  the  ufage  of  that  court, 
by  the  title  of  Lord  Plailes,  the  defignation  by  which 
he  is  generally  known  among  the  learned  of  Europe  ; 
and  the  expedations  entertained  of  him  were  again  fan- 
guine.  His  unwearied  afiiduity  In  fiftiiig  dark  and  in¬ 
tricate  matters  to  the  bottom  was  well  known  ;  his  ele¬ 
gant  and  concife  manner  of  exprefiing  his  fentiments 
was  admirably  fuited  to  the  cliarader  of  a  judge  ;  and 
his  legal  opinions  had  been  generally  found.  Yet  it 
muft  be  confeffed,  that  as  a  judge  he  was  neither  fo  ufe- 
ful  nor  fo  highly  revered  as  he  ought  to  have  been  from 
the  extent  of  his  knowledge,  and  his  unqueftioned  in¬ 
tegrity.  The  fame  minute  attention  to  forms,  which- 
had  in  fome  degree  obftruded  his  rife  at  the  bar,  ac¬ 


companied  him  to  the  bench,  and  brought  upon  him  Da’iy’m- 
the  ridicule  of  the  wits  about  the  court  (a)  :  and  we  ^  pie- 
all  know,  that  the  charader  even  of  Socrates  himfelf 
was  not  able  to  refifi:  the  torrent  of  ridicule.  In  exte¬ 
nuation  of  this  foible,  it  may  be  obferved,  that  by  fome 
of  the  judges  of  the  court  of  feffion  perhaps  too  little 
regard  has  been  paid  to  form ;  and  that  forms,  even  ap¬ 
parently  trifling,  cannot  in  legal  proceedings  be  wholly 
difregarded  without  involving  in  danger  truth  and  juf- 
tice.  Be  this  as  it  may,  fuch  was  the  opinion  which 
the  other  judges  entertained  of  Lord  Hailes^s  accuracy, 
diligence,  and  dignified  manners,  that,  in  the  abfence  of 
the  prefident,  they  generally  voted  him  into  the  vacant 
chair. 

In  May  1776  he  was  appointed  one  of  the  lords 
commiflioners  of  jufticiary ;  and  in  that  ftation  he  com¬ 
manded  the  refpedl  of  all  mankind.  Fully  impreffed 
with  a  deep  fenfe  of  the  importance  of  his  office,  he 
feemed,  in  the  criminal  court,  to  lay  afide  his  fingulari¬ 
ties.  So  far  from  throwing  his  whole  weight  into  the 
fcale  of  the  crown,  a  charge  which  has  been  fometimes 
brought,  we  believe  unjuftly,  againft  the  Scotch  judges. 

Lord  Hailes,  like  the  judges  of  England,  was  always 
counfel  for  the  prifoner  when  the  king’s  counfel  appear¬ 
ed  too  ftrong  for  their  opponents,  or  when  there  was 
any  particular  intricacy  in  the  cafe.  In  adminiftering 
the  oath  to  the  witneffes,  he  had  none  of  that  indeco¬ 
rum  which  we  have  elfewhere  cenfured  in  fome  of  his 
brethren  (fee  Oath,  EncycL')*,  but  rifing  folemnly  from 
his  feat,  he  repeated  the  words  in  fo  ferious  a  manner, 
as  left  no  doubt  in  the  moft  profligate  mind  but  that 
he  was  himfelf  imprelfed  with  a  fenfe  of  the  immediate 
prefence  of  the  Supreme  Being,  and  with  the  firm  be¬ 
lief  of  a  future  judgment.  When  the  witnefs  appeared 
to  be  young  or  ignorant,  we  have  beheld,  with  the  at- 
moft  love  and  veneration,  the  pious  pains  which  his 
Lordfhip  took  ta  difeover.  whether  he  was  duly  ac¬ 
quainted  with  the  nature  and  obligation  of  an  oath,  be¬ 
fore  he  admitted  him  to  fwear;  and  though  it  is  per¬ 
haps  impoffible  for  human  vigilance  and  fagacity  to  pre¬ 
vent  perjury  altogether  in  courts  of  juftic%  be  muft: 
furely  have  been  a  villain  uncommonly  hardened  and  art¬ 
ful  who  could  perjure  himfelf  in  the  prefence  of  Lord 
Hailes.  In  doubtful  cafes  his  Lordfliip  inclined  always' 
to  the  fide  of  mercy;  but  when  it  became  his  duty  to 
pafs  Jentence  of  death  upon  convided  criminals,  he  ad- 
dreffed  them  in  a  ftrain  of  fuch  piety  and  commifeia- 
tion,  as  to  draw  tears  from  the  eyes  of  every  beholder, 
and  was  calculated  to  make  a  deep  and  proper  Impref- 
fion  on  the  unhappy  perfon  hinifelf.  In  the  difeharge 
of  this  painful  duty,  we  never  faw  him  furpalfed,  and 
have  feldom  feen  him  equalled. 

Had  Lord  Hailes  been  confpicuous  only  as  a  found 
lawyer  and  an  able  and  upright  judge,  we  ffiould  not 
have  thought  his  life  intitled  to  a  place  in  this  Work  ; 
but  he  was  no  lefs  eminent  as  a  man  of  general  erudi¬ 
tion,  and  as  a  voluminous  author.  His  fldll  in  claffical 
learning,  the  belles  lettres,  and  hiftorical  antiquities^.,, 
efpecially  thofe  of  his  own  country,  is  univerfally  admit- 
_  ted 


(a)  In  a  fatirical  ballad  on  the  court  of  feffion,  Mr  Bofwell,  alluding  to  Lord  Hailes’s  fondnefs  for  verbal  cri— 
ticifm,  makes  him  addrefs  the  prefident  in  the  following  words: 

To  judge  of  this  matter  I  cannot  pretend. 

For  juftice,  my  Lord,  wants  an  c  at  the  end» 
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Dalrym.  ted ;  but  it  cannot  be  denied,  that  the  fame  faftidiouf- 
^  nefs,  and  the  fame  microfeopic  attention  to  minutiae, 
which  charaaerifed  him  as  a  barrifter,  prevented  him 
from  rifing  to  that  rank  in  the  republic  of  letters  to 
which  his  learning  and  genius  would  otherwife  have  in¬ 
fallibly  carried  him.  But  if  he  was  not  one  of  the  moll 
celebrated  writers  of  the  age,  he  was  unqueftionably  one 
of  the  moft  virtuous  ;  if  his  publications  were  not  al¬ 
ways  edifying,  they  were  at  lead  innocent  and  ingeni¬ 
ous  ;  and  fome  of  them  are  in  the  higheft  degree  valu¬ 
able.  In  proof  of  this  affertion,  we  need  in  dance  only 
his  Annals  of  Scotland^  and  his  Inquiry  into  the  Seconda¬ 
ry  Caufes  which  Mr  Gibbon  has  ajftgned  for  the  Rapid 
Progrefs  of  Chriflianity,  Of  tljie  former  of  thefe  works, 
though  little  calculated  to  pl^afe  the  common  herd  of 
readers,  it  may  with  truth  be  faid,  that  in  refearch  and 
ingenuity  it  dands  unrivalled  among  the  writings  of 
Scotch  antiquaries  ;  and  of  the  latter,  it  is  furely  not 
too  much  to  fay,  that  it  difplays  uncommon  acumen, 
clofencfs  of  reafoning,  and  zeal  for  the  caufe  of  truth, 
without  the  ufual  rancour  of  theological  controverfy. 

His  tade  for  retirement,  w'hich  the  date  of  his  af¬ 
fairs  rendered  for  a  while  necefiary,  grew  upon  him  as 
he  advanced  in  years.  His  conditution,  of  which  he 
was  very  careful,  as  well  as  his  principles  and  habits,  ren¬ 
dered  him  averfe  from  diflipation  oi  every  kind.  After 
he  was  made  a  judge,  he  confidered  abdradlion  from 
the  gay  and  falhionable  world  as  comiedfed  with  the 
duty  of  one  whofe  time  was  no  longer  his  own  ;  and 
when  he  chofe  to  unbtnd  his  mind,  it  was  in  the  focie- 
ty  of  a  few  eafy  friends,  whom  he  fele(ded  as  much  for 
their  worth  and  good  hiiinour  as  for  their  genius  or 
their  learning.  He  had  indeed  occalionally  much  con- 
A^erfation  wdtli  that  condellation  of  wdis  and  men  of 
fcience  who  ftonrifhed  in  Edinburgh  at  the  fame  period 
with  himftlf ;  but  it  w^as  impolTible  for  friendfuip  or  in¬ 
timacy  to  fubfift  between  men  who  thought  fo  diffe¬ 
rently  as  he  and  they  thought  on  the  moft  important  of 
all  fnbjedts.  I'hough  an  old-fafhioned  whig,  zealoully 
attached  to  the  coiiftitiition,  he  fcorned  to  take  any 
fhare  in  the  civil  or  ecclefiallical  broils  in  which  fome 
of  his  brother  judges  were  warmly  engaged  for  the  firft 
20  years  of  the  prefent  reign  ;  for  he  looked  on  thefe 
as  either  frivolous  or  mifehievous. 

Although  his  Lordfliip’s  conftitution  had  been  long 
in  an  enfeebled  (late,  he  profecuted  his  lludies,  and  at¬ 
tended  his  duty  on  the  bench,  till  within  three  days  of 
his  death,  which  happened  on  the  29th  of  November 
J7g2,  in  the  66th  year  of  his  age. 

His  Lordlhip  was  twice  married  ;  by  his  firft  wife 
Anne  Brown,  only  daughter  of  Lord  Coalfton,  one  of 
the  judges  of  the  court  of  fefiion,  he  left  iffue  one 
daughter,  who  inherits  the  family  eftate.  His  fecond 
marriage  (of  which  alfo  their  is  iffue  one  daughter)  was 
to  Helen  Fergnffon,  youngeft  daughter  of  Lord  Kilker- 
van,  who  has  the  affiitlion  to  fiirvive  him.  Leaving 
no  male  iffue,  the  title  of  Baronet  defeends  to  his  ne¬ 
phew. 

Though  the  church  of  Scotland  does  not  much  en¬ 
courage  funeral  difeourfes,  a  very  laudable  endeavour 
was  made  to  render  the  talents  and  virtues  of  Lord 
Hailes  a  theme  of  inftrudtion  to  mankind,  in  a  fermon 
preached  foon  after  his  death  in  the  church  of  luvereflc, 
by  his  learned  friend  and  venerable  paftor  Dr  Carlyle  ; 


from  which  we  fhall  tranferibe  a  fummary  view  of  his  Dalrym- 
chara6ler  as  a  judge,  a  fcholar,  a  Chriftian,  and  a  citi- 

zen.  V-,-— 

“  His  knowledge  of  the  laws  was  accurate  and  pro¬ 
found,  and  he  applied  it  in  judgment  with  the  moft 
fcrupulous  integrity.  In  his  proceedings  in  the  crimi¬ 
nal  court,  the  fatisfadlion  he  gave  to  the  public  could 
not  be  furpaffed.  His  abhorrence  of  crimes,  his  tender- 
nefs  for  the  criminals,  his  refpedl  for  the  laws,  and  his 
reverential  awe  of  the  Omnifeient  Judge,  infpired  him 
on  fome  occafions  with  a  commanding  fublimity  of 
thought,  and  a  feeling  folemnity  of  expreftion,  that 
made  condemnation  feem  juft  as  the  doom  of  Provi¬ 
dence  to  the  criminals  themfelves,  and  railed  a  falutary'’ 
horror  of  crimes  in  the  breaft  of  the  audience. 

“  Confeious  of  the  dignity  and  importance  of  the 
high  office  he  held,  he  never  depaited  from  the  deco¬ 
rum  that  becomes  that  reverend  chara£ler  ;  which  in¬ 
deed  it  coft  him  no  effort  to  fupport,  becaufe  he  a(fled 
from  principle  and  fentiment,  both  public  and  private. 
Afiedtionate  to  his  family  and  relations,  limple  and  mild 
in  his  manners,  pure  and  confeientious  iii  his  morals,  en¬ 
lightened  and  entertaining  in  his  converfation  ;  he  left 
fociety  only  to  regret,  that,  devoted  as  he  w^as  to  more 
important  employments,  he  had  fo  little  time  to  fpare 
for  intercourfe  with  them. 

“  He  was  well  known  to  be  of  high  rank  in  the  re¬ 
public  of  letters,  and  his  lofswill  be  deeply  felt  through 
many  of  her  departments.  His  labours,  in  illuftration  of 
the  hiftory  of  his  country,  and  many  other  works  of 
profound  erudition,  remain  as  monuments  of  his  accurate 
and  faithful  refearch  for  materials,  and  his  found  judge¬ 
ment  in  the  feledlion  of  them.  Of  his  unfeigned  piety 
and  devotion,  you  have  very  often  been  wit neffes  where 
we  now  are.  I  muft  add,  however,  that  his  attendance 
on  religious  ordinances  was  not  merely  out  of  1  efpedl  to 
the  l'4v/s  and  for  the  fake  of  example  (motives  which 
fiiould  never  fail  to  have  irjfiuence  on  perfons  of  fuperior 
rank,  for  the  moft  obvious  reafons),  but  from  principle 
and  convidlion,  and  the  moft  confeientious  regard  to  his 
duty  ;  for  he  not  only  pradifed  all  the  virtues  and  cha¬ 
rities  in  proof  of  his  faith,  but  he  demonftrated  the  iin- 
cerity  of  his  zeal  by  the  uncommon  pains  he  took  to 
illuftrate  primitive  Chriftianity,  and  by  his  elaborate 
and  able  defences  of  it  againft  its  enemies. 

His  profound  refearches  into  hiftory,  and  his  tho¬ 
rough  knowledge  of  the  laws,  made  him  perfectly  ac¬ 
quainted  with  the  progrefs  of  the  conftitution  of  Bri¬ 
tain,  from  the  firft  dawn  of  liberty  in  the  common  lav/ 
of  the  land,  and  the  trial  by  jury  which  precede  all 
written  records,  and  afterwards  in  the  origin  and  efta- 
blifhment  of  parliaments,  through  all  its  viciftitudes  and 
dangers,  till  at  lalt,  hy  the  bleffiug  of  divine  Providence, 
which  brought  many  wonderful  events  to  concur  to  the 
fame  end,  it  was  renewed,  ftrengthened,  and  finally  con¬ 
firmed  by  the  Revolution. 

“  It  was  this  goodly  and  venerable  fabric  of  the  Bri- 
tiffi  conftitution  which  the  deceafed  moft  refpedlable 
charadler  contemplated  with  admiration  and  delight  (o£ 
late,  indeed,  with  a  mixture  of  anxiety  and  fear),  as 
the  temple  of  piety,  as  the  genuine  fource  of  greater 
happinefs  and  freedom,  to  a  larger  portion  of  mankind 
than  ever  flowed  from  any  government  upon  earth. 

“  Ill  indeed  can  the  times  bear  the  lofs  of  fuch  an 

affeftionate 
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afTe^lionate  patn'pt  and  able  guardian  of  the  laws  of  his 
■■  country.  But  we  muft  not  murmur  at  the  will  of  Pro¬ 
vidence,  which  in  its  mercy  ‘  may  have  withdrawn  the 
good  man  from  the  evil  to  come.'  Jn  mercy,  I  fay, 
to  him,  whofe  righteous  fpirit  was'^fo  deeply  grieved 
when  ‘  he  faw  the  wicked  rage,  and  the  people  imagine 
a  vain  thing." 

Such  is  the  ijiemorial  which,  in  the  hour  of  recent 
forrow,  followed  this  excellent  man  to  the  grave  ;  and 
we  believe  it  will  yet  be  allowed  to  be  juft  by  all  who 
had  the  happinefs  of  liis  Lordfhip’s  acquaintance,  and  are 
what  he  was,  friends  to  the  bell  interefts  of  mankind. 

This  fcetch  of  the  life  of  Lord  Hailes  would  be  more 
imperfea  than  even  it  is,  if  we  could  not  fubjoin  to  it 
a  catalogue  of  his  publications,  of  whiQh  the  greater 
part  are  exceedingly  curious.  We  call  them  puhlica- 
tions,  becaufe  he  employed  almoft  as  much  of  his  time 
in  republifliing  old  and  ufeful  books  as  in  preparing  for 
the  prefs  his  own  valuable  works. 

Befides  his  effays  in  the  papers  called  The  World 
The  Mirror^  which  are  well  known  and  univerfally  ad¬ 
mired,  his  Lordfhip  pubhfhed  the  following  works  : 

Sacred  Poems,  or  a  Colledion  of  Tranflations  and 
Paraphrafes  from  the  Holy  Scriptures  ;  by  various  au- 
thors,  Edinburgh,  1751,  lamo.  Dedicated  to  Charles 
Lord  Hope,  with  a  preface  of  ten  pages. 

The  Wifdom  of  Solomon,  Wifdom  of  Jefus  the  Son 
of  Sirach,  or  Ecelefiafticus,  limo,  Edin.  1755. 

Seleft  Difcourfes  (in  number  nine),  by  John  Smith, 
late  Fellow  of  Queen’s  College,  Cambridge,  i2mo, 
291  pages.  Edin.  1756;  with  a  preface  of  five  pages, 

“  many  quotations  from  the  learned  languages  tranfla- 
notes  added,  containing  allufions  to  ancient 
mythology,  and  to  the  erroneous  philofophy  which  pre- 
vailed  in  the  days  of  the  author, — various  inaccuracies 
of  ftyle  have  been  correaed,  and  harlh  expreffions  foft- 
ened.” 

A  difcourfe  of  the  unnatural  and  vile  Confpiracy 
attempted  by  John  Earl  of  Cowry  and  his  brother, 
againft  his  Majefty’s  perfon,  at  St  Johnftoun,  upon  the 
5th  of  Aug.  1600.  No  date  of  the  republication,  but 
the  edition  and  notes  fuppofed  by  Lord  Hailes,  i2mo, 
^757* 

A  Sermon,  which  might  have  been  preached  in  Eaft 
Lothian  upon  the  25th  day  of  Oaober  1761,  on  Ads 
xxviii.  I,  2.  “  The  barbarous  people  (hewed  us  no 

little  kindnefs."  Edin.  1761,  pp.  25,  tamo.  “  Oc- 
cafioned  by  the  country  people  pillaging  the  wreck  of 
two  veffels,  viz.  the  Betfy,  Cunningham,  and  the  Leith 
Packet,  Pitcairn,  from  London  to  Leith,  caft  away  on 
the  Ihore  between  Dunbar  and  North  Berwick.  All 
the  palTengers  on  board  the  former,  in  number  17,  pe- 

rilhed;  five  on  board  the  latter,  Oiftober  16.  1761.” _ 

A  moll  alFeaing  difcourfe,  admirably  calculated  to  con- 
Vince  the  offenders  ! 

Memorials  and  Letters  relating  to  the  Hiftory  of 
Britain,  in  the  reign  of  James  1.  publilhed  from  the 
originals,  Glafgow,  1 762 — AddrelTed  to  Philip  Yorke, 
Vifcount  Royfton,  pp.  151.  «<  From  a  colledlion  in 

the  advocate’s  library,  by  Balfour  of  Denmyln.”  The 
preface  of  four  pages,  figned  Dav,  Dalrymple. 

The  works  of  the  ever  memorable  Mr  John  Hales 
of  Eaton,  now  firft  collefted  together  in  3  vols,  Glaf. 

t^’tee  pages.  Dedicated  to 
Wilham  (Warburton),  Bilhop  of  Gloucefter.  «  The 
Svtri.  VoL.  L  Part  11. 
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edition  fald  to  be  undertaken  with  his  approbation  ; 
obfolete  words  altered,  with  corredlions  in  fpelliiig  and 
pundluation.” 

A  fpecimen  of  a  book  entitled  “  Ane  Compendious 
Booke  of  Godly  and  Spiritual  Sangs,  colleftit  out  of 
fundrie  parts  of  the  Scripture,  with  fuiidrie  of  other  Bal- 
lates  changed  out  of  prophaine  Sanges,  for  avoyding  of 
Sin  and  Harlotrie,  with  augmentation  of  fundry  Gudc 
and  Godly  Ballates,  not  contained  in  the  firll  edition. 
Edinburgh,  printed  by  Aiidro  Hart.”  izino.  Edin. 
17^5*  PP*  4*^  »  with  a  GlolTary  of  four  pages. 

Memorials  and  Letters  relating  to  the  Hiftory  of 
Britain  in  the  reign  of  Charles  I.  publilhed  from  the 
originals,  Glafgow,  1766,  pp.  189.  Preface  of  fix 
pages,  figned  Dav.  Dalrymple,  chiefly  collefted  by  Mr 
Wodrow,  author  of  the  Hiftory  of  the  Church  of  Scot, 
land  Infcribed  to  Robert  Dundas  of  Arniftoii,  Lord 
Prcfident  of  the  Court  of  Seflion. 

An  account  of  the  prefervation  of  Charles  II.  after 
the_  Battle  of  Worcefter,  drawn  up  by  himfelf;  to 
which  are  added,  his  Letters  to  feveral  perfons.  Gkf, 
gow,  1 766,  pp.  190,  from  the  MSS.  of  Mr  Pepys,  dic- 
Utedto  him  by  the  king  himfelf,  and  communicated  by 
Dr  Sandby,  mailer  of  Magdalen  College.  The  letters 
are  colleded  from  various  books  ;  fome  of  them  no*w 
firll  publilhed,  communicated  by  the  tutors  of  the  Duke 
of  Hamilton,  by  the  Earl  of  Dundonald,  &c.  The 
preface  of  four  pages,  figned  Dav.  D.ilrymplc,  dedica- 
ted  to  Thomas  Holies,  Duke  of  Newcaflle,  chancellor 
ol  the  univerfity  of  Cambridge. 

The  Secret  Correfpondence  between  Sir  Robert  Ce. 
cil  and  James  VI.  i2mo,  1766. 

A  catalogue  of  the  Lords  of  Seffion,  from  the  In. 
llitution  of  the  College  of  Jullice  in  the  year  1532., 
with  Hiftorical  Notes.  Suum  cuique— rependet  pojler'dof. 
Edin.  1767,  4to,  pp.  26. 

The  Private  Correfpondence  of  Dr  Francis  Attcr- 
bury,  Bilhop  of  Rocheller,  and  his  friends,  in  172c,  ne¬ 
ver  before  publilhed.  Printed  in  1 768,  4to.  Adver- 

c  /'n’rPP-  PP-  ‘O-  Afac  fimile  of 

the  firft  from  Bilhop  Atterbury  to  .John  Cameron  of 
Lochiel,  to  prove  their  authenticity. 

An  examination  of  fome  of  the  Arguments  for  the 
High  Antiquity  of  Regiam  Mojejlatem ;  and  an  In. 
juiry  into  the  authenticity  of  the  Leges  Malcolmi  ;  by 
4to,  pp.  52.  Edin.  1769. 
Hiftoncal  Memoirs  concerning  the  Provincial  Coun- 
cils  of  the  Scottilli  Clergy,  from  the  earliell  Accounts 
to  the  zEra  of  the  Reformation  ;  by  Sir  David  Dal- 
rymple.  Edinburgh,  1769,  410,  pp.  a^t.—Noia,  Ha- 
vmg  no  high  opimoii  of  the  popularity  of  his  writinn-s. 
he  prefixes  to  this  work  the  following  motto  •  “  Si  de 
ledamur  quum  feribimus  quis  ell  tarn  iiividus  qui  ah  el 
nos  abducat  ?  fin  laboramus  quis  ell  qui  aliena:  modum 
itatuat  induftriac.  — Cicero, 

Canons  of  the  church  of  Scotland,  drawn  up  in  th-> 
Provincial  Councils  held  at  Perth,  A.  D.  1242,  and 
1269.  Edinburgh,  1769,  4to,  pp.  48. 

Ancient  Scottilh  Poems,  publiflied  from  the  MS  of 
George  Bannatyne,  1568.  Edin.  1770,  i2mo.  Pre- 
face  fix  pages;  Poems  pp.  221  ;  very  curious  notes 

’  f  palfages  and  words  not 

uuderftood,  pp.  14. 

The  additional  cafe  of  Elizabeth,  claiming  the  title 
and  dignity  of  Countefs  of  Sutherland  ;  by  her  Guar- 
3  E  diaus. 
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dians.  Wherein  the  fads  and  arguments  in  fupport  of  undoubted, 
her  claim  are  more  fully  ftated,  and  the  eirois  in  t  le 
additional  cafes  for  the  other  claimants  are  deteaed, 

4to. _ This  fingularly  learned  and  able  cafe  was  lub- 

fcribed  by  Alexander  Wedderburn  (prefent  Lord  Chan¬ 
cellor),  and  Sir  Adam  Ferguflbn,  but  is  the  well-known 
work  of  Lord  Hailes.  It  ought  not  to  be  regarded 
merely  as  a  law-paper  of  great  ability,  but  as  a  treatife 
of  profound  refearch  into  the  hiftory  and  antiquity  ot 
many  important  and  general  points  of  fucccfiion  and 
family  hiltory.  Introduction,  pp.  2I  ;  the  firft  four 
chapters  pp.  70  ;  the  fifth  and  fixth  chapters  pp.  177* 

Remarks  on  the  Hfilory  of  Scotland,  by  Sir  David 
Dalrymplc.— “  Utinam  tarn  facile  vera  invenire  poffem 
quam  falfa  convincered’  Cicero, — Edin.  i773>  ii^f^ribed 
to  George  Lord  Lyttleton,  in  nine  chapters,  pp.  284. 

.l2mo.  .  r.  1  • 

Huberti  Langueti  Epiftolx  ad  Philippum  Sydneiuin 
Equitem  Anglum,  accurante  D.  Dalrymple  de  Hailes, 

Eq.  Edinburgh,  1776,  8vo.  Infcribed  to  Lord  Chief 
Baron  Smythe. — Virorum  Eruditorum*  Teftimonia  de 
Langueto,  pp.  7.  Epitlolae,  pp.  289*  Index  Nominum, 

^^Atinals  of  Scotland,  from  the  Acceflion  of  Malcolm 
III.  fiirnamed  Canmore,  to  the  Acceffion  of  Robert  I. 
by  Sir  David  Dalrymple.  Edin.  1776,  pp.  311.  Ap- 

pendix,  pp.  51.  r  o  i  j 

Tables  of  the  Succeflion  of  the  Kings  of  Scotland, 
from  Malcolm  HI.  to  Robert  I.  their  marriages,  chil¬ 
dren,  and  time  of  their  death  ;  and  alfo  of  the  Kings 
of  England  and  France,  and  of  the  Popes  who  were 
their  contemporaries.  * 

Chronological  Abridgement  of  the  Volume,  pp.  3^* 

The  Appendix  contains  eight  diiTertations  :  i.  Of  the 
law  of  Evenus  and  Mercheta  Miilierum,  pp.  17.  2.  A 

commentary  on  the  22d  ftatiite  of  W^illiam  the  Lion, 
pp.  8.  3.  Of  the  r8th  ftatute  of  Alexander  III.  pp.  5. 

4.  Bull  of  Pope  Innocent  IV.  pp.  6.  5.  Of  Walter 

Stewart  Earl  of  Menteeth,  1296,  pp.  7.  6.  Of  M^Duff, 
flain  at  Falkirk  in  1298,  pp.  3.  7.  Of  the  death  of 

John  Corayn,  loth  February,  1305,  pp.  4*  ^* 

the  origin  of  the  houfe  of  Stuart,  pp.  6. 

Annals  of  Scotland,  from  the  Acceffion  of  Robert  I. 
furnamed  Bruce,  to  the  Acceffion  of  the  Floufe  of 
Stuart;  by  Sir  David  Dalrymple,  Edin.  1779,  4to, 
pp.  277.  Appendix,  pp.  54,  containing,  r.  Of  the 
manner  of  the  death  of  Marjory,  daughter  of  Robert  L 
pp.  7.  2.  Journal  of  the  campaign  of  Edward  III. 

1327,  pp.  9.  3.  Of  the  genealogy  of  the  family  of 

Seton  in  the  14th  century.  4.  Lift  of  the  Scottifh 
commanders  at  the  battle  of  Ilallidon,  19th  Jiny  13^3> 
pp.  IT.  ^.Whether  Edward  HI.  put  to  deatji  the 
fon  of  Sir  Alexander  Seton,  pp.  8.  6.  Lift  of  the 

Scottifh  commanders  killed  or  made  prifoners  at  tae 
battle  of  Durham,  pp.  8.  7*  'liable  of  kings,  p.  i. 

8.  CorreiBiions  and  additions  to  volume  i.  pp.  16.  Chro¬ 
nological  abridgement  of  the  volume,  pp.  39. 

Account  of  the  Martyrs  of  Smyrna  and  Lyons,  in 
the  2d  century,  i2mo,'  with  explanatory  notes,  ii.din. 

1776.  Dedicated  to  Bifhop  Hurd,  pp.  68.  Notes  and 
illuftrations,  pp.  142.  This  is  a  new  and  correct  ver- 
fion  of  two  moft  ancient  epiftles,  the  one  from  the  church 
at  Smyrna  to  the  church  at  Philadelphia  ;  the  other 
from  the  Chriftians  at  Vienna  and  Lyons  to  thofe  in 
*  Afia  and  Phrygia — their  antiquity  and  authenticity  are 
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_ _  Great  part  of  both  is  extradkd  from  Eu* 

febiiis’s  Ecclefiaftical  Hiftory.  The  former  was  firft 
completely  edited  by  Archbilhop  Uffier.  The  author 
of  the  notes  fays  of  them,  with  his  ufual  and  fingular 
piodefty,  “  That  they  will  afford  little  new  or  intereft- 
ing  to  men  of  erudition,  though  they  may  prove  of 
fome  benefit  to  the  unlearned  reader.”  But  the  eru- 
dition  he  poffeffed  in  thefe  branches  is  /o  rare,  that  this 
notice  is  unneceffary.  They  difplay  much  ufeful  learn¬ 
ing  and  ingenious  criticifm,  and  breathe  the  moft  ardent 
zeal,  connected  with  an  exemplary  knowledge  of  Chri- 
ftianity.  N.  B.  This  is  the  firft  volume  of  the  remains 
of  Chriftian  Antiquity. 

Remains  of  Chriftian  Antiquity,  with  explanatory 
notes,  vol.  ii.  Edin.  1778,  i  2mo.  Dedicated  to  Dr 
Newton  biffiop  of  Briftol.  Preface,  pp.  7.  This  vo- 
lume  contains  the  trial  of  Juftin  Martyr  and  his  com- 
panions,  pp.  8.  Epiftle  of  Dionyfius  bifhop  of  Alex¬ 
andria,  to  Fabius  bifhop  of  Antioch,  pp.  16.  The- 
trial  and  execution  of  Cyprian  bifhop  of  Carthage,  pp. 
8.  The  trial  and  execution  of  Fru6luofus  bifhop  of 
Tarracona  in  Spain,  and  of  his  two  deacons,  Aiigurius 
and  Enlogiiis,  pp.  8.  The  maiden  of  Antioch,  pp.  2. 
Thefe  are  all  newly  tranflated  by  Lord  Hailes  from  Rui- 
Eufebius,  Ambroie,  &c.  The  notes  and  illuftra- 
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nart,  . . ,  --- 

tions  of  this  volume  extend  from  p.  47  to  105,  anci 
difplay  a  moft  intimate  acquaintance  with  antiquity, 
great  critical  acumen,  both  in  elucidating  the  fenfe  and 
detecting  interpolations  ;  and  above  all,  a  fervent  and 
enliglitened  zeal,  in  vindicating  fiich  fentiments  and 
condua  as  are  conformable  to  the  word  of  God,  againft 
the  malicious  farcafms  of  Mr  Gibbon.  To  this  volume 
is  added  an  Appendix  of  pp.  22,  correaing  and  vindica¬ 
ting  certain  parts  of  vol.  i.  ,  ^  ...  -n  i* 

Remains  of  Chriftian  Antiquity,  vol.  111.  Edin.  170O. 
Dedicated  to  Thomas  Balguy,  D.  D.  Preface,  pp.  2. 
It  contains  the  Hiftory  of  the  martyrs  of  Paleftine  m 
the  third  century,  tranflated  from  Eufebius,  pp.  94- 
Notes  and  illuftrations,  pp.  135  ;  in  which  Mr  Gibbon 
a^i'ain  comes,  and  more  frequently,  under  review.  The 
partiality  and  mifreprefentations  of  this  popular  v^iter 
are  here  expofed  in  the  calmeft  and  moft  fatisfaclory 

manner.  •  i  j 

Pity  it  is  that  Lord  Halles  ftiould  have  printed  and 
publiihed  there  valuable  volumes,  and  Indeed  moft  of 
his  other  works,  at  his  own  expence  ;  and  difperfed 
them  fo  liberally  to  his  friends,  that  they  have  been 
little  circulated  among  any  other.  ^ 

06tavlns,  a  Dialogue,  by  Marcus  Minucius  bdix. 
Edin.  1781,  pp.  16.  Preface.— The  fpeakers  are,  Coe- 
cllius  a  Heathen,  Oftavlus  a  Chriftian  ;  whofe  argu¬ 
ments  prevail  with  his  friend  to  renounce  Paganifm  and 
become  a  Chriftian  profelyte.  Notes  and  illuftrations, 

^^0*/tTie  Manner  in  which  the  Perfecutors  died  ;  a 
Treatife,  by  L.  C.  F.  Laaantlus,  Edin.  1782.  Tn- 
feribed  to  Dr  Porteous  blfliop  of  Chefter  (prefent  bi- 
fliop  of  London).  Preface,  pp.  37,  in  which  it  is  pro¬ 
ved  that  Laftantius  is  the  author.  Text,  pp.  125- 

Notes  and  illuftrations,  pp.  109.  ^ -u 

L.  C.  F.  Laftantil  Divinarum  Inftitutionum  Eiber 
Quintus  feiv  de  Juftltia,  1 777.  ^  ^  . 

Difquifitlons  concerning  the  Antiquity  of  tl^ 
ftian  Church.  Glafgow,.  1783.  Inft^^^ed  to  Dr  ^  a- 
lifax  bifhop  of  Gloucefter,  pp.  194* — 
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Dalrym-  nal  and  mod  excellent  work  confifts  of  fix  chapters. 
Chap  I.  A  commentary  on  the  condu(?t  and  character 
of  Gallio.  A6fs  xvih.  5,  12,  17. — Chap.  2.  Of  the 
time  at  which  the  Cliriftian  religion  became  publicly 
known  at  Rome. — Chap.  3.  Caufe  of  the  perfeciition 
of  the  Chriftians  under  Nero.  In  this  the  hypothefis 
of  Mr  Gibbon,  vol.  i.  4to,  p.  641,  is  examined.— 
Chap.  4.  Of  the  eminent  Heathen  writers  who  are 
faid  ^by  Gibbon)  to  have  difregarded  or  contemned 
Chriftianity,  viz.  Seneca,  Piiny  fen.  Tacitus,  Pliny  jnn. 
Galen,  Epitfetus,  Plutarch,  Marcus  Antoninus.  To 
the  admirers  of  Heathen,  philofophers,  and  to  thofe  ef- 
pecially  who  date  between  them  and  the  Chrillian  doc¬ 
trine  any  confanguinity,  this  chapter  is  earneflly  recom¬ 
mended. — Chap.  5.  Illuftration  of  a  conje£lure  by  Gib¬ 
bon,  refpedling  the  filcnce  of  Dio  Caffuis  concerning 
the  Chriitians.  In  this  chapter,  with  extreme  impar¬ 
tiality,  he  amplifies  and  fupports  an  idea  of  Mr  Gibbon 
on  this  head.  Chap.  6.  Of  the  eireiimflances  refpetl- 
ing  Chriflianity  that  are  to  be  found  in  the  Auguilari 
hiflory. 

It  feems  very  probable  that  the  clofe  attention  which 
Lord  Hailes  appears  to  have  given  to  fuch  fubjeCis,  was 
in  forne  meafure  the  effedl  of  the  miftakes  and  partiality 
of  Gibbon.  In  no  one  work  from  1776,  the  date  of 
Mr  Gibbon’s  lirfl  publication,  has  he  omitted  to  trace 
this  unfair  and  infinuating  author;  but  in  1786  he 
came  forth  of  fet  purpofe  with  the  moll  able  and  for¬ 
midable  reply  which  he  has  received,  intitled,  “  An 
Inquiry  into  the  Secondary  Caiifes  which  Mr  Gibbon 
has  afiigned  for  the  rapid  growth  of  Chriftianity  ;  by 
Sir  David  Dalrymple.”  Edin.  1786  ;  gratefully  and 
aftcdlionately  inferibed  to  Richard  (Hurd)  Bilhop  of 
Worcefter,  410,  pp.  213.  In  five  chapters. 

Sketch  of  the  Life  of  John  Barclay,  410,  1786. 
Sketch  of  the  I.ife  of  John  Hamilton,  a  Secular 
Prieft,  4to  (one  of  the  moft  favage  and  bigotted  adhe¬ 
rents  of  Popery,  who  lived  about  A.  D.  1600.) 

Sketch  of  the  Life  of  Sir  James  Ramfay,  a  general 
officer  in  the  armies  of  Guftavus  Adolphus  king  of 
Sweden,  with  a  head. 

Life  of  George  Leflie  (an  eminent  capuchin  friar  in 
the ‘early  part  of  the  17th  century,  qto,  pp.  24. 

Sketch  of  the  Life  of  Mark  Alex.  Boyd,  qto. 

Thefe  lives  were  written  and  publifhed  as  a  fpecimen 
of  the  manner  in  which  a  Biographia  Bcotica  might  be 
executed  ;  and  it  is  likely  that  Lord  Hailes  feledled 
purpofely  the  leall  interefting. 

The  Opinions  of  Sarah  Dutchefs  Dowager  of  Marl¬ 
borough,  publifhed  from  her  original  MSS.  1788, 
i2mo,  pp.  120.  (with  a  few  foot  notes  by  Lord  Hailes, 
in  which  he  corredls  the  fplenetic  partiality  of  her 
Grace). 

The  Addrefsof  Q.  Sept.  Tertullian  to  Scapula  Ter- 
tullus,  Proconful  of  Africa,  tranflated  by  Sir  David 
Dalry'mple,  i2mo.  Edin.  1790,  inferibed  to  Dr  John 
Butler,  bifliop  of  Hereford  ;  preface,  pp.  4  ;  tranfla- 
tiou,  pp.  18  ;  original,  pp.  13  ;  notes  and  illuftrations, 

PP*  .  .  ,  ,  . 

This  addrefs  contains  many  particulars  relating  to 
the  church  after  the  third  century.  The  tranflator  has 


rejefted  all  words  and  phrafes  of  French  origin,  and  Dalrym^ 
written  entirely  in  the  Anglo  Saxon  dialed.  In  the 
courfe  of  the  notes  many  obfeurities  of  the  original,  not 
adverted  to  by  other  commentators,  are  explained.  ” 

Some  ftrange  inaccuracies  of  Mr  Gibbon  are  alfo  de¬ 
tected,  not  included  in  the  mifreprefentations  of  his  two 
famous  chapters. 

This  was  the  laft  work  of  this  truly  learned,  refped- 
able,  and  ufefiil  man.  Wliether  he  left  behind  him  any 
thing  elfe  finifhed  tor  the  prels,  is  known  only  to  his 
friends.  We  have  repeatedly  heard  that  he  was  enga¬ 
ged  in  examining  the  authenticity  of' the  books  of  the 
New  Teftament,  and  that,  with  the  exception  of  two 
or  three,  he  found  every  verfe  contained  in  it  in  the 
writings  of  the  firft  three  centuries.  This  feems  in¬ 
deed  to  have  been  an  objeCl  in  all  his  works  ;  for,  at 
the  end  of  each  of  his  tranffations  and  editions  of  the 
yu'iinitive  Chrillian  writers,  a  table  is  given  of  paflages 
quoted  or  mentioned  by  them.  If  his  Lordffiip  com¬ 
pleted  any  work  of  this  kind,  it  ftiould  not  be  with¬ 
held  from  the  public.  We  may  indeed  be  told  that  its 
utility  is  in  a  great  meafure  fuperfeded  by  the  lahorioiis 
colledllons  of  Lardner  (b),  and  the  more  elegant  work 
of  Paley  (c)  ;  but  not  to  mention  the  prejudices  gene¬ 
rally  entertained  againft  Lardner  on  account  of  his  evi¬ 
dent  bias  to  Unitarianifm,  it  would  fuidy  be  proper,  in 
the  prefent  age  of  wild  opinions,  to  Ihew  tlie  multitude, 
who  are  guided  by  authority,  how  important  a  fubjedl 
the  Chriftiaii  religion  was  deemed  by  this  learned  and 
accomplilhed  layman. 

DARCY  (Count),  an  ingenious  philofopher  and  ma¬ 
thematician,  was  born  in  Ireland  in  the  )ear  17  75  ;  but 
his  friends  being,  like  many  other  great  and  gobd  families 
at  that  period,  attached  to  the  houle  of  Stuart,  he  was  at 
14  years  of  age  fent  to  Fi  ance,  where  he  fpent  the  ult  of 
his  life.  Giving  early  indications  of  a.  genius  Ur:  icience, 
be  was  put  under  tlie  care  of  the  celebrated  Claiiaut 
(fee  Clairaut,  Encycl  ),  under  whofe  tuition  he  im- 
prewed  fo  rapidly  in  the  mathematics,  tliat  at  17  years 
of  age  he  gave  a  new  folntiontif  the  problem  concern¬ 
ing  the  curve  of  equal  preffure  in  a  refilling  medium. 

This  was  followed  the  year  after  by  a  determination  of 
the  curve  dtferibed  by  a  heavy  body,  Hiding  by  its  own 
weight  along  a  moveable  plane,  at  the  fame  time  that 
the  prehTure  of  the  body  caules  a  hoiizontal  motion  in 
the  plane. 

Though  Darcy  ferved  in  the  war  of  1744,  he  found 
leifure,  during  the  buftle  of  a  military  life,  to  fend  two 
memoirs  to  the  academy  :  the  firll  of  thefe  contained  a 
general  principle  in  mechanics,  that  of  the  prefervation 
of  the  rotatory  motion;  a  principle,  which  he  again 
brought  forward  in  1750,  by  the  name  of  the  principle 
of  the  prefervation  of  aftidn.  He  was  taken  prifoner 
in  this  war  by  the  Englifh  ;  and  fuch  was  either  the 
refped  paid  to  fcience,  or  the  mercy  of  the  cabinet  of 
St  James’s,  that  he  was  treated,  not  as  an  Irilh  rebel, 
but  as  a  French  fubjed  fighting  for  his  king  and  his 
country. 

In  1760,  Darcy  publifhed  An  Effay  on  Artillery, 
containing  fome  curious  experiments  on  the  charges  of 
gunpowder,  &c.  See,  and  improvements  on  thofe  of  the 
3  ^  ingenious 


(b)  See  his  Credtbillty  of  the  Gofpel  Hijlory^  and  other  works,  in  ii  vols  8vo. 

(c)  See  his  £vidence$  of  the  Chrifiian  Religiottf  in  z  vols  8yo* 
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Darcy,  ingenious  Robins  ;  a  kind  of  experiments  which  our  au. 
thor  carried  on  occafionally  to  the  end  of  his  life,  in 

- V -  ,.5^^  jje  gave  to  the  public  the  moft  ingenious  of  all 

his  works,  his  Memoir  on  the  Duration  of  the  Senfa- 
tion  of  Sight  ;  in  which  he  endeavours  to  prove,  and 
indeed  completely  proves,  that  a  body  may  fometimes 
pafs  by  our  eyes  without  producing  a  fenfation  attend¬ 
ed  with  confeioufnefs  or  marking  its  prefence,  other- 
wife  than  by  weakening  the  brightnefs  of  the  obje^ 
which  it  may  chance  to  cover  in  its  palTage.  If  in 
this  work  he  ihall  be  thought  to  have  taken  hints  from 
Dr  Hartley,  it  is  not  perhaps  too  much  to  fay,  that 
fome  of  our  moft  celebrated  writers  on  vifion  have  fince 
been  beholden  to  Darcy.  No  man  indeed  has  c^ufe  to 
be  aniamed  of  being  indebted  to  him  *,  for  all  his  works 
4ifplay  in  an  eminent  degree  the  union  of  genius  and 
phllofcphy  ;  but  as  he  meafured  every  thing  upon  the 
larged  fcale,  and  required  extreme  accuracy  in  experi¬ 
ment,  neither  his  time,  fortune,  nor  avocations,  ailow- 
<id  him  to  execute  more  than  a  very  fmall  part  of  what 

he  projedled.  . 

In  his  difpofition,  Darcy  was  amiable,  fpirited,  live¬ 
ly,  and  a  lover  of  independence  ;  a  palTion  to  which  he 
nobly  facrificed,  even  in  the  midft  of  literary  fociety.— 
He  died  of  a  cholera  morbus  in  1779^  at  54  years  of 
age.  He  was  admitted  of  the  French  academy  in  1749, 
and  was  made  penfioner-geometrician  in  177^*  His 
ciTays,  printed  in  the  Memoirs  of  the  Academy  of  Sci¬ 
ences,  are  various  and  very  ingenious,  and  are  contained 
in  the  volumes  for  the  years  1742,  I747j  ^749’  ’ 

3751,  1752,  i753»  ^54*  ^758,  i759>  i7^^>  ^7^5? 
in  tom.  I.  of  the  Savans  Etrangers. 

DATA  OF  Euclid,  the  hrll  in  order  of  the  books 
that  have  been  written  by  the  ancient  geometricians,  to 
facilitate  and  promote  the  method  of  refolution  or  ana- 
lyfis.  In  general,  a  thing  is  faid  to  be  given  which  is 
cither  aidually  exhibited  or  can  be  found  out,  that  is, 
which  is  either  known  by  hypothefis,  or  that  can  be 
^emonftrated  to  be  known  :  and  the  propofitions  in  the 
book  of  Euclid’s  data  fhew  what  things  can  be  found 
out  or  known,  from  thofe  that  by  hypothefis  are  already 
known  :  fo  that  in  the  analyfis  or  invefligation  of  a 
problem,  from  the  things  that  are  laid  down  as  given 
or  known,  by  the  help  of  thefe  propofitions,  it  is  de- 
monftrated  that  other  things  are  given,  and  from  thefe 
laft  that  others  again  are  given,  and  fo  on,  till  it  is  de- 
Kionllrated  that  that  which  was  propofed  to  be  found 
out  in  the  problem  is  given;  and  when  this  is  done,  the 
problem  is  folved,  and  its  compofition  is  made  and  de¬ 
rived  from  the  compofitions  of  the  data  which  were  em¬ 
ployed  ill  the  analyfis.  And  thus  the  data  of  Euclid 
are  of  the  moft  general  and  neceffary  ufe  in  the  folution 
of  problems  of  every  kind. 

Mariiius,  at  the  end  of  his  preface  to  the  data,  is 
iniftaken  in  afterting  that  Euclid  has  not  ufed  the  fyn- 
thetical,  but  the  analytical  method  in  delivering  them  ; 
for  though  in  the  analyfis  of  a  theorem,  the  thing  to 
be  demonftrated  is  affumed  in  the  analyfis  ;  yet  in  the 
demonftrations  of  the  data,  the  thing  to  be  demonftra¬ 
ted,  which  is,  that  fomething  is  given,  is  never  once  af¬ 
fumed  in  the  demoiiftration  ;  from  which  it  is  manifeft, 
that  every  one  of  them  is  demonftrated  fynth«tically  : 
though  indeed  if  a  propofition  of  the  data  be  turned 
into  a  problem,  the  demonftration  of  the  propofition  be- 
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comes  the  analyfis  of  the  problem. 

}yu  Edition  of  the  Data, 

Circulating  DECIMALS,  -  —  . 

or  repeating  decimals^  are  thofe  in  which  a  figure  or  feve-  ^ 
ral  figures  are  continually  repeated.  They  are  diftin- 
guifhed  into  fngle  and  multiple^  and  thefe  again  into  pure 
and  mixed, 

A  pure  Jingle  circulate  is  that  in  which  one  figure 
only  is  repeated  ;  as  *222,  “See.  and  is  marked  thus  *2. 

A  pure  multiple  circulate  is  that  in  which  feveral  fi¬ 
gures  are  continually  repeated  ;  as* 23 2 3 23,  &c.  marked 

•23  ;  and  *524524,  &c.  marked  *524. 

A  mixed  Jingle  circulate  is  that  which  confifts  of  a 
terminate  part,  and  a  fingle  repeating  figure ;  as  4*222, 

&c.  or  4*2.  And 

A  mixed  multiple  circulate  is  that  which  contains  a 

terminate  part  with  feveral  repeating  figures;  as 

That  part  of  the  circulate  which  repeats  is  called  the 
repetend;  and  the  whole  repetend,  fuppofed  infinitely 
continued,  is  equal  to  a  vulgar  fradion,  whole  numera¬ 
tor  is  the  repeating  number  or  figures,  and  its  denomi¬ 
nator  the  fame  number  of  nines  :  fo  .2  is  =  ;  and  *23 

is  nr  ;  and  *524  is  = 

It  feems  it  was  Dr  Wallis  who  firft  diftindly  confl- 
dered  or  treated  of  Infinite  circulating  decimals,  as  he 
himfelf  informs  us  in  his  Treatife  of  infinites.  Since 
his  time  many  other  authors  have  treated  on  this  part 
of  arithmetic  ;  the  principal  of  thefe,  however,  to  whom 
the  art  is  moftly  Indebted,  are  MefTrs  Brown,  Cunn, 
Martin,  Emerfon,  Malcolm,  Bonn,  and  Henry  Clarke  ; 
In  wliofe  writings  the  nature  and  praiflice  of  this  art 
may  be  fully  feen,  efpecially  In  the  laft  mentioned  Inge¬ 
nious  author. 

DE]f'ERENS,  or  Deferent,  in  the  ancient  aftro- 
nomy,  an  Imaginary  circle,  which,  as  it  were,  carries 
about  the  body  of  a  planet,  arid  is  the  fame  with  the 
eccentric  ;  being  invented  to  account  for  the  eccentri¬ 
city,  perigee,  and  apogee  of  the  planets. 

DEFLECTION,  the  turning  any  thing  afide  from 
its  former  courfe  by  fome  adventitious  or  external  caufe. 
The  word  is  often  applied  to  the  tendency  of  a  flifp 
from  her  true  courfe  by  reafon  of  currents,  &c.  which 
turn  her  out  of  her  right  way.  It  is  likewlfe  applied 
by  aftronomers  to  the  tendency  of  the  planets  from  the 
line  of  their  projection,  or  the  tangent  of  their  orbit. 
See  Astronomy  In  this  Supplement. 

DEJECTION,  in  aftrology,  is  applied  to  the  planets 
when  in  their  detriment,  as  aftrologers  fpeak,  I.  e.  when 
they  have  loft  their  force  or  Influence,  as  Is  pretended, 
by  reafon  of  their  being  In  oppofltlon  to  fome  others 
which  check  and  counteract  them.  Or  it  Is  ufed  when 
a  planet  Is  in  a  fign  oppofite  to  that  in  which  it  has  its 
greateft  effeCt  or  influence,  which  is  called  its  exaltation. 
Thus,  the  fign  Aries  being  the  exaltation  of  the  fun, 
the  oppofite  fign  Libra  Is  its  deJeCtion. 

DELIACAL  Problem, a  celebrated  problem  among 
the  ancients,  concerning  the  duplication  of  the  cube. 

DEMI-Bastion,  in  fortification,  a  baftlon  that  has 
only  one  face  and  one  flank. 

DENDROMETER,  In  Its  ufual  acceptation,  is  the 
name  of  an  Inftrument  for  meafuring  trees,  of  which 
the  reader  will  find  a  defeription  in  the  Encyclopsedia 
Britannica.  The  fame  name  has  been  lately  given,  by 
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William  Pitt,  Efq;  of  Pendeford  near  Wolverhamp- 
^  ton,  to  an  inflrument  propofed  by  him  for  meafuring 
diftances  by  one  obfervation. 

The  idea  of  fuch  an  inftrument  is  not  new.  It  has 
been  frequently  difcufled,  both  in  converfation  and  upon 
paper ;  but  has  been  generally  treated  by  found  mathe¬ 
maticians  with  contempt,  on  the  fuppofition  of  its  be¬ 
ing  founded  on  falfe  principles.  Of  all  this  our  author 
is  fully  aware  ;  but  he,  notvvithftanding,  ftrongly  re¬ 
commends  it  to  the  attention  of  the  ingenious  mathe¬ 
matical  inftrument  maker. 

To  determine  diftaiices  by  one  obfervation,  two  me¬ 
thods  may  be  propofed,  founded  on  different  principles; 
the  one  on  the  fuppofition  of  the  obferver  being  in  the 
centre,  and  the  objedf  in  the  circumference,  of  a  circle  ; 
the  other,  on  the  contrary  fuppofition,  of  the  obferver 
being  in  the  circumference,  and  the  objed  in  the 
centre. 

To  determine  the  diftance  of  any  objed  on  the  firft 
fuppofition,  the  bulk  or  dimenfions  of  fuch  objed  niuft 
be  known,  either  by  meafure  or  eftimation,  and  the  an¬ 
gle  formed  by  lines  drawn  to  its  extremities  being  ta¬ 
ken  by  an  accurate  inftrument,  the  diftance  is  eafily  cal¬ 
culated  ;  and  fuch  calculations  may  be  facilitated  by 
tables  or  theorems  adapted  to  that  purpofe.  For  this 
method  our  prefeiit  inftruments,  with  a  nonius,  and  the 
whole  very  accurately  divided,  are  fufficient  ;  the  only 
improvement  wanting  feems  to  be  the  application  of  a 
micrometer  to  fuch  inftruments,  to  enable  the  obferver 
to  read  his  angle  with  mote  minute  accuracy,  by  afcer- 
taining,  not  only  the  degrees  and  parts  of  a  degree,  but 
alfo  the  minutes  and  parts  of  a  minute. 

As  in  this  method  the  bulk  of  inacccfuble  objeds 
can  only  be  eftiinated,  the  error  in  diftance  will  be  ex- 
adly  in  the  proportion  of  the  error  in  fuch  eftimation  ; 
little  dependence  can  therefore  be  placed  on  diftances 
thus  afeertained.  For  the  purpofes  of  furveying,  in¬ 
deed,  a  ftaff  of  knowm  length  may  be  held  by  an  afTift- 
ant  ;  and  the  angle  from  the  eye  of  the  obferver  to  its 
two  ends  being  meafiircd  by  an  accurate  inftrument, 
with  a  micrometer  fttted  to  afeertain  minutes  and  parts 
of  a  minute,  diftances  may  be  thus  determined  with 
great  accuracy  ;  the  application  of  a  micrometer  to  the 
theodelite,  if  it  could  be  depended  upon,  for  thus  deter¬ 
mining  the  minute  parts  of  a  degree,  in  fmall  angles,  is 
very  much  a  defideratum  with  the  pradical  furveyor. 

This  method  of  meafuring  diftances,  though*  plain 
and  fimple  enough,  our  author  illuftrates  by  an  example  : 
Suppofe  A,  fig.  I.  (fee  Plate  XXL)  the  place  of  the 
inftrument  ;  BC  the  afiiftant's  ftaft',  with  a  perpendicu¬ 
lar  pin  at  p,  to  enable  the  affiftant  to  hold  it  in  its 
right  pofition  ;  now,  if  the  angle  BAG  could,  by  the 
help  of  a  micrometer,  be  afeertained  to  parts  of  a  mi¬ 
nute,  the  diftance  from  A  to  B,  or  to.C,  might  be  eaii- 
ly  calculated  by  the  rules  of  plane  Trigonometry  ; 
for  which  fee  that  article  in  the  Encyclopaedia. 

But  this  method  of  afeertaining  diftances  cannot  be 
applied  to  inaccefiible  objeds,  and  it  is  moreover  fub- 
jed  to  the  inconvenience  of  an  affiftant  being  obliged 
to  go  to  the  objed  whofe  diftance  is  required  (an  in¬ 
convenience  almoft  equal  to  the  trouble  of  adual  ad- 
meafurement)  ;  therefore  the  perfedion  of  the  fecond 
method  propofed,  if  attainable,  is  principally  to  be  de¬ 
fied  ;  namely,  that  of  conceiving  the  obfervation  made 

the  circumference  of  a  circle,  whofe  centre  is  in  the 
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objed  whofe  diftance  is  to  be  afeertained  5  and,  none  of  Hendro- 
our  inftruments  now  in  ufe  being  adapted  to  this  mode ,  »^eter. 
of  obfervation,  a  new  conftrudioii  of  a  mathematical  in¬ 
ftrument  is  therefore  propofed,  the  name  intended  for 
which  is  the  dendrometer , 

Our  author  admits,  that  this  name  is  not  now  ufed 
for  the  firft  time,  though  he  thinks  that  the  principle 
has  never  been  applied  in  pradice,  for  the  familiar  pur- 
pofe  of  afeertaining  terreftrihl  diftances,  in  furveying, 
or  otherwife,  though  the  fame  principle  has  been  fo  ge¬ 
nerally  and  fuccefsfully  applied  in  determining  the  dif¬ 
tance  of  the  heavenly  bodies  by  means  of  their  parallax. 

The  following  principles  of  conftrudion  are  propo¬ 
fed,  which  may  perhaps  be  otherwife  varied  and  impro¬ 
ved.  O,  fig.  2.  the  objed  of  whofe  diftance  is  requi¬ 
red  ;  ABODE  the  inftrument  in  piano ;  BC  a  tele- 
fcope,  placed  exadly  parallel  to  the  fide  AE  ;  CE  an 
arch  of  a  circle,  whofe  centre  is  at  A,  accurately  divi¬ 
ded  from  E  in  degrees,  &c.  ;  AD  an  index,  moveable 
on  the  centre  A,  with  a  nonius  fcale  at  the  end  D, 
graduated  to  apply  to  the  divifions  of  the  arch  ;  alfo 
with  a  telefcope,  to  enable'  the  obferver  to  diferiminate 
the  objed,  or  any  particular  part  or  fide  thereof,  the 
more  accurately.  The  whole  ffiould  be  mounted  on 
three  legs,  in  the  manner  of  a  plain  table  or  theodolite, 
and  furniftied  with  fpirit-tubes  to  adjuft  it  to  an  ho¬ 
rizontal  pofition.  The  inftrument  being  placed  in  fuch 
pofition,  the  telefcope  BC  muft  be  brought  upon  the 
objed  O,  or  rather  upon  fome  particular  point  or  fide 
thereof;  when,  being  there  faftened,  the  index  AD 
muft  be  moved  till  its  telefcope  exadly  ftrikes  the  fame 
point  of  the  objed  ;  then  the  divifions  oh  the  ^rcli  ED^ 
mark  out  the  angle  DAE,  which  will  be  exadly  equal 
to  the  angle  BOA,  as  is  demon ftrated  in  the  XV.. 
and  XXIX.  propofitions  of  Euclid,  Book  I.  ;  and  the 
fide  BA,  as  well  as  the  angles  ABO,  and  BAO,  being, 
already  known,  the  diftance  BO  or  AO  may  be  eafil^ 
determined^ 

As  the  perfedion  of  this  inftrument  depends  altoge¬ 
ther  upon  its  accuracy  in  taking  fmall  angles,  fo  that 
accuracy  muft  depend,  not  only  upon  the  inftrunient’s^ 
being  properly  fitted  with  a  micrometer,  but  alfo  in 
fome  meafure  upon  the  length  of  the  line  BA  in  the 
figure.  That  line,  therefore,  might  be  extended,  by 
the  inftrument  being  conftruded  to  fold  or  hide  out  to 
a  greater  length  when  in  ufe  ;  upon  which  principle, 
conneded  with  the  application  of  a  micrometer,  an  ac¬ 
curate  and  ufeful  inftrument  might  certainly  be  con¬ 
ftruded.  To  adjuft  fuch  inftrument  for  ufe,  let  a  ftaft* 
be  held  up  at  a  diftance,  in  the  manner  of  fig.  i.  exad¬ 
ly  equal  in  length  to  the  diftance  of  the  two  telefcopes, 
and  the  index  AD  being  brought  exactly  upon  the  fide 
AE,  if  the  two  telefcopes  accurately  ftrike  either  end 
of  the  ftafi,  the  inftrument  is  properly  adjufted. 

^  The  conftrudion  of  a  fimilar  inftrument,  on  the  prin¬ 
ciples  of  Hadley’s  quadrant,  for  naval  obfervations, 
would  alfo  doubtlefs  be  an  acceptable  objed  in  navi- 
gation,  by  enabling  the  mariner  to  afeertain  the  dif- 
tances  of  ftiips,  capes,  and  other  objeds,  at  a  lingle  ob- 
fervatioii ;  and  that,  perhaps,  with  greater  accuracy 
than  can  be  done  by  any  method  now  in  ufe. 

For  this  purpofe,  the  folloxving  conftrudion  is  pro- 
pofed  :  ABCDE,  fig.  3.  the  inftrument  in  piano  ;  (> 
the  objed  whofe  diftance  is  required  ;  at  A,  at  C,  at 
E,  and  at  3,  are  to  be  fixed  fpcculums,  properly  fra¬ 
med 
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med  and  fitted,  that  at  3  having  only  its  lower  part 
quickfiivered,  the  upper  part  being  left  tranfparent  to 
view  the  objed  ;  the  fpeculum  at  A  being  fixed  oblique- 
ily,  fo  that  a  line  A  i,  drawn  perpendicular  to  its  fur- 
face,  may  bifed  the  angle  BAG  in  equal  parts  ;  that 
at  C  being  perpendicular  to  the  line  C  2  ;  thofe  at  E 
and  3  being  perpendicular  to  the  index  E  3,  and  that 
at  E  being  furnifhed  with  a  fight ;  the  arch  DC  to  be 
divided  from  D  in  the  manner  of  Hadley’s  quadrant  ; 
the  movement  of  the  index  to  be  meafured  as  before  by 
a  micrometer  ;  and  as  the  length  of  the  line  AE  would 
tend  to  the  perfedion  of  the  inftrument,  it  may  be  con- 
flruded  to  fold  up  in  the  middle,  on  the  line  C  2,  into 
lefs  compafs  when  not  in  ufe.  The  inftrument  may 
be  adjufted  for  ufe  by  holding  up  a  ftaff  at  a  diftance, 
as  before  propofed,  whofe  length  is  exadly  equal  to  the 
line  AE. 

To  n)ake  an  obfervation  by  this  inftrument,  it  being 
previoufly  properly  adjufted,  the  eye  is  to  be  applied  at 
the  fight  in  the  fpeculum  E,  and  the  face  turned  to¬ 
wards  the  objed  ;  when  the  objed  being  received  on 
the  fpeculum  A,  is  refleded  into  that  at  C,  and  again 
into  that  at  E,  and  that  at  3  on  the  index  ;  the  index 
being  then  moved  till  the  refleded  objed  in  the  fpecu- 
liim  at  3  exadly  coincides  with  the  real  objed  in  the 
tranfparent  part  of  the  glafs,  the  divifions  on  the  arch 
D  3,  fubdivided  by  the  micrometer,  will  determine  the 
angle  DE  3  =  the  angle  AOE  ;  from  which  the  dif¬ 
tance  O  may  he  determined  as  before. 

DENOMINATOR  of  a  Ratio  is  the  quotient 
arifing  from  the  divifion  of  the  antecedent  by  the  con- 
fequcnt.  Thus,  6  is  the  denominator  of  the  ratio  30 
to  3,  becaufe  30  divided  by  5  gives  6.  It  is  otherwife 
called  the  exponent  of  the  ratio. 

DEPRESSION  OF  a  Star,  or  of  the  Sun^  is  its 
diftance  below  the  horizon  ;  and  is  meafured  by  an  arc 
of  a  vertical  circle,  intercepted  between  the  horizon  and 
the  place  of  the  ftar. 

Depression  of  the  Vtfihle  Horizon ^  or  Dip  of  the  Ho- 
rizon,  denotes  its  finking  or  dipping  below  the  true 
horizontal  plane,  by  the  obferver’s  eye  being  raffed 
above  the  furface  of  the  foa  ;  in  confequence  of  which, 
the  obferved  altitude  of  an  odjed  is  by  fo  much  too 
great. 

DEROOBUST,  in  Bengal,  Entire;  as  an  entire 
diftrid,  oppofed  to  Kismut,  which  fee, 

DESAULT  (Peter  Jofeph),  furgeon  in  chief  to 
the  Hofpital  of  Humanity,  forpterly  the  HoteUDieu  at 
Paris,  was  born  on  the  6tii  of  February  1744  Mag- 
dy  Veriiois,  a  village  in  the  neighbourhood  of  Lure,  in 
the  department  of  Haute  ,Saone  (formerly  the  pro¬ 
vince  of  Franche  CotntiJ.  His  father  and  mother  were 
in  that  fituation  of  life  which  is  removed  from  want, 
and  yet  does  not  difpenfe  with  labour ;  he  himftlf  was 
the  youngett  child  of  a  numerous  family. 

At  Lure,  under  the  diredion  of  a  private  inftrudor, 
he  was  taught/the  firft  rudiments  of  the  Latin  tongue  ; 
his  parents  afterwards  confided  him  to  the  care  of  the 
Jefuits,  then  almoft  exclufively  entrufted  with  the  edu¬ 
cation  of  youth  in  the  public  fchools.  This  celebrated 
fociety,  prompt  in  difeovering,  as  expert  at  developing, 
and  adroit  in  appropriating  talents,  foon  diftinguiftied 
the  young  ftudent  from  the  crowd  ;  and  he,  in  his  turn, 
was  not  difpleafed  with  the  life  he  led  in  one  of  their 
feminaries. 
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On  the  completion  of  his  ftudies,  his  father,  who  had  Befauit. 
deftined  him  for  the  church,  intimated  a  wiih  that  he 
fhould  apply  himfelf  to  theology  ;  but  his  genius  had 
taken  a  different  diredion,  and  he  was  averfe  to  the 
profeffion  of  an  ecclefiaftic  ;  in  fhort,  young  Default 
declared  that  he  was  determined  to  betake  himfelf  to 
the  ftudy  of  the  healing  art ;  and,  after  a  long  and  in- 
effedual  refiftance  on  the  part  of  his  family,  he  was  fent 
to  Befort,  in  order  to  ferve  an  apprenticfijlpy  as  it  was 
then  termed,  in  the  military  hofpital  of  that  place.  He 
accordingly  fpent  three  years  there  ;  during  which  he 
acquired  fome  knowledge  of  anatomy,  attended  to  the 
dreffmg  of  the  patieyts,  and  endeavoured  to  fupply,  by 
his  own  obfervations,  what  was  wanting  in  his  inftruc- 
tion. 

lu  the  midft  of  thefe  profeffional  labours,  his  mind 
frequently  rambled  towards  another  fcience  but  little 
conneded  with  fuTy^ery  ;  this  was  mathematics,  the 
elements  of  which  he  had  acquired  among  the  Jefuits, 

His  progrefs  in  this  favourite  ftudy  was  rapid  ;  but  he 
fell  into  one  of  the  many  errors  fo  common  among  the 
phyficians  of  that  day  ;  this  confifted  in  a  falfe  applica¬ 
tion  of  the  rules  of  geometry  to  the  laws  of  the  animal 
economy. 

He  not  only  perufed  with  avidity  the  treatife  of  Bc>- 
relli  De  Motu  Anlmalinm^i  but  adually  tran dated  the 
whole  of  it,  and  even  added  a  commentary,  ftill  moiT 
abundant  in  calculation  than  that  of  the  celebrated  pro- 
feffor  of  Naples. 

His  fuccefs  in  a  branch  of  phyfiology  fo  much  culti¬ 
vated  at  that  time,  attraded  the  attention  of  one  of  his 
fuperiors,  a  zealous  partizan  of  the  dodrlne  of  the  me¬ 
chanicians,  who  vvilhed  to  attach  him  to  his  perfon;  but 
his  defire  of  fame  required  a  more  extenllve  theatre,  and 
his  love  of  ftudy  made  him  folicitous  of  better  means  of 
iiiftrudion.  Paris  prefented  both  thefe  advantages ;  and 
he  accordingly  repaired  thither  in  1764,  at  the  age  of 
nineteen,  in  fearcb  of  them. 

Surgery  at  that  period  ftouriflied  in  the  capital  under 
the  aulpices  of  a  Lafaye,  a  Morand,  an  Andouillet,  and 
a  Louis.  The  fight  of  fuch  great  mailers  excited  the 
genius  of  thofe  who  afplred  to  emulate  them  :  young 
Default  deemed  himfelf  worthy  of  equalling  men  whom 
other  ftudents  were  content  with  only  admiring.  Ani- 
mated  by  this  fentim.ent,  be  entirely  refigned  himfelf  to 
his  ardour ;  anatomy  became  the  fpecial  objed  of  his 
labours,  and  his  dift'edions  were  not  confined  to  the  hu¬ 
man  body,  for  he  iiiveftigated,  by  means  of  his  knife,  a 
prodigious  number  of  animals  of  all  kinds  :  at  firft, 
from  a  difficulty  of  procuring  human  fubjeds,  and  af¬ 
terwards  on  account  of  the  advantages  which  he  expe¬ 
rienced  from  this  general  method.  In  order  to  become 
intimately  acquainted  with  our  own  organization,  it  is 
iieceffary  to  compare  it  with  whatever  has  a  refemblancc 
to  it  in  other  bodies. 

He  accordingly  fpent  the  greater  part  of  the  day  in 
the  amphitheatres.  The  hours  ftolen  from  his  favou¬ 
rite  labours  were  employed  in  attending  the  hofpitals  ; 
he  was  the  firft  at  the  bed  of  the  patient  where  an  ope¬ 
ration  was  to  be  performed,  and  was  fure  to  be  prefent 
at  the  dreffings,  on  purpofe  to  examine  the  refult.  The 
infirmities  of  mankind,  fterlle  in  refped  to  the  vulgar, 
ferved  him  as  the  beft  treatife  for  curing  them  ;  and 
the  great  furgeons  of  all  nations  have  formed  their  mode 
of  pradice  by  contemplating  the  fame  book. 

But 
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Default.  But  he  reckoned  too  much  on  a  robufl  and  vigorous 
temperament  5  for,  after  two  years  clofe  and  affiduous 
application,  he  fell  into  a  cacheftical  habit  of  body, 
which  had  nearly  proved  mortal,  and  which  confined 
him  for  almoft  twelve  months  to  his  bed  ;  but  at  length, 
owing  partly  to  the  vigour  of  his  youth,  and  partly  to 
the  attention  of  his  young  friend  Chopart,  his  infepar- 
able  companion  in  his  operations,  who  attended  him  al- 
fo  during  his  la(l  illnefs,  and  only  furvived  him  a  few 
days,  he  was  fo  fortunate  as  to  recover. 

Reftored  to  life,  he  forgot  that  an  excefs  of  atten¬ 
tion  had  condu6led  him  to  the  very  gates  of  death  ;  a 
new  career  opened  to  his  view,  and  required  new  ef¬ 
forts  on  his  part.  In  the  winter  of  1766  he  commen¬ 
ced  a  coiirfe  of  anatomy,  and  foon  reckoned  300  pupils, 
mod  of  them  older  than  hirnfelf,  who  were  attraided  by 
the  clearnefs  of  his  demonftrations,  the  methodical  ar¬ 
rangement  of  his  deferiptions,  and,  above  all,  by  his  in¬ 
defatigable  zeal  in  the  fcience  of  inftruftion. 

His  fuccefs  infpired  the  privileged  profeiTors,  whofe 
fchools  became  deferted,  with  jealoufy  and  revenge  ; 
they  employed  the  authority  of  the  corporation  againft 
him,  and  would  have  nipped  his  efforts  in  the  bud,  bad 
it  not  been  for  the  protedfion  of  Louis  and  Lamarti- 
niere,  who  were  zealous  of  protedling  a  youth  of  ta¬ 
lents,  whofe  foie  reproach  was,  that  he  had  not  wealth 
enough  to  purchafe  certain  franchifes.  After  all,  had 
it  not  been  for  the  permifTion  he  obtained  of  borrowing 
the  name  of  a  celebrated  phyfician,  he  mult  have  a6lu- 
ally  defifted  from  his  le6lures. 

Default’s  reputation  now  began  to  be  buzzed  about, 
and  a  multitude  of  patients  claimed  his  affiftance  ;  but 
he  conftantly  refufed  to  pradfife  until  he  fhould  be  pla¬ 
ced  at  the  head  of  fome  great  eflablifliment. 

At  length,  at  the  repeated  felicitations  of  big  friends, 
he  prefented  hirnfelf  as  a  candidate  to  the  corporation 
of  furgeons;  and  they,  much  to  their  honour,  admitted 
him  in  177^,  on  condition  of  paying  the  ufual  fees 
when  convenient.  The  following  is  the  title  of  his  the- 
fls  :  “  De  calculo  mefic^  nrtnart<s^  eoque  extrahendoy  pra~ 
via  feB'tone^  ope  Injlrumenti  Haukenjian't  e?iiendah.^^ 

His  public  ledliires  were  accomp'anied  with  as  much 
celebrity  as  his  private  ones.  Brilliant  difeoveries  were 
not  the  objedl  of  his  anatomical  labours,  which  were  al- 
ways  conne6Ied  with  the  art  of  healing  :  he  was,  how¬ 
ever,  the  firfl  man  in  France  who  taught  furgical  ana¬ 
tomy. 

After  becoming  firfl  a  fimple  member,  and  then  a 
counfellor,  of  the  perpetual  committee  of  the  academy 
of  furgery,  he  was  appointed  chief  furgeon  to  the  hof- 
pital  of  the  college,  and  confulting  furgeon  to  that  of 
St  Sulpicc  :  neither  of  thefe  added  any  thing  to  his 
fortune,  but  they  gave  him  a  clear  infight  into  praClice, 
and  enabled  him  to  judge  of  cafes  by  the  inductions 
arifing  from  his  own  experience. 


In  1779  he  invented  the  bandage  now  in  ufe  for  Default. 
fraClures;  by  means  of  which,  the  fragments  being  kept 
in  a  flate  of  perpetual  contaCl,  become  confolidated, 
without  the  leall  appearance  of  deformity,  an  almoll  in¬ 
evitable  confequence  of  the  former  mode. 

On  his  appointment  to  the  place  of  furgeon  major 
to  the  hofpital  de  la  Charite^  in  1782,  he  introduced  a 
new  method  of  treatment  in  oblique  fraClures  of  the 
thigh-bone  ;  and  he  alfo  healed,  by  means  of  a  metho¬ 
dical  compreflion,  thofe  various  ulcers  whofe  cure  had 
•hitherto  been  attended  with  great  difficulty.  In  addi¬ 
tion  to  this,  he  fubftitiited  new  bandages  in  fraCliires  of- 
the  humerus  and  clavicle,  and  adopted  a  new  mode  of 
treating  the  hare-lip,  fiiperior  to  that  ufed  by  Louis. 

He  never  recurred  to  amputation  but  in  extreme  cafes, 
when  there  was  a  certainty  that  difTolution  would  have 
followed  a  negleCl  of  the  operation. 

When  a  premature  death  carried  off  Ferrand,*  chief 
furgeon  of  the  Hotel  Dteu  in  Paris,  Default  was  con- 
fidered  as  the  moft  proper  perfon  to  fucceed  him  ;  and, 
on  the  demlfe  of  Moreau,  the  whole  charge  of  the  hof¬ 
pital  devolved  on  him.  After  three  years  of  felicita¬ 
tions  and  difputes,  he  at  length  in  1788  proceeded  in 
his  long  projeCled  feherne  of  eftablifning  a  clinical  fcliool; 
and  a  fpacious  amphitheatre  was  accordingly  ereCled  for 
that  purpofe.  Scarcely  had  his  firfl  (a)  courfe  com¬ 
menced,  when  the  number  of  pupils  who  flocked  around 
him  was  really  allonifhing.  Foreigners  repaired  from  all 
parts,  and  fevcral  of  the  neighbouring  dates  fent  flu- 
dents  to  Paris,  exprefsly  for  the  purpofe  of  afiifling  at 
his  demonflratious.  More  than  600  auditors  conflant- 
ly  attended,  in  order  to  learn  a  new  fyflern,  confifliiig 
of  a  fimple  mode  of  treatment,  difengaged  frqm  ancient 
prejudices,  and  a  complex  incoherent  pradlice. 

A  few  of  his  improvements  are  here  fpecified. 

1.  The  method  of  ligature  employed  by  the  ancients 
in  the  cure  of  umbilical  hernias  of  children,  having  been 
generally  omitted  in  the  pradlice  of  the  moderns,  he 
again  introduced  and  perfedlcd  this  mode,  and  demon- 
flnited,  by  his  fuccefs,  its  fuperiority  over  conipreflive 
bandages. 

2.  He  was  one  of  the  firfl  men  in  France  to  extradl 
the  loofe  cartilages  (cartilages Jlottans)  in  joints. 

3.  He  employed  a  new  treatment,  that  of  a  methodi¬ 
cal  compreflion,  in  rcfpe6l  to  fehirrofities  of  the  re£lum; 
in  order  to  which  he  introduced  a  candle  or  bougie,, 
the  fize  of  whice  he  gradually  augmented. 

4.  He  fimplified,  Und  rendered  more  commodious,  the 
redu6t:ion  of  luxations  of  the  humerus. 

3.  Fatal  experience  having  pointed  out  the  danger  of 
employing  the  trepan  in  wounds  of  the  head,  he  fublli- 
tuted  another  method  of  treatment  (P  ufage  de  P^me- 
tique)  now  adopted  by  many  praditioners. 

6.  He  made  feveral  very  ufeful  improvements  on  chi- 
rurgical  inflrumcnts  ;  fuch  as  thofe  employed  in  the 
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(a)  The  bufinefs  of  the  day  was  conduded  in  the  following  routine  ;  i.  A  public  confultation  concerning 
the  indigent  out-patients.  2.  The  young  praditioners  belonging  to  the  hofpital  read  a  detailed  account  of  all 
the  interefting  cafes  of  fuch  patients  as  were  to  be  difeharged  that  day.  3.  The  operations  :  each  of  thefe  was 
preceded  by  a  diflertation  on  the  flate  of  the  patient,  who  was  then  carried  to  the  amphitheatre,  where  Default, 
attended  by  his  afliflants,  performed  the  operation  in  prefence  of  all  the  pupils.  4.  Argumentative  details,  by 
the  profefTor,  either  on  the  dangerous  maladies  exifling  in  the  hofpital,  or  on  the  fituation  of  the  patients  on 
whom  operations  had  been  performed  during  the  preceding  day.  5.  The  difledion  of  fubjeds.  And,  6.  A 
ledure  on  fome  particular  branch  of  pathology. 
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Def.nlt,  cafes  of  polypus  in  the  womb  and  noilnls  (la  ptnce  a 
game  et  des  porte-nauds  pour  Id  ligature  des  polypes y  &c.  ;) 
for  cutting  through  obftruftions  in  the  different  cavi¬ 
ties  {le  kwtome)  ;  and  for  the  fijlula  in  am.  In  cafes  of 
incifion  he  introduced  the  ufe  of  the  inftrument  (/?  gor- 
geret)  invented  by  Marchetti,  well  known  among  fo¬ 
reigners,  but  almoft  totally  negleded  in  France  before 
this  period. 

Pie  at  the  fame  time  retrenched  the  ufe  of  a  great 
number  of  fuperduous  ones,  and  banifhed  all  pra^ices 
attended  with  greater  pain  than  utility.  Avoiding  eve-* 
ry'  thing  that  w^as  complex,  he  proved  that  the  art  of 
healing,  in  imitation  of  nature,  ought  to  be  fimple  in 
its  means,  and  fruitful  in  its  refources. 

In  1791  he  publifhed  his  yournal  de  Chtrurgericy 
which  was  edited  by  his  pupils,  and  deftined  to  defcribe 
the  moff  interefting  occurrences  in  his  fchool,  and  alfo 
extradls  from  his  lecliires,  which  were  then  dedicated 
to  the  inveftigation  of  the  maladies  incident  to  the  uri¬ 
nary  paffages.  The  treatment  of  thefe  difeafes,  hither¬ 
to  the  reproach  of  pradfitioners,  had  been  much  impro¬ 
ved  by  the  afliftance  of  the  artift  Bernard.  The  elaftic 
probes  {^les  fandes  elajliques),  on  their  firft  appearance, 
fixed  the  attention  of  all  profeffional  men  ;  but  none 
knew  better  than  Default  how  to  appretiate  their  ad¬ 
vantages.  By  means  of  them,  he  introduced  a  novel 
mode  of  cure  in  contradlions  of  the  urethra,  which  faved 
a  great  number  of  lives  every  year  in  the  Hotel- Dieu, 
But  he  did  not  confine  their  ufe  to  the  difeafes  of  the 
urethra  alone,  for  he  employed  them  to  remove  the  di¬ 
vers  obftacles  that  impede  deglutition  or  refpiration. 

In  the  midft  of  fuch  a  multiplicity  of  labours,  and 
although  he  was  obliged  to  attend  400  fick  twice  a- 
day.  Default  neverthelefs  employed  more  than  four  hours 
of  his  time  in  vifiting  private  patients. 

Few  furgeons  ever  enjoyed  fuch  an  exclufive  fhare  of 
public  confidence  ;  few  ever  poffeffed  fimilar  means  of 
enriching  themfelves  ;  and  yet  he  neglefted  for  a  long 
time  to  take  advantage  of  this.  Plad  he  been  lefs  ar¬ 
dent  for  glory,  he  w^ould  have  been  more  favoured  by 
fortune  ;  but  he  facrificed  all  interefted  views  to  the 
noble  ambition  of  advancing  his  art.  Plis  clinical  and 
anatomical  courfes  were  gratuitoufly  opened  by  him  to 
the  world  after  the  year  1790;  and  while  the  public 
fchools  languifhed  in  the  midft  of  troubles,  infeparable 
perhaps  from  a  mighty  revolution,  he  was  forming  the 
greater  part  of  thofe  furgeons  employed  at  this  prefent 
moment  in  the  numerous  armies  of  the  republic.  Con- 
fidered  under  this  point  of  view  alone,  the  fervices 
which  he  rendered  to  humanity  are  incalculable  :  too 
happy  if  perfecution  had  not  been  his  foie  reward  ! 

While  out  of  mere  attachment  to  the  public  weal,  he 
added  to  his  various  functions  that  of  a  member  of  the 
council  of  health,  conferred  on  him  in  <792  by  the 
minifter  Servan,  he  was  denounced  in  the  popular  focie- 
ties  as  an  egotijly  an  indtfferenty  &c.  and  became  one  of 
the  firft  vi(ft:ims  of  that  profeription  which,  under  Robe- 
fpierre,  extended  to  nearly  every  man  of  talents. 

Chaiimette  accufed  him  to  the  fedfions  as  having  ne 
gle(5led  the  brave  men  wounded  on  the  loth  of  Auguft, 
while  they  themfelves  were  lavilhing  their  bleflings  at 
the  Hotel-Dieu  on  their  faviour.  Twice  was  he  brought 
to  the  bar  of  a  commune  ;  defirous  of  difeovering  a  pre¬ 
text  for  perfecution,  the  clamours  of  the  people  were 


unremittingly  excited  againft  him.  He  was  at  icngtlT 
carried  away  from  his  amphitheatre,  while  in  the  very 
adl  of  haranguing  his  pupils  ;  and,  in  confequence  of  a 
mandat  d'arr  't  from  the  revolutionary  committee,  con- 
dudled  by  a  body  of  armed  men  to  the  Luxembourg. 
From  this  horrid  prifon  few  ever  departed  but  to  meet 
their  fate  ;  luckily,  however,  his  name  was  not  yet  en¬ 
tered  on  that  bloody  lift,  in  which  thofe  of  Malelherbes 
and  Lavoificr  were  iiiferted.  On  the  contrary,  at  the 
end  of  three  days  he  was  liberated,  and  inftantly  refu¬ 
med  all  his  fiindlions. 

On  the  eftablifhment  of  VEcolede  Sante,  Default 
was  appointed  clinical  profeffor ;  and  for  external  mala¬ 
dies  he  foon  after  obtained  from  the  government  the 
converfion  of  the  Eveche  into  an  hofpital  for  furgical 
operations. 

In  the  midft  of  thefe  plans,  the  troubles  that  occur¬ 
red  in  the  month  of  May  unfortunately  affected  bis 
mind,  and  made  him  dread  left  the  days  of  profeription 
(hould  return.  It  was  in  vain  that  his  friends  attempted 
to  foothe  his  fufferings  ;  for  on  the  night  of  the  29th 
of  May,  a  malignant  fever  made  its  appearance,  and  a 
nearly  continual  delirium  enfued  until  his  death,  which 
occurred  on  the  ift  of  June  1795,  which  day  hz 
breathed  his  laft,  in  the  arms  of  his  pupils,  at  the  age 
of  51. 

The  populace  were  perfuaded  that  he  was  poifoned- 
This  ridiculous  opinion  originated  in  confequence  of  the 
epoch  of  his  death,  which  preceded  but  a  Ibort  time  that 
of  the  fon  of  Louis  XV 1.  whom  he  had  vifited  during 
his  illnefs  in  the  prifon  of  the  Temple*  It  is  pretended 
that  he  fell  a  vi6lim  to  his  conftant  refufal  to  yield  to  the 
criminal  views  entertained  agaiiift  the  life  of  that  child'. 

Default  was  of  a  middling  ftature.  He  was  well  pro¬ 
portioned,  and  poffeffed  an  open  countenance.  His 
temperament,  naturally  robuft,  had  been  fortified  by  his 
early  education,  and  w'as  never  Tapped  by  an  excefs  of 
pleafures,  for  to  them  his  heart  was  always  indifferent* 
His  ruling  paflion  was  the  love  of  glory  ;  his  favourite 
purfuit,  the  pra6lice  and  advancement  of  his  art.  He 
was  warm,  nay  fometimes  violent;  and  his  fcholars  were 
not  always  inclined  to  praife  the  fweetnefs  of  his  tem¬ 
per,  On  the  other  haiid,diis  mind  was  noble,  elevated, 
and  great,  even  to  excefs. 

The  French  republic,  eager  to  pay  homage  to  his 
memory,  has  prefented  his  widow  with  a  penfion  of  2000 
livres  per  annum,  A  fon,  Alexis  Mathias  Default,  was 
the  foie  fruit  of  his  marriage  ;  and  he  has  left  but  one 
work  behind  him,  in  which  the  name  of  his  friend  Cho- 
part  is  joined  with  his  own.  It  is  entitled  Tralte  des 
Maladies  Chirurgicales  et  des  Operations  qui  leur  convien- 
nenty  2  vols  ^vo. 

DETERMINATE  problem,  is  that  which  has 
but  one  folution,  or  a  certain  limited  number  of  folu- 
tions  ;  in  contradiftin^lion  to  an  indeterminate  problem, 
which  admits  of  infinite  folutions. 

D&rERMiNATR  Se^iotiy  the  name  of  a  tra£f  or  general 
problem,  written  by  the  ancient  geometrician  Apollo¬ 
nius.  None  of  this  work  has  come  down  to  us,  ex¬ 
cepting  lome  extrafts  and  an  account  of  it  by  Pappus, 
in  the  Preface  to  the  7th  book  of  his  Mathematical 
Colledlions.  He  there  fays  that  the  general  problem 
was,  “  To  cut  an  infinite  right  line  in  one  point  fo, 
that,  of  the  fegments  contained  between  the  point  of 
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feftio'n  fought,  and  given  points  In  the  faid  line,  either 
the  fquare  on  one  of  them,  or  the  rectangle  contained 
by  two  of  them,  may  have  a  given  ratio,  either  to  the 
redlangle  contained  by  one  of  them  and  a  given  line,  or 
to  the  redtangle  contained  by  two  of  them/’ 

DETONATION  (fee  that  woyA  E?icycL).  The 
aflonilhing  violence  with  which  the  oxy-muriat  of  pot- 
afs,  when  mixed  with  various  fubftances,  detonates,  has 
been  already  noticed  in  this  Supplement  under  the  ar¬ 
ticle  Chemistry,  n'’  722,  where  the  theory  of  thefe 
explofions  is  likewife  given.  But  as  feveral  chemifts 
feem  to  think  that  this  fait,  which  decrepitates  by  fric¬ 
tion,  and  fpontaneoudy  takes  fire  when  mixed  with  ful- 
'phur,  contains  in  itfelf  the  elements  and  phenomena  of 
thunder,  it  will  not  probably  be  unacceptable  to  our 
readers  to^  find,  in  this  place,  a  diltindl  account  of  the 
vaiious  mixtures  which  produce  its  detonations.  The 
following  are  the  principal  which  have  been  difcoveied 
by  Fourcroy  and  Vauquelin, 

I.  Three  parts  of  the  oxy-muri*.t  of  potafs,  and  one 
part  of  powdered  fulphnr,  rubbed  together  in  a  metal 
niortar,  produce  numerous  fuccefiive  explofions,  refem- 
biing  the  frnacking  of  a  whip,  or  even  as  loud  as  the  re¬ 
port  of  a  piftol  or  a  muficet,  according  to  the  rapidity 
of  the  motion,  and  the  force  of  the  preffurc  made  life 
of.  A  few  grains  of  the  fame  mixture,  by  being  fiiruck 
fmartly  upon  an  anvil  with  a  hammer,  occafion  a  report 
equal  to  that  of  a  muflcet ;  and  torrents  of  purplifh 
bght  are  feen  about  the  anvil.  If  this  mixture  be 
thrown  into  concentrated  fulphuric  acid,  it  inftantly 
takes  fire,  and  burns,  without  noife,  with  a  flame  of  a 
dazzling  wbitenefs. 

2.  A  mixture  of  three  parts  of  this  fait,  half  a  part 
of  uilpliur,  and  half  a  part  of  charcoal,  caufes  Uronger 
explofions  than  the  preceding  when  nibbed  in  a  mor¬ 
tar,  and  a  louder  noife  when  finick  upon  an  anvil.  Its 
flame’ alfo,  when  the  mixture  is  made  to  explode,  or 
when  it  is  thrown  into  fulphuric  acid,  is  more  rapid, 
more  lively,  and  of  a  redder  colour,  than  that  of  the 
preceding. 

3.  A  mixture  of  equal  parts  of  oxy-muriat  of  potafs 
and  antimony  in  powder  explodes  with  noife  by  per- 
cufTion  ;  but  produces  only  reddifh  fparks  when  thrown 
into  fulphuric  acid.^  If  zinc  be  fubftituted  in  the  place 
of  antimony,  a  fimilar  explofion  takes  place,  accompa¬ 
nied  with  a  white  flame.  Sulphuric  acid  has  no  effed: 
upon  this  lad  mixture. 

^  4.  With  regulus  of  arfenic,  this  fait  explodes  very 
violently  by  the  flroke  of  a  hammer  j  it  inflames,  with 
lingular  rapidity  and  brilliancy,  by  the  contad  of  ful¬ 
phuric  acid.  In  this  lafl:  experiment  there  arifes  a  fmoke 
which  in  the  air  takes  the  form  of  a  crown,  in  the  fame 
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inflames  fpontaneoufly  in  a  Hill  atmofphere, 

5.  Sulphuret  of  iron  or  martial  pyrites  inflames  rapid- 
ly%  but  without  noife,  when  rubbed  in  a  metal  mortar 
with  OKy^-miiriat  of  potafs.  This  mixture,  when  ftruck 
upon  an  anvil,  explodes  violently,  and  with  a  red  flame. 

^cd  fulphuret  of  mercury  or  cinnabar,  and 
the  fulphurated  calces  of  antimony,  explode  with  the 
oxy-muriat  of  potafs  by  percuflion,  but  they  do  not  in¬ 
flame  by  fulphuric  acid.  The  fame  thing  happens  when 
charcoal  alone  is  mixed  with  this  fait. 

Any  of  the  following  fubftances,  namely,  fugar,  gums, 
SuppL.  VoL.  L  Part  11. 


011s  (both  fixed  and  volatile),  alcohol,  ether,  when  mix¬ 
ed  with  oxy-muriat  of  potafs,  have  the  property  of  ex-  — 
ploding  very  violently  by  the  ftroke  of  a  hammer,  and  n- 
all  of  them  fend  fori:h  a  brifle  flame  at  the  time  of  their 
explofion.  The  liquid  combuftible  fubflances  above 
mentioned  are  to  be  mixed  with  the  fait  in  fui'h  a  man¬ 
ner  as  to  form  a  kind  of  pafte.  None  of  thefe  inixtiitTS 
explode  or  inflame  by  being  rubbed  in  k  mortar  ;  but 
lomeof  them  inflame  by  being  mixed  with  concentra- 
ted  lulphuric  acid,  their  combufiioii  being  flow  and  pro- 
greflive.  ^ 

8.  All  the  fubftances  above  mentioned,  which,  being 
mixed  with  the  oxy-muriat  of  potafs,  take  fire  and  burn 
mltantly,  and  with  confiderable  noife,  by  the  quick  pref- 
fure  of  the  fl;rokes  of  a  hammer,  produce  a  much  flrono-, 
er  explofion  when  they  are  fo  clofely  wrapped  up  in  pa- 
per,  twc.  or  three  times  doubled,  as  to  be  thereby  com- 
prclied  before  they  are  ftruck. 

9.  An  eledfric  Ihock  from  a  battery  of  large  furface, 

charged  by  a  ftrong  eledlric  machine,  caufes  all  the  fore- 
mentioned  mixtures  to  explode  in  the  fame  manner  as 
percuflion,  and  their  explofion  is  alfo  accompanied  by  a 
bright  light.  ^ 

^  To  the  above  mentioned  fafts,  the  authors  add,  that 
It  was  already  well  known  that  gunpowder  would  ex¬ 
plode  by  a  violent  blow,  or  very  ftrong  prelTure  :  but 
they  obferve,  that  the  ftroke  which  is  necesTary  for  that 
purpofe  muft  be  much  ftrongcr  than  that  which  fuflices 
to  produce  an  explofion  in  the  above-mentioned  mix¬ 
tures  of  combuftible  fiibftances  with  the  oxy-muriat 
ot  petals  ;  and  that  its  explofion  is  by  no  means  lb  re¬ 
markable  as  that  which  is  produced  by  the  help  of  this 
new  fait.  ^ 

DEWAN,  under  the  Mogul  government,  the  recei- 
ver  general  and  civic  governor  of  a  province :  in  private 
life  a  Iteward.  ^ 

^  DEWANNY,  the  revenue  department  of  a  pro- 
Vince.  ^ 

r^l-'^BETES  Mellitus  (fee  Medicine,  n®  518, 

&c.  EncycL),  is  fo  formidable  a  difeafe,  though  not 
very  frequent,  that  it  would  be  unpardonable  in  us  not 
to  ment,,ii  every  method  of  treating  it  fuccefsft.lly  ' 
which  has  come  to  our  knowledge.  Since  our  article 
Medicine  was  publiflied.  Dr  Rollo,  furgeon  general  to 
the  royal  artillery,  has  fuggefted  a  method  of  treating 
this  difeafe,  which  in  various  inftances  has  been  crowned 
With  fiiccefs. 

The  Dodor  fuppofes,  that  in  this  complaint  the  ve¬ 
getable  matter  taken  into  the  ftomach  has  not,  from 
ionise  defect  in  this  organ,  undergone  a  fuffiefent  change 
to  form  proper  chyle  ;  that  in  confequence  of  this,  much 
lacchanne  matter  is  evolved,  which,  when  carried  into 


manner  as  phofphorated  hydrogenous  gas  does  wl.;.!  it  the  circldr,'VrbT  r^neraT  lii^ 
inflames  fpontaneoufly  in  a  ftill  atmofphere.  head-aches  and  niLtn.r.  „F!?.iL 


head-aches  and  quicknefs  of  pulfe,  but  that  it  ads  morf 
remarkably  on  the  kidneys,  occafioning  a  conftant  and 
copious  fecretion  of  fweet  urine.  From  this  hypothe¬ 
cs,  he  was  naturally  led  to  adopt  a  plan  of  cure,  which 
has  proved  completely  fuccefsful.  The  indications  he 
lays  down  are ;  i .  To  prevent  the  formation  of  faccha- 
nne  matter  in  the  ftomach  j  and,  2.  To  remove  the 
morbidly  incieafed  aaion  of  this  organ,  and  reftore  it 
to  a  healthful  condition.  Thefe  indications  are  to  be 
anfwered  by  a  complete  diet  of  animal  food,  and  by  the 
ufe  of  fuch  medtcines  as  fliall  diminilh  the  aftion  of  the 
3  Q.,  ftomach. 
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Diamort.1,  ftoniach,  and  at  the  fame  time  count^ad  the  forma 
Diderot,  jjpn  of  faccharine  matter.  '1  he  remedies  employed  tor 
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was  profonfld  and  various,  to  fupport  and  illuilrate  the 
great  truths  of  our  holy  religion,  which  Diderot  at- 
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tion  of  faccharine  .^^rfZ^urarm^^H^  tacked  by  all  the  dlfmge^.nous%rts  of  an  unprincipled 

IZZh.  and  vegeLble  narcotics,  fophilt  The  however 


veater;  hepatized  ammonia,  and  vegetable  narcotics 
But  the  tirincipal  dependence  is  to  be  placed  on  a  total 
abftinenre  fioin  all  vegetable  matter,  which  alone  can 
fupply  the  faccharil:^  principle.  By  a  regular  perfeve- 
ran«  in  this  plan,  the  firR  of  two  patients  was  com¬ 
pletely  cured  in  four  weeks,  although  the  difeafe  had 
Ken  of  feven  months  continuance.  The  urine,  which 
at  the  commencement  of  the  treatment  was  fweet,  and 
amounted  to  24  pints  daily,  was  at  laft.  reduced  to  It 
pint,  being  at  the  fame  time  free  from  any  faccnarme 
impregnation.  The  fecond  patient,  from 
other  circumftanccs,  although  relieved  fr6m  the  diabe¬ 
tic  afFedioii,  did  not  regain  his  wonted  Hate  ot  health  ; 
but  even  In  this  cafe,  the  eltcas  produced  by 
lueut,  wlien  properly  attended  to,  were  moil  deciocd  y 
in  confirmation  of  this  plan  of  cure. 

The  Do<5lor  has  received  feveral  communications  in 
confequence  of  the  difperfion  of  the  printed  notes  on 
the  firft  cafe.  The  moll  important  are  the 
two  cafes  treated  in  this  way  by  Dr  Cleghorn  of  Glai- 
<row,  and  one  by  Drs  Currie  and  Gerard  at  Liverpoc^; 
all  of  which  afford  the  ftrongeft  corroboration  ot  the 
efficacy  of  this  mode  of  treatment,  r 

DIAMOND,  the  moft  precious  of  all  the  gerns;  tor 
the  nature  of  which  fee  Chemistry,  n'^  33,  &c.  in  this 

‘^'^■^IDE  ROT  (Dionyfius)  of  the  academy  of  Berlin, 
the  fon  of  a  cutler,  was  born  at  Langres  in  y  ^ 
Jefuits,  with  whom  he  went  ^rough  a  courfe  ot  itudy, 
were  defirous  of  having  him  in  their  ^ 

his  uncles,  defigning  him  for  a  canonry  which  he  had 
in  liis  gift,  prevailed  upon  him  to  take  the  tonfure. 

His  father  feems  to  have  known  him  better  ;  for  per-  ' 
ceiving  that  he  was  not  inclined  to  be  a  Jefuit,  nor  fit 
to  be  a  canon,  he  fent  him  to  Paris  to  profecute  the 
ffudy  of  the  law.  To  the  law,  however,  he  paid  very 
little  attention,  but  devoted  his  time  y  fcience  and  ge- 
neral  literature  ;  which  fo  offended  bis  father,  that  he 
ff  opped  the  remittance  of  his  pecuniary  allowance,  and 
feemed  for  fome  time  to  have  abandoned  him. 

The  talents  of  young  Diderot  lupplied  him  with  a 
maintenance,  and  drew  him  from  obfeurity.  Accord- 
ingto  his  friends,  his  capacious  mind  embraced  phy- 
fics,  geometry,  metaphyfics,  ethics,  and  the  belles  litres, 
from  the  time  that  he  began  to  read  with  r^ettion  ; 
and  it  is  certain  that  he  afpired  at  being  a  mailer  in  all 
thefe  dep^irtments  of  literature.  His  bold  and  elevated 
imagination  feemed  to  give  him  likewife  a  turn  for  poe- 
try  ;  but  he  negledled  it  for  the  fciences.  He  fettled 
at  an  early  period  at  Paris,  where  the  natural  eloquence 
which  animated  his  converfation  procured  him  friends 
and  patrons.  What  firff  drew  the  attention  of  the  pu¬ 
blic  to  him  as  an  author,  and  gave  him  a  high  reputa¬ 
tion  among  a  certain  clafs  of  readers,  was  a  fn^aH 
lume  written  againff  the  Chriftian  religion,  and  intitled 
Perifees  Bbilofophiques  ;  which  was  reprinted  afterwards 
under  the  title  of  Etrennes  aux  Efprits-forts. 

This  book  appeared  in  1746,  i2mo.  The  adepts 
of  the  new  philofophy  compared  it,  for  perfpiciiity ,  ele¬ 
gance,  and  force  of  didlioil,  to  the  Penfees  de^  PafeaL 
But  the  aim  of  the  two  authors  was  widely  different ; 
Pafcal  employed  hie  talents  and  his  erudition,  which 


popular.  It  conti  ibuted  to  promote  the  objeiSl  of  that 
confpiracy  which  had  been  for  fome  time  formed  againff 
every  thing  w^hich  ennobles  human  nature  (See  Jaco¬ 
bins  in  this  Supplement),  It  was  therefore  applauded 
by  Voltaire  and  D’Alembert,  and  read,  of  courfe,  by 
every  man  and  woman  of  tafte  in  Paris. 

Our  author  was  more  ufefully  employed  in  1746, 
when,  together  with  Meffirs  Eidous  and  T'ouijfani^  he 
publiAed  a  general  Dictionary  of  Medicine,  in  iix  vo¬ 
lumes  folio.  This  work,  it  muff  be  confeffed,  has  con* 
fiderable  merit ;  for  though  there  are  in  it  feveral  ar- 
tides  fuperficial  and  erroneous,^  there  are  many  others 
of  fuch  deep  and  accurate  difquifition,  as  defervedly  re¬ 
commended  it  to  men  of  fcience.  ^  ^ 

It  was  about  this  time  that  an  intimacy  was  formed 
between  Diderot  a  d  D’Alembert,  and  that,  under  the 
diredion  of  Voltaire,  they  formed  the  idea  of  a 
naire  Encyclcpedique,  The  great  objedts  which  they 
had  in  view  when  they  entered  upoo  this  work  are  now 
univerfallv  known.  D’Alembert  was  a  profound  ma- 
tbematickn,  Diderot  had  confiderable  knowledge  in  the 
phyfical  fciences,  more  efpecially  mechanical  philofo¬ 
phy,  and  Voltaire  was  a  matter  of  the  belles  lettres. 

It  is  not  to  be  fuppofed  that  fuch  men  would  pub^ 
litti  any  thing  very  defeClive  in  thefe  departments  of 
fcience  ;  but  an  Encyclopedia  muff  treat  of  religion  ;  and 
to  every  kind  of  religion  they  were  all  fworn  enemies. 
They  engaged,  however,  a  very  worthy,  thoiigb  not 
very  acute,  clergyman,  to  furnffh  the  theological  ar¬ 
ticles  ;  and  for  other  branches  of  knowledge,  they  were 
promifed  the  affiffance  of  feveral  men  of  letters,  and  oi 

'  a  variety  of  artitts.  ^ 

Diderot  took  upon  himfelf  the  defcription  ot  arts  and' 
trades  ;  one  of  the  moft  important  departments  of  the 
work,  and  the  moll  acceptable  to  the  public.  To  the 
particulars  of  the  feveral  proceffes  of  the  workmen  lie 
fometimes  added  refledions,  fpeculations,  and  principles^ 
adapted  to  the  elucidation.  But  befides  his  own  de¬ 
partment,  he  furnilhed;  articles  on  almoff  every  other 

fubjedl.  '  .  r  1  j 

By  thofe  who  knew  not  the  great  aim  of  the  under-^ 

takers  of  this  work,  it  has  been  regretted  that  Diderot  * 
was  not  lefs  verbofe,  lefs  of  the  differtator,  and  lels  in¬ 
clined  to  digreflions.  Pie  has  alio  been  cenfured  for 
employing  needlefsly  a  feientific  language,  and  for  ha¬ 
ving  recourfe  to  metaphyfical  do6lrines,  frequently  un¬ 
intelligible,  which  occafioned  him  to  be  called  the  Ey^o-^ 
phron  of  philofophy  ;  for  having  introduced  a  number  of 
definitions  incapable  of  enlightening  the  ignorant,  and 
which  the  philofopher  feems  to  have  invented  for  no 
other  purpofe  than  to  have  it  thought  that  he  had  great 
conceptions  ;  while,  in  fad,  he  had  not  the  art  of  ex- 
preffmg  perfpicuoufly  and  fimply  the  ideas  of  others. 
But  thefe  complaints  arife  from  miffaking  entirely  the 
purpofe  for  which  he  wrote.  , 

It  has  been  completely  proved,  that  one  great  ob- 
lea  for  which  the  pliilofophers,  as  they  called  them- 
felves,  undertook  the  compilation  ^  of  the  Encyebpedte 
was  to  fap  the  foundation  of  all  religion.  This  was  to 
be  attempted,  not  diredly  and  avowedly;  for  bai^-faced. 
atheifm  would  not  then  have  been,  fuffered  in  Trance. 
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A  cloak,  therefore,  was  to  be  worn,  and  the  poifoned 
dagger  to  be  concealed  under  it.  Whilil  the  well-mean¬ 
ing  divine  was  fupporting,  by  the  befi:  arguments  which 
he  could  devife,  the  religion  of  his  country,  Diderot 
and  D ‘Alembert  were  overturning  thofe  arguments  un¬ 
der  titles  which  properly  allowed  of  no  fuch  difquifi- 
tions.  This  neceffarily  produced  digreflions  ;  for  the 
greateft  genius  on  earth  could  not,  when  writing  on  the 
laws  of  motion,  attack  the  myfteries  of  Chriftianity 
wu‘thout  wandering  from  his  fubjedt ;  but  that  the  ob- 
jedt  of  thefe  digreflions  might  not  pafs  unnoticed  by 
any  clafs  of  readers,  care  was  taken  to  refer  to  them 
from  the  articles  where  the  queftion  was  difcuffed  by 
the  divine.  That  when  employed  in  this  way,  Diderot 
feems  to  write  obfcurely,  is  indeed  true  ;  but  the  ob- 
fcurity  is  not  his.  Hk  atheifm  was  fo  plain,  that  for 
the  moft  part  D’Alembert,  or  fome  other  leader  of  the 
gang,  had  to  retouch  his  articles,  and  throw  a  mill  over 
them,  to  render  their  intention  the  lefs  obvious. 

Even  with  all  this  care  and  ftudied  obfcuiity,  the  de- 
fign  of  the  Encyclopedic  was  too  palpable  not  to  be  feen, 
and  too  wicked  not  to  give  offence.  Certain  wild  po- 
fitions  on  government  and  on  religion  occafioned  the 
imprefiion  to  be  fufpended  in  1752.  At  that  time 
there  were  no  more  than  two  volumes  of  the  didlionary 
publifhed  ;  and  the  prohibition  of  the  fucceeding  ones 
was  only  taken  off  at  the  end  of  1753.  Five  new  vo¬ 
lumes  then  fucceflively  appeared.  But  in  1757  a  new 
florm  arofe,  and  the  book  was  fuppreffed.  The  re¬ 
mainder  did  not  appear  till  about  ten  years  after  ;  and 
was  then  for  a  while  only  privately  diflributed  ;  fome 
copies  having  been  feized  by  government,  and  the  prin¬ 
ters  fhut  up  in  the  Baftile.  The  merit,  however,  of 
fome  of  the  articles  is  confeffedly  great ;  and  the  firft 
edition  was  quickly  fold  off. 

Thus  was  this  great  work  in  the  prefs  from  1751  to 
1767  ;  during  which  period,  Diderot  and  D’Alembert 
were  accuftomed  to  frequent  the  coffee-houfes  of  Paris, 
and  to  enter  with  kcennefs  into  religious  difputes :  the 
former  attacking  Chriftianity  ;  and  the  latter,  under  the 
mafic  of  piety,  defending  it ;  but  always  yielding  to  the 
arguments  of  his  opponent,  This  practice  was  put  a 
flop  to  by  the  police  ;  and  Diderot,  when  reproached 
by  the  lieutenant  with  preaching  atheifm,  replied,  “  Ce- 
ia  eft  vrai,  je  fuis  a'thee,  &  m’en  fais  gloire.” 

Finding  his  impious  converfations  interrupted,  and 
the  publication  of  the  Encyclopedic  rendered  tedious  by 
the  vigilance  of  government,  he  thought  of  propaga¬ 
ting  his  notions  by  other  vehicles.  Alternately  ferious 
and  fportive,  folid  and  frivolous,  he  publifhed,  at  the 
very  time  he  was  working  on  the  Dictionary  of  Scien¬ 
ces,  feveral  productions,  which  could  fcarcely  have  been 
expected  from  a  man  fo  completely  employed.  His 
Bijoux  indiferetsy  2  vols  i2mo,r  are  of  this  number— a 
difgufting  work,  even  to  thofe  young  people  who  are 
unhappily  too  eager  for  following  after  licentious  ro¬ 
mances.  Even  here  a  certain  philofophical  pedantry 
appears  in  the  very  paffages  where  it  is  moft  mifplaced, 
and  never  is  the  author  more  aukward  than  where  he 
intends  to  difplay  a  graceful  cafe. 

The  Fils  Naturely  and  the  Fere  de  Familky  two  come¬ 
dies  in  profe,  which  appeared  in  17,-7  are  not 

>5f  the  fame  kind  with  the  Bijoux  Itidifcrets.  They  are 
moral  and  affecting  dramas,  where  we  fee  at  once  a  ner- 
Tous  ftyle  and  pathetic  fentiraents.  The  former  piece 


is  a  picture  of  the  trials  of  virtue,  a  conflict  between  in-  Biderof. 
teiefts  and  paflions,  wherein  love  and  friendfliip  play  *"""  ^  ~ ' 
iinpoitant  parts.  It  has  been  faid  that  Diderot  bor¬ 
rowed  it  from  Goldoni  :  but  if  that  be  the  cafe,  the 
copy  does  honour  to  the  original ;  and,  with  the  ex¬ 
ception  of  a  fmall  number  of  feenes,  where  the  author 
mixes  his  philofophical  jargon  with  the  fentiincnts  of 
the  heart,  and  fome  fenteiices  out  of  place,  the  ftyle  is 
affecting  and  natural  enough.  In  the  fecoiid  comedy, 
a  tender,  virtuous,  and  humane  father  appears^  whofe 
tranquillity  is  difturbed  by  the  parental  folicitudes,  in- 
fpired  by^the  lively  and  impetuous  paflions  of  his  chil¬ 
dren.  T.  his  philofophical,  moral,  and  almoft  tragical 
comedy,  has  produced  confiderable  effects  on  feveral 
theatres  of  Europe.  The  dedication,  to  the  princefs 
of  Naffau  Saarbuck,  is  a  little  moral  trat  of  a  fingular 
turn,  without  deviating  from  nature.  This  piece,  writ¬ 
ten  with  a  true  dignity  of  ftyle,  proves  that  the  author 
pofTeffed  a  great  fund  of  moral  fentiments  and  philofo¬ 
phical  ideas.  At  the  end  of  thefe  tv/o  pieces,  publifii- 
ed  together  under  the  title  of  Theatre  de  M.  Diderot^ 
are  dialogues,  containing  profound  refleaioiis  and  novel 
views  of  the  dramatic  art.  In  his  plays  he  has  endea¬ 
voured  to  unite  the  charaders  of  Ariftophanes  and  Pla¬ 
te^  ;  and  in  his  refledions  he  fometimes  difplavs  the  iie- 
nius  of  Ariftotle.  ^ 

This  fpirit  of  criticifm  is  exhibited,  but  with  too 
much  licence,  in  two  other  works,  which  made  a  great 
noife.  The  former  appeared  in  1749,  i2mo,  intitlecl 
Letters  on  the  Blind  for  the  Ufe  of  thofe  nvho  See.  The. 
free  notions  of  the  author  in  this  work  coft  him  his  li- 
berty.  He  underwent  a  fix  months  imprifoninent  at 
Viorceniies.  Having  naturally  ftrong  paflions  and  a 
haughty  fpirit,  and  finding  himfelf  on  a  fudden  depri¬ 
ved  of  liberty  and  of  all  intercourfe  with  human  beings, 
he  was  threatened  with  the  lofs  of  his  reafon.  The 
danger  was  great  ;  and  to  prevent  it,  they  were  obli¬ 
ged  to  allow  him  to  leave  his  room,  to  take  frequent 
walks,  and  to  receive  the  vifits  of  a  few  literary  men  ; 
among  whom  J.  J.  RoufTeau,  at  that  time  his  friend’ 
went  and  adminiftcred  coiifolation  to  him,  which  he 
ought  not  to  have  forgotten. 

Phe  letter  on  the  Blind  was  followed  by  another 
On  the  Deaf  and  Ditmby  for  the  Ufe  of  thofe  <who  can 
Hear  and  Speak  ;  175  i  ;  2  vols,  i  2mo.  Under  this 
title  the  author  delivered  reflecftions  on  metaphyfics,  on  * 
poetry,  on  eloquence,  on  munc,  &c.  In  this  eflay  there 
are  fome  good  things,  among  others  abfurd  and  im- 
perfed.  Though  he  drives  to  be  perfpicuous,  yet  he 
IS  not  always  underftood  ;  and  this  is  more  his  fault 
than  that  of  his  readers.  Of  what  he  has  compofed 
on  abftrad  fubjeds,  it  has  been  faid  that  it  is  a  chaos 
on  which  the  light  (bines  only  at  intervals.  The  other 
produdions  of  Diderot  betray  the  fame  defed  of  clear, 
nefs  and  preciiion,  and  the  fame  uncouth  emphafis,  for 
w'hich  he  has  always  been  blamed. 

“'•e.  1-  Principles  of  Moral 
Philoiophy,  1745,  E2mo  ;  of  which  the  Abbe  de  Fon. 
taine  fpeaks  well,  though  it  met  with  no  great  fuccefs 
It  was  our  philofopher’s  fate  to  write  a  great  deal,  and 
not  to  leave  a  good  book,  or  at  lead  a  book  well  com- 
pofed.  2.  Htdory  of  Greece,  tranflated  from  the  Enr- 
li(h  or  Staiiyan,  3  vols,  i2mo;  an  indifferent  traiidt 
tion  of  an  indifferent  book  3.  Pieces  on  feveral  Ma- 
thematical  Subjeds,  1748,  8vo.  4,  Refledions  on  tlie 
.  3  03  Inter- 
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Interpretation  of  Nature,  i754>  i2mo.  This 
preter  is  very  obfeure.  5’.  The  Code  of  Nature,  1755, 
iinio  ;  which  is  certainly  not  the  code  of  Chriflianity. 
6.  The  Sixth  Senfe,  1752,  i2mo.  7.  Of  Public  E- 
dneation  ;  one  of  that  fwarm  of  publications  produced 
by  the  appearance  of  Emelius,  and  the  abolition  of  the 
Jefuits.  Though  all  the  ideas  of  this  author  could  not 
be  adopted,  yet  fome  of  them  are  very  judicious,  and 
would  be  highly  ufeful  in  the  execution.  8.  Panegyric 
on  Richardfon.  Full  of  nerve  and  animation.  9.  Life 
of  Seneca.  This  is  the  laft  woik  which' he  acknow¬ 
ledged  ;  and  it  is  one  of  thofe  by  Diderot  that  is  peril¬ 
led  with  moil  pleafure,  even  in  reftifying  the  judgments 
he  paifes  on  Seneca  and  other  celebrated  men.  The 
Abbe  Barruel  fays,  that  he  was  the  anthor  of  Syjleme  de 
la  Nature^  which  is  ufually  given  to  Robinet ;  and  it  is 
certain,  that  if  he  was  not  the  author,  he  furnlilied 
hints,  and  revifed  the  whole.  Yet  the  junto  of  athelils 
were  thcmfelves  aihamed  of  the  firil  edition  of  that 
work  ;  and  after  all  Diderot’s  care  to  improve  it,  the 
fiibfcquent  editions  are,  notwithftanding  his  boailed 
knowledge  of  the  laws  of  nature,  contemptible  in  the 
eyes  of  a  real  mechanical  philofopher. 

When  a  new  edition  of  the  Encyclopedte  was  refolvedt 
on,  Diderot,  the  editor  of  the  former  edition,  thus  ad- 
drefies  the  bookfellers  who  had  undertaken  to  republiihj 
it.  “  The  imperfections  (fays  he)  of  this  work  origi¬ 
nated  In  a  great  variety  of  caufes.  We  had  not  time 
to  be  very  fcriipulous  in  the^  choice  of  ©ur  coadjutors. 
Among  fome  excellent  perfons,  there  were  others  weaky 
indifferent,  and  altogether  bad.  Hence  that  motley  ap¬ 
pearance  of  the  work,  where  we  fee  the  rude  attempt  of 
the  fchoohboy  by  the  fide  of  a  piece  from  the  hand  of 
3  matter  ;  a  piece  of  nonfenfe  next  neighbour  to  a  fu- 
blime  performance.  Some  working  for  no  pay,  foon 
loft  their  firft  fervour  ;  others,  badly  recompenfed,  fer- 
ved  us  accordingly.  The  Entyclopedle  was  a  gulf  into 
which  all  kinds  of  fcribblers  promifcuoufly  threw  their 
contributions  ;  their  pieces  ill  conceived,  and  worfe  di- 
gefted,  good,  bad,  contemptible,  true,  falfe,  uncertain, 
and  always  Incoherent  and  unequal  ;  the  reference  that 
belonged  to  the  very  parts  afttgned  to  a  perfon,  never 
filled  up  by  him.  A  refutation  is  often  found  where 
we  fhould  naturally  expedl  a  proof.  There  was  no  ex- 
a£l  correfpondence  between  the  text  and  the  plates. 
To  remedy  this  defe£l,  recourfe  was*  had  to  long  expli¬ 
cations.  But  how  many  unintelligible  machines,  for 
want  of  letters  to  denote  the  plates!”  T.o  this  con- 
fettion  Diderot  added  particular  details  on  various  parts; 
fuch  as  proved  that  there  were  in  the  Encyclopedte  fub- 
je£ls  to  be  not  only  retouched,  but  to  be  compofed  a- 
frefli  ;  and  this  was  what  a  new  company  of  literati  and 
art  ills  fet  thcmfelves  to  work  upon  in  the  Encyclopedte 
Meihodiqxie* 

This  immenfe  work  is  not  jtt  completed  ;  and  there¬ 
fore  we  cannot  fpeak  of  it  as  a  whole  *,  but  It  is  furely 
not  lefs  verbofe  than  the  former  edition,  nor  do  the 
aims  of  Its  editors  appear  to  be  purer.  That  it  contains 
much  valuable  Information  In  chemittry,  and  indeed  In 
every  department  of  phyfical  fcience,  no  candid  man 
v»ull  controvert :  but  its  articles  on  abttra£l  philofophy 
are  prolix  and  obfeure  ;  and  it  betrays  the  fame  impie¬ 
ty,  the  fame  eager  defire  to  corrupt  the  principles  of 
the  rifing  generation,  and  the  fame  contempt  for  every 


492  ]  DID 

inter-  thing  which  can  make  mankind  happy  here  or  hereaf-  Diderot, 
ter,  wuth  the  former  edition.  — — v-— ^ 

Notwilhttanding  his  numerous  publications,  Diderot 
was  never  rich.  Soon  after  the  publication  of  the  latt 
volumes  of  the  Encyclopedic^  upon  which  he  had  been 
employed  for  upwards  of  twenty  years,  hls  circumftan- 
ces  were  fo  ftraitened,  that  an  expedient  was  to  be  de- 
vifed  for  their  improvement.  He  had  long  correfpon- 
ded  with  the  late  Emprefs  of  Ruttia,  whom  he  periua- 
ded  to  confider  him  as  the  greateft,  or  one  of  the  greats 
eft  economifts  of  France.  In  the  courfe  of  the  corre¬ 
fpondence  he  had  mentioned  his  own  library  as  one  ol 
the  moll  valuable  in  Europe;  and  when  Catharine  want¬ 
ed  to  purchafe  It  and  make  him  librarian,  he  faid  that 
his  conllltutlon  could  not  fupport  the  cold  climate  of 
St  Peterlbiirgh.  She  offered  to  let  him  keep  it  during 
his  lifetime  In  Paris  ;  and  the  library  was  fold  for  an- 
Immenfe  price.  When  her  ambalfador  wanted  to  fee  It, 
after  a  year  or  two’s  payments,  and  the  vifitatioii  could 
be  no  longer  put  off,  Diderot  was  obliged  to  run  in  a 
hurry  through  all  the  bookfellers  fhops  in  Germany  tO' 
fill  his  empty  fiielves  with  old  volumes.  He  had  the 
good- fartuiie  to  fave  appearances;  but  the  trick  took 
air,  becaufe  he  had  been  niggardly  in  his  attention  to 
the  ambaffador’s  fecretary.  This,  however,  did  not 
hinder  him  from  vifiting  his  imperial  pupil,  to  whom  he 
told  a  poor  ftory,  in  hopes  of  getting  his  daughter  mar¬ 
ried  with  parade,  and  patronifed  by  her  majefty  ;  but 
it  was  feen  through,  and  he  was  dlfappointed. 

In  the  year  1784  Diderot’s  health  began  vifibly  to 
decline ;  and  one  of  his  domeftics,  perceiving  that  his 
death  was  at  no  great  diftance,  acquainted  him  with  his 
apprehenfions,  and  addreffed  him  on  the  importance  of 
preparing  for  another  world.  He  heard  the  man  wuth 
attention,  thanked  him  kindly,  acknowledged  that  his 
fit  nation  required  ferioufuefs,  and  promifed  to  we;gh 
well  what  he  had  faid.  Some  time  after  this  converfa- 
tlon  he  defired  that  a  prieft  might  be  brought ;  and  the 
fame  domeftic  Introduced  to  him  M.  de  Farfac,  Curede 
St  Sulpice.  Diderot  faw  this  ecclefiaftic  feveral  times, 
and  was  preparing  to  make  a  public  recantation  of  his 
errors.  Condorcet  and  the  other  adepts  now  crowded 
about  him,  perfuaded  hfm  that  he  was  cheated,  that  his- 
cafe  was  not  fo  dangerous  as  It  w^as  faid  to  be,  and  that 
he  only  wanted  the  country  air  to  reftore  him  to  health. 

For  fome  time  he  refilled  their  attempts  to  bring  him 
back  td  atheifm,  but  w'as  at  laft  prevailed  upon  to  try 
the  effea  of  the  country  air.  His  departure  was  kept 
fecret,  and  he  was  concealed  In  the  countiy  till  the  2d 
of  July,  when  he  died.  His  dead  body  was  fecretly 
brought  back  to  Paris,  and  a  report  was  Ipread  and  be¬ 
lieved  that  he  died  fuddenly  on  rifing  from  the  table, 
without  remorfe,  and  with  his  atheifm  unfliaken. 

To  draw  a  formal  charadler  of  this  wretch  is  furely. 
fuperfluous.  His  friends  extol  hiis  franknefs,  his  difin- 
tereftednefs,  and  his  integrity  ;  but  except  his  grofs 
avowal  of  atheifm,  which  may  in  France  be  called  frank¬ 
nefs,  this  charafter  is  belied  by  every  tranfadlion  of  his 
life.  He  married,  and  had  a  daughter,  as  has  been  al¬ 
ready  mentioned.  M.  Bauze,  referred  to  by  Abbe 
Barruel,  coming  one  day  into  Diderot’s  houfe,  found 
liim  explaining  to  this  daughter  a  chapter  of  the  gof- 
pel.  When  he  expr-efied  fome  furprife  at  this  conduft, 

Diderot  faid  :  “  J’entends  ce  que  vous  voulez  dire  ; 

male 
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plfiercntialmals  au  fond,  quelles  meilleures  Ie9ons  pourrois  je  lui 
donner,  ou  tmuverai-je  niieux  It  was  a  common 
nfTertion  of  Diderot’s,  that  between  him  and  his  dog 
“  il  n’y  avoit  de  difference  que  habit.”  In  uttering 
this  fentiment,  he  refembled  not  Pope’s  Indian  with  un¬ 
tutored  mind, 


Who  thinks,  admitted  to  that  equal  flcy, 

«  His  faithful  dog  fhall  bear  him  company.” 

The  Indian  hopes  to  carry  his  dog  with  him  to  heaven; 
but  Diderot  hoped  to  die  like  a  dog,  and  to  be  as  if  he 
had  never  been. 

DIFFERENTIAL  method,  is  the  art  of  working 
with  the  differences  of  quantities.  By  this  method  any 
term  of  a  feries  may  be  found  from  the  feveral  orders  of 
differences  being  given  ;  or  vice  verfa,  any  difference 
may  be  found  from' having  the  terms  of  the  feries  given; 
it  likewife  fhews  how  to  find  the  fiim  of  fuch  a  feries. 
And  it  gives  rules  to  find  by  interpolation  any  inter¬ 
mediate  term,  which  is  not  expreffed  in  the  feries,  by 
having  its  place  or  pofition  given. 

When  any  feries  of  quantities  is  propofed,  take  the 
firft  term  from  the  fecond,  the  fecond  from  the  third, 
the  third  from  the  fourth,  See,  then  all  thefe  remainders 
make  a  new  feries,  called  the  order  of  differences.  In 
this  new  feries  take  the  firfl  term  from  the  fecond,  the 
fecond  from  the  third,  the  third  from  the  fourth,  &c. 
as  before ;  and  thefe  remainders  make  another  feries, 
called  the  fecond  order  of  differences.  In  like  manner, 
in  this  feries,  take  the  lirft  term  from  the  fecond,  the 
fecond  from  the  third,  &c, ;  and  thefe  will  make  a  feries 
called  the  third  order  of  differences  ;  and  after  this  man¬ 
ner  you  may  proceed  as  far  as  you  will.  Thus  in  the 
following  propofition  A,  b,  r,  d,  e.  See.  is  the  feries  ; 
B,  B^,  B3,  B"*,  &c,  the  lirft  order  of  differences  ;  C, 
C%  Sec,  the  fecond  order  of  differences;  D,  D%  &c. 
the  third  order ;  E,  3cc.  the  fourth  order,  and  fo  on. 
But  the  firft  terms  of  thefe  feveral  orders  of  differences, 
as  B,  C,  D,  E,  &c.  are  thofe  that  are  principally  made 
ufe  of  in  calculations  by  this  method. 

Prop.  I.  If  there  be  any  feries,  A,  b,  c,  d,  e,  Sec. 
and  if  there  be  taken  the  ftrft  differences  B,  B»,  B^  &c. 
the  fecond  differences  C,  C%  C’,  See,  the  third  differenl 
ces  D,  D%  D",  Sec,  and  fo  on. 

Then  if  T  ftand  for  the  firft  term  of  the  nth 

differences,  =±=T=:A— «3  +  «X  _ nX  - 
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That  is,  — A,  Cnr — 2^ -{-A,  T)=:d — ^  ^Differentul 

—A,  E=^-~4^-f +  &c.  or  — 

-pCirA  2b-^,Cy  — DzrA — 3^  +  3^ — d,  E:^  A  ^  ^ 

— 4^ -{-6c — 4^/+^>  where,  putting  T  fuccefllvely 
equal  to  B,  C,  D,  E,  Sec,  and  «=  i,  2,  3,  4^'  Sec.  the 
prop,  will  be  evident. 

Cor,  Hence 
A=:A,  the  firft  term, 

B  := — A-j-b,  the  firft  difference. 

A — 2^ -{-c,  the  2d  difference. 

=  — ^  +  3^  '■  3^  +  ^>  3^  dificrence. 

E  A — c\b-\*6c — 4^/-{-c,  the  4th  difference. 

B  ==  A-|-5^ — loc-j-io^ — 5^^/^  the  5th  difference. 

Sec, 

Prop.  II.  If  A,  /{-,  r,  c,  Sec.  be  any  feries,  a^^ 
there  be  taken  B,  C,  D,  E,  &c.  the  firft  of  the  fever^^ 
orders  of  differences ; 

Then,  the  nth  term  of  the  feries  will  be  rr  A  - 

^  .  _ _ _  3 


Id+nX”- 


3e  —  Sec.  that 

3  4 

and  — T  when  n  is  odd. 


3^ 

is,  -}-  T,  when  n  is  even,  _  ^ 

The  feveral  orders  of  differences  being  taken  as  be 
fore  dire61;ed,  will  ftand  thus.  Then, 

E 

B4 


b> 


Sec, 


feries 
I  ft  diff. 

2d  diff. 
3d  diff. 
4th  diff. 


A 

A 


e — dy  Sec, 


</  ,  c  , 

,  c-—b  ,  c  ,  . 

c— 23-{-A,  C— 2C^-f-c,  &C. 

3^+3^— A,C— 3C?-1-3C— Sec. 
e — — ^4^ 4* A,  &c. 


&c. 


2^  «  —  I  «  — 2  n- 

‘=+-r'x— X-, 

D+  ”-;ii  r.  +.  j,c. 

‘  2  3  4  ^  ’ 

For  from  tlie  equations  in  the  laft  Prop,  viz  'B  =  i 


—  A,  C=c— zi+A,  &c.  we  have,  by  tranfnofinjr, 
A  +  B,  r:  — A+26  +  C=;  —  A  +  2A+2B4-C 

(expunging  b)  ;  that  is, 

r=  A4.2B  +  C,  '^=A  — 3i  +  3f4.D  =  A  — 3A— 3B 

+3A+6B  +  3C-f-D  (expunging  b  and  c)  ;  that  is, 

</_.A-f-3B43C-i-D.  Alfo  e=;  —  A+4^  _  6r+4(/ 

+  L=  (expunging  b,  c,  d)  — A  +  4A  +  4B-  6A 
‘~'?^~^^  +  4A+  12B  +  12C  +  4D+E;  that  is. 

Then  putting  A,  b,  c,  d,  &c.  for  the  «th  term,  and 

n  fucceffively  =:  1,  2,  3,  4,  &c.  the  feries  will  be  evi- 
dent. 

Cor.  I.  If  d,  d\  d’",  &c.  be  the  firft  of  the  firft,  fe- 
cond,  third  order,  &c.  of  differences  ;  then 

The  «th  term  of  the  feries  A,  b,  c,  d,  See.  will  be 


=  A+ 


■I 

~  X  — 


—  d"+  - 


n  —  2 


X 

3 

&c. 


ilxl 


I 

n  — 


For  B  =:  dly  C  =  d'\  D  =  kc. 


And  the  co¬ 


efficients  are  the  unciss  of  the  n — ith  power, 

.  alfo  it  follows,  that  any  term  of  a 

given  feries  may  be  accurately  determined,  if  the  diffe¬ 
rences  of  any  order  happen  at  laft  to  be  equal. 

Cor,  3.  Hence 
A=iA,  the  firft  term. 

^  =  A-pB,  the  2d  term, 
c= A-{-2B-{-C,  the  3d  term. 

//— :A-f-3B-j-3G-}-D,  the  4th  term., 
cr::  A-f-4B-{-6C-i-4D-{-E,  the  5th  term. 

+  the  6th  term. 

.r=A^6B+i5C+2oD+i3E+6F+G,  the  yth  term, 


^  m.  If  rt,  h,  c,  d,  e,  &c.  be  any  feries  and  A' 
8cc.  the  firft  of  the  feveral  orders  of  differences  • 

then 

The  fum  of  fi  terms  of  the  feries 


ft  —  I  ,  n  — -  I  n 

X  -~i'+«X— X 


r::  n  a  ^  fi. 


n  —  2 


X: 
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[ 


X^iffra^Iion  n  —  Q 


X 


Direiil. 


2./v/+«X- 


^  — — 4 


4 


xiir4  + 


4 

&c. 

For  in  tbe  feries  of  quantities, 

0  ,  ^  U‘\‘h^\^€y  &C- 

ifl  diff.  are  a  y  h  y  c  y  d  y  &c. 
fid  diff.  d!  y  d'2  ,  d'^  ,  &c. 

3d  diff.  »  d'2  y  &c. 

4th  diff.  df'f  y  &c.  _ _ 

Therefore  (by  Cor.  i.  Prop.  11.)  the  «  +  ith  term 
■of  the  feries,  0,  «4"^>  ^  +  ^  + 

the  «th  term  of  the  feries,  /?,  a  +  by  a  +  b+Cy  a  +  b+c 

11  —  I  ,  ^  n  —  I 

.p  dy  &c.  is  +  +  ^  ^  ^  2 

^  -f  &c.  But  the  «th  term  of  the  feries  «, 


4.  a  4-  i  +  f,  &c.  is  the  fum  of  n  terms  of  the  fe- 
rics,  <7,  b,  c,  d,  &c.  and  therefore  equal  to  n  a  +  nX 
_ 1  n  —  l  n —  2 


“  d  -{“  ^  ^ 


For  a  fuller  account  of  t^is  method,  and  its  applica¬ 
tion  to  curves,  we  refer  the  reader  to  Emerfon’s  works, 
from  which  thefe  three  propofitions  are  taken. 

Diffraction,  a  term  ftrft  ufed  by  Grimaldi, 
to  denote  that  property  of  the  rays  of  light  which 
others  have  called  iiifieaion  ;  the  diTcovery  of  which  is 
attributed  by  fome  to  Grimaldi,  and  by  others  to  Dr 

diminution,  in  mufic,  is  the  abating  fomething 
of  the  full  value  or  quantity  of  any  note. 

DIOPHANTUS,  a  celebrated  mathematician  of 
Alexandria,  has  been  reputed  to  be  the  inventor  of 
algebra;  at  leaft  his  is  the  earlieft  work  extant  on 
that  fcience.  It  is  not  certain  when  Diophantus  lived. 
Some  have  placed  him  before  Chrift,  and  fome  after, 
in  the  reigns  of  Nero  and  the  Antonines ;  but  all  with 
equal  uncertainty.  It  feems  he  is  the  fame  Diophan¬ 
tus  who  wrote  the  Canon  Aftronomlcus,  which  Suidas 
fays  was  commented  on  by  the  celebrated  Hypatia, 
daughter  of  Theon  of  Alexandria.  His  reputation 
xnull  have  been  very  high  among  the  ancients,  fince 
they  ranked  him  with  Pythagoras  and  Euclid  in  ma¬ 
thematical  learning.  Bachet,  in  his  notes  upon  the  5th 


•  d'f  +  &c. 
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'DIRECTION,  in  aftronomy,  the  motion  and  other  Dhedliozi 
phenomena  of  a  planet  vVhen  diredl.  Ditton 

Direction,  in  aftrology,  is  a  kind  of  calculus,  by:  ^ 
which  they  pretend  to  find  the  time  in  which  any  not¬ 
able  accident  lhall  befal  the  perfon  whole  horofcope  is 
drawn. 

DISCRETE  Quantity,  is  fuch  as  is  not  conti¬ 
nued  and  joined  together.  Such,  for  Inftance,  is  any 
number. 

DITTON  (Humphry),  an  eminent  mathematician, 
was  born  at  Salifbury,  May  29.  1675.  Being  an  on¬ 
ly  fon,  and  his  father  obferving  in  him  an  extraordi¬ 
nary  good  capacity,  determined  to  cultivate  it  with  a 
good  education.  For  this  purpofe  he  placed  him  in  a 
reputc\ble  private  academy;  upon  quitting  of  which  he, 
at  the  defire  of  his  father,  though  againll  his  own  incli¬ 
nation,  engaged  in  the  profeflion  of  divinity,  and  began 
to  exercife  his  fundioii  »it  Tunbridge  in  the  county  of 
Kent,  wdiere  he  continued  to  preach  fome  years;  during 
which  time  he  married  a  lady  of  that  place. 

But  a  weak  conftitution,  and  the  death  of  his  father, 
induced  Mr  Ditton  to  quit  that  profeflion.  And  at  the 
perfuafion  of  Dr  Harris  and  Mr  Whifion,  both  eminent 
mathematicians,  he  engaged  in  the  ftudy  of  mathema¬ 
tics  ;  a  fcience  to  which  he  had  always  a  ftrong  incli¬ 
nation.  In  the  profecution  of  this  fcience  he  was  much 
encouraged  by  the  fuccefs  and  applaufe  he  received  : 
being  greatly  efteemed  by  the  chief  profeflbrs  of  it, 
and  particularly  by  Sir  Ifaac  Newton,  by  whofe  inte- 
reft  and  recommendation  he  was  elefled  mailer  of  the 
new  mathematical  fchool  in  ChrifPs  Hofpital ;  where 
he  continued  till  his  death,  which  happened  in  1715, 
in  the  40th  year  of  his  age,  much  regretted  by  the  phi- 
lofophical  world,  who  expeded  many  ufeful  and  inge¬ 
nious  difeoveries  from  his  afliduity,  learning,  and  pene¬ 
trating  genius. 

Mr  Ditton  publifhed  feveral  mathematical  and  other 
trails,  as  below.  —  i.  Of  the  Tangents  of  Curvei,  &c. 

Philof.  Tranf.  vol.  23. 

2.  A  Treatife  on  Spherical  Catoptrics,  piiblinied  in 
the  Philof.  Tranf.  for  1705  ;  from  whence  it  was  co¬ 
pied  and  reprinted  in  the  Ada  Eruditorem  1707,  and' 
alfo  in  the  Memoirs  of  the  Academy  of  Sciences  at 
Paris. 

3.  General  Laws  of  Nature  and  Motion,  8vo,  1705. 

’  1  r*  A  * _  a\^  *  ^  ^1-  i4' 


Woifius''‘;.^;ntions  tYs  ^Vork,  and  fays  that'it  Hluftrate: 
.of  his  life;  namely,  that  he  was  married  when  he  was  and  renders  eafy  the  writings  of  Galileo,  Huygens, 


•or  nio  lilt- ,  V  .1  ^ 

-^2  years  old,  and  had  a  fon  born  five  years  after  ;  th^ 
this  fon  died  when  he  was  4  2  years  of  age,  and  that  his 
father  did  not  furvive  him  above  four  years;  from  which 
it  appears  that  Diophantus  was  84  years  old  when  he 

^^^DIOPTER,  Dr  Dioptra,  the  fame  wnth  the  index 
or  alhidade  of  an  aftrolabe,  or  other  fuch  inllrument. 

Dioptra  was  an  inllrument  invented  by  Hipparchus, 
which  ferved  for  feveral  ufes;  as,  to  level  water  courfes ; 
to  take  the  height  of  towers,  or  places  at  a  dillance;  to 
determine  the  places,  magnitudes,  and  dillauces  of  the 

planets,  See.  •  r 

DIRECT,  In  arithmetic,  is  when  the  proportion  ot 
any  terms,  or  quantities,  is  In  the  natural  or  dire£l  or¬ 
der  in  which  they  Hand;  being  the  oppofite  to  inverfe, 
which  confiders  the  proportion  in  the  inverted  order  of 
the  terms.  So,  3  ;  4  :  ;  6  :  8  dlre^lly  ;  or  3  :  4  :  :  8  :  6 
inverfely. 


and  the  Principia  of  Newton.  It  is  alfo  noticed  by 
La  Roche,  in  the  Memoires  de  Literature,  vol.  viii. 
p.'46, 

4.  An  Inftitution  of  Fluxions,  containing  the  firll 
Principles,  Operations,  and  Applications,  of  that  ad¬ 
mirable  Method,  as  Invented  by  Sir  Ifaac  Newton, 
8vo,  1706.  This  work,  with  additions  and  alterations, 
was  again  publifhed  by  Mr  John  ClarAe,  in  the  year 

1728.  ' 

5.  In  1709  he  publifhed  the  Synopfis  Algebraica  of 
John  Alexander,  with  many  additions  and  corredions. 

6.  His  Treatife  on  Perfpedive  was  publifhed  in 
1712.  In  this  work  he  explained  the  principles  of  that 
art  mathematically  ;  and  befides  teaching  the  methods 
then  'generally  pra^llfed,  gave  the  firfl  hints  of  the 
new  method  afterwards  enlarged  upon  and  improved  by 
Dr  Brook  Taylor;  and  which  was  publifhed  in  the  year 

'  ^  7.  la 


Diving- 
>  Btii. 
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7.  In  1714,  MrDitton  publiiKed  feveral  pieces  both 
theological  and  mathematical;  particularly  bis  Difcourfe 
on  the  Refurredion  of  Jefus  Chrift  ;  and  The  New 
Law  of  Fluids,  or  a  Difcourfe  concerning  the  Afcent 
of  Liquids,  in  exaft  Geometrical  Figures,  between  two 
nearly  contiguous  Surfaces.  To  this  was  annexed  a 
trad,  to  demonllrate  the  impofiibility  of  thinking  or 
perception  being  the  refult  of  any  combination  ot  the 
parts  of  matter  and  motion  :  a  fubjed  much  agitated 
about  that  time.  To  this  work  alfo  was  added  an  ad- 
vertifement  from  him  and  Mr  Whifton,  concerning  a 
method  for  difeovering  the  longitude,  which  it  feems 
they  had  publhlied  about  half  a  year  before.  This  at¬ 
tempt  probably  coft  our  author  his  life;  for  although  it 
was  approved  and  countenanced  by  Sir  Ifaac  Newton, 

•  before  it  was  prefented  to  the  Board  of  Longitude,  and 
the  method  has  been  fuccefsfully  put  in  pradice,  in  find¬ 
ing  the  longitude  between  Paris  and  Vienna  ;  yet  that 
board  then  determined  againll  it:  fo  that  the  difappoint- 
ment,  together  with  feme  public  ridicule  (particularly 
in  a  poem  written  by  Dean  Swift),  affeded  his  health 
fo  that  he  died  the  enfuing  year,  1715. 

In  an  account  of  Mr  Ditton,  prefixed  to  the  German 
tranflation  of  his  Difcourfe  on  the  Refurredion,  it  is 
faid  that  he  had  publifhed,  in  his  own  name  only,  ano¬ 
ther  method  for  finding  the  longitude  ;  but  wLlch  Mr 
Whifton  denied.  How^ever,  Raphael  Levi,  a  learned 
Jew,  who  had  ftudied  under  Leibnitz,  informed  the 
German  editor,  that  he  well  knew  that  Ditton  and 
Leibnitz  had  correfponded  upon  the  fubjed  ;  and  that 
Ditton  had  fent  to  Leibnitz  a  delineation  of  a  machine 
he  had  invented  for  that  purpofe;  which  was  a  piece  of 
mechanifm  conftruded  with  many  wheels  like  a  clock, 
and  which  Leibnitz  highly  approved  of  for  land  ufe  ; 
hut  doubted  whether  it  would  anfwer  on  fhip-board,  on 
account  of  the  motion  of  the  fhlp. 

DIVING- Bell  has  been  already  deferibed  in  the 
Encyclopedia  ;  but  in  that  work  was  given  no  account 
of  its  antiquity  or  its  invention.  In  the  works  of  Ari- 
ftotle  we  read  of  a  kind  of  kettle  ufed  by  divers  to  ena¬ 
ble  them  to  remain  for  fome  time  under  water  ;  but  the 
manner  in  which  thofe  kettles  were  employed  is  not 
clearly  deferibed.  ‘‘  The  oldeft  information  (faysPro- 
feftbr  Beckmann)  which  we  have  of  the  ufe  of  the  di¬ 
ving  bell  in  Europe,  is  that  of  John  Talfnier,  who  was 
born  at  Hainault  in  1509,  had  a  place  at  court  under 
Charles  V.  whom  he  attended  on  his  voyage  to  Africa. 

He  relates  in  what  manner  he  faw’  at  Toledo,  in  the 
prefence.of  the  emperor  and  feveral  thoufand  fpe{S:ators, 
two  Greeks  let  themfelves  down  under  water,  in  a  large 
inverted  kettle,  wuth  a  burning  light,  and  rife  up  again 
without  being  wet.  It  appears  that  this  art  was  then  new 
to  the  emperor  and  the  Spaniards,  ano  that  the  Greeks 
were  caufed  to  make  the  experiment  in  order  to  prove 
the  pofiibillty  of  it.’’ 

When  the  Englilh,  in  1588,  dlfperfed  the  Spani/h 
fleet,  called  the  Invincible  Armada,  part  of  the  ftiips 
went  to  the  bottom,  near  the  Ifte  of  Mull,  on  the  weit- 
ern  coaft  of  Scotland  ;  and  fome  of  thefe,  according  to 
the  account  of  the  Spanifti  prifoners,  contained  great 
riches.  This  information  excited,  from  time  to  time, 
the  avarice  of  speculators,  and  gave  rife  to  feveral  at¬ 
tempts  to  procure  part  of  the  loft  treafure.  In  the 
year  1665,  a  perfon  was  fo  fortunate  as  to  bring  up 
fome  cannon,  which,  however,  were  not  fufficient  to 
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defray  the  expcnces.  Of  thefe  attempts,  and  the  kind 
of  diving  bell  ufed  in  them,  the  reader  will  find  an  ac¬ 
count  in  a  work  printed  at  Rotterdam  in  1669,  and 
entitled  G.  Stnclart  Ars  nova  et  ?na^na  ^ravitatis  et  le- 
vitatis.  In  the  year  1680,  William  Phipps,  a  native 
of  America,  formed  a  project  for  fearching  and  unload¬ 
ing  a  rich  Spanifh  ftiip  funk  on  the  coail  of  Plifpaniola  ; 
and  reprefeiited  his  plan  in  fuch  a  plaufible  manner,  that 
King  Charles  II.  gave  him  a  ftiip,  and  furnidied  him 
with  every  thing  necefl'ary  for  the  undertaking.  He 
fet  fail  in  the  year  1683  ;  but  being  unfuccefsful,  re¬ 
turned  again  in  great  poverty,  though  with  a  firm  con- 
vidlion  of  the  poflibility  of  his  feheme.  By  a  fiibfcrip- 
tion  promoted  chiefly  by  the  Duke  of  Albemarle,  the 
fon  of  the  celebrated  Monk,  Phipps  was  enabled,  in 
1687,  to  try  his  fortune  once  more,  having  previoiifly 
engaged  to  divide  the  profit  according  to  the  twenty 
(bares  of  which  the  fiibfcription  confifted.  At  firft  all 
his  labour  proved  fruitlefs ;  but  at  laft,  when  his  pa¬ 
tience  was  almoft  entirely  exhaufted,  he  was  fo  lucky  as 
to  bring  up,  from  the  depth  of  fix  or  feven  fathoms,  fo 
much  treafure  that  he  returned  to  England  with  the 
value  of  two  hundred  thoufand  pounds  fterling.  Ot 
this  fum  he  himfelf  got  about  fixteen,  others  fay  twen¬ 
ty  thoufand,  and  the  duke  ninety  thoufand  pounds. 
After  he  came  back,  fome  perfons  endeavoured  to  per- 
fuade  the  king  to  feize  both  the  (hip  and  the  cargo, 
under  a  pretence  that  Phipps,  when  he  folicited  for  liifc 
majefty’s  permiflion,  had  not  given  accurate  information 
refpedling  the  bufinefs.  But  the  king  anfwered,  with 
much  greatnefs  of  mind,  that  he  knew  Phipps  to  be  an 
honjeft  man,  and  that  he  and  his  friends  fliould  fliare  the 
whole  among  them  had  he  returned  with  double  the 
value.  His  majefty  even  conferred  upon  him  the  ho¬ 
nour  of  knighthood,  to  (hew  how  much  he  v/as  fatisfied 
with  his  Condu<ft.  We  know  not  the  conftrudlion  of 
Phipps’s  apparatus  :  but  of  the  old  figures  of  a  diving- 
machine,  that  which  approaches  neareft  to  the  diving- 
bell  is  in  a  book  on  fortification  by  Lorini  ;  who  de- 
feribes  a  fquare  box  bound  round  with  iron,  which  1*3 
funiftied  with  windows,  and  has  a  flool  affixed  to  it  for 
the  diver.  This  ingenious  contrivance  appears,  how¬ 
ever,  to  be  older  than  that  Italian  ;  at  leaft  he  does  not 
pretend  to  be  the  inventor  of  it. 

In  the  year  1617,  Francis  Kefsler  gave  a  defeription 
of  his  water-armour,  intended  alfo  for  diving,  but  which 
cannot  really  be  ufed  for  that  purpofe.  In  the  year 
1671,  Witfen  taught,  in  a  better  manner  than  any  of 
his  predeceftors,  the  canftnidlion  and  ufe  of  the  di¬ 
ving-bell;  but  be  is  much  miftaken when  he  fays  that 
it  was  invented  at  Amfterdam:  In  1679  appeared, 
for  the  firft  time,  Borelli’s  well  known  work  de  mcrlu 
ammalium  ;  in  which  he  not  only  deferibed  the  diving- 
bell,  but  alfo  propofed  another,  the  imprafticability 
af  which  was  (liewn  by  James  Bernoulli.  Wlitn  ~ 
Sturm  publiflied  his  Collegium  aurlofum  in  1678,  he 
propofed  fome  bints  for  the  improvement  of  this  ma¬ 
chine,  on  which  remarks  were  made  in  the  Journal 
des  fganyans.  To  him  fucceeded  Dr  Plalley,  whofe  bell 
is  well  known. 

DODECATEMORY,  the  12  houfes  or  parts  of 
the  zodiac  of  the  pn'mum  mobile.  Alfo  tlie  j  2  figns 
of  the*zodiac  are  fometimes  fo  called,  becaufe  they  con¬ 
tain,  each  the  1 2th  part  of  the  zodiac, 

DOME.  See  Arch  in  this  Supplement. 
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Domingo,  DOMINGO,  or  St  Domingo.  See  Hispaniola,  an  oil  of  an  agreeable  odour ;  above  all,  the  fliui  was  fo  Dr^na, 

^  both  in  EncycL  and  in  this  Supplement.  exquifitely  clean,  that  they  would  not  have  fufTered  the  .  . 

DON  Martin  de  Mayorga,  rhe  name  given  by  fmalleft  particle  of  duft  to  remain  upon  it  a  moment. 

'  the  Spaniards  to  a  clufler^of  iflands  in  the  South  Sea,  In  this  archipelago  Don  Maurelle  found  a  fafe  har- 
difcovered  on  the  27th  of  February  1781  by  Don  F.  hour,  to  which  he  gave  the  name  of  El  Refugio  ;  and 
A.  Maurelle,  a  celebrated  pilot  of  that  nation.  which  he  places  in  Sou^h  Lat.  18'’.  36'.  and  W.  Lon. 

Thofe  iilands  are  defcribed  by  him  as  abounding  with  1 77®.  47^  45  '.  of  Greenwich, 
tropical  fruits  and  roots,  as  highly  cultivated,*  and  as  JDRAGCENA  Draco  (fee  Dracoena,  EncycL)^  is 
inhabited  by  a  people  confiderably  polifhed.  The  fer-  a  native  of  Madeira,  though  it  is  there  becoming  fcarce. 
tility  of  the  land,  fays  he,  is  fuch,  that  its  cultivation  The  following  account  of  it  is  by  La  Martiniere,  natu- 
cannot  fail  to  promife  a  favourable  harveft.  Every  ralift  in  the  laft  voyage  of  difeovery  by  La  Peroufe. 
where  are  feen  an  endlefs  number  of  cocoa-nut  trees,  “  The  idea  of  the  dracoena  draco  (fays  he)  given  by 
beautiful  banana  trees  ranged  in  lines  with  the  greateft  the  fhabby  fpecimens  cultivated  in  our  hot-houfes,  is 
order,  and  numerous  plantations  of  potatoes,  of  wdiich  fat  inferior  to  that  v/e  entertain  of  *  it  when  we  have 
he  deferihes  Tome  as  fifteen  feet  in  length,  and  of  the  an  opportunity  of  feeing  it  in  its  native  foil.  I  met 
thicknefs  of  a  man’s  thigh.  He  admired  the  order  with  with  three  in  particular,  of  which  the  trunk  was  fiK  or 
which  every  thing  was  difpofed.  No  weeds  were  fuf-  feven  feet  high,  and  four  and  a  half,  or  five  in  diameter, 
fered  to  grow  between  the  plants;  and  their  roads  were  The  principal  branches,  t2  or  15  in  number,  and  as 
kept  in  repair  with  a  diligence  deferving  imitation  by  thick  as  a  man’s  body,  fhoot  out  a  little  obliquely, 
the  moll  civilized  nations.  xlividing  themfelves  generally  into  two,  and  now'  and 

Their  government  appears  from  his  account  to  be  then  into  three,  to  the  height  of  40  or  50  feet,  incln- 
defpotic.  Tlie  fovereign,  who  is  called  the  Tubou^  is  the  feven  feet  of  the  trunk.  The  leaves  are  all  at 

held  in  the  higheft  veneration  by  his  fubjeds,  whofe  '  the  extremity  of  the  branches,  where  they  are  placed 
lives  and  properties  are  at  his  difpofal.  Under  him  in  alternate  order,  and  form  a  clufter.  This  tree  pre- 
there  is  an  order  of  nobles  called  Equts,  who,  though  fents  the  moft  perfed  regularity  to  the  eye,  and  tempts 
they  fhrink  into  infignificaiice  in  the  prefence  of  the  the  fpedator  to  think  that" the  moft  ildlful  gardenet 
I'uhouy  have  great  authority  over  the  people.  Thefe  makes  it  the  objed  of  his  daily  care,” 
people  are  faid  by  Maurelle  to  be  of  great  mufcular  DRAINS.  Under  this  word  in  the  Encyclopaedia 
fti  ength  and  large  ftature,  the  ordinary  height  of  the  publifhed'Mr  Bayley  of  Hope’s  method  of  draining 
men  being  fix  feet  or  fix  feet  four  inches,  while  many  land  ;  and  by  a  letter  from  the  author,  we  have  fince 
of  them  are  much  taller.  It  would  appear,  too,  that  learned,  that  experience,  the  beft  guide,  has  fully  pro - 
they  delight  in  gymnaftic  exercifes  ;  for  when  the  T?/-  the  ufefulnefa  and  durability  of  his  tlfatns^  With  a 
bou,  by  whom  he  had  been  treated  with  great  hofpita-  candour,  however,  worthy  of  a  man  who  writes  not  for 
llty,  wifhed  to  amufe  him  and  his  fhip’s  company,  he  fame,  but  for  the  good  or  the  public,  he  informs  us  of 
exhibited  to  them  feats  of  wreftling  and  boxing,  and  ^  niiftake  into  wdrich  he  had  led  us;  and  requefts  us  to 
that  as  well  by  the  women  as  by  the  men.  corredi  it  in  this  Supplement. 

Though  thefe  people  put  the  greateft  confidence  in  “  I  wifh  (fays  he)  that,  in  the  Supplement  to  the 
the  Spaniards,  and  frequently  ftaid  whole  nights  on  Encyclopaedia,  due  notice  may  be  taken  of  a  very  great 
hoard  the  frigate,  they  had  yet  the  common  inclination  error  into  which  I  was  led  in  my  fcheme  of  making  the 

of  favages  to  fteal.  “  Every  time  they  came  on  boafd  niahi  drams,  1  conjedlured,  that  where  the  bottom  of 

(fays  our  author),  clothes,  iron-work,  whatever  fell  in  the  trench  was  of  a  hard  or  folid  body,  as  clay  or  marl, 
their  way,  they  conlidered  as  lawful  prize.  They  drew  It  might  not  be  neceflary  to  lay  it  with  bricks  or  ftones; 
out  through  the  port-holes,  or  the  windows,  whatever  hut  in  this  I  was  quite  wrong.  By  the  runs  of  water, 
was  within  their  reach.  They  thieved  even  to  the  very  the  alternate  changes  from  wet  to  dry,  and  the  accefs 
chain  of  the  rudder.  I  made  ray  complaints  to  the  of  thefe  hard  bottoms  have  been  rendered  friable  ; 
king;  he  gave  me  permiftion  to  kill  whomfoever  I  fliould  they  have  crumbled  away,  and  let  in  all  rny  drains 
detect  in  the  aCl ;  and  i  w'as  alfiired  he  had  himfelf  dif-  which  were  not  fupported  by  a  bottom  laid  with  brick 

covered  and  pumTned  with  death  the  authors  of  the  or  Hone.”  For  this  information  we  requeft  the  author 

complained  of  theft.  Our  vigilance  was  necelfirily  cal-  to  accept  of  our  thanks,  and  we  are  perfuaded  we  may 
led  into  a(ffion  ;  we  fnrprifed  the  iflaiiders  ftriving  to  add  the  thanks  of  the  public. 

tear  away'  the  new  rudder  chains ;  we  fired  a  piftol  at  As  the  draining  of  land  is  a  matter  of  great  impor- 
them,  one  of  them  fell  dead  on  the  occalion,  and  this  tance  in  agriculture,  and  as  the  fubje^l;  has  been  again 
was  an  awful  leffon  for  thofe  who  were  either  on  board  brought  before ‘us,  w'C  imagine  that  oiir  agricultural 
or  alongfide  of  the  frigate  ;  they  faid  to  themfelves,  or  readers  will  be  glad  to  find  here  the  fuhftance  of  a  paper 
to  one  another,  chttp  ohher)  fama  (death).”  on  this  fubje£t,  for  which  the  author  received  the  filver 

They  mak^  of  the  bark  of  trees  a  kind  of  cloth  not  medal  of  the  Society  inllitutcd  for  the  encouragement  of 
unlike  that  which  has  been  brought  from  other  iflands  Arts,  Manufactures,  and  Commerce.  That  au- 
in  the  South  Sea;  and  our  author  deferibes  the  wo-  thor  is  Mr  John  Wedge  of  Bickenhlll,  near  Coventry, 
men  as  being  peculiarly  neat  both  in  their  drefs  and  in  who  is  not  only  a  great  farmer  himfelf,  hut^  had  like- 
tlieir  perfons.  They  had  their  mantles  or  loofe  gar-  wife  been  employed  by  the  Earl  of  Alesford  in  the  ma- 
ments  adjufted  in  neat  plaitR  and  folds,  and  becomingly  nagement  of  feveral  ellatcs.  Encouraged  by  his  lord- 
attached  by  a  knot  over  the  left  fhoulder.  They  wore  fhip’s  liberality,  Mr  Wedge  informs  the  fociety,  that 
garlands  or  wreaths  on  the  head,  and  chaplets  of  large  he  had  been  employed  for  fome  years  in  draining  large 
glafj  beads  round  their  necks;  the  hair  was  pleafingly  portions  of  land,  of  which  part  was  in  the  Earl’s  occu- 
difpofed  in  treffes,  and  the  whole  perfon  perfumed  with  '  pat  ion,  and  part  in  his  own,  as  tenant  to  his  lordfhip. 


Crajni. 
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Tlic  principles  upon  which  he  proceeded,  as  well  as  his  fprings  may  require  ;  and  th 
mode  of  procedure,  he  dates  in  the  following  terms  :  '  ’  *  ’ 


In  every  country  there  are  large  portions  of  land 
that,  in  wet  feafons,  have  always  what  may  be  called  a 
dry  furfate,  and  other  portions  of  land  that  have  always 
a  moift  or  nvet  furface  ;  the  former  of  thefe  admitting  all 
the  water  which  falls  upon  them  to  fink  freely  through 
their  pores  to  various  depths,  till  falling  on  clay,  or 
fome  other  undluous  earth,  whofe  pores  will  not  permit 
it  to  pafs  through,  it  is  there  held  up  to  a  height  pro^ 
portioned  to  the  quantity  of  water  which  comes  upon 
it,  and  the  facility  with  which  that  water  is  difchar- 
ged.  Thus,  held  up  to  various  heights,  it  ferves  as  a 
fountain  to  diftribute  its  water  (either  by  veins  of  faiid, 
pebbles,  or  rock),  according  to  the  formation  of  the 
different  under  ftrata  on  the  neighbouring  lands,  and 
there  forms  bogs  and  other  varieties  of  wet  furface, 
on  a  bafis  that  will  be  always  found  to  confifl  of  marl, 
or  clay,  or  fome  mixture  thereof.  The  effed  of  wa- 
ter  thus  diftributed  may  be  divided  into  two  claffes. 
The  firft  clafs,  where  the  water  is  thrown  out  by  a 
body  of  marl  or  clay,  &c.  upon  the  furface  of  defcend- 
ing  ground,  and  in  the  valley  (there  held  up  by  clay 
Qlfo)  forms  bogs  or  fwamps.  The  fecond  clafs,  where 
the  water  is  held  up  by  marl  or  clay,  as  before,  having 


R  A 

.  n . ,  — whole  of  the  water  thug 

brought  up  by  tapping  the  fprings,  is  carried  off  by  the 
drain  made  in  the  upper  clay,  which  muft  be  a  clofe 
one,  to  its  proper  level,  and  there  difcharged. 

By  both  thefe  methods  of  draining,  large  trads  of 
land,  under  favourable  circumflances,  may  be  cured  with 
one  drain.  The  beft  place  for  fixing  thefe  drains  is 
wheie  the  ftiatum  that  conveys  the  w’^ater  comes  neared 
to  the  furface;  and  the  bell  method  of  afcertaining  that* 
is  to  bore  or  dig  in  different  parts  through  the  diffe¬ 
rent  under  ftrata. 

The  third  clafs  may  be  eafily  cured  by  clofe  drains, 
at  fuch  diftances  and  depths  as  will  beft  carry  off  the 
furface. water.  It  may  not  be  improper  to  obferve,  that 
where  the  different  ftrata  or  mcafiires  crop  out,  that  is, 
becom^e  gradually  more  and  more  ftiallow  in  fome  cer¬ 
tain  diredioii  (as  is  often  the  cafe,  till,  one  after  the 
other,  they  all  prefent  themfelves  in  fucceffion  on  the 
furface  of  the  earth),  draining  may  often  be  much  more 
eafily  and  better  effeded  by  crofting  with  the  drain  the 
different  ftrata  or  meafiires  where  the  levels  and  other 
circumflances  will  admit. 

Some  of  the  land  drained  was  part  of  a  common,  in 
the  parifh  of  Church  Bickenhill,  in  the  county  of  War- 
wick;  part  of  it  was  covered  with  mofs  and  ling,  had 


above  marl  or  clay  a  ftretum  of  fand,  or  pebbles,  a  peaty  furface  about  fix  niches  deep,  and  produced 
through  winch  the  vvater  pafles  ;  and  above  thofe  fands  little  or  no  grafs  :  in  all  wa  feafons  it  was  filkd  quite 

V  t"  the  furface,  and  often  overflowed,  with  water.  Some 

the  weakefl  parts  of  which  the  water,  by  a  continual  of  the  land  was  much  more  uiifound,  deeper  of  peat, 
^  H  fountain,  forces  a  paflage  upwards  ;  and  covered  with  mofs,  in  moft  parts  nine  inches  loiisr  • 

and  thus,  ^rough  the  weakeft  parts  of  the  marl  or  another  part  was  an  abfolute  bog  in  all  feafons.  ^  ’ 
clay,  furniftes  a  continual  fupply  of  water  on  the  fur-  Having  dug  or  bored  with  a  large  auger  into  feveral 
ace,  for  the  formation  or  growth  of  bogs,  &c.- in  pro-  parts  of  the  laud,  Mr  Wedge  found  peat,  gravel  and 
f"7AT®l!'”^®‘^"!“°teorlefsabundand^  fand  mixed,  and  a  quick-fa^d  almoft  uniformly, 


by  Its  fountain  or  head,  namely,  the  higher  lands,  into 
which  rain-water  freely  paffes,  as  before  deferibed. 
There  are  alfo  different  foils,  under  different  circum^ 
‘ftanccs,  which  may  form  a  third  clafs  of  land  for  drain¬ 
ing  ;  fuch  as,  ftrong  deep  foils,  or  open  light  foils,  ha¬ 
ving  near  the  furface  a  body  of  marl  or  day.  In  either 
of  thefe  cafes,  the  water  which  fails  on  the  furface  muft, 
for  reafoiis  which  are  felf-evident,  keep  fuch  lands,  in 
rainy  feafons,  conftantly  wet  and  cold  ;  and  it  ftiould  be 
obferved,  that  a  mixture  of  all  the  three  before-deferibed 
claffes  of  \vet  land  fometinies  occur  in  one  field,  by  fiid- 
deii  alterations  of  the  under  ftrata,  and  thereby  perplex 
the^  operator,  by  requiring  all  the  different  modes  of 
draining  in  the  fame  held. 

If  it  be  admitted  that  bogs  are  thus  formed  and  fed, 
their  cure  may  be  effeaed  with  certainty.  The  firft 
clafs,  by  cutting  through  the  ftratuni  (be  it  fand,  peb- 
bles,  or  rock,)  that  conveys  the  water  to  the  bog,  and 
carrying  off  that  water  by  a  clofe  drain  to  fome  proper 
place,  where  the  level  admits  of  its  difeharge.  The  fe- 
cond  clafs,  by  finking  a  drain  to  any  convenient  depth 
in  the  upper  clay ;  and  then  digging  or  boring  with 
a  large  auger,  at  a  fmall  diftance  on  one  fide  of  this 
drain,  through  the  remaining  part,  be  it  (the  upper 
clay)  ever  fo  deep,  into  the  under  ftratiim  of  fand,  peb¬ 
bles,  or  rock,  through  which  the  water  paffes  ;  which 
will  then  rufti  up  into  the  drain  fo  made,  with  a  veloci- 
ty  proportioned  to  the  height  of  the  land  or  fountain 
whence  it  is  fupplied.  As  this  drain  advances  through 
the  land,  holes  muft  be  dug  or  bored,  as  before,  every 
feven  yards,  or  at  fuch  diftance  as  the  ftrength  of  the 
SuppL.  VoL.  I.  Part  IL 
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quick-land  in  every  part,  atter  getting  an  inch  or  two 
into  It,  feemed  almoft  as  fluid  as  water.  Judging  from 
this,  that  no  materials  for  a  drain  could  be  laid  in  the 
quick-fand,  but  what  it  would  immediately  bury,  he 
dug  a  trench  alnioft  to  the  quick-fand,  leaving  gravel, 
&c.  of  fufficient  ftrength  to  bear  up  the  materials  for  a 
hollow  drain  ;  thefe  materials  were  two  Tides  and  a  co« 
verer  of  ftone,  with  a  peat-turf  on  the  top  to  keep  out 
the  foil.  At  every  feven  yards  forward,  by  the  fide  of 
this  drain,  he  dug  a  hole  in  the  quick-land  as  deep  as 
It  would  permit.  From  thefe  holes  the  water  rofe  free- 
ly  into  the  hollow  drain,  and  was  by  it  dilcharged  at  a 
proper  level.  It  may  be  proper  to  remark,  that  the 
ftoiie  made  ufe  of  for  this  drain,  and  all  others  here 
mentioned,  was  a  red  fand  and  rag-ftone,  which  eafily 
fplit  into  proper  fizes  for  the  purpofe,  and  is  very  du¬ 
rable  ;  it  coft  about  fixpeiice  per  ton  getting,  exclufive 
of  carriage.  The  drain  thus  formed  ran  on  the  whole 
rather  freely,  and  made  the  land  dry  for  a  few  yards  on" 
each  fide  thereof,  but  was  far  from  having  the  efledt  he 
improperly  expefted  ;  for  ft  evidently  appears  that  the 
dram  coaid  only  take  a  very  fmall  portion  of  the  water 
from  fo  large  a  quick-fand.  which  ft  did  not  penetrate 
more  than  two  inches  ;  and  that  ft  could  drain  only  to 
Its  own  depth,  or,  at  moft,  to  that  depth  in  the  foun- 
tain  which  fupplied  the  quick-fand.  His  purpofe  was 
then  defeated;  and  his  motive  for'mentioniiig  this  error 
cannot,  he  hopes,  be  mfftakeii. 

He  now  did  what  he  fays  he  ought  to  have  done  be¬ 
fore,  that  IS,  examined  the  different  ftrata  to  a  greater 
depth,  particularly  on  the  bog,  and  at  the  upper  edges 
3  ^  thereof 


Drains. 
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thereof,  and  found  the  bog  to  be  what  has  been  defcn-  their  educes 
■'bed  under  the  firft  clafs.  He  therefore  determined  to 
attempt  the  cure  in  the  manner  before  preicribed  for 
that  clafs,  namely,  to  cut  through  the  whole  of  the  ilra- 
tum  (in  this  inftance,  of  qnick-fand),  through  which 
he  found  the  water  pafs.  This  he  effeded  as  follows  : 

The  fummer  being  dry,  and  favourable  for  the  purpofe, 
and  having  previoufly  made  his  main  open  drain,  he  began 
his  main  clofe  drain  the  firft  week  in  June  1791,  three 
feet  wide,  on  the  declivity  near  the  edge  of  the  great 
bog.  In  the  firft  operation  he  dug  through  the  peat. 


D  R  A 

on  each  fide  of  the  bottom  of  the  drain, 
forming  two  fidcs  of  a  trough  of  peat  5  then  fide  ftones^ 
about  eight  inches  High,  and  a  ftone  coverer,  were  put 
in  upon  the  ling  between  the  peat- turfs  ;  a  large  peat- 
turf,  near  two  feet  wide  and  four  inches  thick,  was 
then  cut  and  firmly  placed  over  the  whole  :  this  left  in 
the  bottom  of  the  drain  an  open  fpace,  of  more  than 
fix  inches  fquare,  for  the  water  to  pafs.  The  whole 
was  then  completed  by  filling  in  the  upper  part  of  the 
drain. 

In  this  way  the  author  drained,  for  aboqt  L.  So, 


boe.  in  the  tint  operation  ne  aug  tiiroiigii  rnc  pc^L,  - ,  -  —  ^  , 

the  hard  fand,  and  gravel,  and  one  fpade’s  graft  (about  thirty  acres  of  land,  which,  from  being  of  no  value 
J _ fhp  nn;rk-  whatever,  became  worth  at  leaft  14  millings  per  acre  01 


nine  inches  deep,  and  feven  inches  wide)  into  the  quick- 
fand  the  whole  length  of  this  drain, ^  which  was  73 
perches,  of  eight  yards  to  the  perch,  in  length.  The 
drain  thus  dug  ran  copioufly,  not  lefs  than  60  gallons 
per  minute.  In  this  Hate  he  left  It  about  nine  days  : 
the  efFed  of  it  was  rapid,  both  above  the  drain  and  on  ' 
the  bog  below.  Upon  examination,  he  now  found  about 
three  inches  on  the  top  of  the  fpade’s  graft,  which  had 
been  made  into  the  quick-fand  perfedly ‘dry.  He  then 
dug  out  thefe  three  inches  of  dry  fand,  to  nearly  the 
whole  width  of  the  drain,  three  feet ;  and  at  the  fame 
time  dug  out,  as  before,  another  fpade's  graft  from  the 
top  of  the  quick-fand,  as  near  the  middle  of  the  drain 
as  pofiible.  This  was  left  to  run  a  few  days,  as  before, 
and  had  the  fame  effea,  namely,  three  or  four  inches 
more  of  the  top  of  the  quick-fand  became  dry  and  hard. 
The  fame  operation  was  repeated  again  and  again  with 
the  fame  effed,  till  the  purpofe  of  getting  through  this 
quick-fand  was  completed,  fo  far  at  leaft  as  the  level  of 
the  main  open  drain  would  permit.  The  ftream  of  wa¬ 
ter  continued  increafing  during  the  whole  operation  ; 
the  bog  below  the  drain  was  quite  dry,  and  the  land 
above  perfedly  fo.  The  drain  which  was  firft  made, 
and  continued  running  for  fome  tii^pe  during  the  pro- 
grefs  of  the  main  clofe  drain,  became  gradually  dry  ; 
and  has  not,  fince  that  drain  was  finiflied,  difeharged 
one  fingle  drop  of  water.  Great  care  was  necefiary,  in 
making  the  main  clofe  drain,  to  keep  the  ftream  of  wa¬ 
ter  in  the  middle  of  it,  otherwife  the  current  would  have 
undermined  the  fides,  as  it  fometimes  had  done,  and 
caufed  them  to  fall  in.  For  this  reafon  It  was  necef- 
fary,  when  the  dry  fand  was  taken  from  the  top  of  the 
quick-fand,  immediately  to  take  out  a  Ipade's  graft  from 
the  middle  thereof,  in  order  to  divert  the  current  from, 
the  ftdes. 

The  main  clofe  drain  thus  made  was  three  feet  wide 
at  top,  about  nine  feet  deep  on  the  average,  and,  bevel¬ 
ling  a  little  from  the  top,  it  was  about  one  foot  ten 
inches  wide  at  the  bottom.  The  ftone  and  other  ma¬ 
terials  were  put  into  this  drain  in  the  following  manner  ; 

Where  the  drain  went  through  the  quick-fand  into 
the  ftralMim  of  clay  below  it,  as  In  moft  places  it  did, 
the  bottom,*  and  in  fome  Inftances  the  fides,  wanted  no 
particular  fecurity  (a);  but  where  it  did  not  go  quite 
through  the  quick-fand,  which  the  level  of  his  main 
open  drain  in  fome  places  would  not  admit,  the  bottom 
of  the  drain  was  covered  half  an  Inch  thick  with  ling  ; 
tlien  peat-turfs,  one  foot  wide  and  three  or  four  inches 
thick,  were  cut  in  convenient  lengths,  and  placed  on 


whatever,  became  worth  at  leaft  14  {hillings  per  acre  of 
yearly  rent.  He  likewife  hollow-drained  nine  acres  by 
the  method  preferibed  for  the  third  clafs  of  wet  land. 
Thefe  drains  were  made  a  few  yards  below  that  part  of 
each  field  where  the  dry  and  wet  land  feparate,  about 
22  inches  deep,  with  fides  and  a  coverer  of  ftone,  and 
ling  on  the  top  of  it,  to  keep  the  earth  from  running 
in.  The  length  of  thefe  drains  was  880  yards,  and  the 
expence  of  labour  and  materials  three  halfpence  per 
yard.  The  drains,  in  wet  weather,  difeharge  a  large- 
quantity  of  water  ;  and  will,  he  has  no  doubt,  aiifwer 
the  intended  purpofe.  Thus  far  relates  to  land  in  his 
own  occupation. 

Nine  acres  of  the  land  in  the  earl  of  Aylesford’s  occu¬ 
pation  was  almoft  an  entire  pulp.  This  bog  was  of  the 
fecond  clafs,  namely,  water  palling  through  a  quick- 
fand,  and  confined  by  a  ftratum  of  clay  below,  and  ano¬ 
ther  ftratum  of  clay  above  it.  The  water  thus  con¬ 
fined,  being  prelTed  by  its  fountain,  and  forced  up  thro* 
the  weakeft  parts  of  the  clay,  had  formed  a  bog^  of  ir- 
regular  tlueknefs  on  the  furface,  in  fome  places  fix  feet 
deep,  in  others  not  more  than  two.  As  there  is  a  con- 
fiderable  fall  in  this  land  from  eaft  to  weft,  he  thought 
it  expedient  to  put  two  drains  into  it ;  and  this  appears 
to  him  to  have  been  necefiary,  from  a  confideratlon  that 
both  thefe  drains  continue  to  run  in  the  fame  propor¬ 
tions  as.  when  firft  opened.  The  manner  In  which  thefe 
drains  were  executed  was,  by  digging  through  the  dif¬ 
ferent  upper  ftrata,  and  as  deep  into  the  clay  as  the 
main  open  drain  would  admit ;  then  digging  or  boring 
through  the  remaining  part  of  that  clay  into  the  quick- 
fand,  at  the  diftance  of  about  fix  yards  in  a  progreflive 
manner*. 

The  water  riiing  rapidly  through  thefe  holes  into  the 
clofe  drains,  has  cffe<fted  a  complete  cure  of  this  land, 
every  part  of  which  will  now  bear  a  hovfe  to  gallop 
upon  it.  Thefe  drains  difeharge  3660  gallons  an  hour  5 
which  is  much  lefs  than  they  did  at  firft,  as  iniift  be  the 
cafe  In  all  bogs.  This  land  will  be  worth  twenty  fliih 
lings  per  acre.  The  draining  coft  twenty  .five  pounds  ; 
and  the  length  of  the  under-ground  drains  is  eight  hun¬ 
dred  and  fourteen  yards. 

Mr  Wedge  had  juft  finlftied  (January  1792)  drain¬ 
ing  another  piece  of  land,  about  forty-three  acres.  As 
this  was  intended  to  anfv/er  two  purpofes,  one,  to  drain 
the  land,  the  ather,  to  give  an  additional  fupply  of  wa¬ 
ter  to  a  mill-pool,  and  as  a  circumftaiice  arofe  in  the 
execution  of  the  work  which  frequently  happens  lu 
drainliitr  land,  namely,  a  fudden  alteration  in  the  po- 
°  fition 


(a)  He  will  probably  find  in  time  that  he^was  under  the  fame  miftake  with  Mr  Sayl^y?  hope  that  with*^ 

Mr  Bay  ley’s  candour  he  will  acknowledge  it. 
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Drains,  fition  oF  tlic  under  {lrata--a  defcription  thereof  will  (aa  quoted  by  Withering,  fn  his  Arrangement  of  Bri- 
not,  we  hope,  be  thought  tedious.  This  draining  was  tifh  Plants,)  mentions  the  efFeas  of  this  fingular  plant, 
begun  at  the  level  of  a  mill-pool,  and  continued,  with-  occafioncd  by  the  irritation  of  an  ant,  which  he  placed 
out  any  great  difficulty,  to  the  diftance  of  about  thirty,  on  the  centre  of  one  of  the  leaves  vvith  a  pair  of  pincers, 
two  chains,  in  the  manner  before  deferibed  as  a  cure  for  The  ant,  in  endeavouring  to  efcape,  was  held  fail  by 
the  fecond  clafs  of  boggy  land  but  at  or  near  that  the  vifeous  juice  of  the  Imaller  hairs  till  the  large  ones, 
place  the  under  ftrata  altered  their  pofition  ;  the  quick-  together  with  the  edges  of  the  leaf,  clofed  in  and  im- 
fand  which  conveyed  the  water  now  became  of  twice  prifoned  it.  The  ant  died  in  fifteen  minutes  •  but  he 
its  former  tliicknefs  ;  and  the  clay,  which  had  hitherto  obferves,  that  the  effefts  followed  fooner  or  later,  in  dif. 
been  above  that  quick  fand,  for  fome  diftance  difap-  ferent  experiments,  according  to  the  Hate  of  the  wea- 
peared.  From  the  quick-fand  thus  becoming  fo  much  ther.  Dr  Whithering  has  publiflied  a  fimilar  account  of 
deeper,  he  could  not,  with  the  level  of  the  mill-pool,  the  fenfitive  properties  of  the  fundew,  which  was  com- 
cut  through  it  ;  nor  indeed,^  from  the  wetnefs  of  the  municated  to  him  by  two  of  his  botanical  friends,  and 
feafon,  would  fuch  an  operation  have- been  proper.  He  which  he  has  made  very  entertaining  and  interefting. 
therefore  continued  a  mallow  drain  to  forne  diftance.  The  fame  thing  is  confirmed  by  a  writer  in  the  Month* 
making  fide-holes  into  the  quick-fand,  which  ran  freely;  ly  Magazine  for  Augufl  1797  5  that  when- 

but  as  this  could  not  cure  the  whole  of  the  bog  below,  ever  he  made  experiments  on  the  droffera  with  ants  and 
he  branched  out  another  drain  (which  was  made  by  the  other  diminutive  infers,  he  commonly  found  them  perifh 
method  deferibed  for  curing  the  fecond  clafs  of  wet  or  in  a  fhorter  time  than  fifteen  minutes.  His  experiments 
boggy  land),  by  finking  a  clofe  drain  through  the  up-  were  made  on  the  droffera  rotundifolia.  Rothius,  how- 
per  ftrata  into  the  upper  clay,  and  then,  at  a  fmall  dif-  ever,  obferves,  that  the  loiigifolia  produces  the  fame  ef. 
tance  on  one  fide  of  this  clofe  drain,  boring  a  hole  with  fe<5ts,  but  with  greater  rapidity.  In  concludiiio-  his  ac* 
an  auger  through  the  remaining  part  of  that  clay  into  count.  Dr  Withering  fuggefts  this  enquiry,  “  Whether 
the  quick-fand  ;  and  at  every  eight  yards,  as  this  clofe  this  deftrudlion  of  infe6ls  be  not  neceffary  to  the  welfare 
dram  advanced,  ftill  boring  other  holes,  in  the  manner  of  the  plant  And  it  is  furely  worth  fome  botam’ft’3 
before  deferibed  ;  through  many  of  thefe  holes  the  wa-  while  to  take  fome  pains  to  anfwer  the  queftion. 
ter  rufhed  with  great  rapidity.  The  water  difeharged  DRUGS  EncycL)  are  fo  commonly  counter- 
by  thefe  drains  into  the  mill-pool  is  168  gallons  per  mi-  felted,  or  at  leaft  adulterated,  that,  in  London,  the 
nute,  or  3780  hogfheads  in  a  day;  which  is  after  the  royal  college  of  phyficians,  it  is  well  known,  has'long 
rate  of  1,379,700  hogfheads  in  a  year.  *  ago  appointed  a  court  of  examiners  to  inveftigate  the 

About  fix  acres  of  this  land  were  always  found  ;  a-  goodnefs  of  drugs  and  medicines  in  the  different  cfie- 
bout  twelve  acres  on  the  north  fide  were  an  abfolute  mifts  and  apothecaries  fliops.  The  counterfeit,  how- 
pulp,  and  the  remaining  twenty  fix  acres  very  unfound,  ever,  is  made  up  with  fuch  dexterity,  thaf  not  only  the 
File  whole  is  now  found,  and  will,  when  cultivated,  be  merchant  and  drug-broker,  but  even  the  man  of  fkill,  is 
worth  fixteen  fhillings  per  acre.  This  land  would  have  fometimes  deceived  ;  and  indeed  nothing  can  deted  this 
been  drained  at  a  much  lefs  expciice  iiito  the  main  open  impofition  but  a  practical  knowledge  of  chemiftry.  We 
drain  ;  but  then  the  w^ater,  which  was  much  wanted  therefore  recommend  it  to  every  father  of  a  family  to 
for  the  mill,  would  have  been  loft.  Thefe  clofe  drains  ftudy  our  Supplementary  article  Chemistry  with  this 
are  in  length  1452  yards,  and  cofl  L.  ico,  of  which  view,  if  with  no  other;  for  whatever  be  the  faults  of 
about  L.  30  ought  to  be  charged  to  the  mill.  that  atricle,  we  have  loft  much  labour  if  it  be  not  fuffi- 

Jmportant  as  this  fiihjed  is,  we  inuft  not  enlarge  this  ciently  perfpicuous  to  enable  every  man,  not  an  abfo- 
article,  or  we  fhould  make  large  extrads  from  Dr  An-  lute  flranger  to  phyfical  fcience  in  all  its  branches,  to 
derfon’s  PraBicol  l^reatife  on  Draining  Bogs  and  Swam-  dete6t  the  common  impoftiircs  of  druo-.fellers. 
py  Grounds,  lately  piiblifhed.  It  is  proper,  however,  DUFTER,  in  Bengal,  an  office  o*r  department, 
to  inform  the  public,  that  the  author  puts  in  his  claim  Duftf.r  Cana,  the  place  where  the  office  is  kept 

for  being  the  firft  difeoverer  of  that  mode  of  draining  DWARFING  of  vegetables,  an  art  invented  by 

for  which  Mr  Elkington  has  obtained  from  Parliament  the  Chinefe,  to  which  the  attention  of  Sir  Georg-e 
a  premium  of  L.  3000  ;  and  the  reader  who  fhall  turn  Staunton  was  attraded  on  the  following  occafion  : 
to  the  article  Drains  in  the  Encyclopaedia,  will  ^per-  When  the  ernbafly  was  at  Chufan  (See  Ciiusan  in 
o  well-founded.  this  Supplement),  the  gentlemen  who  went  on  Ihore 

JJKUbb-LKA  Anglicana,  or  the  Sundew  (fee  ''  ere  introduced  to  the  governor  in  his  hall  of  audience 
Drossera,  EncycL),  is  a  very  minute  villous  plant,  where  on  feveral  tables  were  placed,  in  frames  filled 
iifually  growing  entangled  with  mofs  on  peat  bogs  ;  the  ^  ith  earth,  dwarf  pines,  oaks,  and  orange  trees  bear- 
'  le^es  are  cunoully  fringed  with  numerous  ftrong  red-  ing  fruit.  None  of  them  exceeded  in  h^ght  two  feet, 
dilh  hairs,  terminated  by  fmall  pellucid  globules  of  vif-  Some  of  thofe  dwarfs  bore  all  the  marks  of  decay  from 
cous  liquor,  which  occafion,  by  the  reftedion  of  the  age  ;  and  upon  the  furface  of  the  foil  were  iiiterfperfed 
fun,  that  .peculiar  luftre  from  which  its  name  is  derived,  fmall  heaps  of  ftones,  which,  in  proportion  to  the  ad- 
It  is  in  thefe  hairs  that  thefe  effential  properties  of  the  joining  dwarfs,  might  be  termed  rocks.  Thefe  were 
plant  refide  ;  for  :f  a  fmall  infed  ffiould  fix  itfelf  on  one  honey-combed  and  mofs-grown,  as  if  untouched  for 
of  th^e  leaves,  thefe  hairs  immediately  begin  to  clofe,  ages,  which  ferved  to  maintain  the  illufioii,  and  to  give 
one  by  one,  till  the  infed  is  wholly  environed  by  them,  an  antique  appearance  to  the  whole.  This  kind  of 
and  then  the  leaf  in  which  it  is  imprifoned  gradually  ftunted  vegetation  feemed  to  be  much  reliftied  by  the 
bends  inwards,  fo  as  to  reach  the  bafe ;  in  this  ftate  curious  in  China  ;  and  fpecimens  of  it  were  to  be  found 
the  infed  is  killed  by  the  operation  of  the  acrimonious  in  every  confiderable  dwelling.  To  produce  them  form- 
juice  exuding  from  the  ends  of  the  hairs.  Rothius  ed  a  part  of  the  gardener’s /kill,  and  was  an  art  invented 
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Befitle  the  mere  merit  of  overcoming  whatever  form  the  operator  wiflies  :  and  when  the  ap^  ^ 

'  *  1 1  *  .  pearance  of  age  and  decay  is  meant  to  be  given  to  a  ' '  ^ 

dwarf  tree,  it  is  repeatedly  fmeared  with  treacle  or  mo- 
lalTes,  which  attra£ls  multitudes  of  ants,  who,  in  pur- 
fuit  of  thofe  fweet  juices,  attack  the  bark,  and,  by  a 
gradual  corrofion  of  it,  produce  the  delired  efFe£l.  Thefe 
different  proceffes  are  fometimes  attempted  to  be  kept 
fecret  by  the  gardeners,  and  they  vary  defignedly  in  the 
mode  of  carrying  them  on;  but  the  principle  on  which 
they  are  founded  is  fufficiently  apparent  from  what  is 
related  here  ;  and  the  contrivance  argues  ingenuity  and 
perfeverance,  rather  than  the  practice  does  true  tafle, 
which  confifls  in  alTifting  Nature  in  its  mofl  favourite 
works— not  in  couriterading  its  operations  or  diftort- 
ing  its  prodiidions. 

DYEING  is  an  art  into  which,  fince  the  article  ia 
the  Encyclopaedia  was  publifhed,  improvements  have 
been  introduced  of  fiich  importance,  that  it  would  be 
unpardonable  not  to  notice  them  in  this  Supplement* 

They  ought  to  be  noticed  under  the  prefent  title  ;  butj, 
for  reafons  afligned  at  the  time,  ,  we  w^ere  under  the  ne- 
ceffity  of  poftponlng  them,  in  the  firft  edition,  to  the 
title  Vegetable,  Animal,  and  Dyeing  Substances.  We 
might  now  reflore  the  article  Dyeing  to  its  proper 
place  ;  but  though  we  confidently  announce  this  as  an 
improved  edition,  we  doubt  whether  w’^e  can,  in  juftice 
to  the  piirchafers  of  the  firft  edition,  alter  its  arrange* 
ment.  We  therefore  ftill  refer  the  reader  to  the  article 
Dyeing  Substances. 


Dwarfing,  in  that  country.  - 

'  a  difficulty,  it  had  that  of  introducing  vegetables  into 
commbn  apartments,  from  which  their  natural  fize  muft 
otherwife  have  excluded  them. 

Tlie  general  method  of  obtaining  vegetable  dwarfs  is 
faid  to  be  the  following  ;  A  quantity  of  clay  or  mould 
is  applied  to  the  upper  part  of  the  trunk  of  a  tree,  from 
which  a  dwarf  is  Intended  to  be  taken,  and  clofe  to  its 
divlfion  into  branches.  The  mould  is  to  be  confined  to 
the  fpot  by  coarfe  hempen  or  cotton  cloth,  and  to  be 
carefully  kept  moift  by  water.  In  confequence  of  this 
application,  continued  fometimes  above  a  twelvemonth, 
fmall  tender  fibres  ffioot  down  like  roots  from  the  wood 
into  the  mould.  The  part  of  the  trunk  emitting  thofe 
new  fibres,  together  with  the  branch  rifing  immediately 
above  it,  is  then  to  be  carefully  feparated  from  the  reft 
of  the  tree,  and  planted  in  new  earth,  in  which  the 
fibres  become  new  roots,  while  the  former  branch  is 
now  the  ftem  of  the  vegetable  thus  transformed  in  fome 
meafiire.  This  operation  does  not  deftroy  or  alter  the 
produdive  faculty  which  thofe  parts  enjoyed  before  their 
feparation  from  their  parent  root.  That  which,  while 
a  branch  of  the  original  tree,  bore  flowers  and  fruit,  con¬ 
tinues  to  produce  the  fame,  though  no  longer  fupport- 
ed  upon  any  ftock.  The  terminal  buds  of  fuch  branches 
of  trees  as  are  meant  to  become  dwarfs  are  torn  off ; 
which  clrcumftance  prevents  the  further  elongation  of 
thofe  branches,  and  forces  other  buds  and  branchlets 
from  the  fides.  Thefe  branchlets  arc  bent  by  wires  to 
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Definition.  HTHIS  name  marks  that  department  of  phyfico.ma- 
thematical  fcience  which  contains  the  abftra6f 
doarine  of  moving  forces  ;  that  is,  whatever  necef- 
farily  refults  from  the  relations  of  our  ideas  of  motion, 
and  of  the  immediate  caufes  of  its  produdion  and 

changes.  . 

Ohiea  of  All  changes  of  motion  are  confidered  by  us  as  the  in- 
dynamicB  isdlcations,  the  charaderiftics,  and  the  meafures  of  clian- 
change  of  gjj^g  caufes.  This  is  a  phyfical  law  of  human  thought, 
that  condi-  therefore  a  principle  to  which  we  may  refer,  and 
thinK  ^  knowledge  of  thofe 

which  we  caufes.  When  we  appeal  to  our  own  thoughts  or  teel- 
call  its  mQ-  jngs,  we  do  not  find  in  ourfelves  any  difpofition  to  refer 
mere  exiftence  to  any  caufe,  although  the  beginning  of 
exiftence  certainly  produces  this  reference  in  an  inftant. 
Had  we  always  obferved  the  unlverfe  in  motion,  it  does 
not  appear  that  we  fhould  have  afcrlbed  it  to  a  caufe, 
till  the  obfervation  of  relative  reft,  or  fomethlng  leading 
to  it,  had  enabled  us  to  feparate,  by  abftradion,  the 
notion  of  matter  from  that  of  motion.  We  might  then 
perceive,  that  reft  is  not  incompatible  with  matter  ;  and 
we  might  even  obferve,  by  means  of  relative  motions, 
that  abfolute  reft  might  be  produced  by  the  concourfe 
of  equal  and  oppofite  motions.  But  all  this  requires 
refledion  and  reafoning  ;  whereas  we  are  now  fpeakiiig 
of  the  firft  fuggellions  of  our  minds. 

3,  We  cannot  have  any  notion  of  motion  in  ahjlratta, 

without  confideriiig  it  as  a  ftate  or  condition  of  exiftence, 
which  would  remain,  if  not  changed  by  fome  caufe.  It 
is  from  changes  alone,  therefore,  that  we  infer  any  agen¬ 
cy  in  nature ;  and  it  is  in  thefe  that  we  are  to  find  all 
that  we  know  of  their  caufes. 
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W^hen  we  look  around  us,  we  cannot  but  obferve  Mechanical  ^ 
that  the  motions  of  bodies-  have,  in  moft  cafes,  if  not  relation, 
always,  fome  relation  to  the  fitiiation,  the  diftance,  and  what* 
the  difcrlminatlng  qualities  of  other  bodies.  T.  he  mo¬ 
tions  of  the  moon  have  a  palpable  relation  to  the  earth; 
the  motions  of  the  tides  have  as  evident  a  relation  to  the 
moon  ;  the  motions  of  a  piece  of  iron  have  a  palpable 
dependence  on  a  magnet.  The  vicinity  of  the  one 
feems  to  be  the  occalion,  at  leaft,  of  the  motions  of  the 
other.  The  caufes  of  thefe  motions  have  an  evident 
connedion  with  or  dependence  on  the  other  body.  AYe 
are  even  difpofed  to  imag’ine,  that  they  are  Inherent  ia 
that  body,  and  that  it  pofleffes  certain  qualities  which 
are  the  caufes  of  thofe  modifications  of  motion  in  other 
bodies.  Thefe  ferve  to  dlftinguifti  fome  bodies  from 
others,  and  may  therefore  be  called  properties  ;  and,  I 

fince  the  condition  of  other  bodies  fo  evidently  depends 
on  them,  thefe  properties  exprefs  very  interefting  rela¬ 
tions  of  bodies,  and  are  chiefly  attended  to  in  the  enu-  j 

meration  of  the  circumftances  which  afcertaln  what  we  | 

call  the  nature  of  any  thing.  We  do  not  mean  to  fay  | 

that  thefe  inferences  are  always  juft;  nay,  we  know  that 
many  of  them  are  ill-founded  :  but  they  are  real,  and  j 

they  ferve  abundantly  for  informing  us  what  we  may  j 

exped  from  any  propofed  fituation  of  things.  It  is 
enough  for  us  to  know,  that  when  a  piece  of  iron  is  fo 
and  fo  fituated  in  relation  to  a  magnet,  it  will  move  ia 

a  certain  manner.  ...  r ,  1 

This  mutual  relation  of  bodies  is  differently  confider* 
ed,  according  to  the  intereft  that  we  chance  to  take  in 
the  phenomenon.  The  caufe  of  the  approach  of  the 
iron  to  a  magnet  is  generally  aferibed  to  the  magnet,  , 

.  which. 
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Force  and 
A^ion  are 
iigurative 
terms  when 
nfed  in  me 
chanifm ; 


Sut  the  a. 
nalogy  is 
not  in  the 
force,  but 
in  the  ef- 
fed. 


which  is  faid  to  3ttra£l  the  iron,  becaufe  we  commonly 
employ  the  magnet  in  order  that  thefe  motions  may 
take  place.  The  fimilar  approach  of  a  ftone  to  the 
earth  is  aferibed  to  the  ftone,  and  we  fay  that  it  tends 
to  the  earth.  In  all  probability,  the  procedure  of  na¬ 
ture  is  the  fame  in  both;  for  they  are  obferved,  in  every 
inftance,  to  be  mutual  between  the  related  bodies.  As 
iron  approaches  a  magnet,  fo  ‘the  magnet  approaches 
the  iron.  The  fame  thing  is  obferved  in  the  motions 
of  eledlrified  bodies  ;  alfo  in  the  cafe  of  the  ftone  and 
the  earth.  Therefore  the  caiife  of  the  motions  may  be 
conceived  as  inherent  in  either,  or  in  both. 

The  qualities  thus  inherent  in  bodies,  conftitnting 
their  mechanical  relations,  have  been  called  the  mecha¬ 
nical  AFFECTIONS  OF  MATTER.  But  they  are  more 
^commonly  named  powers  or  forces;  and  the  event 
which  indicates  their  prefence,  is  confidered  as  the  ef- 
fedl  and  mark  of  their  agency.  The  magnet  is  laid  to 
ACT  on  the  iron,  the  earth  is  faid  to  act  on  the  ftone, 
and  the  iron  and  the  ftone  are  faid  to  act  on  tht  mag¬ 
net  and  on  the  earth. 

All  this  is  figurative  or  metaphorical  language.  All 
languages  have  begun  with  focial  union,  and  have  im¬ 
proved  along  with  it.  The  lirft  colledlions  of  words 
exprefted  the  moft  familiar  and  the  moft  interefting  no¬ 
tions.  In  the  procefs  of  focial  improvement,  the  num¬ 
ber  of  words  did  not  increafe  in  the  fame  proportion 
with  the  notions  that  became  interefting  and  familiar  in 
their  turn :  for  it  often  happened  that  relations  of  certain 
ideas  fo  much  refembled  the  relations  of  certain  other 
ideas,  that  the  word  exprefiing  one  of  them  ferved  very 
well  for  exprefting  the  other;  becaufe  the  diffimilar  cir- 
cumftances  of  the  two  cafes  prevented  all  chance  of  mif- 
take.  Thus  we  are  faid  to  furmount  a  difficulty  without 
attaching  to  the  word  the  notion  getting  over  a  fteep 
hill.  Languages'are  thus  filledwith  figurative  expreffions. 
Power,  Force,  and  Action,  are  words  which  muft 
have  appeared  in  the  language  of  the  moft  fimple  peo¬ 
ple  ;  becaufe  the  notions  of  perfonal  ability,  ftrength, 
and  exertion,  are  at  once  the  moft  familiar  and  the  moft 
interefting  that  can  have  a  place  in  the  human  mind. 
Thefe  terms,  when  ufed  in  their  pure,  primitive  fenfc, 
exprefs  the  notions  of  the  power,  force,  and  action  of 
a  fentieiit,  adtive,  being.  Such  a  being  only  is  an 
agent.  The  exertion  of  his  power  or  force  is  (exclu- 
fively)  aaion  :  But  the  relation  of  caufe  and  effeA  fo 
much  refembles  in  its  refults  the  relation  between  this 
force  and  the  work  performed,  that  the  fame  term  may 
be  very  intelligibly  employed  for  both.  Perhaps  the 
only  cafe  of  pure  iinfigurative  aftion  is  that  of  the 
mind  on  the  body.  But  as  this  is  always  with  the 
defign  of  producing  fome  change  oii  external  bodies,, 
we  think  only  of  them;  the  inftrument  or  tool  is  over¬ 
looked,  and  we  fay  that  we  ad  on  the  external  body. 
Our  real  aftion  therefore  is  but  the  firft  movement  in 
a  long  train  of  fucceffive  events,  and  is  but  the  remote 
caufe,  of  the  interefting  event.  The  refemblance  to  fiich 
adlions  is  very  ftrorig  indeed  in  many  cafes  of  mechanr.- 
cal  phenomena.  A  man  throws  a  ball  by  the  motion 
of  his  arm.  A  fpring  impels  a  ball  in  the  fame  manner 
by  unbending.  Thefe  two  events  refemble  each  other 
in  every  circumftance  but  the  adioii  of  the  mind  on  the 
corporeal  organ— the  reft  of  it  is  a  train  of  pure  me- 
chanifm.  In  general,  becaufe  the  ultimate  refults  of 
the  mutual  influence  of  bodies,  on  each,  other  greatly 
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refemble  the  ultimate  refults  of  our  adlions  on  bodies, 
we  have  not  invented  appropriated  terms,  but  have  con¬ 
tented  ourfelves  with  thofe  already  employed  for  ex* 
preffing  our  own  adlions,  the  exertions  of  our  own 
powers  or  forces.  I'he  relation  of  pliyfical  caufe  and 
elfed  is  exprefifed  metaphorically  in  the  words  which 
belong  properly  to  the  relation  of  agent  and  a6lion. 

This  has  been  attended  by  the  ufual  confequences  of 
poverty  of  language,  namely,  ambiguity,  and  fometimes- 
miftake,  both  in  our  refledfions  (which  are  generally 
carried  on  by  mental  difeourfe),  our  reafonings,  and- 
our  conclufions.  It  is  neceffary  to  be  on  our  guard 
againft  fuch  miftakes  ;  for  they  frequently  amount  to 
the  confounding  of  things  totally  different.  Many  phi- 
lofophers  of  great  reputation,  on  no  better  foundation 
than  this  metaphorical  language,  have  confounded  the 
relations  of  adivity  and  of  caufation,  and  even  denied 
that  there  is  any  difference  ;  and  they  have  a/firmed, 
that  there  is  the  fame  invariable  relation  between  the 
determinations  of  the  will  and  the  inducements  that 
prompt  them,  as  there  is  between  any  phyfical  power 
and  its  effedt.  Others  have  maintained,  that  the  firft 
mover  in  the  mechanical  operations,  and  indeed  through 
the  whole  train  of  any  complicated  event,  is  a  perci¬ 
pient  and  intending  principle  in  the  fame  manner  as  in 
our  actions.  According  to  thefe  philofophers,  a  particle 
of  gravitating  matter  perceives  its  relation  to  every  other 
particle  in  the  univerle,  and  determines  its  own  motion 
according  to  fixed  laws,  in  exaeft  conformity  to  its  fitu- 
ation.  But  the  language,  and  even  the  adlions  of  ail 
men,  fliew  that  they  have  a  notion  of  the  relation  of  an 
agent  to  the  a6lion,  eafily  diftinguifhable  (becaufe  all 
diftinguifli  it)  from  the  relation  between  the  phyfical 
caufe  and  its  effea.  The  proofs  of  this  fad  have  been 
adduced  in  other  parts  of  the  Encyclopaedia  Bntannica, 
as,  for  example,  in  the  article  Philosophy,  n^^  42.  ai;d 
in  this  Supplement  in  the. article  Action, 

Thefe  remarks  are  not  made  in  this  plac-e  for  any  phi¬ 
lological  purpofe,  fucl\  as  the  mere  improvement  of  Ian- 
guage  ;  but  becaufe  this  metaphorical  language  has  af¬ 
fected  the  dodrines  of  mechanical  philofophy,  and  has 
produced  a  difpute  about  fome  of  its  firft  principles;  and- 
becaufe  we  find  that  the  only  way  to  decide  this  difpute: 
is  to  avoid,  moft  fcrupuloufly,  all  metaphorical  l^mguage,, 
though  at  the  expenee  of  much  cirqumloCution.  ^ 

When  we  f])eak  of  powers  or  forces  as  refiding  in  a  Dirceftion^- 
body,  and  the  effeft  as  produced  by  their  exertion,  the 
body,  confidered  as  poffelTing  the  powder,  is  faid  to  act . 
on  the  other..  A  magnet  is  hiid  to  aft  on.  a  piece  ofaTaWy.  ' 
iron  ;  a  billiard  ball  in  motion  is-  faid  to  aCl  on  one 
that  is  hit  by  it  ;  but  if  we  attempt  to  fix  our  atten¬ 
tion  on  this  aclion,  as  diftiiiA  both  from  the  ao-ent 
and  the  thing  aaedon,  we  find  no  objea:  of  contem¬ 
plation-— tne  exertion  or  procedure  of  nature  in  produ¬ 
cing  the  effed  does  not  come  under  our  v^ev^^  When 
/peak  oi  the  aCtion  as  diftindl  from  the  agent, 
find  that  it  is  not  the  adion,  properly  fpeaking,  but 
the  ad,  that  we  fpeak  of.  In  like  manner,  the*adion. 
of  a  mechanical  power  can  be  conceived  only  in  the  ef- 
fed  produced, 

A  man  IS  not  find  to  ad  unlefs  he  produces  fom-^.^aion 
effed.  Thought  is  the  ad  of  the  thinking  principle  ;  implies 
motion  of  the  limb  is  the  ad  of  the  mind  on  it. 
mechanics,  alfo,  there  is  adion  only  in  fo  far  as  there 
IS  mechanical  effed  produced.  I  muft  ad  violently  in  JToradiL. 

ordes 
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ordci*  to  b^gin  inotion  on  a  Aide  :  I  muft:  exert  force, 
and  this  force  exerted  produces  motion,  I  conceive 
the  production  of  motion,  in  all  cafes,  as  the  exertion 
of  force  ;  but  it  requires  no  exertion  to  continue  the 
motion  along  the  Aide  ;  I  am  confeious  of  none,  there, 
fore  I  ought  to  infer  that  no  force  is  neceffary  for  the 
coatinuatTon  of  any  motion.  The  continuation  of  mo¬ 
tion  is  not  the  produdtion  of  any  new  effe£l,  but  the 
permanency  of  an  effeft  already  produced.  .  We  in¬ 
deed  confider  motion  as  the  effed-of  an  aftion  ;  but 
there  would  be  no  effea  if  the  body  were  not  moving. 

Motion  is  not  the  a6lion,  but  the  effe6l  of  the  aftion. 

PrefTton  m-  Mechanical  aaions  have  been  ufually  clalTed  under 
*  two  heads  :  they  are  either  Pressures  or  Impulsions. 

They  are  generally  confidered  as  of  different  kinds  j  the 
exertions  of  different  powers.  Pressure  is  fuppofed 
to  differ  effentially  from  Impulse. 

Inflead  of  attempting  to  define,  or  deferibe,  thefe 
two  kinds  of  forces  and  a^Iions,  we  (hall  juft  mention 
fome  inftances.  This  will  give  us  all  the  knowledge  of 
their  diftinaions  that  we  can  acquire. 

Examples  When  a  ball  lies  on  a  table,  and  I  prefs  it  gently  on 

ofpreffion.  one  fide,  it  moves  toward  the  other  fide  ot  the  table. 

If  I  follow  it  with  my  finger,  continuing  my  preffure, 
it  accelerates  continually  in  its  motion.  In  like  man¬ 
ner  when  I  prefs  on  the  handle  of  a  common  kitchen 
iaci  the  fly  I'egins  to  move.  If  I  continue  to  urge  or 
nrefs  round  the  handle,  the  fly  accelerates  continually, 
ail'd  may  be  brought  into  a  ftate  of  very  fapitl  motion. 

Thefe  ifiotioiis  are  the  eifedls  of  genuine  prtF.ure.  1  lie 
I, all  would  be  urged  along  the  tabic  in  the  fame  man- 
rcr,  and  with  a  motion  continually  accelerated,  by  the 
unbending  of  a  fpring.  '  Alfo,  a  fpriug  coiled  up  round 
the  axis  of  the  handle  of  the  jack  would,  by  uncoiling 
I'rfelf,  urge  round  the  fly  with  a  motion  accelerating  in 
tilt  fame  way.  The  more  I  reflea  on  the 
my  finger  oa  the  ball,  and  compare,  it  with  the  effea 
of  the  fpring  on  it,  the  more  clearly  do  1  fee  the  per- 
fea  fimilarity  ;  and  I  call  thefe  influences,  exertions, 
or  aaions,  by  one  name,  pressure,  taken  from  the 
nioft  familiar  inftance  of  them.  .  .  • 

Again,  the  very  fame  motion  may  be  produced  in 
the  ball  or  fly,  by' pulling  the  ball  or  the  machine  by 
means  of  a  thread,  to  which  a  weight  is  fufpended.  As 
both  are  motions  accelerated  in  the  fame  manner,  I  call 
the  influence  or  aaion  of  the  thread  on  the  ball  or  ma- 
chine  by  the  fame  name  preisure,  and  WBiGHt  ‘S  con- 
fidercd  as  a  prefiing  power.  Indeed  I  feel  the  fame  coin- 
prefiion  from  the  real  preffure  of  a  man  on  my  fhouU 
ders  that  I  would  feel  from  a  load  laid  on  them.  But 
the  weight  in  our  example  is  aAing  by  the  intervention 
of  the  thread.  By  its  prcll'ure,  it  is  pulling  at  tliat  part 
of  the  thread  to  which  it  is  faftened  ;  this  part  is  pul¬ 
ling  at  the  next  by  means  of  the  force  of  conelion  ;  and 
this  pulls  at  a  third,  and  fo  on,  till  the  moft  remote 
pulls  at  the  ball  or  the  machine.  Thus  m^iy  datliemy, 
weight,  cohefion,  and  otlier  forces,^  perform  the  office 
of  a  genuine  power  ;  and  fince  their  refult  is  always  a 
motion  beginning  from  nothing,  and  accelerating  y 
perceptible  degrees  to  any  velocity,  this  refemblaiice 
n  akes  us  call  them  by  one  familiar  name. 

But  farther,  I  fee  that  if  the  thread  be  cut,  the 
weight  will  fall  with  an  accelerated  motion,  which  I  will 
increafe  to  any  degree,  if  the  fall  be  great  enough.  I 
aferibe  this  alfo  to  a  prefiing  pov/er  ading  ^he 
weight.  Nay,  after  a  very  little  refinement,  I  conliaer 


this  power  as  the  caufe  of  the  body’s  weight ;  which 
word  is  but  a  diftingulfhing  name  for  this  particular 
inftance  of  prefiing  power.  Gravitation  is  therefore 
added  to  the  lift  of  prefiures  ;  and,  for  fimilar  reafons, 
the  attra6lIons  and  repulfions  of  magnets  or  electric  bo¬ 
dies  may  be  added  to  the  lift ;  for  they  produce  adlual 
compreflions  of  bodies  placed  between  them,  and  they 
produce  motions  gradually  accelerated,  precifely  as  gra¬ 
vitation  does.  Therefore  all  thefe  powers  may  be  dll- 
tinguifhed  by  this  deferiptive  name  prejfuresy  which,  in 
ftri6:  language,  belongs  to  one  of  them  only. 

Several  writers,  however,  fubdivide  this  great  clafs  Gravity, at- 
into  preflions  and  felicitations.  Gravity  is  a  follcita-  tradions, 
tion  ab  extra,  by  which  a  body  is  urged  downward,  ^nd  repul- 
In  like  manner,  the  forces  of  niagnetifm  and  eledricity, 
and  a  vaft  variety  of  other  attradlons  and  repulfions,  prefiionsi. 
are  called  folicitatlons.  We  fee  little  ufe  for  this  dll- 
tiiidion,  and  the  term  is  too  like  an  affedion  of  mind. 

Impulsion  is  exhibited  when  a  ball  in  motion  putsgxamples 
another  ball  into  motion  by  hitting,  or  (to  fpeak  meta- of  impuU 
phorically)  by  ftriking  it.  The  appearances  here  are  fion. 
very  different.  The  body  that  Is  ftruck  acquires,  in 
the  Inftant  of  impulfe,  a  fenfible  quantity  of  motion,  and 
fometimes  a  very  rapid  motion.  This  motion  Is  neither 
accelerated  nor  retarded  after  the  ftroke,  unlefs  it  be  af- 
feded  by  fome  other  force.  It  is  alfo  remarked,  that 
the  rapidity  of  the  motion  depends,  inter' alia,  on  the 
previous  velocity  of  the  ftriking  body.  For  inftance, 
if  a  clay  ball,  moving  with  any  velocity,  ftrlke  another 
equal  ball  which  is  at  reft,  the  ftruck  ball  moves  with 
half  the  velocity  of  the  other.  And  it  is  farther  re¬ 
markable,  that  the  ftriking  body  always  lofes  as  much 
motion  as  the  ftruck  body  gains.  This  imiverfal  and  ' 
remarkable  fad  feems  to  have  given  rife  to  a  confufed 
or  indiftind  notion  of  a  fort  of  transference  of  motion 
from  one  body  to  another.  The  phrafeology  in  gene¬ 
ral  life  on  this  fubjed  expreftes  this  in  the  moft  precife 
terms.  The  one  ball  is  not  faid  to  caufe  or  produce 
motion  In  the  other,  but  to  communicate  motion  to  it ; 
and  the  whole  phenomenon  is  called  the  communication 
of  motion*  We  call  this  an  indijllntl  notion  ;  for  furely 
no  one  will  fay  that  he  has  any  clear  conception  of  location  of 
We  can  form  the  moft  diftind  notion  of  the  cominuni- 
cation  of  heat,  or  of  the  caufe  of  beat ;  of  the  comrnuni-^^  * 

cation  of  faltnefs,  fweetnefs,  and  a  thoufaiid  other 
thm%s  ;  but  we  eannot  conceive  how  part  of  that  iden¬ 
tical  motion  which  was  formerly  in  A,  is  now  infufed 
Into  B,  being  given  up  by  A.  It  is  in  our  attempt  to 
form  this  notion  that  we  find  that  motion  Is  not  a 
thing,  not  a  fubftance  which  can  exift  independently,  and 
is  fiifceptible  of  adual  transference.  It  appears  in  this 
cafe  to  be  a  ftate,  or  condition,  or  mode  of  exiftence, 
of  which  bodies  are  fufceptlblc,  which  Is  producible,  or 
(to  fpeak  without  metaphor  J  caufable,  in  bodies,  and 
which  is  the  efied  and  charaderlfic  of  certain  natural 
qualities,  properties,  or  powers.  We  are  anxious  to  have 
our  readers  imprefied  with  clear  and  precife  notions  on 
this  fubjed,  being  confident  that  fuch,  and  only  fuch, 
will  carry  them  through  fome  intricate  paths  of  mecha¬ 
nical  and  philofophical  refearch.  ^ 

The  remarkable  clrcumftance  in  this  phenomenon 
that  a  rapid  motion,  which  requires  for  the  effeding  i»  the 

the  adion  of  a  preffing  power,  continued  for  a  fenfible,  diftindive 
and  frequently  ^ong  ti-itie,  feems  to  be  effefed  Jn  an  chafer  of 

inftant  by  impulfion.  This  has  tended  much  to  fup-  ^ 
port  the  notion  of  the  adual  transference  of  fomething 

formerly 
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formerly  pofTefled  exclufively  by  the  flriking  body,  in- 
bering  in  it,  but  feparable,  and  now  transfufed,  into 
the  body  ftriken.  And  now  room  is  found  for  the 
employment  of  metaphor,  both  in  thought  and  Ian- 
guage.  The  Jinking  body  affedls  the  body  which  it  thus 
impels  :  It  therefore  pofleiles  the  power  of  impulfion, 
that  is,  of  communicating  motion.  It  pofTefies  it  only 
while  it  is  in  motion.  This  power^  therefore,  is  the 
efficient  dillinguiihing  caufe  of  its  motion,  and  its  only 
office  mull  be  the  continuation  of  this  motion.  It  is 
therefore  called  the  inafrent  force,  the  force  inhe¬ 
rent  in  a  moving  body,  vis  insita  corpori  molo.  This 
force' is  transfufed  into  the  body  impelled  ;  and  therefore 
the  transference  is  inftantaiieous,  and  the  impelled  body 
continues  its  motion  till  it  is  changed  by  fome  other  ac¬ 
tion.  All  this  is  at  hrll  fight  very  plaufible  ;  but  a 
fcrupuloiis  attention  to  thofe  feelings  which  have  given 
rife  to  this  metaphorical  conception,  ffiould  have  pro¬ 
duced  very  different  notions.  I  am  confeious  of  exer¬ 
tion  in  order  to  begin  motion  on  a  Aide  ;  but  if  the  ice 
be  very  fniooth,  1  am  confeious  of  no  exertion  in  order 
to  Aide  along.  My  power  is  felt  only  while  1  am  con¬ 
feious  of  exerting  it  :  Therefore  I  have  no  primitive 
feeling  or  notion  of  power  while  I  am  Aiding  along.  I 
am  certain  that  no  exertion  of  power  is  neceffary  here. 
Nay,  1  And  that  I  cannot  think  of  my  moving  forward 
without  effort  otherwife  than  as  a  certain  mode  of  my 
exiftence.^  Yet  we  imagine  that  the  partifans  of  this 
opinion  did  really  deduce  it  in  fome  Aiape  from  their 
feelings.  We  muff  continue  the  exertion  of  walking  in 
order  to  walk  on  ;  our  power  of  walking  mull  be  conti¬ 
nually  exerted,  otherwife  we  Aiall  ftop.  But  this  is  a  very 
imperfedl,  incomplete,  and  carelefs  obfervation.  Walk¬ 
ing  is  much  more  than  mere  continuance  in  progreffive 
motion.  It  is  a  continually  repeated  lifting  our  body 
tip  a  fmall  height,  and  allowing  it  to  come  down  again. 

IT  This  renev/ed  afeent  requires  repeated  exertion. 
Aiidfaidto  We  have  other  obfervatlons  of  importance  yet  to 

moving  bodies,  but  this  is  not 
tLn^pref^  the  moll  proper  occaAon.  Mean  while  we  muff  remark, 
Aon.  that  the  inffantaneous  prodiidion  of  rapid  motion  by 
ampulfe  has  induced  the  Arft  mechanicians  of  Europe 
to  maintain,  that  the  power  or  force  of  impulfe  is  uii- 
fufceptible  of  any  comparifon  with  a  preffing  power. 
I  hey  have  afferted,  that  impulfe  is  inAnitely  great  when 
compared  with  preffure;  not  recoliedling  that  they  held 
thern  to  be  things  totally  difparate,  that  have  no  pro¬ 
portion  more  than  weight  and  fweetiiefs.  But  thefe 
gentlemen  arc  perpetually  enticed  aw^ay  from  their  creed 
by  the  Amilarity  of  the  ultimate  refults  of  preffure  and 
impulfe.^  No  perfon  can  And  any  difference  between 
the  motion  of  two  balls  moving  equally  fwift,  in  the 
fame  direction,  one  of  which  is  defeending  by  gravity 
and  the  other  has  derived  its  motion  from  a  blow. 
This  ftruggle  of  the  mind  to  maintain  its  faith,  and  yet 
accommodate  its  do<ffrines  to  what  we  fee,  has  occa- 
Aoned  fome  other  curious  forms  of  expreffion.  Preffure 
is  conAdered  as  an  effort  to  produce  motion.  When  a 
ball  lies  on  a  table,  its  weight,  wffiich  they  call  a  power ^ 
continually  and  repeated  endeavours  (mark  the  meta¬ 
phorical  word  and  thought)  to  move  the  ball  down- 
ward.  But  thefe  efforts  are  ineffectual.  They  fay  that 
this  ineffectual  power  is  dead,  and  call  it  a  vis  mortua; 
but  the  force  of  impulfion  is  called  a  vis  viva,  a  living 
force.  ^  But  this  is  very  whimAcal  and  very  inaccurate. 
If  the  impelling  ball  falls  perpendicularly  on  the  other 


lying  on  the  table,  it  will  produce  no  motion  any  more 
than  gravity  will  ;  and  if  the  table  be  annihilated,  gra¬ 
vity  becomes  a  vis  viva. 

We  muff  now  add,  that  in  order  to  prove  that  im- Arguments 
pulfe  is  inAnitely  greater  than  preffure,  thefe  mechanici- h  diftincSl 
ans  turn  our  attention  to  many  familiar  faeffs  which  plead 
ftrongly  in  their  favour.  A  carpenter  will  drive  a 
into  a  board  with  a  very  moderate  blow  of  his  hammer. 

Tliis  will  require  a  preffure  which  feems  many  hundred 
times  greater  than  the  impelling  effort  of  the  carpenter. 

A  very  moderate  blow  will  ffiiver  into  pieces  a  diamond 
which  would  carry  the  weight  of  a  mountain.  Seeing 
this  prodigious  fuptriority  in  the  impulfe,  how  Aiall 
they  account  for  the  production  of  motion  by  means  of 
preffure  ?  for  this  motion  of  the  hammer  might  have 
been  acquired  by  its  falling  from  a  height  ;  nay,  it  is 
actually  acquired  by  means  of  the  continued  preffure  of 
the  carpenter’s  arm.  They  corTider  it  as  the  aggregate 
of  an  iriAnity  of  fucceeding  preffures  in  every  irillant  of 
its  continuance  ;  fo  that  the  inAgniAcant  fmallnefs  of 
each  effort  is  compenfated  by  their  inconceivable  niim-. 
ber. 

On  the  whole,  we  do  not  think  that  there  is  clear  No  diffe- 
evideiice  that  there  are  two  kinds  of  mechanical  force he. 
effentially  different  in  their  nature.  It  is  virtually  gf.  ^^een  pref- 
ven  up  by  thofe  who  fay  that  impulfe  is  inAnitely  great- 
er  than  preffure.  Nor  is  there  any  confiderablc  advan-  ^ 
tage  to  be  obtained  by  arranging  the  phenomenon  un¬ 
der  thofe  two  heads.  "We  may  perhaps  And  fome  me¬ 
thod  of  explaining. fatisfadlorily  the  remarkable  diffe-  . 
rence  that  is  really  obferved  iu  the  two  modes  of  pro¬ 
ducing  motion  ;  namely,  the  gradual  ]>roduc^dion  of  mo¬ 
tion  by  acknowledged  preffure,  and  the  inffantanecus 
prodiidtion  of  it  by  iiiipulle.  Indeed,  we  ihould  not 
have  taken  up  fo  much  of  our  reader’s  attention  with 
this  fnbjecJd,  had  it  not  been  for  fome  inferences  that 
have  been  made  from  thefe  premifes,  which  meet  ns  in 
our  very  entry  on  the  conAderation  of  Arft  principles,, 
and  that  are  of  extenfive  in Auence  on  the  whole  fcience 
cf  mechanical  philofopliy,  and,  indeed,  on  the  whole 
A-iidy  of  nature. 

Mechanicians  are  greatly  divided  in  their  opinion  impul- 
about  the  nature  of  the  foie  moving  force  in  Mature,^^®'^ 

Thofe  whom  we  are  now  fpeaking  of,  feem  to  think 
that  all  motion  is  produced  by  preffure  :  For  when 
they  coiiAder  impulfe  as  equivalent  to  the  aggregate  of 
an  inAnity  of  repeated  preffures,  they  undoubtedly  fup- 
pofe  any  preffure,  however  inAgniAcant,  as  a  moving 
force.  But  there  is  a  party,  both  numerous  and  re- 
fpe£lable.  who  maintain  that  impulfion  is  the  foie  caufe 
of  motion.  We  fee  bodies  in  motion,  fay  they,  and  we 
fee  them  impel  others;  and  we  fee  that  this  produdion  of 
motion  is  regulated  by  fuch  laws,  that  there  is  but  one 
abfolute  quantity  of  motion  in  the  univerfe  which  re¬ 
mains  unalterably  the  fame.  It  muft  therefore  be  tranf- 
fufed  in  the  a6ls  of  colhTion.  We  alfo  fee,  with  clear 
evidence,  in  fome  cafes,  that  motion  can  produce  pref¬ 
fure.  Euler  adduces  fome  very  whimAcal  and  compli¬ 
cated  cafes,  in  which  an  a^lion,  precifely  Amilar  to  pref¬ 
fure,  may  be  produced  by  motion.  Thus,  two  balls 
corineaed  by  a  thread,  may  be  fo  ftruck  that  they  fhall 
move  forward,  and  at  the  fame  time  wheel  round.  In 
this  cafe  the  conneding  thread  will  be  ftretched  be-  * 
tween  them.  Now,  fay  the  philofophers,  Ance  we  fee  mo- 
tion,  and  fee  that  preffure  may  be  produced  by  motion^, 
it  is  prepofterous  to  imagine  that  it  is  any  thing  elfe  than 
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z  refult  of  certain  motion's ;  and  it  is  the  bufinefs  of  a 
phllofopher  to  inquire  and  difcover  what  motions  pro¬ 
duce  the.prefTures  that  we  obferve. 

They  then  proceed  to  account  for  thofe  prefiiiig 
powers*,  or  folicitations  to  motion,  which  we  obferve  in 
the  acceleration  of  falling  bodies,  the  attradlions  of  mag* 
.netifm  and  ele6lricity,  and  many,  other  phenomena  of 
this  kind,  where  bodies  are  put  in  motion  by  the  vici¬ 
nity  of  other  bodies,  or  (in  the  popular  language)  by 
the  adion  of  other  bodies  at  a  dillance.  To  fay  that  a 
magnet  cannot  a£l  on  a  piece  of  remote  iron,  is  to  fay 
that  it  can  a6l  <ivhere  it  is  not ;  which  is  as  abfurd  as 
to  fay,  that  it  can  a£l  <zvhen  it  is  not.  Nihil  movetur^ 
fays  Euler,  nyi  a  contiguo  et  moto. 

The  bulk  of  thefe  philofophers  are  not  very  anxious 
about  the  way  in  which  thefe  motions  are  produced, 
nor  do  they  fall  upon  fuch  ingenious  methods  of  pro¬ 
ducing  prelTure  as  the  one  already  mentioned,  which 
was  adduced  by  Euler.  The  piece  of  iron,  fay  they, 
is  put  in  motion  when  brought  into  the  neighbourhood 
of  a  magnet,  becaufe  there  is  a  llream  of  fluid  iffuing 
from  one  pole  of  the  magnet,  which  circles  round  the 
magnet,  and  enters  at  the  other  pole  :  This  ftream  im¬ 
pels  the  iron,  and  arranges  it  in  certain  determined  po- 
fitions,  juft  as  a  ftream  of  water  would  arrange  the 
flote  grafs.  In  the  fame  manner,  there  is  a  ftream  of 
fluid  continually  moving  towards  the  centre  of  the  earth, 
which  impels  all  bodies  in  lines  perpendicular  to  the 
furface  ;  and  fo  on  with  regard  to  other  like  phenome- 
,  na.  Thefe  motions  are  thus  reduced  to  very  Ample 
cafes  by  impulfion. 

Incomps-  It  is  unneceffary  to  refute  this  doArine  at  prefent  ; 
tible  with  jg  enough  that  it  is  contrary  to  all  the  dictates  of 

the  rules  of _ an  ao-pnr  that  we  do  not  fee. 

philolophi- 
lirg. 


tf ow  floes 
it  produce 
prefTui  e  ? 


13 

Others^ 
tnaintain 
that  pref- 
fure  is  the 


common  fenfe.  To  fuppofe  an  agent  that  we  do  not  fee, 
and  for  whofe  exiftence  we  have  not  the  fraalleft  argu¬ 
ment ;  with  equal  propriety  we  might  fuppofe  mini- 
ftering  fpirits,  or  any  thing  that  we  pleafe. 

Other  philofophers  are  fo  diffatisfied  with  this  notiort 
of  the  produftion  of  prelTure,  that  they,  on  the  other 
:  ,  hand,  affirm  that  prelTure  is  the  only  moving  force  in 
<ure  13  the  according  to  the  popular  notion  of  pref- 

fure,  by  the  mutual  contaa  of  folid  bodies,  but  that 
Jcind  of  prelTure  which  has  been  called  foUcitation  /  fuch 
as  the  power  of  gravity.  They  affirm,  that  there  is  no 
fuch  thing  as  contaft  on  inftantaneous  communication 
of  motion  by  real  collifion.  They  fay  (and  they  prove  it 
by  very  convincing  fafts  (fee  Optics,  n”  63  68.  En- 

tycL),  that  the  particles  of  folid  bodies  exert  very  ftroiig 
repulfions  to  a  fmall  diftance  ;  and  therefore,  when  they 
are  Ijrought  by  motion  fufficiently  near  to  another  bo¬ 
dy,  they  repel  it,  and  are  equally  repelled  by  it.  _  Thus 
is  motion  produced  in  the  other  body,  and  their  own 
motion  is  diminilhed.  And  they  then  Ihew,  by  a  feru- 
puloiis  confideration  of  the  Hate  of  the  bodies  while  the 
one  is  advancing  and  the  other  retiring,  in  what  man¬ 
ner  the  two  bodies  attain  a  common  velocity,  fo  that 
the  quantity  of  motion  before  collifion  remains  unchan¬ 
ged,  the  one  body  gaining  as  much  as^the  other  lofes. 
They  alfo  Ihew  cafes  of  fuch  mutual  aaion  between 
bodies,  where  it  is  evident  that  they  have  never  come 
into  contaft  ;  and  yet  the  refult  has  been  precifely  fimi- 
lar  to  thofe  cafes  where  the  motion  appeared  to  be 
changed  in  an  inftant.  Therefore  they  conclude,  that 
there  is  no  fuch  thing  as  inftantaneous  communication^  or 
transfufion  of  motion,  by  contaftin  collifion  or  impulfe. 
The  reafon  why  previous  motion  of  the  impelling  body 
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is  neceffary,  is  not  that  it  may  have  a  vh  Inftta  ccrpijn  1 

motoy  a  force  inherent  in  it  by  its  being  in  motioHy^  but  I 

that  it  may  continue  to  follow  the  impelled  and  retiring 
body,  and  exert  on  it  a  force  inherent  in  itfclf,  whether 
in  motion  or  at  reft.  —  According  to  thefe  philofophers, 
therefore,  all  moving*  forces  are  of  that  kind  which  has 
been  named  foUcitation  ;  fuch  as  gravity.  We  fhall  know 
it  afterwards  by  the  more  familiar  and  deferiptive  name 
of  Accelerating  or  Retarding  force.  14 

The  exertions  of  mechanical  forces  are  differently  ABlony  Be* 
termed,  according  to  the  reference  that  we  make  to 
refult.  If,  in  boxing  or  wreftling,  1  ftrike,  or  endea¬ 
vour  to  throw  my  antagonift,  I  am  fajd  to  act  ;  but 
if  I  only  parry  his  blows,  or  prevent  him  from  throwing  | 

me,  I  am  faid  to  resist.  This  diftin6lion  is  applied  i 

to  the  exertions  of  mechanical  powers.  When  one  bo-  f 

dy  A  changes  the  motion  of  another  B,  we  may  conli-  | 

der  the  change  in  the  motion  of  B  either  as  the  indica¬ 
tion  and  meafure  of  A^s  power  of  producing  motion,  or 
as  the  indication  and  meafure  of  A^s  rtfiftance  to  the 
being  brought  to  reft,  or  having  its  motion  any  how 
changed.  The  diftindion  is  not  in  the  thing  itfelf,  but 
only  in  the  reference  that  we  are  difpofed,  by  other  ^ 

confiderations,  to  make  of  its  efFed.  They  may  be  I 

diftinguifhed  in  the  following  manner  :  If  a  change  of  I 

motion  follow  when  one  of  the  powers  ceafes  to  be  ex-  [ 

erted,  that  power  is  conceived  as  having  refifted.  The 
whole  language  on  this  fubjed  is  metaphorical.  Re- 
fiftance,  effort,  endeavour,  kc,  are  words  which  cannot 
be  employed  in  mechanical  difcufiions  without  figure, 
becaufe  they  all  exprefs  notions  which  relate  to  fentient 
beings  ;  and  the  unguarded  indulgence  of  this  figura¬ 
tive  language  has  fo  much  affeded  the  imagination  of 
philofophers,  that  many  have  almoft  animated  all  mat-  » 

ter.  Perhaps  the  word  Reaction,  introduced  (we  ( 

think)  by  Newton,  is  the  beft  term  for  exprefllng  that 
mutual  force  which  is  perceived  in  all  the  operations  of 
nature  that  we  have  invcftigated  with  fuccefs.  As  the 
magnet  attradls  iron,  and  in  fo  doing  is  faid  to  aB  on 
it  ;  fo  the  iron  attradls  the  magnet,  and  may  be  faid  to 

rea^  on  it,  1  .  n 

With  refpe£l  to  the  difficulty  that  has  been  objeaed  We  need 

to  tfiC  opinion  of  thofe  who  maintain  that  all  the 
chanical  phenomena  are  produced  by  the  agency  of  at-  ^jj^ance. 
trailing  or  repelling  forces ;  namely,  that  this  fuppofes  T^cndcncy,  j 
the  bodies  to  ad  on  each  other  at  a  diftance,  however  j 

fmall  thofe  diftances  may  be,  which  is  thought  to  be  | 

abfurd,  we  may  obferve,  that  we  may  aferibe  the  mu-  1 

tual  approaches  or  recefles  to  tendencies  to  or  from  ■ 

each  other.  What  we  call  the  attraBion  of  the  magnet 
may  be  confidered  as  a  tendency  of  the  iron  to  the  mag¬ 
net,  fomevvhat  fimilar  to  the  gravitation  of  a  ftone  to-  | 

ward  the  earth.  We  furely  (at  leaft  the  unlearned)  J 

can  and  do  conceive  the  iron  to  be  afreded  by  the  mag-  j 

net,  without  thinking  of  any  intermedium.  Phe  thing 
is  not  therefore  inconceivable  ;  which  is  all  that  we  ' 

know  about  abfurdity  :  and  we  do  not  know  any  thing  | 

about  the  nature  or  cflence  of  matter  which  renders  this  | 

tendency  to  the  magnet  impoffible.  That  we  do  not 
fee  intuitively  any  reafon  why  the  iron  ffiould  approach 
the  magnet,  mull  be  granted;  but  this  is  not  enough 
to  entitle  us  to  fay,  that  fuch  a  thing  is  impoffible  or  in- 
confiftent  with  the  nature  of  matter.  It  appears, 
fore,  to  be  very  hafty  and  unwarrantable,  to  fuppofe  the 
impulfe  of  an  invifible  fluid,  of  which  we  know  nothing, 
and  of  the  exiftence  of  which  we  have  no  proof.  Nay, 
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jF  It  be  true  tliat  bodies  do  not  come  Into  contaft,  even 
when  one  ball  hits  another,  and  drives  it  before  it,  this 
infiTible  fluid  will  not  folve  the  difficulty;  becaufe  the 
fame  difficulty  occurs  in  the  a61ion  of  any  particle  of 
the  fluid  on  the  body.  We  are  obliged  to  fay,  that  the 
production  of  motion  without  any  objerved  contaCt,  is  a 
much  more  familiar  phenomenon  than  the  produaion 
of  motion  by  iinpulfion.  More  motion  has  been  pro¬ 
duced  in  this  way  by  the  gravitation  of  a  fmall  Itream 
of  water,  running  ever  fince  the  creation,  than  by  all 
the  irnpulfes  in  the  world  twice  told.  We  do  not  mean 
by  tins  to  fay,  that  the  giving  to  this  obferved  mutual 
relation  between  iron  and  a  loadftoiie  the  name  ten¬ 
dency  makes  it  Icfs  abfurd,  than  when  we  fay  that  the 
loadftone  attrads  the  iron  ;  it  only  makes  it  more  con- 
ceivable  :  It  fuggefts  a  very  familiar  analogy  ;  but  both 
are  equally  figurative  expreffions  ;  at  leafl:  as  the  word 
tendency  is  ufed  at  prefent.  In  the  language  of  ancient 
Rome,  there  was  no  metaphor  when  VirgiPs  hero  fin'd, 
^endimiis  in  Iuaitum»  ^endere  verfus  Jolem  means,  in 
plain  Latin,  lO  opprouch  the  Jun,  The  fafe  way  of  con¬ 
ceiving  the  whole  is  to  fay,  that  the  condition  of  the 
iron  depends  on  the  vicinity  of  the  magnet. 

W^beii  the  exertions  of  a  mechanical  power  are  ob- 
ferved  to  be  always  direaed  tow^ard  a  body,  that  body 
IS  fill'd  to  attraa ;  but  when  the  other  body  always 
moves  off  from  it,  it  is  faid  to  repel.  Thefe  alfo  are 
metaphorical  expreffions.  1  attraa  a  boat  wdien  I  pull 
It  toward  me  by  a  rope  ;  this  is  purely  Attraction  : 
and  It  IS  pure,  unfigurative  Repulsion,  when  T  pufli 
any  body  from  me.  The  fame  words  are  applied  to 
the  mechanical  phenomena,  merely  hecaiife  they  rc- 
femble  the  refults  of  real  attraaion  or  repulfion.  We 
mult  be  much  on  our  guard  to  avoid  metaphor  in  our 
conceptions,  and  never  allow  thofe  words  to  fnggefl: 
to  our  mind  any  opinion  about  the  manner  in  which  the 
rntchanical  forces  produce  their  effeas.  It  is  plain, 
that  if  the  opinion  of  thofe  who  maintain  the  exiftence 
and  adion  of  the  ebove  mentioned  invifible  fluid  be 
juft,  there  is  nothing  like  attraaion  or  repulfion  in  the 
univerfe.  We  muft  always  recur  to  the  firnple  pheno- 
menon  the  motion  to  or  from  the  attradion  or  repel- 

iing  body  ;  for  this  is  all  we  fee,  and  generally  all  that 
we  know. 

We  conceive  one  man  to  have  twice  the  ftrentrth  of 
another  man,  when  we  fee  that  he  can  withftand  the 
united  effort  of  two  others.  Thus  animal  force  is  con- 
ceived  as  a  quantity,  made  up  of,  and  meafured  by,  its 
own  parts.  But  we  doubt  exceedingly  whether  this 
be  an  accurate  conception.  We  liave  not  a  dillindt  iio- 
tion  of  one  ftrain  added  to  another  ;  tliough  we  have  of 
their  being  joined  or  combined.  We  want  words  to 
exprefs  the  difference  of  thefe  two  notions  in  our  own 
mmds  j  but  we  imagine  that  others  perceive  the  fame 
difference.  We  conceive  clearly  the  addition  of  two 
lines  or  ot  two  minutes;  we  can  conceive  them  apart, 
and  perceive  their  boundaries,  common  to  both,  where 
one  ends  and  the  other  begins.  We  cannot  conceive 
yus  ot  two  forces  combined ;  yet  we  cannot  fay,  that 
two  equal  forces  are  not  double  of  one  of  them.  We 
meaiure  them  by  the  effeas  which  they  are  known  to 
produce.  Yet  there  are  not  wanting  many  cafes  where 
the  aaion  of  two  men,  equally  ftrong,  does  not  produce 
a  double  motion. 

In  like  manner,  we  conceive  all  mechanical  forces  as 
meafr.rable  by  their  effeas  j  and  thus  they  are  made 
Suppt.  Vot.  I.  Part  II.  ^ 
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the  fubjeas  of  mathematical  difeuffion.  We  talk  of 
the  proportions  of  gravity,  magnetifm,  eleaHcity,  &c.  j 
nay,  we  talk  of  the  proportion  of  gravity  to  niagne- 
tifm  ;  Yet  thefe,  confidered  in  tbernfelves,  are  difpa- 
late,  and  do  not  admit  of  any  proportion  ;  but  they 
produce  effeas,  fome  of  which  are  meafurable,  and 
whofe  affumed  meafures  are  fufccptible  of  comparifon, 
being  quantities  of  the  fame  kind.  Thus,  one  of  the 
effects  of  gravity  is  the  acceleration  of  motion  in  a  fall¬ 
ing  body  ;  magnetifm  will  alfo  accelerate  the  motion 
of  a  piece  of  iron  ;  thefe  two  accelerations  arc  compa¬ 
rable,  But  we  cannot  compare  magnetifm  with  heat ; 
becaufe  we  do  not  know  any  meafurable  effeds  of  mag- 
iietifm  that  are  of  the  fame  kind  with  any  effeds  of 
heat. 

W  hen  we  fay,  that  the  gravitation  of  the  moon  13  thc^y 
36coth  part  of  the  gravitation  at  the  fea-fhore,  weeffeds. 
mean  that  the  fall  of  a  Itone  in  a  fecond  is  3600  times 
greater  than  the  fall  of  the  moon  in  the  fame  time. 

But  we  alfo  mean  (and  this  exprefles  the  proportion  of 
the  of  gravitation  more  purely),  that  if  a  fione, 

when  hung  on  a  fpring  fteelyard,  draw  out  the  rod  of 
the  lleelyard  to  the  mark  3600,  the  fame  Hone,  taken 
up  to  the  diftance  of  the  moon,  will  draw  it  out  no 
further  than  the  miirk  i.  We  alfo  mean,  that  if  the 
Itone  at  the  fea-fliore  draw  out  the  rod  to  any  mark. 

It  will  require  3600  fuch  ftones  to  draw  it  out  to  that 
mark,  when  the  trial  is  made  at  the  diftance  of  the  moon. 

It  13  not,  therefore,  in  consequence  of  any  immediate 
perception  of  the  proportion  of  the  gravitation  at  the 
moon  to  that  at  the  furface  of  the  earth  that  we  make 
ffich  aii  aflertion  ;  but  thefe  motions,  which  we  coiili- 
der  as  its  effeds  in  thefe  fituatioiis,  being  magnitudes  of 
the  fame  kind,  are  fufcej>tible  of  comparifon,  and  have 
a  proportion  which  can  be  afeertained  by  obfervatiou. 

It  IS  thefe  proportions  that  we  contemplate  ;  althougJi 
we  fpeak  of  the  proportions  of  the  iinfceii  caufes,  the 
forces,  or  endeavours  to  defeend.  It  will  be  of  mate- 
nal  fervice  to  the  reader  to  perufe  the  judicious  and 
acute  diflertation  on  quantity  In  the  45th  volume  of  the 
Rhilofophical  Tranfadi’ons  ;  or  he  may  ftudy  the  article 
Quantity  in  the  Encyclopedia,  where,  we  truft,  he 
wiH  iee  clearly  how  force,  velocity,  denfity,  and  many 
other  magnitudes  of  very  frequent  occurrence  in  me- 
chanical  pbilofopliy,  may  be  made  the  lubjeds  of  ma¬ 
thematical  difeuffion,  by  means  of  fome  of  thole  proper 
quaiuities,  meafurable  by  their  own  parts,  which  are  to 
be  allumed  as  their  meafures.  Prefl'ures  are  meafurable 
only  by  prefTures.  When  we,  coiiiider  them  as  mo¬ 
ving  powers,  we  fliould.be  able  to  meafure  them  hy  any 
moving  j)()wers,  otherunfe  w^c  cannot  compare  them  • 
therefore  it  is  not  as  preflTures  that  we  then  meafure 
them,  liiis  ohfervation  Is  momentous. 

Oiie  circumftance  muft  be  carefully  attended  to. 
lhat  thofe  affumed  meafures  may  be  accurate,  they 
muft  be  invariably  conneded  with  the  magnitudes  which 
they  are  employed  to  meafure,  and  fo  conneded,  that 
the  degrees  of  the  one  muft  change  in  the  fame  manner 
with  the  degrees  of  the  other.  This  is  evident,  and  is 
granted  by  all.  But  we  mull  alfo  ino-w  this  of  the  mca- 
fure  we  employ  ;  we  muft  fee  this  conftant  and  precife 
relation.  How  can  we  know  this  i  We  do  not  per 
ceive  force  as  a  feparate  exiftence,  fo  as  to  fee  its  wo- 
portions,  and  to  fee  that  thefe  are  the  fame  with  the 
proportions  of  the  meafures,  in  the  fame  manner  that 
Luclid  fees  the  proportions  of  triangles  and  thofe  of 
3  S  their 
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their  bafes,  and  that  thcfc  proportions  are  the  fame, 
when  the  triangles  are  of  equal  altitudes.  How  do 
rve  difcover  that  to  every  magnitude  which  we  c^W  force 
is  invariably  attached,  a  correfpondiilg  magnitude  of 
acceleration  or  dtfleaion  ?-Cleai4y.  In  faft,  the  very 
txifteiice  of  the  force  is  an  inference  that  we  make 
from  the  obferved  acceleration  ;  and  the  degree  of 
the  force  is,  m  like  manner,  an  inference  fiom  the  oh* 
ferved  magnitude  of  th^  acceleration.  *  Our  meafures 
are  therefore  necelfarily  conne£fed  with  the  magnitudes 
which  they  meafurc,  and  their  proportions  are  the  fame  ; 
becaufe  the  one  is  always  an  inference  from  the  other, 
both  in  fpecies  and  in  degree. 

It  is  now  evident,  that  thefe  difquifitions  are  fufeep- 
isl'd^on-tible  of  mathematical  accuracy.  Having  feledted  our 
ftrative  meafures,  and  obferved  certain  mathematical  i-clations 
Science.  meafures,  every  inference  that  we  can  draw 

from  the  mathematical  relations  of  the  proportions  of 
thofe  reprefentations  is  true  of  the  proportions  of  the 
motions;  and  therefore  of  the  proportions  of  the  forces. 
And  thus  dynamics  becomes  a  demor.arative  fcience, 
cue  of  the  dijctpllr.te  accuratce.  _ 

19.  But  moving  forces  are  confidercd  as  differing  alfo  m 
kind  ;  that  is,  in  diredlion.  We  affign  to  the  force 
the  direftion  of  the  obferved  change  of  motion  ;  which 
is  not  only  the  indication,  but  alfo  the  charafterillic,  of 
the  changing  force.  We  call  it  an  accelerating,  retard¬ 
ing,  defeamg,  force,  according  as  we  cbfervethe  motion 
to  be  accelerated,  retarded,  or  defledled. 

Thefe  denominations  (hew  us  inconteftably  that  we 
have  no  knowledge  of  the  forces  different  from  our 
knowledge  of  the  effeds.  The  denominations  are  all 
either  defcriptive  of  the  effeds,  as  when  w'e  call  them 
accelerating,  penetrating,  protrufive,  attradive,  or  re- 
pulfive  forces  :  or  they  are  names  of  reference  to  the 
fubftances  in  which  the  accelerating,  protrufive,  &c. 
forces,  are  fuppofed  to  be  inherent,  as  when  we  call  them 
10  tna^netijm-,  ekdrhity'i  corpufcular^  &c.  ,  ,  .  ■, 

Forces  a-e  When  I  ftruggle  with  another,  and  feel,  that  in  order 
difeovered  ^-q  prevent  being  thrown,  I  muft  exert  force,  I  learn 
pofiliontrthat  my  antagonift  is  exerting  force.  This  notion  is 
IthcrV-  transferred  to  matter;  and  when  a  moving  power  which 
tes.  is  InswB  to  operate,  produces  no  motion,  we  conceive 

it  to  be  oppofed  by  another  equal  force;  the  exittence, 
agency,  and  intenfity  of  which  is  deteded  and  mea- 
fured  by  thefe  means.  The  qiiiefcent  ftate  of  the  body 
is  confidered  as  a  change  on  the  ftate  of  things  that 
would  have  been  exhibited  in  conftqiience  of  th^ 
adion  of  one  power,  had  this  other  power  not  aded; 
and  this  change  is  confidered  as  the  indication,  ^arac- 
teriftic,  and  meafure  of  another  power,  deteded  m 
this  way.  Thus  forces  are  recognifed  not  only  by  the 
changes  of  motion  which  they  produce,  but  alfo  by 
the  changes  of  motion  w^hich  they  prevent.  The  co- 
hefion^f  matter  in  a  firing  is  inferred  not  only  by  its 
giving  motion  to  a  ball  which  I  pull  toward  me  by  its 
intervention,  but  alfo  by  its  fufpending  that  ball,  and 
hindering  it  from  falling.  1  know  that 
iiig  on  the  ball,  which,  however,  does  not  fall.  The  io- 
lidity  of  a  board  is  equally  inferred  from  its  ftoppin^g 
the  ball  which  ftrlkes  it,  and  from  the  motion  of  the 
ball  w^hich  it  drives  bef^ore  it.  In  this  way  we  learn 
that  the  particles  of  tangible  matter  cohere  by  means  of 
moving  forces,  and  that  they  refill  comprefiion  with 
force  ;  and  in  making  this  inference,  we  find  that  this 
oorpufcular  force  exerted  between  the  particles  is  giu- 
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tual,  oppofite,  and  equ/ :  for  wc  rnuft  apply  force 
equally  to  a  or  to  in  order  to  produce  a  feparation 
or  a  comprefiion.  We  learn  their  equality,  by  obfer- 
ving  that  no  motion  enfues  while  thefe  mutual  forces 
are  known  to  ad  on  the  particles  ;  that  is,  each  is  op¬ 
pofed  by  another  force,  which  is  neither  inferior  nor  I'u- 
perlor  to  it. 

Of  the  Lav/s  of  Motion. 


Such,  then,  being  our  notions  of  mechanical  forces, 
the  caiifes  of  the  fenfihle  changes  of  motion,  there  wull 
refult  certain  confequences  from  them,  whicn  may  be 
called  axioms  or  laws  of  motion.  Some  of  thefe  may 
be  intuitive,  offering  themfelves  to  the  mind  as  foon  as 
the  notions  which  they  involve  are  prefented  to^  it. 

Others  may  be  as  necefiary  refiilts  from  the  relations 
of  thefe  notions,  hut  may  not  readily  offer  themfelves 
without  the  mediation  of  axioms  of  the  firft  dais.  We 
fhall  feted  thofe  which  are  intuitive,  and  may  be  taken 
for  the  firft  principles  of  all  difcuflions  in  mechanical 
philofophy. 

First  Law  of  Motion. 

£very  body  continues  in  a  Jlate  of  rejl,  or  of  uniform  rec^ 
tilineaJ  motion,  unlefs  ajfeded  by  fome  meehantcal  force. 

This  is  a  propofition,  on  the  truth  of  which  the  whole 
fcience  of  mechanical  philofophy  ultimately  depends.  It 
is  therefore  to  be  eftablifhed  on  the  firmeil  foundation  ; 
and  a  follcitude  on  this  head  is  the  more  juftifiable, 
becaufe  the  opinions  of  philofophers  have  been,  and  ftiU 
are,  extremely  different,  both  with  refped  to  the  truth 
of  this  law,  and  with  refped  to  the^  foundation  on 
which  it  is  built.  Thefe  opinions  are,  in  general,  very 
obfeure  and  unfatisfadory  ;  and,  as  is  natural,  they  in¬ 
fluence  the  difcufiions  of  thofe  by  whom  they  are  held 
through  the  whole  fcience.  Although  of  coiitradic- 
tory  opinions  one  only  can  be  juft,  and  it  may  appear 
fufiicient  that  this  one  be  eftablifhed  and  uniformly  ap¬ 
plied  ;  yet  a  fhort  expofition,  at  leaft,  of  the  reft  is  q^e- 
ceffary,  that  the  greateft  part  of  the  writings  of  the  phi¬ 
lofophers  may  be  intelligible,  and  that  w^e  may  avail  our- 
felves  of  much  valuable  information  contained  m  them, 
by  being  able  to  perceive  the  truth  in  the  midft  of  their 
imperfed  or  erroneous  conceptions  of  it.  n.  •  i, 

It  is  not  only  the  popular  opinion  that  reft  is  the  Does  coi, 
natural  ftate  of  body,  and  that  motion  is  fomething 
reign  to  it,  but  it  has  been  ferioufly  man  itaine  yt 

greateft  part  of  thofe  who  are  efteemed  philolophers.  ac-i 
They  readily  grant  that  matter  wilf  continue  at  reft.tion? 
unlefs  fome  moving  force  ad  upon  it.  Nothing  feems 
neceffary  for  matter’s  remaining  where  it  is,  but  its 
continuing  to  exift.  But  it  is  far  otherwife,  fay  they, 
with  refpedt  to  matter  in  motion.  Here  the  body  is  : 

continually  changing  its  relations  to  other  things;  there¬ 
fore  the  continual  agency  of  a  changing  caufe  is  necel- 
fary  (by  the  fundamental  principle  of  all  philofophical  i 

difcuffion),  for  there  is  here  the  continual  produfilion 
of  an  effea.  They  fay  that  this  metaphyfieal  argu¬ 
ment  receives  complete  coiilirmation  (if  contirmatioii 
of  an  Intuitive  truth  be  neceffary )  from  the  moft  fami¬ 
liar  obfervation.  We  fee  that  all  motions,  however 
violent,  terminate  in  reft,  and  that  the  continual  exer¬ 
tion  of  fome  force  is  neceffary  for  their  continuance.  * t  ^ 

Thefe  philofophers  therefore  affert,  that  the  conti.™ 
niial  aaion  pf  the  moving  caufe  is  ejentially  nec^llary  element 
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rira  Law  for  the  continuance  of  the  motion;  but  they  differ 
of  Motion,  ^naong  themfelves  in  their  notions  and  opinions  about 
^  "  this  caiife.  Some  maintain,  that  all  the  motions  in  the 

iiniverfe  are  produced  and  continued  by  the  immediate 
agency  of  Deity ;  others  affirm,  that  in  every  particle 
of  matter  there  is  inherent  a  Tort  of  mind,  the  ova-iq 
and  of  Ariilole,  which  they  call  an  Ele¬ 

mental  Mind,  which  is  the  caufe  of  all  its  motions 
and  changes.  An  overweaning  reverence  for  Greek 
learning  has  had  a  great  influence  in  reviving  this  doc¬ 
trine  of  Ariftotie.  The  Greek  and  Roman  languages 
are  affirmed  to  be  more  accurate  expreffions  of  human 
thought  than  the  modern  languages  are.  In  thofc  an¬ 
cient  languages,  the  verbs  which  exprefs  motion  are 
employed  both  in  the  aftive  and  paffive  voice  ;  whereas 
we  have  only  the  adive  verb  to  move^  for  expreffing 
both  the  flate  of  motion  and  the  a<R:  of  putting  in  mo¬ 
tion.  “  The  (lone  moves  down  the  flopc,  and  moves 
all  the  pebbles  which  lie  in  its  way  but  in  the  an¬ 
cient  languages  the  mere  ftatc  of  motion  is  always  ex- 
prefled  by  the  paffive  or  middle  voice.  The  accurate 
conception  of  the  fpeakers  is  therefore  extolled.  The 
ifate  of  motion  is  expreffed  as  it  ought  to  be,  as  the 
refult  of  a  continual  adion,^’  Kmtlat,  moveiur,  is  equi¬ 
valent  to  “  it  is  moved.''  According  to  tliefe  philo 
fophers,  every  thing  which  moves  is  mind,  and  every 
thing  that  is  moved  is  body. 

The  argument  is  futile,  and  it  is  falfe;  for  the  modern 
languages  are,  in  general,  equally  accurate  in  this  in¬ 
flan  ce  ;  fe  mouvoiry'^  in  French;  “  Jich  henvegen,^^  in 
German  ;  “  dvigaifu,*'  in  Sclavonic  ;  are  all  paffive  or 
refleaed.  And  the  ancients  faid,  that  “  rain  falls,  wa¬ 
ter  runs,  fmoke  rifes,"  juft  as  we  do.  The  ingenious 
author  of  Aticient  Metaphyfics  has  taken  much  pains  to 
gives  us,  at  length,  the  procedures  of  thofe  elementary 
minds  in  producing  the  oftenfible  phenomena  of  local 
motion  ;  but  it  feems  to  be  merely  an  abufe  of  Ian. 
guage,^  and  a  very  frivolous  abufe.  This  elemental 
mind  is  known  and  charaderifed  only  by  the  effed 
which  we  aferibe  to  its  adion  ;  that  is,  by  the  motions 
or  changes  of  motions.  Uniform  and  unexcepted  ex- 
perience  fliews  us  that  thefe  are  regulated  by  laws  as 
precife  as  thofe  of  mathematical  truth.  We  confider 
nothing  as  more  fixed  and  determined  than  the  com¬ 
mon  laws  of  mechanifm.  There  is  nothing  here  that 
indicates  any  thing  like  fpontaneity,  intention,  pur- 
pofe  ;  none  of  thofe  marks  by  which  mind  was  firft 
V^rought  into  view  :  but  they  are  very  like  the  efteas 
which  we  produce  by  the  exertions  of  our  corporeal 
forces  ;  and  we  have  accordingly  given  the  name  font 
to  the  caufes  of  motion.  It  is  furely  much  more  ap- 
pofite  than  the  name  mind,  and  conveys  with  much 
more  readinefs  and  perfpicuity  the  very  notions  that  we 
wifh  to  convey. 

We  now  wiih  to  know  what  reafon  we  have  to  think 
that  the  continual  aaion  of  fome  caufe  is  neceffary  for 
continuing  matter  in  motion,  or  for  thinking  that  reft 
IS  Its  natural  ftate.  If  we  pretend  to  draw  any  argu¬ 
ment  from  the  nature  of  matter,  that  matter  muft  be 
known,  as  far  as  is  necelTary  for  being  the  foundation 
of  argument.  Its  very  exiftence  is  known  'only  from 
obfervation  ;  all  our  knowledge  of  it  muft  therefore  be 
derived  from  the  fame  fourcc. 

If  we  take  this  way  to  come  at  the  origin  of  this 
op'.nion,  we  fltall  find  that  experience  gives  us  no  au¬ 
thority  for  faying  that  reft  is  th^,  natural  condition  of 
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We  cannot  fay  that  we  have  ever  feen  a  body  firfl  i.aw 
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at  reft  ;  this  is  evident  to  every  perfon  who  allows  thc^l^  Motion. 

validity  of  the  Newtonian  philofophy,  and  the  truth  of'* - 

the  Copernican  fyftem  of  the  fun  and  planets ;  all  the 
parts  of  this  fyftem  are  in  motion.  Nay,  it  appears 
from  many  obfervations,  that  the  fun,  with  his  attend- 
ing  planets,  is  carried  in  a  certain  direction,  with  a  ve¬ 
locity  which  is  very  great.  We  have  no  unqueftionable 
authority  for  faying  that  any  one  of  the  ftars  is  abfo- 
lutely  fixed :  but  we  are  certain  that  many  of  them  are 
in  motion.  Reft  is  therefore  fo  rare  a  condition  of  bo¬ 
dy,  that  we  cannot  lay,  from  any  experience,  that  it  is 
its  natural  ftate. 

It  is  eafy,  however,  to  fee,  that  it  is  from  obferva¬ 
tion  that  this  opinion  has  been  derived  ;  but  the  obfer- 
yation  has  been  limited  and  carelefs.  Our  experiments 
in  this  fublunary  world  do  indeed  always  require  conti¬ 
nued  adlion  of  fome  moving  force  to  continue  the  mo¬ 
tion  ;  and  if  this  be  not  employed,  we  fee  the  motions 
llacken  every  minute,  and  terminate  in  reft  after  no 
long  period.  Our  firft  notions  of  fublunarv  bodies  are 
indicated  by  their  operation  in  cafes  where  we  liave  fome 
intereft.  Perpetually  feeing  our  own  exertions  neceflary', 
we  are  led  to  confider  matter  as  fomething  not  only 
naturally  quiefeent  and  inert,  but  fltiggiih,  averfe  from 
motion,  and  prone  to  reft  (we  muft  be  pardoned  this 
metaphorical  language,  becaule  we  can  find  no  other 
term).  What  is  exprefled  by  it,  on  this  occafion,  is 
precifely  one  of  the  erroneous  or  inadequate  concep¬ 
tions  that  are  fuggefted  to  our  thoughts  by  reafon  of 
the  poverty  of  language.  We  animate  matter  in  or¬ 
der  to  give  it  motion,  and  then  we  endow  it  with  a  fort 
of  rnoral  charader  in  order  to  explain  the  appearance 
or  thofe  motions. 

But  more  extended  obfervat  .  n  has  made  men  gra* 
dually  defert  their  firft  opinions,  and  at  laft  allow  that 
matter  has.  no  peculiar  aptitude  to  reft.  All  the  retar¬ 
dations  that  we  ohferve  have  been  difeovered,  one  after 
another,  to  have  a  diftind  reference  to  fome  external 
circumftanccs.  1  he  diminution  of  motion  is  always 
obferved  to  be  accompanied  by  the  removal  of  obfta- 
cles,  as  when  a  ball  moves  through  fand,  or  water,  or 
air  ;  or  it  is  ovving  to  oppofite  motions  which  are  de- 
Itroyed  ;  or  it  is  owing  to  roughiiefs  of  the  path,  or  to 
fndion,  &c.  We  find  that  the  more  we  can  keen 
thofe  things  out  of  the  way,  the  lefs  are  the  motions 
diminilhed,  A  pendulum  will  vibrate  but  a  fliort  while 
in  water ;  much  longer  in  air;  and  in  the  'Cxhaufted  re¬ 
ceiver,  it  will  vibrate  a  whole  day.  V/e  know  that  we 
cannot  remove  all  obftacles;  but  we  are  led  by  fuch  ob- 
fervations  to  conclude  that,  if  they  coidd  he  completed 
removed,  our  motions  would  continue  for  ever.  And 
this  conclufion  is  almoft  demonftrated  by  the  motions 
of  the  heavenly  bodies,  to  which  we  know  of  no  ob- 
itacles,  and  which  we  really  obferve  to  retain  their  mo¬ 
tions  for  many  thoufand  years  without  the  fmalleft  fen- 
fible  diminution. 

Another  let  of  philofophers  maintain  an  opinion  di.,„X’’ity 
redly  opofite  to  that  of  the  inadivity  of  matter,  andof  mauer 
alJert,  that  it  is  eflentially  adive,  and  continually  chan  by 

ging  Its  ftate.  Faint  traces  of  this  are  to  be  found  in 
the  writings  of  Plato,  Ariftotie,  and  their  commenta- 
tors  Mr  Leibnitz  is  the  perfon  who  has  treated  this 
queftion  moft  fyftematically  and  fully.  He  fuppofes 
every  particle  of  matter  to  have  a  principle  of  iifaivi.  what.  ' 
duality,  which  he  therefore  calls  a  Monad.  This  mo- 
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Firft  Law  nad  has  a  fort  of  perception  of  its  fituation  in  the  unlverfe, 
of  Motion,  Jts  relation  to  every  other  part  of  this  univerfe. 

- Laftly,  he  fays  that  the  monad  a£ls  on  the  material 

particle,  much  in  the  fame  way  that  the  foul  of  man 
atSls  on  his  body.  It  modifies  the  motion  of  the  ma¬ 
terial  atom  (in  conformity,  however,  to  unalterable 
laws),  producing  all  thofe  niodihcatlons  of  motion  that 
wc  obierve.  Matter  therefore,  or  at  leaft  particles  of 
matter,  are  continually  adfive,  and  continually  changing 
their  fituation. 

It  is  quite  unncceflary  to  enter  on  a  formal  confuta¬ 
tion  of  Mr  Leibnitz’s  fyftem  of  monads,  which  differs 
very  little  from  the  fyftem  of  elem.ental  minds,  and  is 
equally  whimfical  and  frivolous  ;  becaufe  it  only  makes 
the  unlearned  reader  flare,  without  giving  him  any  in- 
forniatioii.  Should  it  even  be  granted,  it  would  not, 
any  more  than  the  adion  of  animals,  invalidate  the  ge¬ 
neral  propofition  which  we  are  endeaNrouring  to  efla- 
blilh  as  the  fundamental  law  of  motion,  'poi'e  powers 
of  the  monads,  or  of  the  elemental  minds,  arc  the 
caufes  of  all  the  changes  of  motion  ;  but  the  mere  ma¬ 
terial  particle  is  fubjedl  to  the  law,  and  requiics  the 
exertion  of  the  monad  in  order  to  exhibit  a  change  of 
a8  motion. 

Some  phi-  A  third  fed  of  philoCophers,  at  the  head  of  which 
lofophers  Sir  Ifaac  Newton,  maintain  the  dodrinc 

hw^'lnio- enounced  in  the  propofition.  But  they  differ  much  in 
tion  ham  refped  of  the  foundation  on  which  it  is  built, 
the  want  of  Some  affert  that  its  truth  flow's  from  the  nature  of 
zdetermi-  thing.  If  a  body  be.  at  reft,  and  you  affert  that  it 
mng  caufc.  i-emain  at  reft,  it  muft  move  in  fome  one  direc¬ 

tion.  If  it  be  in  motion  in  any  diredion,  and  with  any 
velocity,  and  do  not  continue  its  equable,  redilineal, 
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muft  either  be  accelerated  or  retarded  ;  it 
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muft  turn  either  to  one  fde,  or  to- fome  other  fide.  The 
event,  whatever  it  be,  is  individual  and  determinate  ; 
but  no  caufe  which  can  determine  it  is  fiippofed  :  there- 
fere  the  determination  cannot  take  place,  and  no  change 
will  happen  in  the  condition  of  the  body  with  refped 
to  motion.  It  will  continue  at  reft,  or  perfevere  in  its 
redilineal  and  equable  motion. 

But  confiderable  objedions  may  be  made  to  this  ar¬ 
gument,  of  ftrjlcicnt  reafon,  as  it  is  called.  In  the  im- 
rricnfity  and  perfed  uniformity  of  fpace  and  time,  there 
is  no  determining  caufe  why  the  vifible  univerfe  fhould 
exift  in  the  place  in  which  we  fee  it  rather  than  in  an- 
other,  or  at  this  time  rather  than  at  another.  Nay,  the 
argument  feems  to  beg  the-  queftlon.  A  caufe  of  de¬ 
termination  is  required  as  effentially  neceffary  a  deter¬ 
mination  may  be  without  a  caufe,  as  well  as  a  motion 

without  a  caufe.  ^  ^  -  n  • 

Other  pliilofopliers,  who  maintain  this  dodrine,  con- 
fider  it  merely  as  an  experimental  truth  ;  and  proofs  of 
its  iiniverfality  are  innumerable.  ^ 

When  a  ftone  is  thrown  from  the  hand,  we  prefs  it 
forward  wLile  in  the  hand,  and  let  it  go  when  the  hand 
has  acquired  the  greateft  rapidity  of  motion  that  we 
can  give  it.  The  (lone  continues  in  that  ftate  of  mo- 
»  tion  wdiich  it  acquired  gradually  along  with  the  hand. 
We  can  tbrow^  a  ftone  much  farther  by  means  of  a  fling; 
becaufe,  by  a  very  moderate  motion  of  the  band,  we 
can  whirl  the  ftone  round  till  it  acquire  a  very  great 
velocity,  and  then  we  let  go  one  of  the  ftmngs,  and  the 
ftone  efcapes,  hy  continuing  its  rapid  motion.  We  fee 
it  ftill  more  diftiiidly  in  fliooting  an  arrow  from  a  bow. 
The  firing  preffes  hard  on  the  notch  of  the  arrow,  and 


it  yields  to  this  preffure  and  goes  forward.  The  ftring  Fi?(l  Law 
alone  would  go  fatter  forward.  It  therefore  continues  <'f  Morjop, 
to  prefs  the  arrow  forward,  and  accelerates  its  motion, 

This  goes  on  till  the  bow  is  as  much  unbent  as  the 
ftring  will  allow.  But  the  ftring  is  now  a  ftralglit  line. 

It  came  into  this  pofition  with  an  accelerated  motion, 
and  it  therefore  goes  a  little  beyond  this  pofition,  but 
with  a  retarded  motion,  being  checked  by  the  bow. 

But  there  is  nothing  to  check  the  arrow;  therefore  the 
arrow  quits  the  ftring,  and  fliejs  away. 

Thcfe'are  fimple  cafes  of  perfeverance  in  a  ftate  of 
motion,  where  the  procedure  of  nature  is  fo  eafily  tra¬ 
ced  that  we  perceive  it  almoft  intuitively.  It  is  no  lefs 
clear  in  other  phenomena  which  are  more  complicated  ; 
but  it  requires  a  little  reflection  to  trace  the  procefs. 

We  have  often  feen  an  equeftrian  fhowman  ride  a 
horfe  at  a  gallop,  ftanding  on  the  faddle,  and  ftepping 
from  it  to  the  back  of  another  horfe  that  gallops  along- 
fide  at  the  fame  rate  ;  and  he  does  this  feemingly  with 
as  much  eafe  as  if  the  horfes  were  ftanding  ftill.  The 
man  has  the  fame  velocity  with  the  horfe  that  gallops 
under  him,  and  keeps  this  velocity  while  he  Heps  to  the 
back  of  the  other.  If  that  other  were  Handing  ftill, 
the  man  would  fly  over  his  head.  And  if  a  man  fhould 
ftep  from  the  back  of  a  horfe  that  is  ftanding  ftill  to  the 
back  of  another  that  gallops  pad  him,  he  would  be  left 
behind.  In  the  fame  manner,  a  flack  wire-dancer  toffes 
oranges  from  hand  to  hand  while  the  wire  is  in  full 
fwing.  The  orange,  Twinging  along  with  the  hand,  re¬ 
tains  the  velocity  ;  and  when  in  the  air  follows  the 
hand,  and  falls  into  it  when  it  is  in  the  oppofite  extre¬ 
mity  of' its  fwing.  A  ball,  dropped  from  the  maft-head 
of  a  fhip  that  is  falling  brifl<ly  forward,  falls  at  the  foot 
of  the  maft.  It  retains  the  motion  which  it  had  while 
in  the  hand  of  the  perfon  who  dropped  it,  and  follows 
the  maft  during  the  whole  of  its  fall. 

We  alfo  have  familiar  inftances  of  the  perfeverance 
of  a  body  in  a  ftate  of  reft.  When  a  veffel  filled  with 
water  is  drawn  fuddenly  along  the  floor,  the  water  dafh- 
cs  over  the  pofterior  fide  of  the  veffel.  It  is  left  be¬ 
hind.  In  the  fame  manner,  wLen  a  coach  or  boat  is 
dragged  forw'ard^the  pevfons  in  it  find  themfelves  ftrike 
againft  the  hinder  part  of  the  carriage  or  boat.  Pro¬ 
perly  fpeaking,  it  is  the  carriage  that  ftrlkes  on  them. 

In  like  manner,  if  we  lay  a  card  on  the  tip  of  the  hu¬ 
ger,  and  a  piece  of  money  on  the  card,  we  may  nick 
away  the  card,  by  hitting  it  neatly  on  its  edge  ;  but 
the  piece  of  money  will  be  left  behind,  lying  on  the  tip 
of  the  finger.  A  ball  will  go  through  a  wall  and  fly 
onward  ;  but  the  wall  is  left  behind.  Buildings  are 
thrown  down  by  earthquakes  ;  fometlmes  by  being  tof- 
fed  from  their  foundations,  but  more  generally  by  tlie 
ground  on  which  they  (land  being  haftily  drawn  fide- 
wife  from  under  them,  &c.  ^  -o 

But  common  experience  feems  infiifficient  for  efta- Common- 


blifliiag  this  fundamental  propofition  of  mechanical  phi- exvenenc^ 
lofophy.  We  muft,  on  the  faith  of  the  Copernican  ly.mfuftLcieaj^ 


fteni,  grant  that  we  never  faw  a  body  at  reft,  or  in  uni¬ 
form  re^lilineal  motion  ;  yet  this-  feems  abfolutely  r^e- 
ceffary  before  we  can  fay  that  wc  have  eftablifhed  this, 
propofition  experimentally. 

What  we  imagine,  in  our  experiments,  to  be  putting 
a  body,  formerly  at  reft,  into  motion,  is,  in  fa6l,  only 
changing  a  mod  rapid  motion,  not  lefs,  and  probably 
much  greater,  than  90,000  feet  per  fecond.  Suppofe 
a  cannon  pointed  eaft,  and  the  bullet  difeharged  at  noon 

day 
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Fiffr  Law  clay  with  6o  times  greater  velocity  than  we  have  ever 
^  able  to  give  it.  It  would  appear  to  fet  out  with 

Uiimeafurable  velocity  to  the  eailward  ;  to  be  gra¬ 
dually  retarded  by  the  refiftance  of  the  air,  and  at  lall 
brought  to  reft  by  hitting  the  ground.  But,  by  reafon 
of  the  earth’s  motion  round  the  fun,  the  fadf  is  quite 
the  reverfe.  Immediately  before  the  dlfcharge,  the  ball 
was  moving  to  the  weftward  with  the  velocity  of  90,000 
feet  per  fecoiid  nearly.  By  the  explofioii  of  the  pow¬ 
der,  and  its  prcifart  on  the  ball,  fome  of  this  motion  is 
deftroyed,  and  at  the  muzzle  of  the  gun,  the  ball  is 
moving  flower,  and  the  cannon  is  hurried  away  from  it 
to  the  weftward.  The  air,  which  is  alfo  moving  to  the 
weftward  90,000  feet  in  a  lecond,  gradually  communi¬ 
cates  motion  to  the  ball,  in  the  fame  manner  as  a  hur¬ 
ricane  would  do.  At  laft  (the  ball  dropping  all  the 
while)  fome  part  of  the  ground  hits  the  ball,  and  car¬ 
ries  it  along  with  it. 

Other  obfervations  mnft  therefore  be  reforted  to,  in 
order  to  obtain  an  experimental  proof  of  this  propofi. 
tion.  And  fuch  are  to  be  found.  Although  we  cannot 
meafure  the  abfolute  motions  of  bodies,  we  can  obferve 
and  meafure  accurately  their  relative  motions,  which  arc 
the  differences  of  their  abfolute  motions.  Now,  if  we 
can  ftiew  experimentally,  that  bodies  fhew  equal  ten¬ 
dencies  to  refift  the  augmentation  and  the  diminution  of 
their  relative  motions,  they,  ipfo  faao,  fhew  equal  ten¬ 
dencies  to  refift  the  augmentation  or  diminution  of  their 
abfolute  motions.  Therefore  let  two  bodies,  A  and  B, 
be  put  into  fuch  a  fituation,  that  they  cannot  (by  rea¬ 
fon  of  their  impenetrability,  or  the  aaions  of  their  mu¬ 
tual  powers)  perfevere  in  their  relative  motions.  The 
change  produced  on  A  is  the  effed  and  the  meafure  of 
B’s  tendency  to  perfevere  in  its  former  ftate ;  and  there¬ 
fore  the  proportion  of  thefe  changes  will  fhew  the  pro¬ 
portion  of  their  tendencies  to  maintain  their  former 
ftates.  herefore  let  the  following  experiment  be  made 
at  noon. 

Bxperb  Bet  A,  apparently  moving  weftward  three  feet  per 
tnents  pi^-  fecond,  hit  the  equal  body  B  apparently  at  reft.  Sup- 
purpofe.^  ^  pofe,  y?,  That  A  impels  B  forward,  without  any  di¬ 
minution  of  its  own  velocity.  This  refult  would  fliew 
that  B  manifefts  no  tendency  to  maintain  its  motion  un¬ 
changed,  but  that  A  retains  its  motion  iiiidiininifhed. 

idly^  Suppoie  that  A  flops,  and  that  B  remains  at 
reft.  This  would  fhew  that  A  does  not  refift  a  diminu¬ 
tion  of  motion,  but  that  B  retains  its  motion  unaug¬ 
mented. 

idlyy  Suppofe  that  both  move  \yeftvvard  with  the  ve- 
locity  of  one  foot  per  fecond.  The  change  on  A  is  a 
diminution  of  velocity,  amounting  to  two  feet  per  fe¬ 
cond.  This  is  the  effea  and  the  meafure  of  B’s  ten¬ 
dency  to  maintain  its  velocity  unauginented.  The  change 
®n  B  is  an  augmentation  of  one  foot  per  fecond  made 
on  its  velocity ;  and  this  is  the  meafure  of  A’s  tenden¬ 
cy  to  maintain  its  velocity  undiminifhed.  This  teiiden- 
cy  is  but  half  of  the  former ;  and  this  refult  would 
fhew,  that  the  refiftance  to  a  diminution  of  velocity  is 
but  half  of  the  refiftance  to  augmentation.  It  is  per¬ 
haps  but  one  quarter  ;  for  the  change  on  B  has  produ- 
ced  a  double  change  on  A. 

Suppofe  that  both  move  weftward  at  the.  rate 
li  feet  per  fecond.  It  is  evident  that  their  tendencies 
to  maintain  their  ftates  unchanged  are  now  equal, 

Sthly,^  Suppofe  A  =  2  B,  and  that  both  move,  after 
the  collIfioD,  two  feet  per  fecond,  B  has  received  an 
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addition  of  two  feet  per  fecond  to  its  former  velocity,  Fhft  Law 
This  is  the  efftdl  and  the  meafure  of  A’s  whole  ten-®^  Motion, 
dency  to  retain  its  motion  undiminifhed.  Half  of  this  ^ 
change  on  B  meafures  the  perfevering  tendency  of  the 
half  of  A ;  but  A,  which  formerly  moved  with  the  ap¬ 
parent  or  relative  velocity  three,  now  moves  (by  the 
fuppofition)  with  the  velocity  two,  having  loft  a  velo¬ 
city  of  one  foot  per  fecond.  Each  half  of  A  therefore 
has  loft  thus  velocity,  and  the  whole  lofs  of  motion  is 
two.  Now  this  IS  the  meafure  of  B's  tendency  to 
maintain  its  former  ftate  unaugmented;  and  this  is  the 
fame  with  the  meafure  of  A"s  tendency  to  maintain  its 
own  former  ftate  undiminifhed.  The’conclufion  from 
fuch  a  '  ' 
tendencies 


1  Ciult  would  therefore  be,  that  bodies  have  equal 
to  maintain  their  former  ftates  of  motion 


without  augmentation  and  without  diminution. 

What  is  f’^ppofed  in  the  ^t/j  and  ^t/j  cafes  is  really 
the  refult  of  all  tiic  experiments  which  have  been  tried  ; 
and  this  law  regulates  all  the  changes  of  motion  which 
art.  produced  by  the  mutual  adtions  of  bodies  In  impul- 
fioDS.^  This  adertion  is  true  without  exception  or  qua- 
hficution.  Therefore  it  appears  that  bodies  have  no 
preferable  tendency  to  reft,  and  that  no  fad  can  be  ad¬ 
duced  which  fiiould  make  us  fuppofe  that  a  motion  once 
begun  fliould  fuffer  any  diminution  without  the  adlon 
of  a  changing  caafe. 

•  "'ay  of  eftablifli-  But  expe- 

ing  the  nrft  law  or  motion  is  very  imperfed,  and  alto-riencc  is 

gether  unfit  for  rendering  it  the  fundamental  principle 

of  a  whole  and  extenfive  fcience.  It  Is  fubjed  to  all 

the  inaccuracy  that  is  to  be  found  in  our  bell  experi- axiom. 

ments ;  and  it  cannot  be  appi^td  to  cafes  where  feru- 

pulous  accuracy  is  wanted,  and  where  no  experiment 

can  be  made.  ^ 

Let  us  therefore  examine  the  propofition  by  means 
of  the  general  principles  adopted  In  the  article  Philo¬ 
sophy,  Fncycl.  which  contain  the  foundation  of  all 
our  knovyledge  of  adive  nature.  Thefe  principles  will, 
we  imagine,  give  a  decifion  of  this  quellion  that  Is  fpee- 
dy  and  accurate,  ftievving-  the  propofition  to  be  an  axi¬ 
om  or  intuitive  cvnfeqnence  of  the  relations  of  thofe 
ideas  which  we  have  of  motion,  and  of  the  caufes  of  its 
produdion  and  changes. 

It  has  been  fully  demonftrated  that  the  powers  or  Logical 
forces,  of  which  we  fpeak  fo  much,  are  never  the  imme-P*^®^^* 
diate  objeds  of  our  perception.  Their  very  exiftence, 
their  kind,  and  their  degree,  are  Inftindive  inferences 
from  the  motions  which  we  obferve  and  clafs.  It  evi¬ 
dently  follows  from  this  experimental  and  univerfal 
trutli,  ly/.  That  where  no  cha.nge  of  motion  Is  obfer- 
ved,  no  fuch  inference  is  made;  that  Is,  no  power  is 
fuppofed  to  Blit  whenever  any  change  of  motion 

i^s  obierved,  the  inference  Is  made  ;  that  is,  a  power  or 
force  13  fiippofed  to  have  aded. 

In  the  fame  form  of  logical  conclufion,  we  muft  fay 
that,  2dly,  When  no  change  of  motion  h  JuppoJtd  or 
thought  of,  no  force  hfuppojhl ;  and  that  whenever  we 
fuppofe  a  change  of  motion,  we,  in  faa,  though  not  in 
terms,  fuppole  a  changing  force.  And,  on  the  other 
hand,  whenever  we  fuppofe  the  aaion  of  a  changing 
force,  we  fuppofe  the  change  of  motion  ;  for  the  a£tion 
of  this  force,  and  the  change  of  motion,  is  one  and  the 
fame  thipg  We  cannot  think  of  the  adion  without  ^ 
thinking  of .  the  indication  of  that  adlon  ;  that  is,  the 
change  of  inotion — In  the  fame  manner,  when  we  do 
not  think  of  a  changing  force,  or  fuppofe  that  there  is 

no; 
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no  ?<5ti*on  of  a  changing  force,  we,  in  fa6l,  though  not 
in  terms,  fnppofe  that  there  is  no  indication  of  this 
changing  force  ;  that  is,  that  there  is  no  change. 

Whenever,  therefore,  we  fuppofe  that  no  mechanical 
force  is  ailing  on  a  body,  we,  in  fad,  fuppofe  that  the 
body  continues  in  its  former  condition  with  refped  to 
motion.  If  we  fuppofe  that  nothing  accelerates,  or  re¬ 
tards,  or  dcfleds  the  motion,  we  fuppofe  that  it  is  not 
accelerated,  nor  retarded,  nor  defledejd.  Hence  fol¬ 
lows  the  propofition  in  exprefs  terms— fuppofe  that 
the  body  continues  in  its  former  Jlate  of  rejl  or  motion,  un- 
Icfs  *iue  fuppofe  that  it  is  changed  by  fame  mechanical 
force. 

Thus  it  appears,  that  this  propofition  is  not  a  matter 
of  experience  or  contingency,  depending  on  the  proper¬ 
ties  which  it  has  pleafed  the  Author  of  Nature  to  be- 
ilow  on  body:  it  is,  to  us,  a  necefiary'truth.  ^  The 
propofition  does  rot  fo  much  exprefs  any  thing  with  re¬ 
gard  to  body,  as  it  does  the  operations  of  our  mind 
when  contemplating  body.  It  may  perhaps  be  effential 
to  body  to  move  in  feme  particular  diredion.  ^  It  may 
be  eifential  to  body  to  ftop  as  foon  as  the  moving  caufe 
has  ceafed  to  ad  ;  or  it  may  be  effential  to  body  to  di- 
minifh  its  motion  gradually,  and  finally  come  to  reft. 
But  this  will  not  invalidate  the  truth  of  this  propofi¬ 
tion.  Thefe  circumftances  in  the  nature  of  body, 
which  render  thofe  modifications  of  motion  effentially 
neceffary,  are  the  caufes  of  thofe  modifications  ;  and, 
in  our  ftudy  of  nature,  they  will  be  confidered  by  us  as 
changing  forces,  and  will  be  known  and  called  by  that 
name.  And  if  we  ftiould  ever  fee  a  particle  of  matter 
in  fuch  a  fituation  that  it  is  affedied  by  thofe  effential 
properties  alone,  we  fhall,  from  obfervation  of  its  mo¬ 
tion,  difeover  what  thofe  effential  properties  are. 

And  dmoft  This  law  turns  out  at  laft  to  be  little  more  than  a 
an  identical  tautological  propofition:  But  mechanical  philofophy, 
proyofition.  defined  it,  requires  no  other  fenfe  of  it: 

for,  even  if  we  ftiould  fuppofe  that  body,  of  its  own 
nature,  is  capable  of  changing  its  ftate,  this  change 
muft  be  performed  according  to  fome  law  which  charac- 
terlfes  the  nature  of  body  ;  and  the  knowledge  of  the 
law  can  be  had  in  no  other  way  than  by  obferying  the 
deviations  from  uniform  redlilineal  motion.  It  is  there¬ 
fore  indifferent  whether  thofe  changes  are  derived  from 
the  nature  of  the  thing,  or  from  external  caufes  :  for 
i:i  order  to  confider  the  various  motions  of  bodies,  we 
muft  firft  confider  this  nature  of  matter  as  a  mechanical 
affedion  of  matter,  operating  in  every  inftance  *,  and 
thus  we  are  brought  back  to  the  law  enounced  in  this 
propofition.  This  becomes  more  certain  when  we  re¬ 
flea  that  the  external  caufes  (fuch  as  gravity  or  m.ag- 
netifm),  which  are  acknowledged  to  operate  changes  of 
»  motion,  are  equally  unknown  to  us  with  this  effential 

original  property  of  matter,  and  are,  like  it,  nothing 
but  inferences  from  the  phenomena. 

The  above  very  diffufe  difcuffions  may  appear  fuper- 
ftuous  to  many  readers,  and  even  cumberfome  ;  but  we 
truft  that  the  philofophical  reader  will  excufe  our  anxie¬ 
ty  on  this  head,  when  he  refle£ls  on  the  complicated, 
indiftind,  and  inaccurate  notions  commonly  bad  of  the 
fubjedl ;  and  more  efpecially  when  he  obferves,  that  of 
thofe  who  maintain  the  truth  of  this  fundamental  pro¬ 
pofition,  as  we  have  enounced  it,  many  (and  they  too 
of  the  firft  eminence),  reje<^  it  in  fadl,  by  combining  it 
wfith  other  opinions  which  are  inconfiftent  with  it,  nay, 
which  contradict  it  in  exprefs  terms.  We  may  even 
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include  Sir  Ifaac  Newton  in  the  number  of  thofe  who  Firfi 
have  at  leaft  introduced  inodes  of  exprelfion  which  niif-^^  Motion,^ 
lead  the  minds  of  incautious  perfons,  and  fuggeft  inade- 
quate  notions,  incompatible  with  the  pure  doftrine  of 
the  propofition.  Although,  in  words,  they  difclaim 
the  dodlrine  that  reft  is  the  natural  ftate  of  body,  and 
that  force  is  neceffary  for  the  continuation  of  its  motion, 
yet  in  w^ords  they  (and  nioft  of  them  in  thought)  like- 
wife  abet  that  dodriiie  :  for  they  fay,  that  there  refides 
in  a  moving  body  a  power  or  force,  by  which  it  perfe- 
veres  in  its  motion.  They  call  it  the  vis  in  sit  A,  the 
INHERENT  FORCE  OF  A  MOVING  BODY.  This  IS  furely 
giving  up  the  queftion  :  for  if  the  motion  is  fuppofed 
to  be  continued  in  confequence  of  a  force,  that  force  is 
fuppofed  to  be  exerted  ;  and  it  is  fuppofed,  that  if  it 
were  not  exerted,  the  motion  would  ceafe  ;  and  there¬ 
fore  the  propofition  muft  be  falfe.  Indeed  it  is  fome- 
times  expreffed  fo  as  feemingly  to  ward  off  this  objec¬ 
tion.  It  is  faid  that  the  body  continues  in  uniform  rec¬ 
tilineal  motion,  unlefs  affedied  by  fonie  external  caufe. 

But  this  w^ay  of  fpeaking  obliges  us,  at  firft  fetting  out 
in  natural  philofophy,  to  afiert  that  gravity,  magnetifin, 
eledlricity,  and  a  thoufand  other  mechanical  powers, 
are  external  to  the  matter  which  they  put  in  motion. 

This  is  quite  improper  :  It  is  the  bufinefs  of  philofo¬ 
phy  to  difeover  whether  they  be  external  or  not  ;  aitd 
if  we  affert  that  they  are,  we  have  no  principles  of  ar¬ 
gumentation  with  thofe  who  deny  it.  It  is  this  one 
thing  that  has  filled  the  ftudy  of  nature  with  all  the  jargon 
of  xthers  and  other  invifible  intangible  fluids,  which  has 
difgraced  philofophy,  and  greatly  retarded  its  progrefs.  32 
We  muft  obferve,  that  the  terms  n)is  injita,  inherent 
force,  are  very  improper.  There  is  no  difpute 
philofophers  in  calling  every  thing  a  force  that  pro- improper 
duces  a  change  of  motion,  and  in  inferring  the  adlion  terms  in 
of  fuch  a  force  whenever  we  obferve  a  change  of  mo*  their  ufuai 
tion.  It  is  furely  incongruous  to  give  the  fame  namc^^^^^P^^* 
to  what  has  not  this  quality  of  producing  a  change,  or 
to  infer  (or  rather  to  fuppofe)  the  energy  of  a  force 
when  no  change  of  motion  is  obferved.  This  is  one 
among  many  inftances  of  the  danger  of  miftake  when 
we  indulge  in  analogical  difeuflions.  All  our  language, 
at  leaft,  on  this  fuQedl  is  analogous.  I  feel,  that  in 
order  to  oppofe  animal  foice,  I  muft  exert  force.  But 
I  muft  exert  force  in  order  to  oppofe  a  body  in  motion  : 
Therefore  I  imagine  that  the  moving  body  poffeffes 
force.  A  bent  fpring  w  ill  drive  a  body  forward  by  un¬ 
bending  :  Therefore  I  fay  that  the  fpring  exerts  force. 

A  moving  body  Impels  the  body  which  It  hits  :  There¬ 
fore  I  fay,  that  the  Iinpelb'ng  body  poffeffes  and  exerts 
force.  I  imagine  farther,  that  it  poffeffes  force  only 
by  being  In  motion,  or  bccaufe  It  Is  In  motion  ;  becaufe 
I  do  not  find  that  %  quiefeent  body  will  put  another 
into  ntotlon  by  touching  it.  But  we  ftiall  foon  find  this 
to  be  falfe  in  many,  if  not  in  all  cafes,  and  that  the  com¬ 
munication  of  motion  depends  on  the  mere,  vicinity,  and 
not  on  the  motion  of  the  impelling  body;  yet  we  aferibe 
the  exertion  of  the  vis  inftta  to  the  clrcuinftance  of  the 
continued  motion.  We  therefore  conceive  the  force  as 
arlfing  from,  or  as  confifting  In,  the  Impelling  body’s 
being  in  motion  ;  and,  with  a  very  obfeure  and  indif- 
tlnft  conception  of  the  whole  matter,  we  call  ^it  the 
force  by  which  the  body  preferves  iifelf  in  motion.  Thus,, 
taking  it  for  granted  that  a  force  refides  in  the  body, 
and  being  obliged  to  give  it  fome  office,  this  is  the  on¬ 
ly  one  that  we  can  think  of. 


dynamics.’ 


rirft  Law  Bat  philofophers  imagine  that  they  perceive  the  ne- 
of  Mohon.  ceflity  of  the  exertion  of  a  force  in  order  to  the  conti- 
^*“*'v**’^ nuation  of  a  motion.  Motion  (fay  they)  is  a  conti¬ 
nued  adlion  ;  the  body  is  every  inffant  in  a  new  htna- 
tion  ;  there  is  the  continual  produ£lion  of  an  effedl, 
therefore  the  contmual  a6fion  of  a  caufe. 

But  this  is  a  very  inaccurate  way  of  thinking.  We 
have  a  diflindl  conception  of  motion  ;  and  we  conceive 
that  there  is  fuch  a  thing  as  a  moving  caufe,  which  we 
diftinguifh  from  all  other  caufes  by  the  name  force.  It 
Motion  is  produces  motion.  If  it  does  this,  it  produces  the  cha- 
not  the  radler  of  motion,  which  is  a  continual  change  of  place, 

continual  Motion  is  not  adlion,  but  the  effedl  of  an  a6f  ion  ;  and 
cf  an^cffeCh  adlion  is  as  incomplete  in  the  inftant  immediately 
fucceeding  the  beginning  of  the  motion  as  it  is  a  mi¬ 
nute  after.  The  fubfequent  change  of  place  is  the  con¬ 
tinuation  of  an  effedl  already  produced.  The  immedi¬ 
ate  effedl  of  the  moving  force  is  a  det^rmina tion^  by 
which,  if  not  hindered,  the  body  w'ould  go  on  for  ever 
from  place  to  place.  It  is  in  this  determination  only 
that  the  ftate  or  condition  of  the  body  can  differ  from 
a  ftate  of  reft  ;  for  in  any  inftant,  the  body  docs  not 
defcrihe  any  fpace,  but  has  a  determination,  by  which 
it  will  defcribe  a  certain  fpace  uniformly  in  a  certain 
time.  Motion  is  a  condition,  a  ftate,  or  mode  of  ex- 
iftence,  and  no  more  requires  the  continued  agency  of 
the  moving  caufe  than  yellownefs  or  roundnefs  does. 

^  It  requires  fome  chemical  agency  to  change  the  yellovv- 
nefs  to  greennefs  ;  and  it  requires  a  mechanical  caufe 
or  a  force  to  change  this  motion  into  reft.  When  we 
fee  a  moving  body  ftop  ftiort  in  an  inftant,  or  be  gra¬ 
dually,  but  quickly,  brought  to  reft,  we  never  fail  to 
fpeculate  about  a  caufe  of  this  ceflation  or  retardation. 
The  cafe  is  no  way  different  in  itfelf  although  the  re¬ 
tardation  fhonld  be  extremely  flow.  We  fliould  always 
attribute  it  to  a  caufe.  It  requires  a  caufe  to  put  a 
body  out  of  motion  as  much  as  to  put  it  into  motion. 
This  caufe,  if  not  external,  muft  be  found  in  the  body 
itfelf;  and  it  muft  have  a  felf-determining  power,  and 
may  as  well  be  able  to  put  itfelf  into  motion  as  out  of 

It. 

If  this  reafoning  be  not  admitted,  we  do  not  fee  bow 
an)^  effejft  can  be  produced  by  any  caufe.  Every  cftecft 
fuppofes  fomething  done ;  and  any  thing  done  implies 
that  the  thing  done  may  remain  till  it  be  undone  by 
fome  other  caufe.  Without  this,  it  would  have  no  ex- 
iftence.  If  a  moving  caufe  did  not  produce  continued 
motion  by  its  inftantaneous  aftion,  it  could  not  pro¬ 
duce  it  by  any  continuance  of  that  adfion  ;  becaufe  in 
no  inftant  of  that  adlion  does  it  produce  continued 
motion. 

We  muft  therefore  gtve  up  the  opinion,  that  there 
rcfides  in  a  moving  body  a  force  by  ^hich  it  is  kept  in 
motion  ;  and  we  muft  find  fome  other  way  of  explaining 
that  remarkable  difference  between  a  moving  body  and 
a  body  at  reft,  by  which  the  firft  caufes  other  bodies 
to  move  by  hitting  them,  while  the  other  does  not  do 
this  by  merely  touching  them.  We  ftiall  fee,  with 
the  cleareft  evidence,  that  motion  is  neceffary  in  the  im_- 
pelling  body,  in  order  that  it  may  permit  the  forces  in¬ 
herent  in  one  or  both  bodies  to  continue  this  preffure 
long  enough  for  producing  a  fenfible  or  confiderable 
motion.  But  thefe  moving  forces  are  inherent  in  bo¬ 
dies,  whether  they  are  in  motion  or  at  reft. 

The  foregoing  obfervations  ftiew  us  the  impropriety 
©f  the  phrafe  communicctiion  of  motion.  By  thus  reflect¬ 


ing  on  the  notions  that  are  involved  in  the  general  con-  fif’ft  Law 
ce^jtion  of  one  body  being  made  to  move  by  the  im-  Motion, 
pulfe  of  another,  we  perceive  that  there  is  nothing  in-  " 
dividual  transferred  from  the  one  body  to  the  other.  Conimuni- 
The  determination  to  motion,  indeed,  exifted  only  in  cation  of 
the  impelling  body  before  colliiion  ;  whereas,  afterwards, 
both  bodies  are  fo  conditioned  or  determined.  But  '^^peVphrafe 
can  form  no  notion  of  the  thing  transferred.  With  the 
fame  metaphyfical  impropriety,  we  fpeak  of  the  com¬ 
munication  of  joy,  of  fever. 

Kepler  introduced  a  term  inertia,  vis  inerti.^,So 
into  mechanical  philofophy  ;  and  it  is  now  in  conftant 
ufe.  But  writers  are  very  carelefs  and  vague  in  the  no¬ 
tions  which  they  affix  to  thefe  terms.  Kepler  and  New¬ 
ton  feein  generally  to  employ  it  for  exprefting  the  fadi, 
the  perfeverance  of  the  body  in  its  prefent  ftate  of  mo¬ 
tion  or  reft :  but  they  nlfo  frequently  exprefs  by  it 
fomething  like  an  indifference  to  motion  or  reft,  manU 
fejled  by  its  requiring  the  fame  quantity  of  force  to  make 
an  augmentation  of  its  motion  as  to  make  an  equal  diminu¬ 
tion  of  it.  The  popular  notion  is  like  that  which  we 
have  of  adlual  refiftance  ;  and  it  always  implies  the  no¬ 
tion  of  force  exerted  by  the  rcfifting  body.  We  fup- 
pofe  this  to  be  the  exertion  of  the  n^is  injita^  or  the  inhe¬ 
rent  force  of  a  body  in  motion.  But  we  have  the  fame 
notion  of  refiftance  from  a  body  at  reft  which  we  fet 
in  motion.  Now  furely  it  is  in  diredl  contradidfion  to 
the  common  ufe  of  the  word  force^  when  we  fuppofe  re¬ 
fiftance  from  a  body  at  reft  ;  yet  Wj  inertia  is  a  very 
common  expreflion.  Nor  is  it  more  abfurd  (and  it  is. 
very  abfurd)  to  fay,  that  a  body  maintains  its  ftate 
of  reft  by  the  exertion  of  a  Wj  inertia^  than  to  fay, 
that  it  maintains  its  ftate  of  motion  by  the  exertion  of* 
an  inherent  farce.  We  ftioiild  avoid  all  fuch  metapho¬ 
rical  exprelfiOns  as  refjiance,  indifference,  JlvggiJlonefs ,  or 
pronenefs  to  reff  (which  fome  exprefs  by  inertia),  be¬ 
caufe  they  feldom  fail  to  make  us  iudulge  in  metapho¬ 
rical  notions,  and  thus  lead  us  to  mifconceive  the  modus^ 
operandi,  or  procedure  of  nature. 

There  is  no  refijlance  ^ivhatever  ohferved  in  thefe  phe- 
nofnena  ;  for  the  force  employed  always  produces  its- 
complete  effedf.  When  I  throw  down  a  man,  a?id  find 
that  I  have  employed  no  more  force  than  was  fufficient. 
no  throw  down  a  limilar  and  equal  mafs  of  dead  matter, 

I  know  by  this  that  he  has  not  refilled  but  I  con¬ 
clude  that  he  has  rciifted,  if  i  have  been  obliged  to  em¬ 
ploy  much  more  force.  Tiiere  is  therefore  no  refill- 
ance,  properly  fo  called,  when  the  exerted  force  is  ob- 
ferved  to  produce  its  full  effedf.  To  fay  that  there  is 
refiftance,  is  therefore  a  real  rmfconception  of  the  way 
in  which  mechanical  forces  have  operated  in  the  colli- 
lion  of  bodies.  Idicre  is  no  mure  refiftance  in  thefe 
cafes  than  in  any  other  natural  changes  of  condition. 

We  are  guilty,  however,  of  the  fame  impropriety  of 
language  in  other  cafes,  wdiere  the  caufe  of  it  is  more 
evident.  AVe  fay  that  colours  in  grain  refijl  the  adlion 
of  foap  and  of  the  fun,  but  that  Pruffinn  bine  does  not. 

AVe  all  perceive,  that  in  this  expreflion  the  word  re¬ 
fiftance  is  entirely  figurative  :  and  we  ftiould  fay  that 
Pi  uflian  blue  rejijis  foap,  if  we  are  right  in  faying  that 
a  body  refills  any  force  employed  to  change  its  ftate  of 
motion  ;  for  foap  muft  be  employed  to  difeharge  or 
ciiange  the  colour ;  and  it  does  change  it.  Force  mull 
be  employed  to  change  a  motion  ;  and  it  does  change 
The  impropriety,  both,  of  thought  and  language,  is  plain 
ia  the  one  cafe,  and  it  is  no  kfs  real  ic  the  other.  Both 
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Seconr^.I^aw  of  thc  terms,  inhmnt  fores  and  inertia^  may  be  ufed 
of  M  itioii.  *1-]^  fafety  for  abbreviating  language,  if  we  be  carsful 
V.  ^,-r employ  tliem  only  for  exprelTing,  either  the  ftmple  fati 
of  perfe'vcring  in  the  former  Jiate^  or  the  necejfiiy  of  em- 
ploying  a  certain  determinate  force^  in  order  to  change  that 
36  JiatCy  and  if  ^e  avoid  all  thought  of  rejijlance. 

Deviations  p’rom  the  whole  of  this  difeufiion,  we  learn,  that  the 
forraredi  ^^viations  from  uniform  motions  are  the  indications  of 
lineal  mo-  the  exigence  and  agency  of  mechanical  forces,  and  that 
tioii  are  the  they  are  the  only  indications.  The  indication  is  very 
only  indica- f^niple,  mere  change  of  place  j  it  can  therefore  indicate 
force  nothing  but  what  is  very  fimple,  the  fomethiog  com¬ 
petent  to  the  produdfion  of  the  very  motion  that  v*’^c 
obferve.  And  when  two  changes  of  r^otion  are  pre- 
cifely  limilar,  they  indicate  the  fame  thing.  Suppofe  a 
mariner's  compafs  on  the  table,  and  that  by  a  fmall  tap 
with  my  finger  I  caufe  the  needle  to  turn  off  from  its  qui- 
efeent  pofition  10  degrees.  I  can  do  the  fame  thing  by 
bringing  a  magnet  near  it;  or  by  bringing  an  eledrified 
body  near  it  ;  or  by  the  unbending  of  a  fine  fpnng 
prefTing  it  afide ;  or  by  a  puff  of  wind;  or  by  feveral 
other  methods.  In  all  tliefc  cafes,  the  indication  is  the 
fame  ;  therefoi'C  the  thing  indicated  is  the  fame,  name¬ 
ly,  a  certain  intcnfity  and  direction  of  a  inovnng  power. 
How  it  operates,  or  in  what  manner  it  exifts  and  exerts 
itfelf  in  thefe  inllances,  outwardly  fo  different,  is  not 
under  confideration  at  prefen t  Impulfivenefs,  intenfity, 
and  direction,  are  all  the  circiirallances  of  referablance 
by  which  the  affedf  ion  s  of  matter  are  to  be  charadterifed  ; 
and  it  is  to  the  difeovery  and  determination  of  thefe 
alone  that  onr  attention  is  now  to  be  diredled.  We  are 
diredled  in  this  refearch  by  the 

Second  Lav/  of  Motion. 

Every  change  of  motion  is  proportional  to  the  force  iniprejfedy 
and  is  made  in  the  direHion  of  that  force,  • 

37.  This  law  alfo  may  alrncft  be  confidered  as  an  identi¬ 
cal  proportion  ;  for  it  is  equivalent  to  faying,  that  the 
changing  force  is  to  be  meafured  by  the  change  which 
it  produces,  and  that  the  direftion  of  this  force  is  the 
diredfibn  of  the  change.  Of  this  there  can  be  no  doubt, 
when  we  confider  the  force  in  no  other  fenfe  than  that 
of  the  caufe  of  motion,  paying  no  attention  to  the  form 
or  manner  of  its  exertion.  Thus,  when  a  pellet  of  tow 
is  (liot  from  a  pop-gun  by  the  expanfion  of  the  air  com- 
prelTed  by  the  rammer,  or  where  it  is  {hot  from  a  toy 
piftol  by  the  unbending  of  the  coiled  wire,  or  when  it 
is  nicked  away  by  the  thumb  like  a  marble — if,  in  all 
thefe  cafes,  it  moves  off  in  the  fame  diredlion,  and  with 
the  fame  velocity,  we  cannot  confider  or  think  of  the 
force,  or  at  lea  11  of  its  exertion,  as  any  how  different. 
Nay,  when  it  is  driven  forward  by  the  inftantaneous 
percuffion  of  a  fmart  ftroke,  although  the  manner  of 
producing  this  effedl  (if  pofiible)  is  elfentially  different 
from  what  is  conceived  in  the  other  cafes,  we  muff  ftill 
think  that  the  propelling  force,  confidered  as  a  pro¬ 
pelling ‘force,  is  one  and  the  fame.  In  fiiort,  this  law 
of  motion,  as  thus  expreffed  by  Sir  Ifaac  Newton,  is 
equivalent  to  faying,  “  That  we  take  the  changes  of 
motion  as  the  meaiiires  of  the  changing  forces,  and  the 
diredlion  of  the  change  for  the  indication  of  the  direc¬ 
tion  of  the  forces For  no  refledling  perfon  can  pre¬ 
tend  to  fay,  that  it  is  a  dedudlion  from  the  acknowledged 
principle,  that  effedls  are  proportional  to  their  caufes. 
We  do  not  affirm  this  law,  from  having  obferved  the 
proportion  of  the  torces  and  the  proportion  of  the 
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changes,  and  that  thefe  proportions  are  the  fame  j  and  SecondLaw 
from  having  obferved  that  this  has  obtained  through 
the  whole  extent  of  our  ihidy  of  nature.  This  would  '‘■'''''v  ^ 

indeed  eftablilh  it  as  a  phyfical  law,  an  univerfal  fa6l  ; 
and  it  is,  in  fadl,  fo  cftablifiied.  But  this  does  not  eila- 
blifh  it  as  a  law  of  motion,  according  to  our  definition 
of  that  terra  ;  as  a  law  of  human  thought,  the  refult  of 
the  relations  of  our  ideas,  as  an  intuitive  truth.  The 
ii^udicious  attempts  of  philofophers  to  prove  it  as  a 
matter  of  obfervation,  have  occaiioned  the  only  difpute 
that  has  arifen  in  mechanical  philofophy.  It  is  well 
known  that  a  bullet,  moving  with  double  velocity,  pe¬ 
netrates  four  times  as  far.  Many  other  firailar  fa(5ls 
corroborate  this  ;  and  the  philofophers  obferve,  that 
four  times  the  force  has  been  expended  to  generate  this 
-double  velocity  in  the  bullet  ;  it  requires  tour  times  as 
much  powder.  In  all  the  examples  of  this  kixid,  it  would 
feem  that  the  ratio  of  the  forces  employed  has  been 
very  accurately  afeertained  ;  yet  this  is  the  invariable 
refult.  Philofophers,  therefore,  have  concluded,  that 
moving  forces  are  not  proportional  to  the  velocities  which 
they  produce,  but  to  the  fquares  of  tliofe  velocities.  It 
is  a  ffrong  confirmation,  to  fee  that  the  bodies  in  mo¬ 
tion  feem  to  poffefs  forces  in  this  very  proportion,  and 
produce  effects  in  this  proportion ;  penetrating  four 
times  as  deep  when  the  velocity  is  only  twice  as  great, 

&c. 

But  if  this  be  a  juft  eftimation,  we  cannot  reconcile  it 
to  the  coriceffion  of  the  fame  philofophers,  who  grant 
that  the  velocity  is  proportional  to  the  force  impreffed, 
in  the  cafes  where  we  have  no  previous  obfervation  of 
the  ratio  of  the  forces,  and  of  its  equality  to  the  ratio 
of  the  velocities.  This  is  the  cafe  with  gravity,  which 
thefe  philofophers  always  meafure  by  its  accelerating 
power,  or  of  the  velocity  which  it  generates  in  a  given 
time.  And  this  cannot  be  refufed  by  them  ;  for  cafes 
occur,  where  the  force  can  be  meafured,  in  the  moll  na¬ 
tural  manner,  by  the  adual  preffure  which  it  exerts. 

Gravity  is  thus  meafured  by  the  preffure  which  a  ftone 
exerts  on  its  fupports.  A  weight  which  at  Quito  will 
pull  out  the  rod  of  a  fpving  fteelyard  to  the  mark  c;i2, 
will  pull  it  to  3r3  at  Spitzbergen.  And  it  is  a  fad, 
that  a  body  will  fall  313  inches  at  Spitzbergen  in  the 
fame  time  that  it  falls  3 1 2  at  Q^ito.  Gravitation  is 
the  caufe  both  of  the  preffure  and  the  fall ;  and  it  is  a 
matter  of  unexcepted  obfervation,  that  they  have  al¬ 
ways  the  fame  ratio.  The  philofophers  who  have  fo 
ftrenuoufly  maintained  the  other  meafure  of  forces,  are 
among  the  moft  eminent  of  thofe  who  have  examined 
the  motions  produced  by  gravity,  niagnetifm,  eledricity, 

&c.;  and  they  never  think  of  meafuring  thofe  forces 
any  other  way  than  by  the  velocity.  It  is'in  this  way 
that  the  w  hole  of  the  celeftial  phenomena  are  explained 
in  perfed  uniformity  with  obfervation,  and  that  the 
Newtonian  philofophy  is  confidered  as  a  demonllrative 
fcience. 

There  miift,  therefore,  be  fome  defed  in  the  principle 
on  which  the  other  meafurement  of  forces  is  built,  or 
in  the  method  of  applying  it.  Preffure  is  undoubtedly 
the  iiriiTicdiatc  and  natural  meafure  of  force  ;  yet  we 
know  that  four  fprings,  or  a  bow  four  times  as  ftrong, 
give  only  a  double  velocity  to  an  arrow. 

The  truth  of  our  law  refts  on  this  only,  that  we  affiime 
the  changes  of  motion  as  the  meafure  of  the  changing 
forces  ;  or,  at  leaft,  as  the  meafures  of  their  exertions  in 
producing  motion.  In  fad,  they  are  the  meafures  only 

of 
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different  natural  powers  may  refemble  each  other  ;  name 
ly,  the  competency  to  produce  motion.  They  do  not, 
perhaps,  meafure  their  competency  to  produce  heat,  or 
even  to  bend  fprings.  V7e  can  furely  confider  this  a- 
part  from  all  other  circumftances  ;  and  it  is  worthy  of 
feparate  confideration.  Let  us  fee  what  can  be,  and 
what  ought  to  be,  deduced  from  this  way  of  treating- 
the  fubjea.  ^ 

The  motion  of  a  body  may  certainly  remain  unchaii- 
.  ged.  If  the  direftion  and  velocity  remain  the  fame,  we 
a  mo.  perceive  no  circiimflance  in  which  its  condition,  with 
refpedf  to  motion,  differs.  Its  change  of  place  or  fltu- 
ation  can  make  no  difference  ;  for  this  is  implied  in 
the  very  circumftance  of  the  body’s  being  in  motion. 

But  if  either  the  velocity  or  diredlion  change,  then 
furely  is  its  mechanical  condition  no  longer  the  fame  ; 
a  force  has  adfed  on  it,  either  iutrinfic  or  from  without, 
either  accelerating,  or  retarding,  or  defleaing  it.  Sup- 
pofing  the  diredion  to  remain  the  fame,  its  difference  of 
condition  can  conlift  in  nothing  but  its  difference  of 
velocity.  This  is  the  only  circumftaiice  in  which  its 
condition  can  differ,  as  it  paffes  through  two  different 
points  of  its  redilineal  path.  It  is  this  determination 
by  which  the  body  will  deferibe  a  certain  determinate 
fpace  uniformly  in  a  given  time,  which  defines  its  con¬ 
dition  as  a  moving  body  :  the  changes  of  this  determi¬ 
nation  are  the  meafures  of  their  own  caufes  ; — and  to 
thofe  caufes  we  have  given  the  name  force.  Thofe 
caufes  may  refide  in  other  bodies,  which  may  have  other 
properties,  charaderifed  and  meafured  by  other  effeds. 
Preffure  may  be  one  of  thofe  properties,  and  may  have 
Its  own  meafures  ;  thefe  may,  or  may  not,  have  the 
fame  proportion  with  that  property  wdiich  is  the  caufe  of 
a  change  of  velocity  ;  and  therefore  changes  of  velocity 
may  not  be  a  meafure  of  preffure.  This  is  a  qiieftion 
of  fad,  and  requires  obfervation  and  experience  ;  but, 
in  the  mean  time,  velocity,  and  the  change  of  velocity, 

IS  the  meafure  of  moving  force  and  of  changing  force. 
When  therefore  the  change  of  velocity  is  the  fame, 
whatever  the  previous  velocity  may  he,  the  changing 
force  muff  be  confideredas  the  fame  :  therefore,  finally, 
if  the  previous  velocity  is  nothing,  and  confequently  the 
change  on  that  body  is  the  very  velocity  or  motion  that 
It  acquires,  we  muff  fay,  that  the  force  which  produces 
a  certain  change  in  the  velocity  of  a  moving  body,  is 
the  fame  with  the  force  which  would  impart  to  a  body 
at  reft  a  velocity  equal  to  this  change  or  difference  of 
velocity  produced  on  the  body  already  in  motion. 

This  manner  of  eftimatiiig  force  is  in  perfed  confor¬ 
mity  to  our  moft  familiar  notions  on  thefe  fubjeds. 
We  conceive  the  weight  or  downward  preffure  of  a  bo* 
dy  as  the  caufe  of  its  motion  downwards  ;  and  we  con¬ 
ceive  It  as  belonging  to  the  body  at  all  times,  and  in 
all  places,  whether  falling,  or  nYing  upwards,  or  deferi- 
bing  a  parabola,  or  lying  on  a  table ;  and,  accordingly, 
we  obferve,  that  in  every  ftate  of  motion  it  receives 
equal  changes  of  velocity  in  the  fame,  or  an  equal  time, 
and  all  in  the  diredion  of  its  preffure. 

All  that  we  have  now  faid  of  a  change  of  velocity 
might  be  repeated  of  a  change  of  diredion.  It  is  fure¬ 
ly  poffible  that  the  fame  change  of  diredion  may  be 
made  on  any  two  motions.  Let  one  of  the’motions  be 
confidered  as  growing  continually  flower,  and  termina¬ 
ting  in  reft.  In  every  inftaiit  of  this  motion  it  is  pof- 
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fi^le  to  make  one  and  the  fame  change  on  it. 
fame  change  may  therefore  be  made  at  the  very  inftant  ^ 
that  the  motion  is  at  an  end.  In  this  cafe,  the  change 
is  the  very  motion  which  the  body  acquires  from  the 
changing  force.  Therefore,  in  this  cafe  alfo,  we  muft 
Ly,  that  a  change  of  motion  is  itfelf  a  motion,  and  that 
it  is  the  motion  which  the  force  would  produce  in  a  bo¬ 
dy  that  was  previoufiy  at  reft. 

The  refult  of  thefe  obfervations  is  evidently  this,  tlow'^afccf- 
that  we  muft  afeertain,  in  every  inftance,  what  is  the  ^^^d 
change  of  motion,  and  mark  it  by  charaders  that  gj-g 
Gonfpiciious  and  diftinguiftiing  ;  and  this  mark  and  mea¬ 
fure  of  change  muft  be  a  motion  :  Then  we  muft  fay, 
that  the  changing  force  is  that  which  would  produce 
this  motion  in  a  body  previoufiy  at  reft.  We  muft  fee 
how  this  is  manifeft,  as  a  motion,  in  the'  difference  be¬ 
tween  the  former  motion  and  the  new  motion  ;  and,  on 
the  other  hand,  we  muft  fee  how  the  motion  produce- 
able  in  a  quiefeent  body  may  be  fo  combined  with  a 
motion  already  exifting,  as  to  exhibit  a  new  motion,  in 
which  the  agency  of  the  changing  force  may  appear, 

Suppofe  a  fhip  at  anchor  in  a  ftream;  while  one  man 
walks  forward  on  the  quarter-deck  at  the  rate  of  two 
miles  per  hour,  another  walks  from  ftem  to  ftern  at  the 
fame  rate,  a  third  walks  athwart  fiiip,  and  a  fourth 
ftands  ftill.  Let  the  fhip  be  fuppofed  to  cut  or  part 
her  cable,  and  float  down  the  ftream  at  the  rate  of  three 
miles  per  hour.  We  cannot  conceive  any  difference  in 
the  change  made  on  each  man’s  motion  in  abfolute 
fpace  ;  but  their  motions  are  now  exceedingly  different 
from  what  they  were  ;  the  firft  man,  whom  we  may 
fuppofe  to  have  been  walking  weftward,  is  now  movin:>- 
eaftward  one  mile  per  hour;  the  fecond  is  moving  eaft! 
ward  four  miles  per  hour  ;  and  the  third  is  moving  in 
an  oblique  diredion,  about  three  points  north  or  foiith 
of  due  eaft.  All  have  fuffered  the  fame  change  of  con¬ 
dition  with  the  man  who  had  been  ftanding  ftill.  He 
has  now  got  a  motion  eaftward  three  miles  per  hour. 

In  this  inftance,  we  fee  very  well  the  circiimllance  of 
famenefs  that  obtains  in  the  change  of  thefe  four  con¬ 
ditions.  It  is  the  motion  of  the  fhip,  which  is  blended 
with  the  other  motions.  But  this  circumftance  is  e- 
qually  prefdnt  whenever  the  fame  previous  motions  arc 
changed  into  the  fame  new  motions.  We  muft  learn 
to  expifeate  this  ;  which  we  fhall  do,  by  confidering  the 
manner  in  wliich-the  motion  of  the  fiiip  is  blended  with 
each  of  the  mens  motions. 

This  hind  of  combination  has  been  called  the  CoMpo- 
siTiON  OF  MOTION  ;  bccaufe,  in  every  point  of  the  of  mo¬ 

tion  really  piirfued,  the  two  motions  are  to  be  found. 

The  fundamental  theorem  on  this  fubjed  is  this 
Two  uniform  motions  in  the  Tides  of  a  parallelogram 
compofe  an  uniform  motion  in  the  diaoronal, 

Suppofe  that  a  point  A  (fig.  ,.)  d^feribes  AB  uni- Kate XXI. 
fornily  ni  fome  given  tune,  while  the  line  AD  is  car- 
ned  uniformly  along  AC  in  the  fame  time,  keeping  aU 
ways  parallel  to  its  firft  pofition  AB.  The  point  A, 
by  the  combination  of  thefe  motions,  will  deferibe  Ad’ 
the  diagonal  of  the  parallelogram  ABDC,  uniformly 
In  the  fame  time.  ^ 

For  it  is  plain,  that  the  velocities  in  AB  and  AC 
are  proportional  to  AB  and  AC,  becaufe  they  are  uni¬ 
formly  defcribed  in  the  fame  time.  When  the  poinr 
has  got  to  E,  the  middle  of  AB,  the  line  AB  has  eot 
into  the  fituatioa  GH,  half  way  between  AB  and  CD. 

3  T  and 
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Sccon  U.awand  the  point  E  is  in  the  place  the  middle  of  GH. 
of  Motion.  parallel  to  AC.  It  is  plain  that  the  pa- 

‘ ^ - -  rallelojrrams  ABDC  and  AE  i?  G  are  firnilar  ;  becaufe 

AE  and  AG  are  the  halves  of  AB  and  AC,  and  the 
angle  at  A  is  common  to  both.  Therefore,  by  a  pro- 
pofition  in  the  Elements,  they  are  about  the  fame  dia¬ 
gonal,  and  the  point  ^  is  in  the  diagonal  of  AD.  In 
like  manner,  it  may  be  Ihewn,  that  when  A  has  de- 
fcribed  AF,  |ths  of  AB,  the  line  AB  will  be  in  the 
fituation  IK,  fo  that  AI  is  ^ths  of  AC,  and  the  point 
/,  in  which  A  is  now  found,  is  in  the  diagonal  AD. 
It  will  be  the  fame  in  w'hatever  point  of  AB  the  de- 
feribing  point  A  be  fuppofed  to  be  found.  T.  he  line 
AB  will  be  on  a  fimilar  point  of  A-C;  and  the  deferi- 
bing  point  will  be  in  the  diagonal  AD. 

Moreover,  the  motion  in  AD  is  uniform  :  for  A  ^  is 
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the  former  motion,  and  of  the  motion  ^vhich  the  farce  w^?i*7^Secondr.?.w 
produce  in  a  quiejcent  body.  ,  ^ 

When  a  force  changes  the  diredion  of  a  motion,  we 
fee  that  its  diredion  is  traiifverfe  in  fome  angle  BAC  ; force. 
becaufe  a  diagonal  AD  always  fuppofes  two  fides.  As 
w'e  have  diftinguidied  any  change  of  diredfion  by  the 
term  deflection,  we  may  call  the  tranfverfe  force  a 

DEFLECTING  FORCE. 


deferibed  in  the  time  of  deferibing  AE  ;  that  is. 


in 
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half  the  time  of  deferibing  AB,  or  in  half  the  time 
of  deferibing  AD.  In  like  manner.  A/  is  deferibed 
in  |ths  of  the  time  of  deferibing  AD,  &c.  &c. 

Laflly,  the  velocity  in  the  diagonal  AD  is  to  the 
velocity  in  either  of  the  fides  as  AD  is  to  that  fide.  This 
is  evident,  becaufe  they  are  uniformly  deferibed  in  the 

fame  time.  . 

This  is  juftly  called  a  compojition  of  the  motions  AB 
and  AC,  as  will  appear  by  coiifidering  it  in  the  follow¬ 
ing  manner  :  Let  the  lines  AB,  AC  be  conceived  as 
two  material  lines  like  wires.  Let  AB  move  uniformly 
from  the  fituation  AB  into  the  fituation  CD,  while 
AC  moves  uniformly  into  the  fituation  BD.  It  is  plain 
that  their  interfedlion  will  always  be  found  on  AD. 
The  point  for  example,  is  a  point  common  to  both 
lines.  Confidered  as  a  point  of  EL,  it  is  then  mo¬ 
ving  in  the  direaion  f  H  or  AB  ;  and,  confidered 
as  a  point  of  GH,  it  is  moving  in  the  diredion  e"L. 
Both  of  thefe  motions  are  therefore  blended  in  the  mo¬ 
tion  of  the  interfeaion  along  AD.  We  can  conceive 
a  fmall  ring  at  f,  embracing  loofely  both  of  the  wires. 
This  material  ring  will  move  in  the  diagonal,  and  will 
really  partake  of  both  motions.  •  •  o.  ii 

Thus  we  fee  how  the  motion  of  the  fhip  is  aauaily 
blended  with  the  motions  of  the  three  men  ;  and  the 
circumflance  of  faraenefs  which  is  to  be  found  in  the 
four  changes  of  motion  is  this  motion  of  the  fhip,  or 
of  the  man  who  w^as  Handing  Hill.  By  compofition 
with  each  of  the  three  former  motions,  it  produces  each 
of  the  three  new  motions.  Now,  when  each  of  two 
primitive  motions  is  the  fame,  and  each  of  the  new  mo¬ 
tions  is  the  fame,  the  change  is  furely  the  fame.  If 
one  of  the  changes  has  been  brought  about  by  the  ac¬ 
tual  compofition  of  motions,  we  know  precifely  what 
that  change  is  ;  and  this  informs  us  wdiat  the  other  is,  m 
whatever  way  it  was  produced.  Hence  vve  infer,  that, 

When  a  moiion  is  any  how  changed,  the  change  is  that 
motion  which,  when  compounded  with  the  former  motion, 
will  produce  the  new  moiion.  Now,  becaufe^  we  affume 
the  change  as  the  meafure  and  obaraaerillic  of  the 
changing  force,  we  muft  do  fo  in  the  prefent  inflance  ; 
and  we  muft  fay. 

That  the  changing  force  is  that  which  will  produce  in 
a  quiefcent  body  the  motion  which,  by  compofition  with  the 
former  motion  of  a  body,  will  produce  the  new  motion. 

And,  on  the  other  hand. 

When  the  motion  of  a  body  is  changed  by  the  aWion  of 
any  for ce^  the  new  motion  is  that  which  is  compounded  of 


In  this  w^ay  of  eftimating  a  change  of  motion,  all  the 
charadlers  of  both  motions  are  preferved,  and  it  ex- 
prefles  every  civcumftance  of  the  change  ;  the  mere 
change  of  diredlion,  or  the  angle  BAD,  is  not  enougn, 
becaufe  the  fame  force  will  make  different  angles  of 
deflexion,  according  to  the  velocity  of  the  former  mo¬ 
tion,  or  according  to  its  diredlion  :  but  in  this  eftima- 
tion,  the  full  effeft  of  the  defleding  force  is  feen  ;  it  is 
feen  as  a  motion  for  when  half  of  the  time  is  elapfed, 
the  body  is  at  e  inftead  of  E  ;  when  three-fourths  are 
elapfed,  it  is  at/inftead  of  F  ;  and  at  the  end  of  the  time 
it  is  at  D  inftead  of  B.  In  ftiort,  the  body  has  mo¬ 
ved  uniformly  away  from  the  points  at  which  It  would 
have  arrived  independent  of  the  change  ;  and  this  mo¬ 
tion  has  been  in  the  fame  direction,  and  at  the  fame 
rate,  as  if  it  had  moved  from  A  to  C  by  the  changing 
force  alone.  Each  force  has  produced  its  full  effedf  ; 
for  when  the  body  is  at  D,  it  is  ^s  far  from  AC  as  if 
the  force  AC  had  not  a£led  on  it ;  and  it  is  as  far  from 
AB  as  it  would  have  been  by  the  a6lion  of  AC  alone. ^ 

For  all  thefe  reafons,  therefore,  it  is  evicknt,  that  if 
\\  t  are  to  abide  by  our  meafure  and  cliaradter  of  force 
as  a  mere  producer  of  motion,  we  have  fele6fcd  the 
proper  charaderiftic  and  meafure  of  a  changing  forp  : 
and  our  deferiptions,  in  conformity  to  this  lelc^iion, 
muft  be  agreeable  to  the  phenomena  of  nature,  and  re¬ 
tain  the  accuracy  of  geometrical  procedure  ;  becaufe, 
on  the  other  hand,  the  refults  which  we  deduce  from 
the  fuppofed  influence  of  thofe  forces  are  formed  in  the 
fame  mould.  It  is  not  even  requifite  that  the  real 
exertions  of  the  natural  forces,  fuch  as  preflure  of  va¬ 
rious  kinds,  &c.  fhall  follow  thefe  rules  ;  for  their  de-. 
viations  will  be  confidered  ns  new  forces,  although  they 
are  only  indications  of  the  differences  of  the  real  foi'ces 
from  our  hypothecs.  We  have  obtained  the  precious 
advantage  of  mathematical  inveftigation,  by  which  wc 
can  examine  the  law  of  exertion  which  charadlerifes . 
every  force  in  nature. 

On  thefe  principles  we  eftablilli  the  following  funda¬ 
mental  elementary  propofition,  of  contimial  and  indif- 
penfable  ufe  in  all  mechanical  inquiries.  45  i 

Jf  a  body  or  material  particle  be  fubjeacd  at  the  fame  time  F^idamen-; 
to  the  aBion  of  two  moving  forces,  each  of  which  woidd  ta  t  eo 
feparaiely  caufe  it  to  deferibe  the  fide  of  a  parallelogram 
uniformly  in  a  given  time,  the  body  will  difcribe  the  dia¬ 
gonal  uniformly  in  the  fame  time. 

For  the  body,  wbofe  motion  AB  was  changed  into 
AD,  had  gotten  its  motion  by  the  adion  of  fome 
force.  It  was  moving  along  NAB  ;  and,  when  it  reach¬ 
ed  the  point  A,  the  force  AC  aacd  on  it.  The  pri- 
mitive  motion  is  the  fame,  or  the  body  is  in  the  fame 
condition  in  every  inftant  of  the- primitive  motion.  It 
may  have  acquired  this  motion  when  it  was  in  N,  or  when 
at  O,  or  any  other  point  of  NA.  In  all  thefe  cafes, 
if  AC  ad  on  it  when  it  is  in  A,  it  will  always  deferibe 
AD  ;  therefore  it  will  deferibe  AD  when  it  acquire^ 
the  primitive  motion  alfo  in  A  ;  that  is,  if  the  two  for- 
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I  €c'cordLaw^ccs  acl  on  it  at  one  and  the  fame  iiiftant.  The  demon- 
^  of  Mwtion  ftration  may  be  neatly  exprefied  thus  ;  The  change  in- 
V— j^y  force  on  the  motion  produced  by  the 

other,  is  the  motion  which  it  would  produce  in  the  bo¬ 
dy  if  previoufiy  at  reft.  Therefore  the  motion  refult- 
ing  from  joint  adl;ion  is  the  motion  which  is  compound¬ 
ed  of  thefe  two  motions  ;  or  it  is  a  motion  in  the  dia¬ 
gonal  of  the  parallelogram,  of  which  thefe  motions  are 
the  hdes. 

This  is  called  the  Composition  or  Forces,  The 
forces  which  produce  the  motions  along  the  Tides  of  the 
parallelogram  arc  called  the  Simple  Forcfs,  or  the 
Constituent  Forces  ;  and  the  force  which  would 
alone  produce  the  motion  along  the  diagonal  is  called 
the  Compound  Force,  the  Resulting  Force,  the 
Equivalent  Force. 

On  the  other  hand,  the  force  wdiich  produces  a  mo- 
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tion  along  any  line  whatever,  may  be  conceived  as  re- 
fulting  from  the  combined  adion  of  two  or  more  for¬ 
ces.  We  may  knofiv  or  ohferve  it  to  be  fo  \  as  when  w^e 
fee  a  lighter  dragged  along  a  canal  by  two  horfes,  one 
on  each  fide.  Eacli  pulls  the  boat  diredly  toward  him- 
felf  in  the  diredlion  of  the  track-rope  ;  the  boat  cannot 
go  both  w^ays,  and  its  real  motion,  whatever  it  is,  re- 
fults  from  this  combined  adion.  This  might  be  pro¬ 
duced  by  a  fingle  force  ;  for  example,  if  the  lighter  be 
dragged  along  the  canal  by  a  rope  from  another  lighter 
which  precedes  it,  being  dragged  by  one  horfe,  aided  by 
the  helm  of  the  foremoftlighter.  Here  the  real  force  is  not 
the  refulting,  or  the  compound,  but  the  equivalent  force. 

This  view  of  a  motion,  mechanically  produced,  is 
called  the  Resolution  of  Forces.  The  force  in 
the  diagonal  is  faid  to  be  refohed  into  the  two  forces, 
having  the  diredions  and  velocities  reprefented  by  the 
fides.  This  practice  is  of  the  meft  extenfive  and  muh 
tifareous  life  in  all  mechanical  difquifitions.  It  may 
frequently  be  exceedingly  difficult  to  manage  the  com. 
plication  of  the  many  real  forces  which  concur  in  pro¬ 
ducing  a  phenomenon  ;  and  by  fubftituting  otheiT, 
whofe  combined  effieds  are  equivalent,  our  inveftigation 
may  be  much  expedited.  But  more  of  this  afterwards. 

We  muft  carefully  remember,  that  when  the  motion 
AD  is  once  begun,  all  compofition  is  at  an  end,  and 
the  motion  is  a  limple  motion.  "^Fhe  twm  determina¬ 
tions,  by  one  of  which  the  body  would  deferibe  AB, 
and  by  the  other  of  which  it  would  deferibe  AC,  no 
longer  co:exjJl^  in  the  body.  This  was  the  cafe  only  in 
the  tnjlaniy  in  the  very  ad:  of  changing  the  motion  AB 
into  the  motion  BD  j  yet  is  the  motion  AD  equivalent 
to  a  motion  vvhich  is  produced  by  the  aaual  compofitlcn 
of  two  motions  AB  and  AC  ;  in  which  cafe  the  two 
motions  co-exift  in  every  point  of  AD. 

Accordingly  this  is  the  way  in  wffiich  the  compofi- 
ti'on  incen-  forces  is  ufiially  illuftratcd,  and  thought  to  be 

clufive.  ftemonftrated.  A  man  is  fuppofed  (for  inftance)  to 
walk  uniformly  from  A  to  C  on  a  llieet  of  ice,  while 
the  ice  is  carried  uniformly  along  AB  by  the  ftream. 
The  maiFs  real  motion  is  undoubtedly  along  AD  ;  but 
this  is  by  no  means  a  demonftration  that  the  inftanta- 
neous  or  ffiortdived  ad;ion  of  two  forces  would  pro* 
duce  that  motion  ;  the  man  muft  continue  to  exert 
force  in  order  to  walk,  and  the  ice  is  dragged  along  by 
the  ftream.  Some  indeed  exprefs  this  proof  in  another 
}vay,  faying,  let  a  body  deferibe  AB,  while  the  fpace 
m  which  this  motion  is  performed  is  carried  along  AC^ 
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The  ice  may  be  carried  along,  and  may,  by  frid;ion,  orSecondLaw 
otherwife,  drag  the  man  along  with  it  ;  but  a  fpace 
cunnoi  be  removed  from  one  place  to  another,  nor,  if 
it  could,  would  it  take  the  man  with  it.  Should  a 
ftiip  ft  art  fiiddeiily  forward  while  a  man  is  walking 
acrofs  the  deck,  he  would  he  left  behind,  and  fall  to¬ 
ward  the  ftern.  We  muft  fuppofe  a  tranfverfe  force^ 
and  we  fuppofe  the  compolitioii  of  this  force  with¬ 
out  proof.  This  is  no  demonftration. 

W^e  apprehend  that  the  demonftration  given  above 
of  this  fundamental  propoiitioii  is  unexceptionable, 
when  the  terms  force  and  defledion  are  ufed  in  the  ab- 
ftrad  feiife  which  we  have  affixed  to  them  ;  and  we 
hope,  by  thefe  means,  to  maintain  the  rigour  of  mathe¬ 
matical  difeuffion  in  all  our  future  difquifitions  on  thefe 
fubjeds.  The  only  circumftance  in  it  vvhich  can  be 
the  fubjed  of  difeuffion  is,  whether  we  have  feleded 
the  proper  meafure  and  charaderiftic  of  a  change  of 
motion — We  never  met  with  any  objedion  to  it. 

But  fome  have  ftill  maintained,  that  it  does  not  evi-  Objedion® 
dently  appear,  from  thele  principles,  that  the  motion  to  the  de- 
which  refults  from  the  joint  adion  of  two  naturaP'*®"^*'^" 
powers,  whofe  known  and  meafurable  intenfities  have  f 
the  fame  proportions  with  AB  and  BC,  and  vvhich  alfonLprMo 
exert  themfelves  in  thofc  diredions,  will  produce  a  mo-  preffures. 
tion,  having  the  direftion  and  proportion  of  AD.  They 
wdl  not,  if  the  velocities  produced  by  thefe  forces  are 
not  in  the  proportion  of  thofe  intenfities,  but  in  tlie 
fubduplicate  ratio  of  them.  Nay,  they  fay,  that  it 
is  not  fo.  If  a  body  be  Impelled  along  AC  by  one 
[pniig,  and  along  AB  by  t«'o  fprings  equally  ftrong. 

It  will  not  deferibe  the  diagonal  of  a  parallelo.rram,  of 
which  the  fide  AB  is  double  the  fide  AC.  Nay,  they 
add,  that  an  indefinite  number  of  examples  can  be  gi- 
ven  where  a  body  does  not  deferibe  the  diagonal  of  the 
parallelogram  by  the  joint  adflon  of  two  forces,  which, 
feparately,  would  eaufe  it  to  deferibe  the  fides.  And, 
lafily,  they  fay  that,  at  any  rate.  It  does  not  appear 
evident  to  the  mind,  that  two  incitements  to  motion,  ha¬ 
ving  the  diredions  and  the  fame  proportion  of  intenfi. 
ty  with  that  of  the  fides  of  a  parallelogram,  adually 
generate  a  third,  which  is  the  immediate  eaufe  of  the 
motion  in  the  diagonal.  An  equivalent  force  is  not  the 
fame  with  a  refulting  force. 

Yet  we  fee  numberlefs  cafes  of  the  compofition  of 
incitements  to  motion,  and  they  feem  as  determinate, 
and  as  fufceplible  of  being  combined  by  compofition, 
as  the  things  called  moving  forces,  which  are  meafured 
by  the  velocities  :  we  fee  them  adually  fo  combined  in 
a  thoufand  iiiilances,  as  in  the  example  already  given 
of  a  lighter  dragged  by  two  horfes  pulling  in  different 
diredions.  Nay,  experiment  (hews,  that  this  compo- 
lition  follows  precifely  the  fame  rule  as  the  compofition 
of  the  forces  which  are  meafured  by  the  velocities  •  for 
if  the  point  A  (fig.  1.)  be  pulled  by  a  thread,  or  pref- 
fed  by  a  fpring,  in  the  diredion  AB,  and  by  another 
in  the  diredion  AC,  and  if  the  prelTures  are  propor¬ 
tional  to  AB  and  AC,  then  it  will  be  withheld  from 
moving,  if  It  be  pulled  or  preffed  by  a  third  force,  ad- 
fng  in  the  diredion  A  d,  oppofite  to  AD,  the  prelTure 
being  alfo  proportional  to  AD.  This  force,  ading  in 
the  diredion  Ad,  would  certainly  withftand  an  equal, 
force  ading  in  the  diredion  AD  ;  therefore  we  muft 
conclude,  that  the  two  preffures  AB  and  AC  really 
generate  a  force  AD.  This  uniform  agreement  Ihcws 
3  T  2  that 


49. 


5^< 


D  Y  N  A 


becondLaw  that  the  comporuion  is  ded.icible  from  fixed  principles  ; 
of  Moti.>n  appear  that  it  can  be  held  as  demon- 

^  firated  by  the  arguments  employ^^d  in  the  cafe  of  mo¬ 
tions.  A  demonltration  of  the  compofition  of  pref- 
fures  is  fllll  wanted,  ia  order  to  render  mechanics  a  de- 
nioaflrative  fcience. 

This  com-  Accordingly,  philofophers  of  the  firft  eminence  have 
pofition  is  turned  their  attention  to  this  problem.  It  is  by  no 
of  more  dif-  ^^.^ns  eafy ;  being  fo  nearly  allied  to  ’firft  principles,  that 
tigatiorir^'^*^  muft  be  difficult  to  find  axioms  of  greater  fimplicity 
by  which  it  m^y  be  proved. 

Mechanicians  generally  contented  themfelves  with 
the  folution  given  by  Ariftotle  ;  but  this  is  merely  a 
compofition  of  motions  i  indeed  he  does  not  give  it  for 
any  thing  elfe,  and  calls  it  “  t^v  (pv  1  he  firil 

writer  who  appears  to  have  confidered  if  as  different 
from  the  mere  compofition  of  motions,  was  the  celebra¬ 
ted  .Dutch  engineer  Stevinus  in  his  work  on  Sluices  ; 
but  his  folution  is  obfeure.  It  was  fufficient,  however, 
to  convince  Daniel  Bernoulli  of  the  neceflity  and  the 
difficulty  of  the  problem.  He  has  given  the  firil  com¬ 
plete  demonftration  of  it  in  the  firil  volume  of  the  Com¬ 
mentaries  of  the  Imperial  Academy  of  Sciences  at  St 
Peterfburgh.  It  is  extremely  ingenious  ;  but  it  is  te¬ 
dious  and  intricate,  requiring  a  leries  of  15  propofi- 
tions  to  demonftrate  that  two  prefTures,  having  the  di- 
redlions  and  magnitudes  of  the  Tides  of  any  parallelo¬ 
gram,  compofe  a  third,  which  has  the  direaion  and 
jj^agnitude  of  its  diagonal.  Idis  firil  propofition  io,  that 
iwo  equal  preJjiireS',  aSling  at  right  angles y  compofe  a  thirds 
in  the  direaion  of  the  diagonal  of  a  fquare^  and  ha-alng  to 
either  of  the  other  two  the  proportion  of  the  diagonal  of  a 
fquare  to  its  Jtdes, 

Mr  D’Alembert  has  greatly  fimplified  and  improved 
this  demonilration,  by  beginning  with  a  cafe  that  is  felf- 
evident  ;  namely,  If  three  equal  forces  are  inclined  to  each 
ether  in  equal  angles  of  1 20  degrees^  any  one  of  them  wdl 
balance  the  combined  aalon  of  the  other  two.  Surely  ; 
for  neither  of  them  can  prevail.  Therefore  two  equal 
fore'es,  inclined  in  an  angle  of  120  degrees,  produce  a 
third,  which  has  the  dlredion  and  proportion  of  the 
diagonal  of  the  rhombus  ;  for  this  is  equal  and  oppo- 
fite  to  one  of  the  three  above  mentioned.  He  then  de- 
monftrates  the  fame  thing  of  two  equal  forces  inclined  in 
any  angle  ;  and  by  a  ferles  of  eight  propofitions  more, 
demonflrates  the  general  theorem.  This  differtation  is  in 
the  Memoirs  of  the  Academy  at  Paris  for  1769* 
improves  it  ilill  farther  in  a  fubfequent  memoir. 

Mr  Rlccati  and  Mr  Fonfenex,  in  the  Commentaries 
of  the  Academy  of  Turin,  have  given  analytical  demon- 
ttrations,  which  are  alfo  very  ingenious  and  concife,  but 
require  acquaintance  with  the  higher  mathematics. 
There  is  another  very  ingenious  demonftration  in  the 
Journal  des  Sqavans  for  June  1764,  but  too  obfeure 
for  an  elementary  propofition.  It  is  fomevvhat  fiinpll- 
fied  by  Belidor  in  his  Ingenieur  Francois.  Frifiiis,  in 
his  Coftnographia,  has  given  one,  which  is  perhaps  the 
beft  of  all  thofe  that  are  eafily  comprehended'without 
acquaintance  with  the  higher  Hiatliematics  i  but  we 
imagine  that,  although  no  one  can  doubt  of  the  conclu? 
fion,  it  has  not  that  intuitive  evidence  for  every  flep  of 
the  procefs  that  feems  neceflary. 

We  here  offer  another,  compofed  by  blending  toge¬ 
ther  the  methods  of  Bernoulli  and  D’Alembert ;  and 
\re  Imagine  that  no  objedlioa  can  be  made  to  any  ftep 
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of  it.  We  limit  it  entirely  to  preffures,  and  do  not  at  S^ccndLavv^ 
all  confider  nor  employ  the  motions  which  they  may  be 
fuppofed  to  produce. 

(A)  If  two  equal  and  oppofite  preffures  or  incite¬ 

ments  to  motion  a6l  at  once  on  a  material  particle,  it 
fuffers  no  change  of  motion  ;  for  if  it  yields  in  either 
diredtion  by  their  joint  aClion,  one  of  the  preffures  pre¬ 
vails,  and  they  are  not  equal.  ' 

Fqual  and  oppofite  preffures  are  faid  to  balance 
each  other  ;  and  fuch  as  balance  mult  be  efteemed  equal 
and  oppofite. 

(B)  If  a  and  b  are  two  magnitudes  of  the  fame  kind, 
proportional  to  the  iiitenfities  of  two  preffures  which  ati 
in  the  farr.e  direction,  then  the  magnitude  ^ -f- 3  will 
mealure  the  intenfity  of  the  preffure,  which  is  equiva¬ 
lent,  and  m^ay  be  called  equal,  to  the  combined  effort  of 
the  other  two  ;  for  when  we  try  to  form  a  notion  of 
preffure  as  a  meafurable  magnitude,  diftlndl  from  mo¬ 
tion  or  any  other  efiedt  of  it,  we  find  nothing  that  we 
can  meafure  it  by  but  another  preffure.  Nor  have  we 
any  notion  of  a  double  or  triple  preffure  different  from 
a  preffure  that  is  equivalent  to  the  joint  effort  of  two 
or  three  equal  preffures.  A  preffure  a  is  accounted 
triple  of  a  preffure  b,  if  it  balances  three  preffures,  each 
equal  to  by  adling  together.  Therefore,  in  all  propor¬ 
tions  which  can  be  expreffed  by  numbers,  we  miift  ac¬ 
knowledge  the  legitimacy  of  this  meafiirement ;  and  it 
would  furely  be  afwdlation  to  omit  thofe  which  the  ma¬ 
thematicians  call  incommenfurahle. 

In  like  manner,  the  magnitude  a  —  h  muft  be  ac¬ 
knowledged  to  meafure  that  preffure  wffiich  arlfes  from 
the  joint  adlion  of  two  preffures  ^.and  b  adling  in  oppo¬ 
fite  diredtions,  of  wdiich  a  is  the  greateft. 

(C)  Let  ABCD  and  AbQd  (fig.  A)  be  two  rhom- 
bufes,  which  have  the  common  diagonal  AC.  Let  the 
angles  BA  by  DA  dy  be  blfcdled  by  the  ftraight  lines 
AL  and  AF. 

If  there  be  drawn  from  the  points  E  and  F  the  lines 
EG,  EH,  F^,  Y  hy  making  equal  angles  on  each  fide 
of  E  A  and  FA,  and  if  G^,  Yih  be  drawn,  cutting  the 
diagonal  AC  in  I  and  L  :  then  AI  -f-  AL  -will  be 
greater  or  lefs  than  AQ^  the  half  of  AC,  according  as 
the  angles  GEH,  gYh,  are  greater  or  lefs  than  GAH, 
g  A  h. 

Draw  GH,  g  hy  cutting  AE,  AF,  in  O  and  0,  and 
draw  O  Oy  cutting  AC  in  K. 

Becaiife  the  angles  AEG  and  E  AG  are  refpedlively 
equal  to  AEH  and  EAH,  and  AE  is  common  to 
both  triangles,  the  Tides  AG,  GE  are  refpedlively  equal 
to  AH,  HE,  and  GH  is  perpendicular  to  AE,  and  is 
bifedled  in  O  ;  for  the  fame  reafons,.^/^  is  bifedled  in 
0.  Therefore  the  lines  G^,  Oo,  Why  are  parallel,  and 
IL  is  bifedled  in  K.  Therefore  A I  4-  AL  is  equal  to 
twice  AK.  Moreover,  if  the  angle  GEH  be  greater 
than  GAH,  AO  is  greater  than  EO,  and  AK  is  great¬ 
er  than  KQ^  Therefore  AI  +  AL  is  greater  than 
AQj  and  if  the  angle  GEH  be  lefs  than  GAH,  AI 
+  AL  is  lefs  than  AQ^ 

(D)  Tw^o  equal  preffures,  adling  In  the  diredlions 
AB  and  AC  (fig.  2.),  at  right  angles  to  each  other, 
compofe  a  preffure  in  the  diredlion  AD,  which  bifedls 
the  right  angle  ;  and  its  Jntenfity  is  to  the  intenfity  of 
each  of  the  conftituent  preffures  as  the  diagonal  of  a 
fquare  to  one  of  the  fides.  It  is  evident  that  the  di¬ 
redlion  of  the  preffure,  generated  by  their  joint  adlion, 

will 
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Sfconctraw  will  bifcd  the  angle  formed  by  their  dlredjons;^  becaufe 
of  Motion.  reafon  can  be  affigned  for  the  diredion  inclining 
more  to  one  fide  than  to  the  other. 

In  the  next  place,  fmee  a  force  in  the  diredfion  AD 
does,  in  fadl,  arife  from  the  joint  adlion  of  the  equal 
prefTures  AB  and  AC,  the  prelfure  AB  may  be  con¬ 
ceived  as  arifing  from  the  joint  adlion  of  two  equal 
forces  fimilarly  inclined  and  proportioned  to  it.  Draw 
E  AF  perpendicular  to  AD.  One  of  thefe  forces  mull  be 
diredfed  along  AD,  and  the  other  along  AE.  In  like 
manner,  the  prefl'ure  AC  may  arife  from  the  joint  ac¬ 
tion  of  a  preffure  in  the  diredlioii  AD,  and  an  equal 
prelfure  in  the  diredfion  AF.  It  is  alfo  plain,  that  the 
prelTures  in  the  diredlions  AE  and  AF,  and  the  two 
prelfures  in  the  diredlign  AD,  mull  be  all  equal.  And 
alfo,  any  one  of  them  mud  have  the  fame  proportion  to 
AB  or  to  AC,  that  AB  or  AC  has  to  the  force  in 
the  diredlion  AD,  arifing  from  their  joint  adlion. 

Therefore,  if  it  be  faid  that  AD  does  not  meafure 
the  prelfure  arifing  from  the  joint  adlion  of  AB  and 

AC,  let  Ady  greater  than  AD,  be  its  juft  meafure, 

and  make  A  J :  AB  =:  AB  :  A^  AB  :  A  f.  Then 
A  g  and  A  e  have  the  fame  inclination  and  proportion 
to  AB  that  AB  and  AC  have  to  A  d.  We  determine, 
in  like  manner,  two  forces  A  f  and  A^  as  conftituents 
of  AC.  ^ 

Now  A  d  is  equivalent  to  AB  and  AC,  and  AB  is 
equivalent  to  A  ^  and  A^;  and  AC  is  equivalent  to 
A/  and  Ag,  Therefore  A  r/  is  equivalent  to  A  ey 
A/,  A^,  and  A  But  (a)  Ae  and  A/  ba¬ 
lance  each  other,  or  annihilate  each  other’s  effedf ;  and 
there  remain  only  the  two  forces  or  preftiires  A^,  A  g. 
Therefore  (b)  their  meafure  is  a  magnitude  equal  to 
twdee  A^.  But  if  A  be  greater  than  the  diagonal 
AD  of  the  fquare,  whofe  fides  are  AB  and  AC  j  then 
A  g  mull  be  It  fs  tlian  A  I,  the  fide  of  the  fquare  whofe 
diagonal  is  AB.  But  twice  A^  is  lefs  than  AD,  and 
much  lefs  than  A  d^  Therefore  the  meafure  of  the 
equivalent  of  AB  and  AC  cannot  be  a  line  A  d  great, 
er  than  AD.  In  like  manner,  it  cannot  be  a  line  A$ 
that  is  lefs  than  AD.  Therefore  it  muft  be  equal  to 

AD,  and  the  propofition  is  demonftrated. 

(E)  Cor,  Two  equal  forces  AE,  AC,  ading  at 
right  angles,  will  be  balanced  by  a  force  AO,  equal 
and  oppofite  to  AD,  the  diagonal  of  the  fquare  whofe 
fides  are  AB  and  AC  ;  for  AO  would  balance  AD, 
which  is  the  equivalent  of  AB  and  AC. 

(F)  Let  AECF'  (ftg.  3.)  be  a  rhombus,  the  acute 
angle  of  which  EAF  is  half  of  a  right  angle.  '^[\vo 
equal  preftures,  which  have  the  diredions  and  meafiires- 

AE,  AF,  compofe  a  prelfure,  having  the  diredioii  and 
meafure  AC,  which  is  the  diagonal  of  the  rhombus. 

It  is  evident,  in  the  firft  place,  that  the  compound 
force  has  the  diredicn  AC,  which  bifeds  the  angle 
EAF.  If  AC  be  not  its  juft  meafure,  let  it  be  AP 
lefs  than  AC.  Letv  ABCD  be  a  fcpiare  deferibed  on. 
the  fame  diagonal,  and  make  AP  :  AQj=:  AE  :  AO, 
rr  AF  :  A  0.  Draw  KOG,  K  0^  perpendicular  to 
AE,  AF;  draw  GI^,  OH  0,  EG,  EK,  F^,  FK, 
PF,  and  PE. 

The  angles  CAB  and  FAE  are  equal,  each  being 
half  of  a  right  angle.  Alfo  the  figures  AEPF  and 
AGEK  are  fimilar,  becaufe  AP  ;  AQ  =  AE  :  AO. 
Therefore  FA  :  AP  =  KA  :  AE,  and  EA  :  AP  = 
GA  :  AE.  Therefore,  in  the  fame  manner  that  the 
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forces  AE,  AF  are  affirmed  to  compofe  AP,  the  forces  Sccondl.aW' 
AG  and  AK  may  compofe  the  force  AE,  and  the  forces 
Ag  and  AK  may  compofe  the  force  AF.  Therefore 
(B)  the  force  AP  is  equivalent  to  the  four  forces  AG, 

AK,  A^,  AK.  But  (D)  AG  and  A^  are  the  fides 
of  a  fquare,  whofe  diagonal  is  equal  to  twice  Alt 
and  the  two  forces  AK,  AK  are  equal  to,  or  are  mea- 
fqred  by,  twice  AK.  Therefore  the  four  forces  AG, 

AK,  A^,  AK,  are  equivalent  to  2  AI  +  2  AK, 

4  AH. 

But  becaufe  AP  'was  fuppofed  lefs  than  AG,  the 
angle  FPE  is  greater  than  FAE,  and  GEK  is  greater 
than  GAK,  AO  is  greater  than  OE,  and  AH  is  great¬ 
er  than  HQ^  and  2  AH  is  greater  than  AQj  and 
therefore  4  AH  is  greater  than  AC,  and  much'greater 
than  AP.  Therefore  AP  is  not  the  juft  meafure  of 
the  force  compofed  of  AE  and  AF. 

In  like  manner,  it  is  Ihewn,  that  AE  and  AF  do 
not  compofe  a  force  whofe  meafure  is  greater  than  AC. 

It  is  therefore  equal  to  AC  ;  and  the  propofition  is  de¬ 
monftrated. 

(G)  By  the  fame  procefs  it  may  be  demonftrated, 
that  if  BAD  be  half  a  right  angle,  and  EAF  be  the 
fourth  of  a  right  angle,  two  forces  AE,  AF  will  com¬ 
pofe  a  force  meafured  by  AC.  And  the  procefs  may 
be"  repeated  for  a  rhombus  whofe  acute  angle  is  -jth^ 

-rVth,  &c.  of  a  right  angle  ;  that  is,  any  portion  of  a 
right  angle  that  is  produced  by  continual  bifeeftiono 
Two  forces,  forming  the  fides  of  fuch  a  rhombus,  cejn- 
pofe  a  force  meafured  by  the  diagonal. 

(H)  Let  ABCD,  Abed  (fig.  4.)  be  tv/o  rhoin- 
bufes  formed  by  two  confecutive  biiedlions  of  a  right 
angle.  Let  AECF  be  another  rhombus,  whofe  fides 
AE  and  AF  bife6h  the  angles  BA 3  and  DA  d. 

The  two  forces  AE,  AF,  compofe  a  force  AC. 

Bifed  AE  and  AF  in  O  and  0,  Draw  the  perpen¬ 
diculars  GOH,  goby  and  the  lines  GI^,  OKo,  HL  by,. 
and  the  lines  EG,  EFI,  F^,  F  h. 

It  is  evident,  that  AGEH  and  A  F^  are  rhom- ^ 
bufts  ;  becaufe  AO  =  OE,  and  A  0  =  0  F.  It  is  alfo 
plain,  that  fince  b  A  d  is  half  of  BAD,  the  angle  GAH 
is  half  of  ^  A  It  is  therefore  formed  by  a  continual 
bifedtion  of  a  right  angle.  Therefore  (G)  the  forces 
AG,  AH,  compofe  a  force  AE  ;  and  A^^,  A  by  com¬ 
pofe  the  force  AF.  Therefore  the  forces  AG,  AH, 

A^,  Ab,  ading  together,  are  equivalent  to  the  forces 
AE,  AF  ading  together.  But  AG,  A^^  compofe 
a  force  ==  2  AI  ;  and  the  forces  AFI,  A  ^  compofe  a  •. 
force  =  2  AL.  Therefore  the  four  forces  ading  to¬ 
gether  are  equivalent  to  2  AI  -f-  2  AL,  or  to  4,AK. 

But  becaufe  AO  is  J  AE,  and  the  lines  G^,  O  0,  H  b^ . 
are  evidently  parallel,  4  AK  is  equal  to  2  AQ^or  to 
AC  ;  and  the  propofition  is  demonftrated. 

(I)  us  now  fuppofc,  that' by  continual  bi- 
fedion  of  a  l  ight  angle  we  have  obtained  a  very  fmall 
angle  of  a  rhombus  ;  and  let  us  name  the  rhombus  by 
the  multiple  of  which  forms  its  acute  angle. 

The  propofition  (G)  is  true  of  tf,  2  4^2,  &c.  The 

propofition  (H)  is  true  of  3  rt.  In  like  manner,  be¬ 
caufe  (G)  is  true  of  4  and  8  ay  propofition  (H)  is 
true  of  6  ^  ;  and  becaufe.it  is  true  of  4  6  Uy  and  8  ay 

it  is  true  of  5  ^  and  7  <2.  And  fo  on  continually  till.. 
we  have  demonftrated  it  of  every  multiple  of  a  that  is> 
lefs  than  a  right  angle. 

(K)  Let  ilAS  (fig.  5.)  be  perpendicular  to  AC,,, 
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S-condLaw  ABCD  bc  a  rhombus,  whofe  acute  angle  BAD 

of  Motion,  ‘g  multiple  of  2  ^  that  is  lefs  than  a  right  angle. 

Let  A  1  c  dhc  another  rhombus,  whofe  Tides  A  b,  A  d 
bifed  the  angles  RAB,  SAD.  Then  the  forces  A  I, 
A  d  compofe  a  force  AC. 

Draw  I R,  parallel  to  BA,  DA.  It  is  evident,  that 
AR  ^  B  and  AS  d  D  are  rhombufes,  whofe  acute  angles 
are  multiples  of  a  that  are  each  lefs  than  a  right  angle. 
Therefore  (I)  the  forces  AR  and  AB  compofe  the  force 
A  b,  and  AS,  AD  compofe  A  d ;  but  AR  and  AS 
annihilate  each  other’s  effed,  and  there  remains  only  the 
forces  AB,  AD.  Therefore  A  h  and  A  d  are  equiva¬ 
lent  to  AB  and  AD,  which  compofe  the  force  AC  ; 
and  the  propofition  is  demon ftrated. 

(L)  Cor,  Thus  is  the  corrollary  of  lall  propofition 
extended  to  every  rhombus,  whofe  angle  at  A  is  fome 
multiple  of  a  lefs  than  two  right  angles.  And  fince  a 
ffiay  be  taken  lefs  than  any  angle  that  can  be  named, 
the  propofition  may  be  confidered  as  demonftrated  of 
every  rhombus  :  and  we  may  fay, 

(M)  Tnvo  equal  forces,  inclined  to  each  other  in  any 
angle,  compofe  a  force  nvhich  is  meafnred  by  the  diagonal 
cf  the  rhombus,  <whofe  fdes  are  the  meafures  of  the  conJlU 
tuent  forces, 

(N)  Two  forces  AB,  AC  (fig.  6  ),  having  the  di- 
redion  and  proportion  of  the  Tides  of  a  redangle,  com¬ 
pofe  a  force  AD,  having  the  diredion  and  proportion 
of  the  diagonal. 

Draw  the  other  diagonal  CB,  and  draw  EAF  pa¬ 
rallel  to  it  ;  draw  BE,  CF  parallel  to  DA. 

AEBG  is  a  Hiombus  ;  and  therefore  the  forces  AE 
and  AG  compofe  the  force  AB.  AFCG  is  alfo  a  rhom¬ 
bus,  and  the  force  AC  is  equivalent  to  AF  and  AG. 
Therefore  the  forces  A  B  and  AC,  ading  together,  are 
equivalent  to  the  forces  AE,  AF,  AG,  and  AG  ac¬ 
ting  together,  or  to  AE,  AF,  and  AD  ading  toge¬ 
ther  :  But  AE  and  AF  annihilate  each  other’s  adion, 
being  oppofite  and  equ?.l  (for  each  is  equal  to  the  half 
of  BC).  Therefore  AB  and  AC  ading  together,  are 
equivalent  to  AD,  or  compofe  the  force  AD. 

(O)  Two  forces,  which  have  the  diredion  and  pro¬ 
portions  of  AB,  AC  (fig.  7.)  the  fides  of  any  paralle¬ 
logram,  compofe  a  force,  having  the  diredion  and  pro¬ 
portion  of  the  diagonal  AD. 

Draw  AF  perpendicular  to  BD,  and  BG  and  DE 
perpendicular  to  AC. 

Then  AFBG  is  a  redangle,  as  is  alfo  AFDE  ;  and 
AG  is  equal  to  CE-  Therefore  (N)  AB  is  equivalent 
to  AF  and  AG.  Therefore  AB  and  AC  ading  to¬ 
gether,  are  equivalent  to  AF,  AG,  and  AC  ading  to¬ 
gether  ;  that  is,  to  AF  and  AE  adling  together  ;  that 
is  (N)  to  AD;  or  the  foices  AB  and  AC  compofe 
the  force  AD. 

Hence  arifes  the  moft  general  propofition, 

^  5*  ^f  ^  material  particle  be  urged  at  once  by  two  prejfures 

tionofaU  incitements  to  motion,  whofe  intenfities  are  proportional 
incitements the  fdes  of  any  parallelogram,  and  which  ad  in  the  dU 
to  motion.  reBions  of  thofe  fdes,  it  is  aJfcBed  in  the  fame  manner  as 
if  it  were  aBed  on  by  a  fugle  force,  whofe  interfty  is  mea^ 
fared  by  the  diagonal  of  the  parallelogram,  and  which  ads 
in  its  diredion  :  Or,  two  prejfures,  halving  the  diredion 
and  proportion  of  the  fdes  of  a  parallelogram,  generate  a 
prejfure,  having  the  diredion  and  proportion  of  the  diagonal,. 

Thus  have  we  endeavoured  to  demonftrate  from  .ab- 
ftrad  principles  the  perfed.  fimilarity  of  the  compofition 
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of  preiTures,  and  the  compofition  of  forces  mcafured  bySecondl  aw 
the  motions  which  they  produce.  We  cannot  help  be-^^ 
ing  of  the  opinion,  that  a  feparate  demonftration  is  in-  ^  ^ 

difpenfably  neceffary.  What  may  be  fairly  deduced  Seemmg 
from  the  one  cafe,  cannot  always  be  applied  to  the  difference 
other.  No  compofition  of  prefTures  can  explain 
change  produced  by  a  defieding  force  on  a  motion 
ready  exilling  ;  for  the  changing  preflure  is  the  onlyofpreffure 
one  that  exiits,  and  there  is  none  to  be  compounded difappear 
with  it.  And,  on  the  other  hand,  our  notions  and 
fervations  of  the  compofition  of  motions  will  not  explain 
the  compofition  of  prefTures,  unlefs  we  take  it  for  grant¬ 
ed  that  the  prefTures  are  proportional  to  the  velocities  ; 
but  this  is  perhaps  a  gratuitous  afTumption.  At  any 
rate,  it  is  not  an  intuitive  propofition  ;  and  we  have 
mentioned  Tome  fads  where  it  leems  that  they  do  not 
follow  the  fame  propoition.  'The  preffure  of  four  equal 
fprings  produces  only  a  double  velocity.  It  would  ap¬ 
pear,  therefore,  that  there  are  circiimflances  which  ob¬ 
lige  us  to  fay,  that  the  exertion  of  prefTiire,  as  a  caufe  of 
motion,  is  not  (always  at  kafl)  propovtional  to  the  real 
meafurable  preffure.  We  are  therefore  anxious  to  dif- 
cover  in  what  the  difference  confifls  ;  and  In  the  mean 
time  mufl:  allow,  that  the  preffure  exerted  on  a  body  at 
reft  is  different  from  its  exertion  in  producing  motion. 

We  cannot  indeed  flate  any  immediate  comparifon  be¬ 
tween  preffure  and  motion,  nor  have  we  any  clear  con¬ 
ception  of  the  connedion  betv.'een  them.  It  is  only  by 
our  feufatlonsof  touch  that  we  have  any  notion  of  pref¬ 
fure,  and  it  is  experience  that  teaches  us  that  it  always 
accompanies  every  caufe  of  motion.  We  can,  however, 
obferve  the  proportions  of  prefTures,  and  compare  them 
with  the  proportions  of  motion.  We  very  often  ob¬ 
ferve  them  different  ;  and  therefore  it  was  indilpenfably 
neceffary  to  inveftigate  the  laws  of  combined  preflure 
as  we  did  the  laws  of  combined  motion  in  conieqiience 
of  preffure.  Vet  we  fhould  err,  if  we  haftily  afferted 
that  prefTures  are  not  proportional  to  the  motions  which 
they  produce  ;  all  that  we  are  intitled  to  call  in  doubt 
Is,  whether  the  prefTures  in  their  exertion,  while  they 
adually  produce  motion,  or  chai;ges  of  motion,  con¬ 
tinue  to  be  the  fame  as  when  they  do  not  produce 
motion,  being  withftood  or  balanced  by  oppofite  pref- 
fures.  Confidered  as  caufes  of  motion,  v^e  ought  to 
think  that  they  do  not  vary  while  they  produce  mo¬ 
tion,  and  that  the  adual  preffure,  while  it  produces  a 
double  motion,  is  really  double,  although  it  may  be 
quadruple  when  the  body  exerting  it  is  made  to  a£I  on 
a  body  that  It  cannot  move.  We  are  confirmed  in  this 
opinion  by  obferving,  that  other  fa61s  ftiew  us,  that  even 
w'hile  producing  motion,  the  preffure  wdiich  we  call 
quadruple,  becaufe  we  have  meafnred  it  by  four  equal 
prefTures  balancing  it,  is  really  quadruple,  confidered  as 
the  caufe  of  motion,  and  produces  a  quadruple  motion. 

A  bow  which  requires  four  times  the  force  to  draw  it 
to  any  given  extent,  will  communicate  the  fame  velocity 
to  a  bundle  of  four  arrows  that  a  bow  four  times  eafier 
drawn  communicates  to  one  arrow,  and  wdll  therefore 
produce  a  quadruple  motion.  Yet  it  will  only  produce 
a  double  velocity  In  the  arrow  that  acquired  a  fimple 
velocity  from  a  bow  having  one  fourth  of  the  ftrength. 

Thefe  difcrepancles  fhould  excite  the  endeavours  of 
mechanicians  to  inveftigate  the  laws  obferved  In  the  ac¬ 
tion  of  prefTures  in  producing  motion.  Had  this  been 
done  with  care  and  with  candour,  we  fhould  not  have 

had 
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Secondli^w had  the  great  difference  of  opinion,  which  flill  divides 

•'f^^^^'pliilofophers,  about  the  meafiires  of  moving  forces.  But 
-y  ^  fpirit  of  party,  which  had  arifen  from  other  caiifes, 
gave  importance  to  what  was  at  firfl  only  a  difference 
of  exprelfion,  and  made  the  partifans  of  Mr  Leibnitz 
avail  themielves  of  the  figurative  language  which  has 
done  fo  much  harm  in  all  the  departments  of  philofo- 
phy.  Notwithfianding  all  our  caution,  it  is  hardly  pof- 
lible  to  avoid  metaphorical  conceptions  when  we  em¬ 
ploy  the  language  of  metaphor.  The  abettors  of  the 
Leibnitzian  meafure  of  moving  forces,  or  perhaps,  to 
fpeak  more  properly,  the  abettors  of  the  Leibnitzian 
rneafure  of  that  force  which  is  fnppofed  to  preferve  bo¬ 
dies  in  their  condition  of  motion — infift,  that  the  force 
which  is  exerted  in  producing  any  change  of  motion  is 
greater  in  proportion  as  tlie  motion  changed  is  greater  : 
and  they  give  a  very  fpecious  argument  for  their  affer- 
tion.  They  appeal  to  the  exertions  which  we  our- 
felves  make.  Here  we  are  confeious  of  the  fadl.  Then 
they  give  fimilar  examples  of  the  aftion  of  bodies.  A 
clay  ball,  moving  fix  feet  per  fecond,  will  make  the  ad- 
dition  of  one  foot  to  the  velocity  of  aa  equal  clay  ball 
that  is  already  moving  four  feet  per  fecond  in  the  fame 
dire(5lion.  But  it  this  lad  ball  be  already  moving  ten 
feet  per  fecond,  we  mull  follow  it  with  a  velocity  of 
twelve  feet  in  order  to  increafe  its  velocity  one  foot. 
But,  wu’thoiit  infilling  on  the  numberlefs  paralogifms 
and  inconlillencies  which  this  way  of  conceiving  the 
matter  would  lead  us  into,  it  fufiices  to  obferve,  that 
the  phenomena  give  us  abundant  alTurance  that  there 
has  been  the  fame  exertion  in  both  thefe  cafes.  This 
acceleration  is  always  accompanied  by  a  comprefiion  of 
the  balls,  and  the  comprefiion  is  th.e  fame  in  both.  This 
comprefiion  is  a  very  good  meafure  of  the  force  em¬ 
ployed  to  produce  it  ;  and  in  the  prefent  cafe,  we  need 
not  even  trouble  ©urfelves  with  any  rule  for  its  meafure- 
ment  :  for  furely  when  the  comprefiion  is  not  different, 
but  the  fame,  the  force  exerted  is  the  fame.  This  is 
farther  confirmed  by  obferving,  that  it  requires  the  fame 
force  to  make  the  fame  pit,  or  to  give  the  fame  mg- 
tjon,  to  a  piece  of  clay  lying  on  the  table  of  a  fiiip’s 
cabin,  whether  the  fiiip  be  failing  two  miles  or  ten  miles 
per  hour. 

^  Thus  we  fee  that  there  are  ftrong  reafons  for  belie¬ 
ving,  that  the  exertions  of  prelTure  in  producing  motion, 
or  that  the  prefTures  a8v ally  exerted^  are  proportional  to 
the  changes  of  motion  obferved,  and  that  they  coincide 
in  this  refpeCf  with  our  abflract  conceptions  of  movincr 
forces.  ^ 

But  we-  have  ftill  better  arguments.  None  of  the 
Leibnitzians  think  of  denying  the  equal  exertions  of 
gravity,  or  of  any  of  thofeVowers  which  they  call  folU 
citations  or  acceieralwg  forces.  They  all.  admit,  that 
gravity,  or  any  conllant  accelerating  fgree,  produces 
equal  increments  of  velociur  in  equal  times,  and  that  a 
double  gravity  will  produce  a  double  increment  in  an 
equal  time,  and  an  equal  increment  in  half  of  the  time  ; 
and  that  a  quadruple  gravity  will  produce  a  double  ve¬ 
locity  in  half  the  time.  All  thefe  things  are  granted 
by  them,  and  their  writings  are  full  of  reafonings  from 
this  principle.  Now  from  the  fad,  acknowledged  by 
the  Leibnitzians,  that  the  quadruple  force  of  a  bow 
gives  a  double  velocity  to  the  arrow,  in  every  inftant 
of  its  adion,  it  indifputably  follows,  that  it  has  aded 
on  it  only  for  half  the  time'of  the  a.dion  of  the  four 
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times  weaker  bow,  which  gives  the  arrow  only  half  theSecondLaw 
velocity  ;  and  thus  has  the  diferepancy  between  the  ef-^^  Motion, 
feds  of  prefiures  and  of  our  abilrad  moving  forces  en-  '  ~  ^ 
tirely  difappeared.  For  this  circiimftjnce  of  the  diffe¬ 
rence  in  the  time  of  ading  will  be  found,  on  ftrid  ex¬ 
amination,  in  all  the  cafes  of  the  change  of  motion  by 
preffiiies  which  we  meafure  by  their  effeds  on  a  body 
at  refl.  When  this  and  the  appreciable  changes  of  ac¬ 
tual  preffiire,  during  the  time  of  producing  the  motion, 
are  taken  into  confideration,  all  difference  vanifhes,  and 
the  compofition  of  prefTures  is  in  perfed  harmony  with 
the  compofition  of  motions,  or  of  abilrad  moviiigTor- 
ces.  Dynamics  is  thus  made  a  demonflrative  fcience, 
and  affords  the  opportunity  of  invefligating,  by  obfer- 
vation  and  ( xperiment,  the  nature  of  thofe  mechanical 
powers  which  refide  in  bodies,  and  which  appear  to  us 
under  the  form  of  prelTure,  inducing  us  to  confider  oref- 
-  fure  as  a  caufe  cf  motion. 

In  this,  however,  we  ate  rather  inaccurate.  PrefTure 
is  one  of  the  fenlible  efFeds  of  that  property  which  is 
alfo  the  caufe  of  motion.  It  is  not  the  prelTure  of  a 
piece  of  lead,  but  its  heavinefij,  that  is  the  reafon  that 
it  gives^  motion  to  a  kitchen  jack.  PrelTure  is  merely 
a  generic  name,  borre  vved  from  a  familiar  inllance,  and 
given  to  moving  forces,  which  have  the  fame  nature, 
but  different  names  that  ferve  to  mark  their  connedion 
v/ith  certain  lubllances,  in  which  they  may  be  fuppofed 
to  refide.  Natural  philofophy  is  almoll  entirely  em¬ 
ployed  in  examining  the  nature  of  thefe  various  pref- 
fares  or  accelerative  forces;  and  the  general  dodrines 
of  dynamics,  by  afeertaining  what  is  common  to  them 
all,  enable  us  to  mark  with  precifiou  what  is  charader- 
iftic  of  eacli. 

We  have  now  advanced  very  fan'n  this  invefligatlon ;  General  co* 
for  we  have  obtained  the  criterion  by  which  we  learn  rolJarics. 
the  diredion  and  the  magnitude  of  every  changino- 
force  :  and,  on  the  other  hand,  we  fee  how  to  Hate 
what^  will  be  the  effed  of  the  exertion  of  any  force 
that  is  known  or  fufpeded  to  ad.  All  this  we  learn  by 
the  compofition  of  forces;  and  the  greateil  part  of  me¬ 
chanical  difquifition  confifts  in  the  application  of  this 
dodrine.  For  fiich  reafons  it  merits  minute  confider- 
atioii ;  and  therefore  we  mull  point  out  fome  general 
conclufions  from  the  properties  of  figure,  which  will 
greatly  facilitate  the  ufe  of  the  parallelogram  of  forces. 

1.  The  conllituent  and  the  reTulting  forces,  or  the 
fimple  and  compound  forces,  adl  in  the  Tame  plane  ;  for 
the  Tides  and  diagonal  of  a  parallelogram  are  in  one 
plane. 

2.  The  fimple  and  the  compound  forces  are  propor¬ 

tional  to  the  Tides  of  any  triangle  which  are  parallel  to 
their  ^h'redions.  For  if  any  three  lines,  U,  ad,  be 
drawn  parallel  to  AB,  AC,  and  AD  (fig.  7,  2.), 

they  will  form  a  triangle  fimilar  to  the  triangle  ABD. 

For  the  fame  reafons  they  are  proportional  to  the  fides 
of  a  triangle  dh  d,  which  are  refpedively  perpendicular 
to  their  diredions.  ^  ^ 

3.  Therefore  each  is  proportional  to  the  fine  of  the  56 

cppofite  angle  of  this  triangle  ;  for  the  fides  of  any  tri-  ^  " 

angle  are  proportional  to  the  fines  of  the  oppofite 
angles. 

4.  Each  is  proportional  to  the  fine  of  the  angle  con-  57* 
tained  by  the  diredlions  of  the  other  two  ;  for  AD  is 
to  AB  as  the  fine  of  the  angle  ABD  to  the  fine  of 
the  angle  ADB.  Now  the  fine  of  ABrD  is  the  fame 
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.Secom’Lavv  with  the  fine  of  BAG  contained  between  the  diredions 
^Motion,  of  ADB  is  the  fame  with 

the  fine  of  Ci^D  ;  alfo  AB  is  to  AC,  or  BD,  as  the 
line  of  ADB  (or  CAD)  to  the  line  of  BAD. 

Some  f  e  proceed  to  the  application  of  this  funda- 

tituferjf  rnental  propofition.  And  we  obferve,  in  the  firft  place, 

♦  the  paral-  that  lince  AD  may  be  the  diagonal  of  an  indefinite 
Jeli'grani  oCirtimber  of  parallelograms,  the  motion  or  the  prefiure 
'^fjrccs.  refult  from  the  joint  adlion  of  many  pairs  of 

forces.  It  may  be  produced  by  forces  which  would 
fepaiately  produce  the  motions  AF  and  AG.  This 
generally  give^  us  the  means  of  difcovering  the  forces 
which  concur  in  its  produftion.  If  one  of  them,  AB, 
is  known  in  dire^liwi  and  intenlity,  the  direction  AC, 
parallel  to  BD,  and  the  intenlity,  are  difcovered.  Some¬ 
times  we  know  the  diieclions  of  both.  Then,  by 
-drawing  tlie  parallelogram  or  triangle,  we  learn  their 
proportions.  The  force  which  defiefts  any  motion 
AlB  into  3  motion  AD,  is  had  by  fimply  drawing  a 
line  from  the  point  B  (to  which  the  body  would  have 
moved  from  A  in  the  time  of  really  moving  from  A  to 
D)  to  the  point  D.  The  defledting  force  is  fiich  as  would 
have  caufed  the  lx)dy  move  from  B  to  D  in  the  fame  time. 
And,  in  the  fame  manner,  we  get  the  compound  mo¬ 
tion  AD,  which  arifes  from  any  two  fimple  motions 
AB  and  AC,  by  fuppofing  both  of  the  motions  to  be 
accomplifhed  in  fucceflion.  The  final  place  of  the  bo- 
dv  is  the  fame,  whether  it  moves  along  AD  or  along 
AB  and  BD  in  fucceflion. 

This  theorem  is  not  limited  to  the  compofition  of 
two  motions  or  two  forces  only  ;  for  fince  the  combi¬ 
ned  adlion  of  two  forces  puts  the  body  into  the  fame 
Hate  as  if  their  equivalent  alone  had  aded  on  it,  we 
may  fuppofe  this  to  have  been  the  cafe,  and  then 
the  adion  of  a  third  force  will  produce  a  change  on 
f  this  equivalent  motion.  The  refulting  motion  will  be 
the  fame  as  if  only  this  third  force  and  the  equivalent 
of  the  other  tw^o  had  aded  on  the  body.  Thus,  in 
^PlateXXlI.  fig.  8.  the  three  forces  AB,  AC,  AE,  may  a6t  at  once 
on  a  particle  of  matter.  Complete  the  parallelogram 
ABDC  ;  the  diagonal  AD  is  the  force  which  is  ge¬ 
nerated  by  "  B  and  AC.  Complete  the  parallelogram 
AEFD  ;  the  diagonal  AF  is  the  force  refulting  from 
the  combined  adion  of  the  forces  AB,  AC,  and  AE. 
In  like  manner,  completing  the  parallelogram  AGHF, 
the  diagonal  AH  is  the  force  refulting  from  the  com¬ 
bined  adion  of  AB,  AC,  AE,  and  AG,  and  fo  on  of 
any  number  of  forces. 

This  refulting  force  and  the  refultifig  motion  may 
be  much  more  expeditioufly  determined,  in  any  degree 
of  compofition,  by  drawing  lines  in  the  proportion  and 
diredion  of  the  forces  in  fucceflion,  each  from  the  end 
of  the  preceding.  Thus,  draw  AB,  BD,  DF,  FH, 
and  join  AH  ;  A.H  is  the  refulting  force.  The  de- 
nionftration  is  evident. 

It  is  to  be  noticed  here,  that  in  the  compofition  of 
more  than  two  forces,  we  are  not  limited  to  one  plane. 
The  force  AD  is  in  the  fame  plane  with  AB  and  AC  ; 
but  AE  may  be  elevated  above  this  plane,  and  AG  may 
lead  below  it.  AF  is  in  the  plane  of  AD  and  AE, 
and  AH  is  in  the  plane  of  AF  and  AG. 

Complete  the  parallelograms  ABLE,  ACKE, 
ELFK.  It  is  evident  that  ABEFKCD  ^^is  a  paral¬ 
lelepiped,  and  that  AF  is  one  of  its  diagonals.  Hence 
we  derive  a  more  general  theorem  of  great  ufe. 


Soif‘ 


6tr 


Three  forces  having  the  proportion  and  dlreB'on  of  Serfiri<5L 
three  Jtdes  of  a  parallelopiped,  conipofe  a  force  having  Motion 
the  proportion  and  dtreefion  of  the  diagonal. 

Any  number  of  forces  ading  togetlier  on  one  par- One  force 
tide  of  matter  are  balanced  by  a  force  that  is  equal  andw.ay  ba- 
oppofite  to  their  refulting  force;  for  this  force  would 
lance  their  reiulting  force  which  is  equivalent  to  them  ii'J 
adion.  When  this  is  duly  confidered,  we  perceive  that* 
each  force  is  then  in  equilibrio  with  the  equivalent  of  all 
the  others  ;  for  a  force  can  balance  only  what  is  equal 
and  oppofite  to  it.  It  appears  very  readily  by  the  geome¬ 
trical  conllrudion.  If,  iiiftead  of  the  circuit  A,  B, 

D,  F,  H,  w^e  take  B,  D,  F,  H,  A,  we  have  BA  for 
the  equivalent  of  the  forces  AC,  AE,  AG  ;  but  Al\ 
is  equal  and  oppofite  to  BA.  Therefore  the  force  AB 
is  in  equilibrio  with  the  equivalent  of  all  the  others. 

When  any  number  of  forces^  ad  on  one  particle  of 
matter,  and  are  in  equilibrio,  if  they  be  confidered  as 
ading  in  parcels,  the  equivalents  of  thefe  parcels  are  in 
equilibrio;  for  let  the  forces  AB,  AC,  AE,  AG,  Ah, 
be  in  equilibrio,  and  let  them  be  confidered  in  the  two 
parcels' AB,  AC,  and  AE,  AG,  Ah  ;  then  AD  is  the 
equivalent  of  AB,  BD  (or  AC),  and  DxA  is  the  equi¬ 
valent  of  DF,  FH,  H  a  (or  Ah)  :  now  AD  and  DA 
balance  each  other.  This  corollary  enables  us  to  fim- 
plify  many  intricate  complications  of  force;  it  alfo ‘ena¬ 
bles  us  to  draw  accurate  conclufions  from  very  imper- 
fed  obfervations.  In  mofl;  of  our  pradical  difciiflions 
we  know,  or  at  lead  we  attend  to,  a  part  only  of  the 
forces  which  are  ading  on  a  material  particle ;  and  in 
fucli  cafes  we  reafoii  as  if  we  faw  the  whole  :  yet  is  oiir 
mathematical  reafoniiig  good  with  refped  to  the  equi¬ 
valent  of  all  the  parcels  which  we  are  contemplating, 
and  the  equivalents  of  the  fmaller  parcels  of  which  it 
confills  ;  and  the  negleded  force,  or  parcel  of  forces, 
induces  no  error  on  our  conclufions. 

Ill  the  fpontaneous  phenomena  of  nature,  the  invefii-Erpeditiou 
gation  and  difeovery  of  our  ultimate  objed  of  fearch  dafo 

frequently  very  difficult,  on  account  of  the  niultiplicity 
of  diredions  and  intenfities  of  the  operating  forces  or,'n^r  motioi 
motions.  We  may  generally  facilitate  the  procefs,  by  in  cnmpli- 
fiibftituting  equivalent  forces  or  motions  ading  in 
venient  diredions.  It  is  in  this  way  that  the  naviga¬ 
tor  computes  the  (hip's  place  with  very  little  trouble, 
by  fubflituting  equivalent  motions  in  the  meridional 
and  equatoreal  diredions  for  the  real  oblique  courfes  of 
the  (hip.  Inftead  of  fetting  down  ten  miles  on  a 
courfe,  S.  36.  52.  W.  he  fnppofes  that  the  (hip  has 
failed  eight  miles  due  fouth,  and  fix  miles  due  weft, 
w'hich  brings  her  near  to  the  fame  place.  Then,  in¬ 
ftead  of  fourteen  miles  fouth-weft,  be  fets  down  ten 
miles  fouth  and  ten  miles  weft  ;  and  he  proceeds  in  the 
fame  way  for  every  other  courfe  and  diftance.  He 
does  this  expeditioufly  by  means  of  a  traverfe  table,  in 
which  are  ready  calculated  the  meridional  and  equato¬ 
real  fides  of  right  angled  triangles,  correfponding  to 
every  courfe  and  diftance.  Haring  done  this  for  the 
courfe  of  a  whole  day,  he  adds  all  the  fouthings  into 
one  fum  and  all  the  weftings  into  another :  he  confiders 
thefe  as  forming  the  fides  of  a  right  angled  triangle  ; 
he  looks  for  them,  paired  together,  in  bis  traverfe  ta¬ 
ble,  and  then  notices  what  angle  and  what  diftance  cor- 
refponds  to  this  pair.  This  gives  him  the  pofition  and 
magnitude  of  the  ftraight  line  joining  the  beginning  and 
end  of  his  day's  work, 

V  The 
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Tfcondf-aw  Tiie  miner  proceeds  in  the  fame  way  when  he  takes 
©faction.  pj^j^  of  fubterraneous  workings,  meafuring,  as  he 
'  ^  goes  along,  and  noticing  the  bearing  of  each  line  by 

the  cornpafs*  and  fetting  down,  from  his  traverfe  table, 
the  northing  or  fouthing,  and  the  ealling  or  welling, 
for  each  oblique  line  :  but  there  is  another  circumftance 
which  he  mull  attend  to,  m^mely,  the  Hope  of  the  va¬ 
rious  drifts,  galleries,  and  other  workings.  This  he 
does  by  noting  the  rife  or  the  dip  of  each  Honing  line. 
He  adds  all  thefe  into  two  fums;  and  taking  the  rifings 
from  the  dips,  he  obtains  the  whole  dip'.  Thus  he 
learns  how  far  the  workings  proceed  to  the  north,  how 
far  to  the  eall,  and  how  far  to  the  dip. 

The  rededlijig  reader  will  perceive  that  the  line  join- 
ing  the  two  extremities  of  this  progrelTion  will  form 
the  diagonal  of  a  redlangular  parallelopiped  ;  one  of 
whofe  fides  lies  north  and  fouth,  the  other  lies  eall  and 
weft,  and  the  third  is  right  up  and  down. 

The  mechanician  proceeds  in  the  very  fame  way  in 
the^  inveftigation  of  the  very  complicated  phenoinena 
which  frequently  engage  his  attention.  He  confiders 
every  motion  as  compounded  of  three  motions  in  fome 
convenient  diredlions,  at  right  angles  to  each  other. 
He  alfo  confiders  every  force  as  refulting  from  the 
joint  aClion  of  tlirce  forces,  at  right  angles  to  each 
other,  and  takes  the  fum  or  difference  of  thefe  in  the 
fame  or  oppofite  diredlions.  From  this  procefs  he  ob¬ 
tains  the  three  fides  of  a  parallelopiped,*  and  f^rom  thefe 
computes  the  poiition  and  magnitude  of  the  diagonal. 
This  is  the  motion  or  force  refulting  from  the  compofi- 
tion  of  all  the  partial  ones. 

y^rcra  may  This  procedure  is  called  the  Estimation  or  Re- 
tfVhv^cr  of  motions  and  forces, 

fedured  to,  motion  or  force  A  B  (fig.  9.)  is  fald  to  be 
64  ^  maieJ  iu  the  diredion  EF,  or  to  be  reduced  io  this  di- 

wiiir  *"5 conceived  as  compounded  of  the  mo. 
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AD,  are  in  ecpiilibno,  ABLC  I'^.uft  be  a  parallelogram, 
and  AL  is  the  force  equivalent  to  AB  and  AC  com-^^ 
bined  ;  then,  becaufe  the  lines  D  d,  B  C  c,  L/,  are 
parallel,  d  A  is  equal  to  A  /,  and  A  to  C  or  to  r  /  ; 
therefore  A  /  is  equal  to  the  fum  of  A  and  A  r,  which 
are  the  reduaions  of  AB  and  AC  ;  therefore  ^  A  is 
equal  to  the  fame  fum,  and  in  equilibrio  with  them. 

Secondly,  Let  them  be  reduced  to  one  plane  EFGH, 
and  let  «  x,  « be  the  reduced  forces.  The  lines  D 
A  rt,  B  /?  C  D  are  all  parallel,  being  perpendicular 
to  the  plane  ;  therefore  the  planes  AB  /3  «  and  CL  xx. 
are  parallel,  and  a/3,  x  x,  are  parallel.  For  fiinilar  rea- 
focs /3  a  X,  are  parallel  ;  therefore  «/3xx  is  a  parallelo¬ 
gram.  Alfo,  becaufe  the  linesD  cf,  A  L  x,  are  parallel, 
and  DA  IS  equal  to  AL  ;  therefore  s  a  is  equal  to  a  x. 

But  becaufe  e«3xx  is  a  parallelogram,  the  forces’^ ax, 
are  equivalent  to  «  x  ;  and  «  ^  is  equal  and  oppofite  to 
a  >,  and  will  balance  it  ;  and  therefore  will  balance  «  /s 
and  ax,  which  are  the  reduaions  of  AB  and  AC  to 
the  plane  EFGH,  while  «  ^  is  the  redudfon  of  AD  ; 
therefore  the  propofition  is  demon ftrated. 

The  moft  ufual  and  the  moll  ufeful  mode  of  redne- The  moft 
tion  is  to  eftimate  all  forces  in  the  diredions  of  three  “^’*^1 


lines  drawn  from  one 


^  of  reduc¬ 


tions  or  forces  AC,  AD,  one  of  which  AC  is  paral¬ 
lel  to  EF,  and  the  other  AD  is  perpendicular  to  it. 
This  expreftion  is  abundantly  fignificant ;  for  it  is  plain 
that  the  motion  AD  neither  promotes  nor  hinders  the 
progrefs  along  EF,  and  that  AC  expreffes  the  whole 
progrefs  in  this  diredion. 

In  like  manner,  a  force  AB  (fig.  10.)  is  faid  to  be 


6? 

Or  a  given  -  .  \  o-  — /  - - 

plane.  ejtmated  tn,  or  reduced  to,  a  given  plane  EFGH,  when 


PquiKPrJ- 

irr» 

ites  fo  eftl. 
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it  is  conceived  as  refulting  from  the  Joint  adion  of  two 
forces  AC,  AD,  one  of  which  is  parallel  to  a  line  a  b 
drawn  in  that  plane,  and  the  other  AD  is  perpendicu¬ 
lar  to  it  The  pofition  of  the  line  a  b  is  determined 
by  letting  fall  B  b  perpendicular  to  the  plane,  and  draw¬ 
ing  ^  P  to  the  point  P,  in  which  BA  meets  the  plane; 
then  A  a  being  drawm  parallel  to  B  b,  will  cut  off  b  a, 
which  is  the  redudion  of  the  motion  AB  to  the  plane. 
Drawing  '  C  parallel  to  a  b,  and  completing  the  paral¬ 
lelogram  ACBD,  it  is  evident  that  the  motion  AB  is 
equivalent  to  AD  and  AC,  which  is  parallel  to  a  b, 
and  the  three  forces  AB,  AC,  AD,  are,  as  they  fiiould 
be,  in  one  plane  perpendicular  to  the  plane  EG. 

.  If  three  forces  AB,  AC,  AD  (fig.  ii.),  are  in 
equilibrio,  and  are  reduced  to  any  oi>e  diredion  dA/,or 
to  one  plane  EFGH,  the  reduced  forces  are  alfo  in 
equilibrio. 

Flrjl,  Let  them  be  reduced  to  one  diredion  d  I  by 
drawing  the  perpendiculars  Bb,  Cc,  Dr/;  make  AL 
equal  to  AD,  and  join  BL,  CL,  and  draw  the  perpen¬ 
diculars  L  /,  C  ;  then,  becaufe  the  fgrccs  AB,  AC, 
SuppL.  VoL.  I.  Part  IL 


point,  at  right  angles  to  each|V 
other,  like  the  three  plane  angles  of  a  redangular  cheft,  tliTj/co-or- 
forming  the  length,  the  breadth,  and  the  depth  of  thedmates. 
cheft.  Thefe  are  commonly  called  the  three  co  ordi¬ 
nates.  The  refulting  force  will  he  the  diagonal  of  this 
parallelopiped.  This  procefs  occurs  in  all  dift|uifitions 
in  which  the  mutual  adion  of  folids  and  fluids  is  confi- 
dered,  and  when  the  olcillation  or  rotation  of  detached 
free  bodies  is  the  fuhjed  of  difcufiion. 

The  only  other  general  theorem  that  remains  to  bcReia^f^e 
deduced  from  this  law  of  motion  is,  that  if  a  number  motions  of 
ot  bodies  are  moving  in  any  manner  whatever,  and  an  ■ 
equal  force  ad  on  every  particle  of  matter  in- the  fame 
or  parallel  diredions,  their  relative  motions  will  fufferi^eou^'qu'at 
no  change  ;  for  the  motion  of  any  body  A  (fig.  1 2.), ^nj parallel 
relative  to  another  body  B,  which  is  alfo  in  motion,  isf'^‘“- 
compounded  of  the  real  motion  of  A,  and  the  oppofite 
to  the  real  motion  of  B  ;  for  let  A  move  uniformly 
from  A  to  C,  while  B  deferibes  BD  uniftnmly,  draw 
AB,  alfo  draw  AE  equal  and  parallel  to  BD,  join  EC, 
pc,  ED.  The  motion  of  A,  relative  to  B,  confitts 
in  its  change  of  pofition  and  diaaiice.  Had  A  deferi- 
AE,  while  B  defcribei!  BO,  there  would  have 
been  no  change  of  relative  pl.ice  or  diftance  ;  but  .1  is 
now  at  C,  and  DC  is  its  new  diredlion  and  diltance. 

The  relative  or  apparent  motion  of  A  therefore  "is  EC. 

Complete  the  parallelogram  ACF'E  ;  it  is  plain  that  the 
motion  EC  is  compounded  of  EF,  which  is  equal  and 
parallel  to  AC,  the  real  motion  of  A,  and  of  EA,  the 
equal  and  oppofite  to  BD,  the  real  motion  of  B. 

Now  let  the  motions  of  A  and  B  fuftain  the  fame 
change  ;  let  the  equal  and  parallel  motions  AG,  BH, 
be  compounded  with  the  motions  AC  and  BD  ;  or  let 
forces  ad  at  once  on  A  and  B,  in  the  parallel  direaions 
AG,  BH,  and  with  equal  inteafuies  ;  in  cither  fuppo- 
fition,  the  refulting  motions  will  be  A  c,  B  d.  the  dia. 
gonals  of  the  parallelograms  A  G  c  C,  and  B  H  D 
Conilrua  fhe  figure  as  before,  and  we  fee  that  the  re- 

'r  "re"’  'vith 

EC  both  111  refpedl  of  magnitude  and  pofition 

Here  we  llill  fee  the  conftant  analogy  between  the 
compofition  of  motions  and  the  corapofition  of  forces. 

3  U  In 
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SeccndLaw  Jr.  the  filft  cafe,  the  relative  motions  of  things  are  not 
of  Motion.  j  whatever  common  motion  be  compounclttl 

- - - - ^  with  them  all ;  or,  as  it  is  ufually,  but  inaccurate  y,  ex- 

preffed,  although  the  fpace  in  which  they  move  be  ear¬ 
ned  along  with  any  motion  whatever.  In  the  lecond 
cafe,  the  relative  motions  and  adions  are  not  changed 
by  any  external  force,  however  great,  when  equally  ex- 
erted  on  every  particle  in  parallel  dircftions. 

Thus  it  is  that  the  evolutions  of  a  fleet  in  a  unitorm 
current  are  the  fame,  and  produced  by  the  fame  means, 
as  in  ftill  water.  Thus  it  is  that  we  walk  about  on  the 
furface  of  this  globe  in  the  fame  manner  as  if  it  neither 
revolved  round  the  fun,  nor  turned  round  its  axis.  1  hus 
it  is  that  the  fame  ftrength  of  a  bow  will  communicate 
a  certain  velocity  to  an  arrow,  whether  it  is  fliot  ealt, 
or  weft,  or  north,  or  fouth.  Thus  it  is  that  the  mu¬ 
tual  aaions  of  fublunary  bodies  are  the  fame,  in  what¬ 
ever  direaions  they  are  exerted,  and  notwithftanding 
the  very  great  changes  in  their  velocities  by  reafon  ot 
the  earth’s  rotation  and  orbital  revolution.  1  he  real 
velocity  of  a  body  on  the  earth’s  equator  Is  about  3000 
feet  per  fecond  greater  at  midnight  than  at  midday. 
For  at  midnight  the  motion  of  rotation  nearly  confpires 
with  the  orbital  motion,  and  at  midday  it  nearly  oppoles 
it.  The  difference  between  the  velocities  at  the  begin- 
nin^  of  January  and  the  beginning  of  July  is  vai  y 
rrreater.  And  at  other  times  of  the  day,  and  other  lea- 
fons  of  the  year,  both  motions  of  the  earth  are  tranl- 
verfely  compounded  with  the  eafterly  or  wefterly  motion 
of  an  arrow  or  cannon  bullet.  Yet  we  can  obferve  no 
change  in  the  effeds  of  the  mutual  adions  of  bodies. 


by  them, 


dime  Ill  Lilt,  w*  - - ^  ^ 

ThU  affords  This  is  an  Important  obfervation  ;  becaufe  it  proves 
a  demon-  that  forces  are  to  be  meafured  by  no  other  fcale  than 
ftradon  of  ^  motions  which  they  produce.  We  have  had  re- 
tiona^m?of  peated  occafions  to  mention  the  very  different  eft.ma- 
Xing  tion  of  moving  forces  by  Mr  Leibnitz  ;  and  have  (hewn 
forces  to  how,  by  a  very  partial  confideration  of  the  a£lion  ot 
the  motions  natural  powers  called  prejfuresy  he  has  attempted 

produced  are  proportional  to  the 

fquaresof  the  velocities;  and  we  (hewed  bnefly,  in  what 
manner  a  right  confideration  of  what  paffes  when  mo¬ 
tion  is  produced  by  meafurable  preffures,  prove.',  that  the 
forces  really  exerted  are  as  the  velocities  produced. 
But  the  moft  copious  proof  is  had  from  the  prefeiit  ob¬ 
fervation,  that,  in  fad,  the  mutual  adions  of  bodies  de- 
peud  on  their  relative  motions  alone.  ^ 

The  Leibnitzian  m.eafure  of  moving  force  is  altoge- 
Xadbie  ther  incompatible  with  the  uniyerfal  fad  now  ment  on- 
with  their  ed,  -viz.  that  the  relative  motions  of  bodies,  refulting 
proportion- their  mutual  adions,  are  not  affeded  by  any  com- 
ality  to  the  motion,  or  the  adion  of  any  equal  and  parallel  force 
thofrmc-  on  both  bodies :  for  this  univerfal  fad  imports, _  that 
when  two  bodies  are  moving  with  equal  velocities  imtne 
fame  diredion,  a  force  applied  to  one  of  them,  fo  as  to 
increafe  its  velocity,  gives  It  the  fame  motion  rel^ive  to 
the  other,  as  if  both  bodies  had  been  at  reft.  Here  it 
is  plain  that  the  fpace  deferibed  by  the  body  in  con- 
fcquence  of  the  primitive  force,  and  of  the  force  now 
added,  is  the  fiim  of  the  fpaces  which  each  of  them 
would  generate  in  a  body  at  reft.  Therefore  the  forces 
are  proportional  to  the  velocities  or  changes  of  motion 
which  they  produce,  and  not  to  the  fquares  of  thofe  ve- 
locities.^^  This  meafiire  of  forces,  or  the  pofition  that 
a  forcer  makes  the  fame  change  on  any  velocity  what¬ 
ever,  and  the  dependence  of  the  relative  motions  on 
any  motion  that  is  the  fame  on  all  the  bodies  of  a  fyf- 


tions. 
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tern,  are  countcrpai  ts  of  each  other.  Since  this  indc-  Sccoti.n.aw 
pendence  is  a  matter  of  obfervation  In  all  terrellrial  bo-  f 
dies,  we  are  intitled  to  fay,  that  the  powers  which  the  '' 
Author  of  Nature  has  imparted  to  natural  bodies  are 
no  way  different  from  what  are  competent  to  matter 
once  called  into  exiftence.  And  il  alfo  follows  from 
this,  that  we  muft  always  remain  ignorant  of  the  abfo- 
liite  motions  of  bodies.  The  fai^,  that  it  has  lequired 
the  unremitied  ftudy  of  ages  to  difeover  even  the  rela¬ 
tive  motion^  of  our  folar  fyftem,  is  an  argument  to  prove 
that  the  influence  of  this  mechanical  principle  extends 
far  beyond  the  limits  of  this  fublunary  world  ;  nor  has 
any  phenomenon  yet  been  exhibited  which  fliould  lead 
us  to  imagine  that  it  is  not  univerfal. 

When  we  have  made  ufe  of  tbefe  arguments  with  SoBernoul- 
fome  zealous  partizans  of  Mr  Leibnitz’s 
have  anfwered,  that  if  Indeed  this  Independence  of 
relative  motions  of  terreftrlal  bodies  .were  obferved  to^j^hou 
obtain  exadly,  it  would  be  a  conclufive  argument.  But  force, 
the  motion  with  which  all  is  carried  along  is  fo  great 
in  comparifon  with  the  motions  which  we  can  produce 
in  our  experiments,  that  the  fmall  additions  or  diminu¬ 
tions  that  we  can  make  to  the  velocity  of  this  common 
motion  mull  obferve  very  nearly  the  proportions  of  the 
additions  or  diminutions  of  their  fquares.  The  diffe- 
rences  of  the  fquares  of  2,  3,  and  4,  are  very  unequal  ; 
but  the  differences  of  the  fquares  of  9,  10,  1  ^  are 
much  nearer  to  the  ratio  of  equality  ;  and  the  differen¬ 
ces  of  the  fquares  of  1000001,  1000002,  100C003,  do 
not  fenfibly  deviate  from  this  ratio.  ^  But  it  is  not  fad 
that  we  cannot  produce  motions  which  have  a  very  fen- 
fible  proportion  to  the  common  motion.  The  motion 
of  a  cannon  ball,  difeharged  with  one  third  of  itsvveight 
of  powder,  is  nearly  equal  to  that  of  the  rotation  ot 
the  earth’s  equator.  When,  therefore,  we  dtfeharge 
the  ball  eaftward,  we  double  its  motion  ;  when  to  the 
weftward,  we  deftroy  it.  Therefore,  according  to  Leib¬ 
nitz,  the  aaion  in  the  firft  cafe  Is  three  times  the  ac- 
tion  in  .the  fecond.  In  the  firft  cafe  it  changes  the 
fquare  of  the  velocity  (which  we  may  call  l)  from  l  to 
4  ;  and,  in  the  fecond,  it  changes  it  from  l  to  o.  But 
fay  the  Leibnitzlans,  the  velocity  of  rotation  is  but 
of  the  orbital  velocity  of  the  earth,  and  our  obfer-ra- 
tions  of  the  velocities  of  cannon  bullets  are  not  lutti, 

•ciently  exaft  to  enfure  us  againft  an  error  of  But 

the  later  obfervations  on  the  peculiar  motions  of  the 
fixed  ftars  concur  In  ftiewing,  that  the  fun,  with  his  at¬ 
tending  planets,  are  carried  along  with  a  very  great  mo^ 
tion,  which.  In  all  probability,  has  a  fenfible  ratio  ta 
the  orbital  motion  of  the  earth.  This  muft  maxe  a 
prodigious  change  on  the  earth’s  abfolute  motion,  ac¬ 
cording  as  her  orbital  motion  confpires  with,  oppoles, 
or  croffes,  this  other  motion  :  the  earth  may  f 

abfolute  reft  in  fome  points  of  its  orbit.  I  hus  will  the- 
compofition  with  the  motions  produced  in  our  experi¬ 
ments  be  fo  varied,  that  cafes  mujl  occur  when  the  dif¬ 
ference  of  the  refults  of  the  two  raeafures  of  force  will 

be  very  fenfible.  , 

But,  farther,  they  have  not  attended  to  the  agree¬ 
ment  of  our  experiments,  when  the  discharges  of  can- 
non  are  made  In  a  dlreaion  tranfverfe  to  that  of  the 


common  motion.  Here  the  immenfity  of 
motion,  and  the  minutenefs  of  our  experimental  veloci¬ 
ties,  can  have  no  effea  in  dimlniaimg  the  difference  of 

the  refults  of  the  two  doarmes.  This  will 
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Secwdf  Rw  tindly  to  every  reader  wluo  Is  mucli  converfant  in  dif- 
ofMotlo  ,  quifitions  of  this  kind  ;  and  it  is  in  thefe  more  modc- 
rate  motions  that  the  complete  independence  of  the  re¬ 
lative  motions  on  the  common  motions  mod  accurately 
appears.  Pendulum  clocks  and  watches  have  been  of¬ 
ten  executed  which  do  not  deviate  from  perfedl  equabi¬ 
lity  of  motion  one  part  in  86400.  This  could  not  be  ob¬ 
tained  in  all  diredlions  of  the  ofcillations,  if  the  forces  de¬ 
viated  from  the  ratio  of  the  velocities  one  part  in  864.00. 
Perfe^l  a-  On  the  whole,  we  may  confider  it  as  eilablidied  on 
grcementof  the  furell  foundation,  that  the  adlion  of  thofe  powers  of 
the  abftrad  bodies  which  we  call  prejfure^  fuch'as  the  force 

fnrce^v^th  fprings,  the  exertions  of  animals,  the  cohefion  of  ho- 
all  our  ac  well  as  the  adlion  of  thofe  other  incitements  to 

curate  oh-  motion  which  w^e  call  aitradions  and  I'cpulfwns^  fuch  as 
fervatiujis  gravitation,  magnetifm,  and  ele<^lricity  —  is  proportional 
of  the  ex-  change  of  velocity  produced  by  it.  And  we 

lutural  mull  obferve  nere,  that  tins  is  not  a  mere  mode  of  con- 

powers.  ception,  the  refult  of  the  laws  of  human  thought,  which 

cannot  conceive  a  natural  power  as  the  caufe  of  motion 
otherwife  than  by  its  producing  motion,  and  which 
cannot  conceive  any  degree  of  moving  power  different 
from  the  degree  of  the  motion.  This  is  the  abftradl 
do6frine,  and  is  true  whether  the  preflures  are  propor¬ 
tional  to  the  velocities  or  to  the  fquares  of  the  veloci¬ 
ties.  But  we  fee  farther,  that  whatever  is  the  prefi’ure 
of  a  fpring  (for  example)  on  a  quiefeent  body,  yet  the 
preflure  adlually  exerted  in  producing  a  double  velocity 
is  only  double,  and  not  quadruple,  as  our  firft  imperfeft 
70  obfervations  make  us  imagine. 

Newton’s  Sir  Ifaac  Newton  has  added  another  propofition  to 

iliird  law  of  number  of  laws  of  motion  ;  namely,  that  every  ac- 
mo' ion  IS  ,  .  •  /  ;  . 

founded  on  accompanied  by  an  equal  am^  contrary  reaStoti, 

experience  But  in  affirming  this  to  be  a  law  of  nature,  he  only 
alone,  and  means  that  it  is  an  univerfal  fa6l ;  And  he  makes  this 
affirmation  on  the  authority  of  what  he  conceives  to 
truth.  ^  ^  human  thought  ;  namely,  that  thofe  qua¬ 

lities  which  we  find  in  all  bodies  on  which  we  can  make 
experiments  and  obfervations,  are  to  be  confidered  as 
univerfal  qualities  of  body.  But  we  have  limited  the 
term  law  of  motion  to  thofe  confequences  that  necef- 
farily  flow  from  our  notions  of  motion,  of  the  caufes 
of  its  produdlion  and  changes.  Now  this  third  New¬ 
tonian  propofition  is  not  fuch  a  refult.  A  magnet  is 
faid  to  a6l  on  a  piece  of  iron  when,  and  only  when, 
the  vicinity  of  the  magnet  is  obferved  to  be  accompa¬ 
nied  by  certain  motions  of  the  iron.  But  it  by  no 
means  follows  from  this  obfervatlon,  that  the  prefeiice 
of  the  iron  ffiall  be  accompanied  by  any  motion,  or  any 
change  of  flate  whatever  of  the  magnet,  or  any  ap¬ 
pearance  that  can  fuggefl  the  notion  that  the  iron  a<As 
on  the  magnet.  When  this  was  obferved,  it  was  ac¬ 
counted  a  difeovery.  Newton  difeovered  that  the  fun 
adls  on  the  planets,  and  that  the  earth  a£l:s  on  the 
moon  ;  and  Kepler  difeovered  that  the  moon  readls 
on  the  earth.  Newton  had  obferved  that  the  iron  re- 
adls  on  the  magnet  ;  that  the  adtions  of  electrified  bo- 
'  dies  were  mutual ;  and  that  every  adfion  of  fublunary 
bodies  was,  in  fadf,  accompanied  by  an  equal  and  con¬ 
trary  readfion.  On  the  authority  of  his  rule  of  philp- 
fophizing,  he  affirmed  that  the  planets  readl;  on  the 
fun,  and  that  the  fun  is  not  at  reft,  but  is  continual¬ 
ly  agitated  by  a  fmall  motion  round  the  general  centre 
of  gravitation.  He  pointed  out  feveral  confequences 
of  this  reaction.  Aftronomers  examined  the  celeftial 
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motions  mere  narrowly,  and  found  that  thofe  confe- Second  Law 
quences  do  really  obtain,  and  dilturb  all  the  planetary  ^f  Motion. 
motions.  It  is  now  found  that  this  reciprocity  of  ac-  "  v 
lion  obtains  throughout  the  folar  fyflem  with  the  iitmolt 
pvecifion,  and  that  the  third  Newtonian  propofition  is 
really  a  law  of  nature,  although  it  is  not  a  law  of  hu¬ 
man  thought.  It  is  a  difeovery.  The  contrary  in¬ 
volves  no  abfurdity  or  contradidlion.  It  vvoi  !J  indeed 
be  contrary  to  experience  ;  but  things  might  have  been 
otherwife.  It  is  conceivable,  and  polfible,  that  a  ball 
A  fhall  llrike  another  equal  ball  B,  and  carry  it  along 
with  it,  without  any  diminution  of  its  velocity.  The 
fadf,  that  the  velocity  of  A  is  reduced  to  one-half,  is  the 
indication  of  a  force  refiding  in  B,  which  force  changes 
the  motion  of  A;  and  the  intenfityof  this  force  is  learn¬ 
ed  from  the  change  which  it  produces.  This  is  found 
to  be  equal  to  the  change  produced  by  A  on  B.  And 
thus  the  readtion  of  B  is  df covered  to  be  equal  to  the 
acfion  of  A. 

It  is  highly  probable,  that  this  univerfality  and  equa¬ 
lity  of  readlion  to  action  is  the  confequence  of  fome 
general  principle,  which  we  may  in  time  difeovor ; 
meanwhile  we.  are  intitlcd  to  fuppofe  it  univerfal,  and 
to  reafon  from  this  topic  in  our  dilquifitions  about  the 
adtions  of  bodies  on  each  other. 

Although  the  celebrated  philofophers  of  Europe 
have  at  lad  agreed  in  the  reception  of  the  two  propofi- is, Leibnitz, 
tions  fo  largely  difeuffed  j^y  us  as  the  laws  of  motion,  other 
they  have  differed  exceedingly  in  their  opinion  ^ 

their  origin  and  validity  :  Some  aflerted  that  they  arceruemined 
entirely  matters  of  experience  ;  while  others  affirmed  very  imde- 
them  to  be  neceffary  truths.  The  royal  academy  of^y^^e  opi- 
Berlin  made  this  queftion  the  fu bjedl  of  their  prize  dif- 
fertation  in  the  year  1744.  Mr  Maupertuis,  prefident  fo”nd!,^iou^ 
of  the  academy,  publifhed  a  differtation  ;  in  which  he  of  the  laws 
endeavoured  to  prove  that  they  are  neceffary  truths,  only  motion, 
becaufe  they  are  fuch  as  make  the  quantity  of  action  the  leajl 
pojfihle  an  economy  which  is  worthy  of  infinite  wifdom  ; 
and  therefore  certainly  diredls  the  choice  of  the  Au¬ 
thor  of  Nature.  On  this  account  alone  are  they  necef¬ 
fary  truths. 

But  this  is  not  the  w^ay  to  confider  a  queftion  of  this 
kind.  We  know  too  little  about  infinite  wifdom  to  be 
able  to  fay  with  Meffrs  Leibnitz  and  Maupertuis,  that 
the  Deity  Ihould  or  fhould  not  imprefs  on  bodies  laws 
different  from  thofe  which  are  effential  to  matter  ;  and 
we  are  not  to  inquire  whether  God  could  or  could  not 
do  this.  We  know  from  our  own  experience,  that 
matter,  when  fubjeded  to  the  adion  of  intelligence, 
may  be  moved  in  a  way  extremely  different  from  what 
it  would  follow  if  left  to  itfelf,  and  that  its  motions 
may  either  be  regulated  by  fixed,  but  contingent,  laws, 
or  may  be  without  any  conftancy  whatever,  and  vary 
in  every  inftance.  When  we  fuppofe  the  exiftence  of 
matter  and  motion,  a  variety  of  truths  are  involved  in 
the  fuppofition,  in  the  fame  manner  as  all  the  theorems 
in  the  third  book  of  Euclid’s  Elements  arc  involved  in 
the  conception  of  a  circle  and  a  flraight  line.  Our  firfl 
employment  fhould  be  to  evolve  thofe  truths.  We  can 
do  this  in  no  way  but  by  firfl  noticing  the  relations  of 
the  ideas  that  we  have  of  the  different  objeds  of  con¬ 
templation,  and  then  following  the  laws  of  human 
thought  in  our  judgments  concerning  thofe  relations. 

This  procefs  of  the  mind  is  expreffed  in  the  train  of  a 
geometrical  demonftration.  The  different  parts  or  argu- 
3  U  2  mentation* 
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Of'conH.aw  mentations  of  this  train  are. not  the  cauies  Oi  our  con- 
of  Motion,  clufions,  but  the  means  by  which  we  turm  our  judge- 
nient  ;  not  the  reafuns  cf  the  truth  of  our  ultimate 
conclufion,  but  the  fleps  by  which  we  arrive  at  the 
knowledge  or  it.  The  young  gtometer  generally  thinks 
otherwlfe  :  But  that  this  is  the  matter  of  fad  is  plain 
from  this,  that  more  than  one  deinonllration,  and  of¬ 
ten  very  diffeient,  can  be  given  of  the  fame  theorem. 
We  mull  proceed  in  the  fame  manner  in  the  prefent 
quedion  ;  and  the  firft  general  truths  which  we  find  in¬ 
volved  in  the  notions  of  "matter,  motion,  and  force,  mud 
be  received  as  necejfary  truths.  The  ileps  by  which  we 
arrive  at  the  difeovery  are  the  laws  of  human  thought  ; 
and  the  expreflion  of  the  difeovery,  involving  both  the 
truth  itfelf  and  the  manner  ot  conceiving  it,  is  a  neod- 
fary  law  of  motion.  There  may  be  other  fads,  perhaps 
as  general  as  any  cf  thofe  necelTary  laws,  but  whicli  do 
not  neceffarily  refult  from  the  relations  of  our  notions 
of  motion  and  of  force.  Thefe  are  difeovered  by  ob- 
fervation  only  ;  and  they  ferve  to  charadterife  the  forces 
v/hich  nature  prefents  to  our  view,  I  lieic  facls  are 
contingent  laws  of  motion. 

We  apprehend  .that  this  method  has  been  followed 
in  treating  this  article.  The  firil  propofition,  termed 
a  law  of  motion^  is  only  a  more  convenient  way  of  ex- 
preffing  our  contemplation  of  motion  in  body  as  an  ef- 
fe£l  of  the  general  caufe  which  we  force.  The  ie- 
cond  propofition  does  nothing  but  exprefs  more  dif- 
tindlly  the  relation  between  this  caufe  and  its  effedl  ; 
it  exprelfes  what  we  mean  by  the  magnitude  and  the 
kind  of  the  caufe.  The  propofition,  dating  the  com- 
pofition  of  forces,  is  but  another  form  of  the  fame  law, 
better  fiiited  to  the  ordinary  procedure  in  geometrical 
difquifitions. 

These  propofitions  might  have  completed  the  doc¬ 
trines  of  dynamics  ;  but  it  appears  that,  in  order  to 
the  produdlion  of  a  material  univerfe  which  fliould  ac- 
compllih  the  purpofes  of  the  Creator,  it  was  neceffary 
that  there  be  certain  charaaeridic  differences  between 
the  forces  inherent  in  the  various  colleaions  of  matter 
which  compofe  this  univerfe.  The  faas  or  phyfical 
laws  (for  the  above-mentioned  laws  are  metaphyfical) 
of  motion  may  be  different  from  thofe  which  would 
have  been  obferved  had  matter  been  left  entirely  to  it¬ 
felf.  This  difference  may  have  introduced  other  laws 
of  motion  as  neceffarily  refulting  from  the  nature  of 
the  forces.  We  have  occafionally  mentioned  fome  in- 
dances  where  this  appears  to  obtain,  but  gave  good  rea- 
fons  for  affirming,  that  a  due  examination  of  all  circum- 
dances  which  may  be  obferved  in  the  produaioii  or  va¬ 
riation  of  motion  by  thofe  forces,  has  demondrated  that 
there  are  no  fuch  deviations  from  the  two  laws  of  mo¬ 
tion  already  determined,  but  that  all  the  mechanical 
powers  of  bodies,  when  confidered  merely  as  cailfes  of 
motion,  afl  agreeably  to  the  fame  laws.  Careful  exa- 
ml  nation  was,  however,  faid  to  be  neceffary. 

This  examination  muff  confifl  in  diftindlly  noticing 
the  circumdaiices  that  occur  in  the  produftion  of  mo¬ 
tion  by  any  force  whatever.  It  is  by  no  means  enough 
to  date  fimply  the  intenfity  of  the  force  and  the  direc¬ 
tion  of  its  exertion.  If  a  force  continue  to  a6l,  it  con¬ 
tinues  to  vary  the  motion  already  produced.  Should 
the  force  change  its  intenfity  or  direftion  while  it  is 
ailing,  thefe  circumdaiices  mud  induce  dill  farther 


changes  in  the  motion  ;  and  it  is  not  till  ail  afbon  has  Of  Acede. 
ceafed  that  the  motion  Is  brought  to  Its  odenfible  date, 
ill  which  it  is  the  objefl  of  our  attention  and  our  fu- 
ttire  difcuffions.  Indances  of  the  effedls  of  fuch  con- 
tinned  and  fuch  varied  avdions  are  to  be  feen  in  mod 
of  the  phenomena  of  nature  or  art.  The  communica¬ 
tion  of  motion  by  impulfe  Is  perhaps  the  only  indance 
(very  frequent  indeed)  that. can  be  produced  where  this 
is  not  necelTary  :  Nay,  we  fiiall  perhaps  find  reafoii  to 
conclude,  that  this  iadanceis  not  an  exception,  and  that 
even  the  communication  of  motion  from  one  billiard 
ball  to  another  Is  brought  about  by  an  adlloii  conti¬ 
nued  for  fome  time,  and  greatly  varied  during  that 
time.  Much  preparation  Is  therefore  neceffary  before 
we  can  apply  the  general  laws  of  motion  to  the  folution 
ol  mod  of  the  qutdions  which  come  before  us  in  the 
coiirfc  even  our  elementary  difquifitions.  We  mud 
lay  down  fome  general  propofitions  which  determine 
the  refults  of  the  continued,  and  perhaps  varied,  adions 
of  moving  forces  ;  and  we  mud  mark  the  different  ef- 
fe6ls  of  the  fimple  continuation  of  a6lion,  and  alfo  thofe 
of  the  variations  in  this  continued  adlion,  both  in  re- 
fpe<d  of  intenfity  and  direcTion.  The  effetd  of  a  mere 
continuance  of  a£lion  mud  be  an  acceleration  of  the 
motion  ;  or  a  retardation  of  it,  if  the  force  continue  to 
aid  in  the  oppofitc  diredlon.  The  effed  of  the  conti¬ 
nued  adion  of  a  tranfverfe  force  mud  be  a  continual 
defledion,  that  is,  a  curvelineal  motion.  Thefe  mud 
therefore  now  occupy  our  attention  in  their  order. 

Of  Accelerated  and  Retarded  Motions. 

All  men  can  perceive,  that  a  done  dropped  f^o^i 
the  hand,  or  diding  down  an  uniform  dope,  has  itSftantial ex- 
motion  continually  accelerated,  and  that  the  motion  ofpofitiomf 
an  arrow  rifing  perpendicularly  through  the  air  is  ■ 

tinually  retarded  ;  and  they  feel  no  difficulty  in  concei-“°"^V 
vliig  thefe  changes  of  motion  as  the  effeds  of  the  con- body  ‘ 
tinual  operation  of  their  weight  dr  heavinefs.  The  falling  in  refpeA  | 
done  is  in  a  different  condition  in  refped  of  motion  in^"  motion.  | 
the  beginning  and  the  end  of  its  fall.  In  what  refped  do  j 

thefe  Hates  of  the  body  differ?  Only  in  refped  to  what 
we  call  its  ve/ocity.  This  is  an  affedion  of  motion  ;  it  | 

is  an  expreffion  of  the  relation  between  the  two  notions 
or  ideas  wffiicli  concur  to  form  the  idea  of  motion  ; 
namely,  the  fpace  and  the  time.  Thefe  are  all  the  cir- 
cumftances  that  we  obferve  in  a  motion.  Time  elapfes, 
and  during  its  currency  a  fpace  is  deferibed-  The 
term  velocity  expreffes  the  magnitude  of  the  fpace  which 
correfponds  to  fome  unit  of  time.  Thus,  the  rate  of  a 
(hip’s  motion  is  determined,  when  we  fay  that  it  is  nine  I 

miles  in  an  hour,  or  nine  miles  per  hour.  We  fome- 
times  fay  (but  aukwardly)  “The  motion  is  at  the  rate,  | 

or  with  the  velocity,  of  a  mile  in  three  days.”  It  is  mod  , 

conveniently  exprelTed  by  a  number  of  fome  given  units  | 

of  length,  which  completely  make  up  the  line  deferibed 
during  this  unit  of  time.  But  the  mechanicians  ex¬ 
prefs  it  in  a  way  more  general  by  a  fradion,  of  which 
the  numerator  is  a  number  of  inches,  feet,  yards,  fa¬ 
thoms,  or  miles,  and  the  denominator  is  the  number  ot 
feconds,  minutes,  or  hours,  employed  in  moving  along 
this  line.  This  is  a  very  proper  expreffion  ;  for  when 
we  fpeak  of  any  velocity,  and  continue  to  reafon  from 
it,  wc  conceive  ourfelves  to  fpeak  of  fomething  that  re¬ 
mains  the  fame,  in  the  different  occafions  of  ufirig  the 
term.  Now  if  the  velocity  be  candant,  it  is  indifferent 

how 


of  Accele.  bow  long  the  line  may  be;  becaufe  the  time  of  its  de¬ 
rated  and  fcription  will  be  lengthened  in  the  hmie  proportion. 

Thus  if  48  feet  be  defcribed  in  12  lecoruls,  36  feet 
will  be  defcribed  in  9  feconds,  1 6  feet  will  be  defcribed 
in  4  feconds,  &c.  Now  1 and  */,  are  fradions 
of  equal  value,  being  equal  to  or  that  is,  to  the 
velocity  of  4  feet  per  fecond.  The  value  of  this  frac¬ 
tion,  or  the  quotient  of  the  number  of  the  units  of 
length,  divided  by  the  number  of  units  of  time,  is  the 
♦  number  of  thofe  units  of  length  defcribed  uniformly  in 

one  unit  of  time. 

Magnitude  But  how  fhall  we  determine  the  velocity  of  any  inllant 
i)f  a  velo-  or  ill  any  point  of  a  motion  that  is  continually  changing? 

wluch^we  ^  we 

have  no  afcertain  its  velocity  in  that  point  of  its  fall,  or 

tual  mea-  the  velocity  which  it  has  in  pafiing  through  th«a  point  ? 
(ure.  In  the  next  fecond  the  body  falls  M2  feet  farther. 
This  cannot  be  the  meafure  of  the  velocity  at  the  be¬ 
ginning  of  the  fourth  or  the  end  of  the  third  fecond.  It 
IS  too  great.  The  fall  during  the  preceding  fecond 
was  80  feet.  This  is  too  fmall.  The  mean  of  thefe 
8o4-ii2  192  . 

two,  or - ^ - ,  ==  ==  96,  IS  probably  more  ex- 

Due  attention  to  the  nature  of  this  motion  fliews 
us,  that  96  is  the  proper  meafure,  or  that  the  motion 
at  that  inftant  is  at  the  rate  of  96  feet  per  fecond.  But 
.  it  is  peculiar  to  this  kind  of  motion  that  the  half  fiim 

ot  the  fpactJs  defcribed  in  two  fucceeding  equal  mo¬ 
ments  is  the  meafure  of  the  velocity  in  the  middle  iu- 
ftaiit.  Therefore  this  method  will  not  generally  give 
an  accurate  meafure.  Yet  it  is  indifpenfably  iiecehary 
to  obtain  fame  accurate  meafure  ;  for  it  is  in  this  par¬ 
ticular  alone  that  the  Ihte  of  the  body  differs  from  its 
fimilar  ffate  in  another  inftant.  The  difference  of  place 
makes  no  diftimftion  ;  for  if  a  body  continue  its  motion 
unchanged,  its  condition  in  every  different  inftant  of 
time,  or  point  of  fpace,  is  unchanged  or  the  fame.  The 
change  of  place  is  not  a  change  of  motion,  but  is  in¬ 
volved  in  the  very  conception  of  the  continuation  of  the 
motion.  The  change  of  condition  confifts,  therefore, 
in  the  change  of  velocity  .  Therefore  the  change  of  ve¬ 
locity  is  the  only  indication,  and  the  only  meafure  of 
the  a<ftion  (perhaps  accumulated)  of  the  changing  force. 
Jt  is  therefore  the  chief  objedf  of  our  fearch  ;  and  accu¬ 
rate  ineafures  of  velocity  are  abfolutely  neceffary. 

When  the  velocity  changes  continually,  tliere  can  be 
no  athml  meafure  of  it.  In  what  then  does  the  mag¬ 
nitude  of  a  velocity  confift,  when  there  is  no  aftual  mea- 
fiire  of  it?  It  is  a  certain  undefcribable  determina¬ 
tion  ;  by  which,  if  not  changed,  a  certain  fpace  ^ould 
be  uniformly  defcribed  in  a  given  unit  of  time.  Thus 
we  know,  that  if,  when  a  ftoiie  has  fallen  16  feet,  its 
motion  be  Jireded  along  a  horizontal  plane,  without 
diminution,  it  w'ill  move  on  for  ever  at  the  rate  of 
Momenta-  8  2  feet  per  fecond.  The  fpvrce  which  would  be  thus 
ry  pro:M)r  defcribed  is  not  the  velocity,  but  the  meafure  of  the  ve- 
tion  of  VC-  locity.  But  the  proportions  of  thofe  fpaces,  being  the 
proportions  of  thofe  meafures,  are  the  proportions  of 
nually  velocities  themfelves.  We  may  difeover  thefe  pro- 

changluQT.  portions  in, the  following  manner  : 

Jimdamcn.  Let  ACG  (hg.  13.)  be  a  line  defcribed  by  a  body 
in  ^  motion  anyhow  continually,  but  gradually,  va- 
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Axiom. — If  A  be  to  B  in  a  ratio  that  is  greater  than  Of  Accele^ 
any  ratio  lefs  than  that  of  C  to  D,  but  lefs  than  any  ratio  j”? 
greater  than  that  of  C  to  D,  then  A  is  to  B  as  C  to  D.»  ^Stions. 

Take  the  ftraight  line  a  c  g  to  reprefent  the  time  of  ^ 
the  body’s  motion  along  ACG,  fo  that  the  points  a,  Cy 
fy  gf  may  reprefent  the'inftants  of  time  in  which  the 
body  paftes  through  the  points  A,  C.  F,  G  ;  and  the 
portions  ^  c,  c  f,  f  g,  of  the  line  a  g,  may  reprefent  the 
times  employed  in  deferibing  the  portions  AC,  CF, 

FG  ;  and  therefore  ^  ^  is  to  <2^*  as  the  time  of  deferi¬ 
bing  AC  to  the  time  cf  deferibing  AF. 

Moreover,  let  b  k  n  0  be  a  line  fo  related  to  the 
ftraight  line  c  f  gy  by  the  perpendicular  ordinates  a  by 
c  kyfn,  g  Oy  and  the  areas  a  c  k  by  a  f  n  by  a  g  n  by  may 
be  proportional  to  the  portions  AC,  AF,  AG,  of  the 
line  defcribed  by  the  moving  body  ;  and  let  tin's  rela¬ 
tion  be  true  with  refpedf  to  every  point  B,  D,  E,  6cg. 
and  the  cc'rrefpouding  points  by  dy  e,  &:c. 

Then  it  is  affirmed,  that  tbe  •velocUy  in  ibe  point  C  is: 
to  tbe  velocity  in  tbe  point  Y  as  c  k  is  to  f  n. 

Let  the  equal  lines  h  Cy  c  dy  e  fyf  g,  reprefent  equal 
moments  of  time,  and  let  B,  D,  E,  G,  be  the  points 
through  which  the  body  is  paffiiig  at  the  iiiflants  by  dy 
eg.  Then  tbe  areas  b  i  b  Cy  c  k  I  dy  e  m  nfyf  n  0  gy  will 
reprefent,  and  be  proportional  to,  the  fpaces  BC,  CD, 

EF,  FG,  which  are  defcribed  during  the  moments  b  Cy 

Draw  t  p  parallel  to  a  gy  fo  as  to  make  the  re6langle 
htpc  equal  to  the  trapezium  hi  k  c  'y  and  draw  tbe  lihes 
q  Vy  u  Ty  s  Xy  ill  tile  fame  manner,  fo  tliat  each  redanglc 
may  be  equal  to  its  correfponding  trapezium. 

If  the  motions  had  been  uniform  during  the  mo¬ 
ments  b  c  and  f  gy  that  is,  if  the  fpaces  BC  and  FG  had 
been  uniformly  defcribed,  then  the  velocity  in  tbe  point 
C  w'ould  have  been  to  the  velocity  in  the  point  F  c p 
to  f  s  For  fince  the  rectangles  b  t p  c  and  f  s  x g  are  re- 
fpcctively  equal  to  the  trapeziums  bike  and  f  n  og;  and 
fince  b  i  k  c  h  to  f  71  0  g  as  BC  is  to  FG,  the  rectangle 
htpc  is  to  the  rectangle  f  s  x  g  BC  to  FG.  But 
becaufe  thefe  two  rectangles  have  equal  altitudes  h  c 
and  f  gy  they  are  to  each  other  in  the  proportion  of 
their  bafes  c p  and  g  x,  or  c  p  and  f  s.  Therefore  BC  is 
to  ¥G  c  p  to  f  s,^  But  if  BC  and  FG  are  uniformly 
defcribed  in  equal  times,  they  are  proportional  to  the 
velocities  of  thofe  uniform  motions.  Therefore  cp  is 
to  f  s  as  the  velocity  wuth  which  BC  is  uniformly  de- 
cribed  to  the  velocity  with  which  FG  is  uniformly  de-- 
feribed  in  an  equal  time. 

But  the  motion  expreffed  by  the  figure  is  not  uni¬ 
form,  becaufe  the  line  bio  recedes  from  the  axis  a  gy 
and  the  areas,  cut  off  by  the  parallel  ordinates,  increafe 
in  a  greater  proportion  than  the  correfpondisig  parts  of 
the  axis  ;  that  is,  the  fpaces  increafe  falLr  than  the 
times  :  for  the  moments  h  Cy  c  dy  efy  f  gy  being  alfiequal, 
it  is  evident  that  the  correfponding  flips  of  the  area  con¬ 
tinually  augment.  The  motiejn  is  fwnfter  at  the  inftant 
c  than  at  the  inftant  and  the  velocity  at  the  inftant  c 
\s  greater  tlian  that  with  wdiich  the  fpace  BC  would  be 
uniformly  defcribed  In  the  fame  time.  For  the  fame 
reafon,  the  velocity  at  the  inftant  f\s  lefs  than  that  with 
which  the  fpace  FG  would  be  uniformly  defcribed  hi 
the  fame  time.  Therefore  the  velocity  at  the  inftant  c 


chanical  *  it  be  required  to  determine  tbe  propor-  is  to  the  velocity  at  the  inftant /in  a  greater  ratio  th’an 

tion  of  the  velocity  in  any  point  C  to  the  velocity  in  that  of  cp  to  f  s.  In  the  very  fame  manner,  it  will 
any  other  point  F.  appear  by  comparing  the  motion  during  the  moment 
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c  d  with  the  motion  during  the  moment  ef^  that  the  ve¬ 
locity  at  the  inflant  r  is  to  the  velocity  at  the  inftant/ 
in  a  lefs  ratio  than  that  of  r  5^  to/r. 

Therefore  the  velocity  in  the  point  C  is  to  the  velo¬ 
city  in  the  point  F  in  a  greater  ratio  than  that  oi  c  p  X.o 
fs\  but  in  a  lefs  ratio  than  that  oi  c  q  to/r.^ 

But  by  cor.linually  diniiniihing  the  equal  moments 
h  c  d,  ef,  fgi  it  is  evident  that  c p  and  cq  continually 
approach  to  equality  with  c  k }  and  j* r  andy  continual¬ 
ly  approach  to  equality  with  J' ft y  that  when  c p  is  lefs 
than  c  kyfs  IS  greater  than/ //,  and  when  c  q  is  greater 
than  c  hy  f  r  is  lefs  tlian/n. 

Therefore  the  velocity  in  the  point  C  is  to  the  velo¬ 
city  in  the  point  F  in  a  ratio  that  is  greater  than  the 
ratio  of  any  line  lefs  than  r  ^  to  any  line  greater  than 
/«,  but  which  is  lefs  than  the  ratio  of  any  line  greater 
than  r  i  to  any  line  lefs  than  /  w.  Therefore  the  ratio 
of  the  velocity  in  C  to  the  velocity  in  F  is  greater  than 
any  ratio  that  is  lefs  than  that  of  c  k  to  f  but  it  is  lefs 
than  any  ratio  that  is  greater  than  that  of  c  h  to  /«. 
Therefore  the  velocity  in  the  point  C  is  to  the  velocity 
in  the  point  F  as  r  i  to/ 

This  important  theorem  may  be  exprefied  in  more 
general  terms  as  follows  ; 

'If  the  abjc'ijfa  2i  g  of  a  line  h  k  o  reprefeni  the  time  of 
any  mofton,  and  if  the  areas  hounded  by  parallel  ordinates 
le  propcrtional  to  the  f paces  deferibedy  t!^  ordinates  are 
proportional  to  the  velocities. 

Remark.  The  propriety  or  aptitude  of  exprefling 
the  time  by  the  portions  of  the  axis  a  c gy  wnll,  perhaps, 
appear  mora  clearly  in  the  following  manner. 

Let  a  c  g  any  llraight  line,  and  h  k  v  be  ano¬ 
ther  line,  ftraight  or  curved.  Let  the  llraight  line  a  h  », 
perpendicular*  to  a  g,  be  carried  uniformly  down  along 
this  line,  keeping  always  perpendicular  to  it,  and  there¬ 
fore  always  parallel  to  its  firft  pofitiou  a  h  %,  In  its 
various  fituatioiis  c  k  %y  e  m  si,  ScQ,  it  will  cut  off  areas 
ac  k  hy  a  e  m  hy  &c.  bounded  by  the  axis  by  the  ordi¬ 
nates  a  h  and  c  ky  or  by  the  ordinates  a  h  and  c  m,  &:c. 
and  by  the  line  h  k  g.  By  this  motion  the  moveable  or¬ 
dinate  is  faid,  in  tlie  language  of  modern  geometry,  to 
generate  the  areas  ac  k  h,  a  em  hy  See,  At  the  fame 
time,  let  a  point  A  move  along  the  line  ACG,  fetting 
out  from  A  at  the  inffant  when  the  line  a  a  fets  out 
from  a  ;  and  let  the  motion  of  the  point  A  be  fo  re¬ 
gulated,  that  the  fpaces  AB,  AC,  AD,  &c.  gerierated 
by  this  motion,  may  increafe  at  the  fame  rate  with  the 
areas,  a  by  i  hy  a  c  k  hy  a  d  !  h.  See,  or  fuch  that  we  lhall 
have  AB  to  AC  as  3  i  h,  to  a  c  k  h,  Sec,  It  is  plain, 
that  the  motion  along  AG  is  the  fame  with  that  defcri- 
bed  in  the  enunciation  of  the  propofition  :  for  becaufe 
the  motion  of  the  ordinate  a  along  the  axis  a  gy  is 
fuppofed  to  be  uniform,  the  fpaces  aby  a  Cy  ady  Sec,  are 
proportional  to  the  times  in  wdiich  they  are  deferibed, 
and  may  therefore  be  taken  to  meaiure  or  to  reprefeiit 
thofe  times.  ’ 

Cor.  I.  In  a  motion  continually  variedy  the  velocities 
in  the  different  points  of  the  path  are  to  each  other  in 
the  limiting  or  ultimate  ratio  of  the  fpaces  defcr'tbed  in 
equal  timesy  thofe  times  being  fuppofed  to  diminifli  con¬ 
tinually  :  for  it  is  evident,  that  if  the  equal  moments 
b  Cy  €  dy  ^fyfgy  are  fuppofed  to  dimiiiifh  continually, 
till  the  inftants  b  audd  coalefce  with  r,  and  the  inllants 
€  and  g  coakfee  with /;  then  the  ratio  of  c  k  to  f  n  h 


the  limit  of  the  continually  increafing  ratio  of  c p  to fsy^i  Accek, 
or  of  the  continually  dimmifhing  ratio  of  cq  to fr.  Sir 
Ifaac  Newton  calls  this  the  ultimate  ratio  of  c  p  to  f  Sy  Motions, 
or  of  f  y  to  /  r,  Now^  the  ratio  oi  c  p  to  f  s  is,  by  con-  u— y— ^ 
ftrudion,  the  fame  with  the  ratio  of  the  re61angle  btpc 
to  the  reftangle / s  x  gy  and  the  ratio  oi  c  q  to  f  r  is  the 
fame  with  the  ratio  ot  the  re£langle  c  q  v  d  to  the  rec¬ 
tangle  e  u  r  f.  But  the  ratio  of  the  redanglc  b  t  p  c  to 
the  redlangle  f  s  x  g  \s  the  fame  with  the  ratio  of  the 
fpace  b'tkc  to  the  fpace  fnog;  that  is  (by  hypothefis), 
the  fame  with  the  ratio  of  the  fpace  BC  to  the  fpace 
FG  ;  and  the  ratio  of  the  rcdlangles  c  q  v  d  and  eur  f 
is  the  fame  wnth  that  of  the  fpaces  CD  and  EF.  'There¬ 
fore  the  ratio  of  the  velocity  at  C  to  the  velocity  at  F 
is  the  fame  with  the  ultimate  ratio  of  the  fmall  incre¬ 
ments  BC,  FG,  or  CD,  EF  of  the  fpaces  generated  in 
very  Tmall  and  equal  times. 

It  is  alfo  evident,  that  becaufe  the  ratio  of  r  k  to  f  n 
is  the  limit  both  of  the  ratio  of  c  p  to  f  s  and  of  the 
ratio  of  f  y  to /;*,  thefe  ultimate  ratios  are  the  fame, 
and  that  we  may  fay  that  the  velocity  in  C  is  to  the  ve¬ 
locity  in  F  in  the  ultimate  ratio  of  BC  to  EF,  or  in  the 
ultimate  ratio  of  CD  to  FG. 

We  alfo  can  eafily  perceive,  that  the  ratio  of  the 
area  b  i  k  c  to  the  area  e  m  nf  approaches  more  near  to 
the  ratio  oicktofnas  we  take  the  moments  b  c  and 
e/fmaller.  Therefore,  in  many  cafes  of  praAice,  where 
it  may  be  eafy  to  meafure  the  fpaces  deferibed  in  the 
different  fmall  moments  of  the  motion,  but  difficult  to 
afeertain  their  ultimate  ratio,  fo  as  to  obtain  accurate 
meafures  of  the  proportions  of  the  velocities,  we  may 
reduce  the  errors  of  meafurement  to  fometliing  very  in- 
fio-nificant,  by  taking  thefe  moments  extremely  fmall  ; 
and  we  fhall  dimiiiiih  the  error  Hill  more,  hy  taking  the 
proportion  of  the  half  fuin  of  BC  and  CD  to  the  half 
fum  of  EF  and  FG  for  the  proportion  of  the  velocities 
in  C  and  F. 

It  often  happens  that  we  have  it  not  in  our  power  to 
compare  the  fpaces  deferibed  in  fmall  moments  which 
are  precifely  equal.  Still  we  can  find  the  exact  pro¬ 
portion  of  the  velocities,  if  we  can  afeertain  the  ultimate 
ratio  of  the  increments  of  the  fpaces,  and  the  ultimate 
ratio  of  the  moments  of  time  in  which  thefe  increments 
are  deferibed  :  for  it  is  plain,  by  confiderlng  the  gradual 
approach  of  the  points  p  and  r  to  the  points  k  and 
that  the  ratio  oi  c  k  to  f  n  is  ftill  the  ultimate  ratio  of 
the  bafes  of  reiffangles  equal  to  the  mixtillneal  areas, 
whether  the  altitudes  (reprefentlng  the  moments)  are 
equal  or  not.  Now  the  bafes  of  two  redlangles  aie  in 
the  proportion  of  the  rediangks  direcSlly,  and  of  their 
altitudes  inverfely.  But  the  ultimate  ratio' of  the  alti¬ 
tudes  is  the  ultimate  ratio  of  the  moments,  and  the  ul¬ 
timate  ratio  of  the  retlangles  is  the  ultimate  ratio  of  the 
fpaces  deferibed  in  thofe  unequal  moments.  Therefore, 
in  fuch  cafes,  we  have. 

Cor.  2.  The  velocities  are  in  the  ratio  compounded  of  74, 
the  direct  ultimate  ratio  of  the  momentary  increments  of  the 
fpaces y  and  the  inverfe  ultimate  ratio  of  the  increments  ( or 
moments )  of  the  times  in  which  thefe  increments  of  the  fpa¬ 
ces  are  made,  • 

If  X,  Vy  and  /,  are  taken  to  reprefent  the  inagnitudes 

of  the  fpaces,  velocities,  and  times,  and  if  x,  Vy  and 
are  taken  always  in  the  limiting  or  ultimate  ratio  of 
their  momentary  increments,  we  (hall  have  v  always  in 

the 
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exprefs  this  by  the  proportional  equation  v  ==i.,  which 

'  "  ^ ^  ^  y 

is  equivalent  to  the  analogy  V  :  ‘V  ,  or  V  ;  v 

.  'Vi 

z=:  S  t  :  sT. 

75.  N',  B.  Here  obferve,  that  this  is  not  the  only  way  of 

flating  the  relation  of  fpace  and  time — the  abfeifTa  may 
be  made  the  time,  and  the  ordinate  the  fpace;  then  the 

velocity  ::z:JL. 

a 

The  converfe  of  this  propofition  may  be  thus  ex- 
^  preffed. 

Converfe  If  the  axis  ^  g  0/  the  line  h  k  o  reprefent  the  time  of  a 
theorem,  ^varied  motion  along  the  line  AG,  and  if  the  ordinates  a  h, 
b  i,  c  k,  he  as  the  velocities  in  the  injlants  a,  b,  c,  or 
in  the  points  A,  B,  C  ;  then  the  areas  a  b  i  h,  a  ckh, 
a  1 1  h,  life*  are  probortional  to  the  f paces  AB,  AC,  AH, 

This  may  be  demonftrated  in  the  fame  way  with  the 
former  ;  but  the  indireil  demoniiration  is  more  brief, 
and  equally  llridl:. 

If  the  fpaces  AC,  AF,  are  not  proportional  to 
the  areas  ackh^  afnhy  See.  they  are  proportional  to 
fome  other  areas  a  c  h  h' ,  a f  n  if  See.  which  are  bound¬ 
ed  by  the  fame  ordinates,  and  by  another  line  // h  n\ 
But  becaufe  the  areas  ackh'y  afn'b'y  See.  are  always 
proportional  to  the  fpaces  AC,  AF,  &c.  deferibed  on 
the  line  AG,  the  velocity  in  the  point  C  is  to  the  velo¬ 
city  in  the  point  F  as  the  ordinate  ch  is  to  the  ordinate 
fn\  But,  by  hypothefis,  the  velocity  in  C  is  to  the 
velocity  in  F  as  ri  to/w,  and  f  n'  is  equal  tofn;  which 
is  abfurd.  Therefore  the  fpaces  AC,  AF,  are  not  pro¬ 
portional  to  any  other  areas,  &c. 

77*  Cor.  The  ultimate  ratio  of  the  momentary  increments  of 

the  fpaces  is  compounded  of  the  ratio  of  the  velocities  y  and 
the  ultimate  ratio  of  the  increments  of  the  times  :  for  when 
the  moments  ef  are  equal,  it  is  evident  that  the 
idtimate  ratio  of  the  redlangles  h  c pty  efru  is  the  fame 
with  the  ultimate  ratio  of  the  increments  of  tlie  fpaces. 
But  the,  ultimate  ratio  of  thefe  reiffangles  is  the  kime 
with  their  bafes  and  fr;  that  is,  the  ratio  of  ^ 
to  f «,  that  is,  the  ratio  of  the  velocities.  And  when 
the  moments  are  unequal,  the  ratio  of  the  redlangles  is 
compounded  of  the  ratio  of  their  bafes  and  the  ratio 
of  their  altitudes  ;  that  is,  compounded  of  the  ratio  of 
the  velocities  and  the  ultimate  ratio  of  the  moments  of 
time. 

We  have,  therefore,  S  :  j-  VT  :  viy  and  s  v  t. 

It  moll  commonly  liappens,  that  we  can  only  obferve 
the  accumulated  refiilts  of  varied  motions;  and  in  them, 
we  only  obferve  a  fpace  palfed  over,  and  a  certain  por¬ 
tion  of  time  that  has  elapfed  dining  the  motion.  But 
being  able  to  dilltnguifli  the  portions  of  the  whole  fpace 
which  are  deferibed  in  known  portions  of  the  whole 
time,  and  having  mode  fuch  obfervations  in  feveral  parts 
of  the  motion,  we  difeover  the  general  law  that  the  mo¬ 
tion  afFedls,  and  we  affirm  this  law  to  hold  univerfaljy, 
even  though  wx  have  not  obfcfved  it  in  every  point. 
We  do  this  with  a  degree  of  probability  and  confidence 
proportioned  to  the  frequency  of  our  obfervation.  It 
is  not  till  we  have  done  this  that  we  can  make  ufe.  of 
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the  firll  of  thefe  two  propofitions,  which  enables  us  to  Of  Accele- 
afeertain  the  velocity  of  the  motion  in  its  different  mo¬ 
ments.  Thus  if  we  obferve,  that  a  Hone  in  falling  de- 
feends  one  foot  in  the  quarter  of  a  fecond,  16  feet  in  a 
fecond,  64  feet  in  two  feconds,  and  144  feet  in  three 
feconds  ;  the  general  law  immediately  obferved  is,  that 
the  fpaces  deferibed  are  as  the  fquares  of  the  times  V* 
for  I  is  to  16  as  the  fqiiare  of  ^th  to  the  fquare  of  1. 

Again,  16  is  to  64  as  to  2^  ;  and  16  is  to  144  as  1* 
to  3^.  Flence  we  infer,  with  great  probability,  that 
the  (lone  would  fall  36  feet  in  a  fecond  and  a  half ;  for 
16  is  to  36  as  V  to  \l^ ;  and  we  conclude  in  the  fame 
way  for  all  other  parts  of  the  motion. 

This  imniediaie  obfervation  of  the  analogy  between  A  good  ex- 
the  ipaces  and  the  fquares  of  the  times  fuggefts  an 
determination  of  the  velocity  in  this  particular  kind 
motion;  rod  it  merits  particular  notice,  being  very  often thod. 
referred  to.  We  can  take  ^  ^  to  reprefent  the  time  ; 
and  then,  becaufe  the  areas  which  are  to  reprefent  the 
fpaces  dclcribed  mull  be  proportioned  to  the  fquares  of 
the  portions  of  agy  we  perceive  that  the  line  which 
comes  in  place  of  h  h  0  mull  be  a  (Iraight  line  drawn 
from  a*  For  example,  the  flraight  line  a  S  y.  For  this 
is  the  only  boundary  which  will  give  areas  ah  Sty  a  c 
adf  See.  proportional  to  a  ac^y  a  &c.  And  we 
perceive  that  any  ilraight  line  drawn  from  a  will  have 
this  property. 

Having  thus  got  our  reprefentations  of  the  times  and 
the  fpaces,  we  fay,  on  the  authority  of  our  theorem, 
that  the  velocity  at  the  inftant  b  is  to  the  velocity  at 
the  inllant  J  as  to  d  ^y  See.  And  now  we  begin  to 
make  inferences,  purely  geometrical,  and  exprefs  our 
difeovery  of  the  velocities  in  a  very  general  and  fimple 
manner.  We  remark,  that  h  (h  is  lo  d  s  a  b  h  to  a  d ; 
and  we  make  the  fame  affirmation  conceiTiing  the  mag¬ 
nitudes  reprefented  by  thefe  lines.  We  fay  that  the 
velocity  at  the  inflaiit  h  is  to  the  velocity  at  the  inftant 
d  as  the  time  ah  is  to  the  time  a  d.  We  fay,  in  terms 
ftill  more  general,  that  the  velocities  are  proportional  to 
the  times  from  the  beginning  of  the  motii)n.  We  more¬ 
over  perceive,  that  the  fpaces  are  alfo  proportional  to 
the  fquares  of  the  acquired  velocities  ;  or  the  velocities 
are  as  the  fquare  roots  of  the  fpaces. 

We  can  farther  infer,  from  the  properties  of  the  tri¬ 
angle,  that  the  momentary  increments  of  the  fpaces  arc 
proportional  to  the  momentary  increments  of  the  fquares 
of  the  times,  or  of  the  fquares  of  the  velocities. 

AVe  alfo  obferve,  that  not  only  the  whole  acquired 
velocities  are  proportional  to  the  whole  elapfed  times, 
but  that  the  iccrements  of  the  velocities  are  propor¬ 
tional  to  the  times  in  which  they  are  acquired  ;  for  yr  y. 
is  to  p  9  2iS  he  to  dfy  See.  Fqiial  increments  of  velocity 
are  therefore  acquired  in  equal  times.  Therefore  fuch 
a  motion  may,  in  great  propriety  of  language,  be  deno-^ 
minated  a  uniformly  accelerated  motion  ;  that 
is,  a  motion  in  vahich  nue  obferve  the  fpaces  proportioned  to 
the  fquares  of  the  times  y  is  a  motion  uniformly  accelerated  ; 
and  fpaces  in  the  duplicate  ratio  of  the  times  form  the  of¬ 
ten  fible  charadleriftic  of  an  uniformly  accelerated  motion. 

Laftly,  if  we  draw  i  \  parallel  to  the  axis  a  by  we  per-  7^.,. 
ceive  that  the  redlangle  ae  ^  x\%  double  of  the  triangle 
a  ef.  Now  becau-fc  a  e  repref^nts  the  time  of  the  mo¬ 
tion,  and  e.f  reprefents  the  acquired  velocity,  the  rec¬ 
tangle  <3  ^  *  x  will  reprefent  the  fpace  which  would  be 
unifoj  raly  deferibed  with  the  velocity  e «  during  the  time 
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ae.  But  tKe  triangle  iZ/?*  reprefents  tbe  fpace  really 
defcribed  with  the  uniformly  accelerated  motion  during 
the  fame  time.  Hence  vve  infer,  that  the  fpace  that  is 
deferibed  in  any  time,  with  a  motion  increafing  uniform¬ 
ly  from  nothing,  is  onedialf  of  tlie  fpacj^  wliich  would 
be  uniformly  deferibed  during  the  fame  time  with  the 
final  velocity. 

Thefe  are  but  a  part  of  the  inferences  which  we  may 
draw  from  the  geometrical  properties  of  thofe  rcprelen- 
tations  wliich  vve  liad  feledttd  of  the  different  rneafure- 
able  affedions  of  motion.  We  may-afTivm,  with  refped 
to  the  motions  themfelves,  all  the  inferences  which  re¬ 
late  to  magnitude  and  proportion,  and  thus  improve  our 
knowledge  of  the  motions. 

We  took  the  opportunity  of  this  very  fimple  and 
perfpicuous  axample,  to  give  our  young  readers  a  juft 
concej)tion  of  the  tnatbematical  mdhod  of  profccuting 
mechanical  knowledge,  and  t(,)  make  them  fenlible  of 
the  i!nqueftional)le  authority  for  every  theorem  deduced 
ill  this  manner. 

One  of  the  mod  important  is,  to  -difeover  the  accu¬ 
mulated  refult  of  a  motion  of  wdiich  we  only  oblerve  the 
mon'ientary  increments.  This  is  to  be  done  b)  finding 
the  area,  or  portions  of  the  area,  of  the  mixtiiineal  fpace 
a  ^  oh  \  and  it  is  evidently  analogous  to  the  inverfe  me¬ 
thod  of  fluxions,  or  the  integral  calculus. 

In  moft  cafes,  we  muft  avail  ourfelves  of  the  corolla¬ 
ry  s  ^  V  /,  and  we  obtain  the  folution  of  our  queftion 
only  jn  the  cafes  where  our  knowledge  of  the  quanti- 
tiesi,  /,  and  1;  (confidered  as  geometrical  magnitudes, 
that  is,  as  lipes  and  furfaces),  enables  us  to  difeover 
^  and  t. 

t 

Of  Accelerating  and  Retarding  Forces., 

Having  thus  difeovered  the  proportions  of  the  ve¬ 
locities  in  motions  varying  in  any  manner  whatever,  v/e 
oan  obferve  the  variations  which  happen  in  them.  Thefe 
variations  are  the  effeds,  and  the  only  marks  and  mea- 
fures,  of  the  changing  forces.  They  are  the  charadte- 
riftics  of  their  kinds  (confidered  merely  as  moving  for¬ 
ces)  ;  that  is,  the  indications  of  the  diredions  in  which 
they  ad;  for  this  is  the  only  difference  in  kind  of  which 
they  are  fufceptiblc  in  this  general  point  of  view.  If 
tlit;y  increafe  the  velocity,  their  diredion  muft  be  con¬ 
ceived  as  the  fame  with  that  of  the  previous  motion  ; 
becaufe  the  refult  of  the  adion  of  a  force  is  equivalent 
to  the  coinpofition  of  the  motion  which  that  force 
would  produce  in  a  quiefeent  body  with  the  motion  al 
readv  exifting  :  and  an  increafe  of  velocity  is  equivalent 
to  the  coinpofition  of  a  motion  in  the  fame  diredion. 

Havi  g  no  other  mark  of  the  force  but  the  accelera¬ 
tion,  we  have  no  other  name  for  it  in  the  abftrad  doc- 
triiies  of  dynamics,  and  we  call  it  an  acceleramng 
roRCE.  Had  it  retarded  the  motion,  we  fhould  have 
called  it  a  retarding  force. 

In  like  manner,  we  have  no  meafure  of  the  magnitude 
or  intaifity  of  an  accelerating  force,  but  the  acceleration 
which  it  produces.  In  order  therefore  to  inveftigate  the 
powers  which  produce  all  the  changes  of  motion,  we 
muft  endeavour  to  obtain  meafnres  of  the  acceleration. 

A  continua'  increafe  of  velocity  is  the  effed  of  the 
continued  adion  of  accelerating  forces.  If  equal  in¬ 
crements  of  velocity  are  produced  in  every  fucceeding 
equal  moment  of  time,  we  cannot  conceive  that  thefe  is 


any  change  in  the  accelerating  force.  Therefore  a  uni-  Of  \ccele. 
formly  accelerated  motion  is  the  mark  of  the  unvalued 
adion  of  an  accelerating  force,  that  is,  of  the  continued 

adion  of  a  conilant  force  ;  of  a  force  wdiofe  inteniity  is  1 _ ^ _ ^ 

always  the  fame.  When  therefore  w^e  obferve  a  body 
deferibe  fpaces  proportional  to  the  fquares  of  the  times, 
we  mull  infer  that  it  is  urged  forward  by  a  force  whofe 
iuteiifity  docs  not  change  ;  and,  on  the  other  hand,  a 
coiiftaiit  force  muft  produce  a  uniformly  accelerated  mo¬ 
tion  by  its  continued  adlion.  And  if  any  previous  clr- 
ciimftances  afture  us  of  this  continued  adlion  of  an  in- 
varied  force,  we  may  make  all  the  inferences  which  were 
mentioned  under  the  article  of  uniformly  accelerated  mo¬ 
tion.  8r 

That  force  muft  furely  be  accounted  double  which  '^'^cafurc  of 
produces  a  double  increment  of  velocity  in  -the 
time  by  its  uniform  adion,  w^e  can  form  no  other  efti-^^***^ 
mation  of  its  magnitude.  'And,  in  accelerating 

forces  miijl  he  accounted  proportional  to  the  increnunts  of  ve» 
locity  aohich  they  produce^  by  atiing  uniformly  during  the 
fame  or  equal  times, 

Suppofing  them  to  ad  on  a  body  at  reft.  Then  the 
velocity  produced  is  itfelf  the  increment  ;  and  we  muft 
fay,  that  accelerating*  forces  are  proportional  to  the  ve¬ 
locities  which  they  generate  in  a  body  in  equal  times. 

And  becaufe  we  found  (n  79.),  that  the  fpace  dtferi- 
bed  with  a  uniformly  accelerated  mation  is  half  the 
fpace  w*hich  would  be  uniformly  deferibed  in  the  fame 
time  with  the  final  velocity,  wdiich  fpace  is  the  dired 
meafure  of  this  velocity,  and  becaufe  halves  have  the 
fame  proportion  wdth  the  wholes — we  may  fay  that 
accelerating  forces  are  proportional  to  the  fpaces  through^'^^^^'^ 
niohich  they  Jmpel  a  body  from  rejl  in  equal  times  by  their^^^^ 
uniform  a^ian. 

This  is  an  important  remark  ;  becaufe  it  gives  us  an 
eafy  meafure  of  the  force,  without  the  trouble  of  fivft: 
computing  the  velocities.  It  alfo  givcs’us  the  only  dif- 
tir.d  notion  that  we  have  of  the  mtafurement  of  forces 
by  the  motions  w^hich  they  produce.  When  fpeaking 
of  the  compofition  of  forces,  we  diftinguifhed  or  deno¬ 
minated  them  by  the  fides  and  diagonal  of  a  parallelo¬ 
gram  Thefe  lines  muft  be  conceived  as  proportional  to 
the  fpaces  through  which  the  forces  urge  the  body  uni^ 
fonnly  during  the  fmall  and  infenfible  time  of  their  ac¬ 
tion,  which  time  is  fuppofed  to  be  the  fame  for  both 
forces  ;  for  the  fides  of  the  parallelogram  are  fuppofed 
to  be  feparately  deferibed  in  equal  times,  and  therefore 
to  be  proportional  to  the  velocities  generated  by  the 
conftituent  forces.  If  indeed  the  forces  do  not  ad  uni¬ 
formly,  nor  fimilarly,  nor  during  equal  times,  we  can¬ 
not  lay  (without  farther  inveftigation)  what  is  the  pro¬ 
portion  of  the  inteiifity  of  the  forces,  nor  can  we  infer 
the  compofition  of  their  adion.  We  muft  at  leaft  flip- 
pofe,  that  in  every  inftant  of  this  very  linall  time  of  their 
joint  adion,  their  diredion  remains  unchanged,  and  that 
their  intenfities  are  in  the  fame  ratio.  We  ihall  fee 
by  and  bye,  that  with  thefe  conditions  the  fides  of  the 
parallelogram  are  ftill  proportional  to  the  velocities  ge¬ 
nerated.  In  the  mean  time,  we  may  take  the  fpacea 
through  which  a  body  is  uniiormly  impelled  from  reft 
(that  is,  w'ith  a  uniformly  accelerated  motion)  as  the 
meafures  of  the  forces  ;  yet  thefe  fpaces  are  but  the 
halves  of  the  meafures  of  the  velocities.  Then,  if  a  bo¬ 
dy  be  moving  with  the  velocity  of  32  feet  per  fecond, 
and  an  accelerating  force  ads  on  it  during  a  fecund, 

and 


of  Accclc'  and  if  this  force  be  fuch  that  it  would  impel  the  body 
a  ftate  of  reft)  i6  feet,  it  will  add  to  the  body  a 
^  velocity  of  32  feet  per  fecond.  Accordingly,  this  is 

- the  effea  of  gravity-— the  weight  of  a  pound  of  lead  may 

be  confidered  as  a  force  which  does  not  vary  in  its  in- 
tenfity.  We  know  that  it  will  caufe  the  lead  to  fall  16 
feet  in  a  fecond  ;  but  if  the  body  has  already  fallen  16 
feet,  we  know  that  it  is  then  moving  with  the  velocity 
of  32  feet  per  fecond.  And  the  fad  is,  that  it  will  fall 
48  feet  farther  in  the  next  fecond,  and  will  have  acqui- 
red  the  velocity  of  64  feet  per  fecond.  It  has  there¬ 
fore  received  an  augmentation  of  32  feet  of  velocity  by 
the  adion  of  gravity  during  the  2d  fecond  ;  and  gravi- 
ty  is  in  fa6l  a  conftant  force,  caufing  equal  increments 
of  velocity  in  equal  times,  however  great  the  velocities 
may  be.  It  does  not  ad  like  a  ftream  of  fluid,  whofe 
impulfe  or  adion  diminifhes  as  the  folid  body  withdraws 
from  it  by  yielding. 

But  fuppoftng  that  we  have  not  compared  the  incre¬ 
ments  of  velocity  uniformly  acquired  during  equal 
times,  in  what  manner  ftiall  we  meafiire  the  accelerating 
forces  ?  In  fuch  a  cafe,  that  force  muft  be  accounted 
double  which  generates  the  fame  velocity,  by  ading 
uniformly  during  half  the  time  5  for  when  the  force  is 
fiippofed  invariable,  the  changes  of  velocity  which  it 
produces  are  proportional  to  the  times  of  its  adion  ; 
therefore  if  it  produces  an  equal  velocity  in  half  the 
time,  it  will  produce  a  double  velocity  in  an  equal 
time,  and  is  therefore  a  double  force.  The  fame  may 
be  faid  of  every  proportion  of  time  in  which  an  equal 
change  of  velocity  is  produced  by  the  uniform  adion 
of  an  accelerating  force.  The  force  muft  be  accounted 
greater  in  the  fame  proportion  that  the  time  required 
for  the  produdion  of  a  given  velocity  in  a  body  is  lefs. 
Hence  we  infer,  that  acceleratmg  forces  are  inverfely pro¬ 
portional  to  the  times  in  ^which  a  given  change  of  velocity 
is  produced  hy  their  uniform  action. 

By  combining  thefe  two  propofitions  we  eftablifti  this 
general  theorem  : 

Mcafure  ^{Accelerating  forces  are  proportional  to  the  changes  of  ve- 
fwhich  they  produce  in  a  Ipdy  by  their  uniforin 
adion  cliredly^  and  to  the  times  in  vjhich  thefe  changes 
are  produced  inverfely. 

If,  therefore,  A  and  a  are  the  forces,  V'  and  v'  the 
changes  of  velocity,  and  T'  and  r  the  portions  of  time 
in  which  they  are  uniformly  produced,  we  have 

A:«  =  VV:^'T',  = 
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It  muft  always  be  kept  in  mind,  that  v  and  t  arc  ab-^f  Acccle- 
ftrad  numbers ;  and  that  v  refers  to  fome  unit  of  fpace, 
fuch  as  a  foot,  an  inch,  a  yard  ;  and  that  t  refers  to 

fome  unit  of  time,  fuch  as  an  hour,  a  minute,  a  fecond  ;  - ^ — ,,v 

and  efpecially  that  a  is  the  number  of  the  fame  units  83 
of  fpace,  which  will  be  uniformly  deferibed  in  cne 
of  the  time  with  the  velocity  generated,  by  the  force^j^^^  num- 
adiijg  uniformly  during  that  unit.  It  is  twice  the 
fpace  adually  deferibed  by  the  body  during  that  unit 
when  impelled  from  reft  by  the  accelerating  force.  It 
is  necefTary  to  keep  hold  of  thefe  clear  ideas  of  the 
quantities  exprefted  by  the  fymbols. 

On  the  other  hand,  when  the  meafure  of  the  accelera-  Mcafure  of 
ting  force  is  previoufty  known,  we  employ  the  theorem^  chatigre  of 
a  t'  zz  V  \  that  is,  the  addition  made  to  the  velocity 
during  the  whole,  or  any  part,  of  the  time  of  the  action 
of  the  force  is  obtained  by  multiplying  the  acceleraticni 
of  one  unit  of  time  hy  the  number  of  fuch  units  con¬ 
tained  in  A 

Thefe  are  evidently  leading  theorems  in  dynamics  ; Thefe  mea- 
becaufe  all  the  mechanical  powers  of  nature  come 
der  the  predicament  of  accelerating  or  retarding  forces. 

It  is  the  colleftion  of  thefe  in  any  fubjed,  and  the  man-patt  of  our 
ner  in  which  they  accompany,  or  are  inherent  in  it,  knowledge 
which  determine  the  mechanical  charader  of  that 
jed  ;  and  therefore  the  phenomena  by  which  they 
brought  into  view  are  the  the  charaderillic  phenomena. 

Nay,  it  may  even  be  quellioiied,  whether  the  phenome¬ 
na  bring  any  thing  more  into  view.  This  force,  of  which 
we  fpeak  fo  familiarly,  is  no  objed  of  diftind  contem¬ 
plation  ;  it  is  merely  a  fomething  that  is  proportional 


to 


accelera. 
ting  force, 


And  a 

The  formula  a  == 


vf 

T. 


And  when  we  obferve,  that  the  found  in 
t  T 

the  motions  that  refult  from  the  vicinity  of  a  body  A , 

is  double  of  the  JL,  which  refults  from  the  vicinity  of 

another  body  B  ;  we  fay  that  a  force  refides  in  A,  and 
that  it  is  double  of  the  force  refiding  in  B.  The  ac¬ 
celerations  are  the  things  immediately  and  truly  ex- 
prefled^  by  thefe  fymbols.  And  the  whole  fcience  of 
dynamics  may  be  completely  taught  without  once  em¬ 
ploying  the  w'ord  force,  or  the  conception  which  we 
imagine  that  we  form  of  it.  It  is  of  no  ufe  till  we  come 
to  ftudy  the  mechanical  hiftory  of  bodies.  Then,  in¬ 
deed,  we  muft  have  fome  way  of  expreffing  the  fad,  that 
.  feet  . 

an  acceleration  —  is  obferved  in  every  thing  on 

the  furface  of  this  globe  ;  and  that  an  acceleration  = 


4 1 8  feet , 


y  is  not  reftrided  to  any  parti¬ 
cular  magnitude  of  1;'^  and  A  It  is  true,  therefore, 
when  the  portion  of  time  is  diminiftied  without  end  ; 
for  fince  the  adion  is  fiippofed  uniform,  the  increment 
of  velocity  is  leftened  in  the  fame  proportion,  and  the 
v^ 

value  of  the  fradion  y  remains  the  fame.  The  cha- 
raders  or  fymbols  V  and  are  commonly  ufed  to  ex- 
prefs  fnite  portions  of  v  and  /.  The  fymbols  v  and  / 
are  iifed  by  Newton  to  exprefs  the  fame  things  taken  in 
the  ultimate  or  limiting  ratio.  They  are  ufually  confi- 
dcred  as  indef  nit ely  f mall  portions  of  v  and  /.  We  (hall 


is  obferved  over  all  the  furface  of  the  fan.  Thefe 


abide  by  the  formula  a  ==  ' 
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fads  are  charaderiftic  of  this  earth  and  of  the  fun  ,*  and 
we  exprefs  them  Ihortly  by  faying,  that  fuch  and  fuch 
forces  relide  in  the  earth  and  in  the  fun.  It  will  pre- 
ferve  us  from  many  millakes  and  puzzling  doubts,  if 
we  refolutely  adhere  to  this  meaning  of  the  term  force; 
and  this  will  carry  mathematical  evidence  through  the 
whole  of  our  inveftigations. 

As  velocity  is  not  an  immediate  objed  of  contem-Arcther 
plation,  and  all  that  we  obferve  of  motion  is  a  fpace 
and  a  time,  it  may  be  proper  to  give  an  expreftion  of 
this  meafure  of  accelerating  force  which  involves 
other  idea.  Suppofing  the  body  to  have  been  previ¬ 
oufty  at  reft,  we  have  ^  T*  Multiply  both  parts 
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Of  AcceTc-of  the  fracJ^lon  by  which  does  not  change  its  value, 
rating  and  ^  ^ 

Retarding  ^  ^  , 

Forces-  *  t 


But  ‘u  ^  =:  J  ;  and  therefore  a 


The  formula  ^  is  equivalent  to  the  proportion 

/* :  I  zz  s  \  a  \  and  would  then  be  the  fpace  through 
which  the  accelerating  force  would  impel  the  body  in 
one  unit  of  the  time  t.  But  this  is  only  half  of  the 
meafure  of  the  velocity  which  the  accelerating  force  ge¬ 
nerates  during  that  unit  of  time.  For  this  reafon  we 
did  not  exprefs  the  accelerating  force  by  an  ordinary 
equation,  but  ufed  the  fymbol  ==.  In  this  cafe,  there¬ 
fore,  of  uniform  adllon,  we  may  exprefs  the  accelera- 


2  s 


ting  force  by  a  zz  “r. 


The  following  theorem  is  of  flill  more  extenfivC  ufe 
in  all  dynamical  dirquifitions. 

Jlcceleraihig  forces  are  proportional  to  the  momentary  in- 
ral  raeafure  crements  of  the  f quarts  of  the  velocities  cllreBly,  and  as 

^  1  7  *  1  a7  .  ^  ^  ^  ^  ^  .  mMM />  y-i  Am-t 


cf  accelera-  along  nuhich  they  are  uniformly  acquired  in- 


ting  force. 


verfely. 

Let  A'B,  AC,  and  AD  (fig.  14.)^  be  three  lines, 
defcribed  in  the  fame  or  equal  times  by  the  uniform  ac- 
tion  of  accelerating  forces  ;  the  motions  along  thefe 
lines  will  be  uniformly  accelerated,  and  the  lines  them- 
felves  will  be  proportional  to  the  forces,  and  may  be 
employed  as  their  meafurcs.  On  the  greateft  of  them 
AD,  defcribe  the  fcmicircle  A  BCD,  and  apply  the 
other  two  lines  AB,  AC  as  chords  AB,  AC.  Draw 
EB,  FC  perpendicular  to  AD.  Take  any  fmall  por¬ 
tions  B  3,  C  ^  of  AB  and  AC,  and  draw  be-,  c  f  per¬ 
pendicular  to  AD,  and  E  h  and  F  k  parallel  to  AB 

and  AC.  A  -r- 

Then,  becaufe  the  triangles  DAB  and  BAE  are  fi- 

milar,  we  have  AD  :  AE  zz  AD*  :  AL*.  And  be¬ 
caufe  AD  is  to  AB  as  the  velocity  generated  at  D  Is 
to  the  velocity  generated  at  B  (the  times  being  equal), 
we  have  AD  to  AE  as  the  fquare  of  the  velocity  at 
D  to  the  fquare  of  the  velocity  at  B ;  which  we  may 
exprefs  thus: 

AD  :  AE  =  V*,D  :  V*,  B. 

For  the  fame  reafons  we  have  alfo 

AD  :  AF  =:  V*,  D  :  V*,  C.  Therefore 
AE  :  AF  z=  V*,B  :V%  C. 

But  becaufe  in  any  uniformly  accelerated  motion, 
the  fpaces  are  as  the  fquares  oi  the  acquired  velocities, 
we  have  alfo 

AE  :  A^  =  VS  B  :  V*S  and 
AF  :A/=:  VSe  :  V*.. 

Therefore  E  e  is  to  F/as  the  increment  of  the  fquare 
of  the  velocity  acquired  in  the  motion  along  B  to  the 
increment  of  the  fquare  of  the  velocity  acquired  along 
Cr. 

But,  by  fimllarity  of  the  triangles  ABD  and  E  ^ 
we  have 

AB  :  AD  1=  E  ^  ;  E  ;  and,  In  like  manner, 
AD  :  AC  =  :  F/.  Therefore 

AB  :  AC  =  E^  X  Fi  ;  F/X  E/^. 
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along  the  portions  B  h  and  C  c  ;  and  E  h  and  F  i  are  Of  Accele. 
equal  to  thofe  portions  refpe^lively.  The  ratio  of  AB  and 
to  AC  Is  compounded  of  the  diredf  ratio  of  E  to  F/; 

and  the  inverfe  ratio  of  E  to  F  k-  The  propofition  , - 

is  therefore  demonftrated. 

The  proportion  may  be  expreffed  thus  : 

E  ^  F  /* 

AB  :  AC  =  and  may  be  expreffed  by 

the  proportional  equation  AB  ==  or,  fymbolical- 
ly,  a  ==  i—L. 

s  '  ^ 

Remark.  Becaufe  the  motion  along  any  of  thefe .y t-- 1$ Imt 
three  lines  is  uniformly  accelerated,  the  relation  between 
fpaces,  times,  and  velocities,  may  be  reprefented  by 
means  of  the  triangle  ABC  (fig.  15.)  ;  where  AB  re-^f^^a 
prefents  the  time,  BC  the  velocity,  and  ABC  the  fpace. 

If  BC  be  taken  equal  to  AB,  the  triangle  is  half  of 
the  fquare  ABCF  of  the  velocity  BC  ;  and  the  triangle 
ADE  is  half  of  the  fquare  ADEG  of  the  velocity 
DE.  Let  D  d  and  B  ^  be  two  moments  of  time, 
equal  or  unequal.  Then  D  E  and  B  b  c  Q  are  half 
the  Increments  of  the  fquares  of  the  velocities  DE  and 
BC,  acquired  during  the  moments  D  d  and  B  3.  It 
was  demonllrated,  that  the  ratio  of  the  area  d  e  IL  to 
the  area  B^r  C  is  compounded  of  the  ratio  of  DE 
to  BC,  and  the  ultimate  ratio  of  D  J  to  B  3.  But  D  d 
and  B  b  are  refpei^Ively  equal  to  t  e  and  c.  There¬ 
fore  D  E  is  to  B  3  £  C,  in  the  ratio  compounded  of 
the  ratio  of  DE  to  BC,  and  the  ultimate  ratio  of «  ^  to 
K  c.  If  we  reprefent  DE  and  BC  by  V  and  then  *  e 
and  X  c  muft  be  reprefented  by  V'  and  v\  the  incre¬ 
ments  of  V  and  v  ;  and  then  the  compounded  ratio  will 
be  the  ratio  of  VV^  to  v  v>  \  and  If  \ve  take  the  ulti¬ 
mate  ratio  of  the  moments,  and  confequently  the  ulti-» 
mate  ratio  of  the  increments  of  the  velocities,  we  have 
the  ratio  of  VV  to  v  v.  If,  therefore,  V*  and  re¬ 
prefent  the  fquares  of  the  velocities,  VV  and  v  v  will’ 
reprefent  not  the  increments  of  thofe  fquares,  but  halt, 
the  increments  of  them. 

We  may  now  reprefent  this  propofition  concerning; 
accelerating  forces  by  the  proportional  equation  «  . 


’  ;  and  we  muit  confider  this  as  equivalent  wdth  a  == 


Vi  — 


2  (S  — .f) 


;  keeping  always  in  mind,  that  a,  V,  and  ‘n. 


Now  AB  and  AC  are  proportional  to  the  forces 
w^hlch  accelerate  the  body  along  the  lines  A’B  and 
A'C  ;  E  e  and  F  f  are  proportional  to  the  increments 
of  the  fquares  of  the  velocities  acquired  in  the  motions 


relate  to  the  fame  units  of  time  and  fpace,  and  that  a  is 
that  number  of  units  of  the  fcale  on  which  S  and  s  are 
meafured,  which  is  run  over  in  one  unit  of  time. 

This  will  be  more  clearly  conceived  by  taking  an  Meafure  of 
example.  Let  us  afeertain  the  accelerative  power  ' 

gravity,  fuppofing  it  to  ad  uniformly  on  a  body.  Let^^^^^ 
the  fpaces  be  meafured  in  feet  and  the  lime  in  feconds.  lerating 
It  is  a  matter  of  obfervation,  that  when  a  body  has  fal- force.  1 
len  64  feet,  it  has  acquired  a  velocity  of  64  feet  per 
fecond  :  and  that  when  it  has  fallen  144  feet,  it  has  ac-  | 

qiiired  the  velocity  of  96  feet  per  fecond.  ^  We  want 
to  determine  what  velocity  gravity  communicated  to  it 
by  ading  on  it  during  one  fecond.  We  have  V*  zr 
9216,  and  *17^  =:  4096  ;  and  therefore  V*^^ — =  ^120, 

S  =  i44»  ■*’  ^  ^  ^  ^  ^  (S— j) 

=:  160.  Now  a  Therefore  grav!- 
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-Of  Aeccle- ty  has  gffnefated  the  velocity  ^2  feet  per  fecond  by 
Ketaniing  uniformly  during  one  fecond. 

^Forces.  augmentation  of  the  fquare  of  the  velocity  is  pro- 

-irttfinnj  /  A  ^  /a  ^  -  *  ! ,  '  „  ^  7. .  17 _ /•- 


80. 


^  uu^nuniaiion  vj  me  jquare  oj  tfje  velocity  is  pro^ 
j  portional  to  the  force  and  to  the  fpace  jointly.  For,  becaufe 

a  =:  vve have  as  z=,  v  'v^ 


Thus  we  learn,  that  a  given  force  a(fting  uniformly 
on  a  body  along  a  given  fpace,  produces  the  fame  in¬ 
crement  of  the  fquare  of  the  velocity,  whatever  the  pre¬ 
vious  velocity  may  have  been.  Alfo,  in  the  fame  man¬ 
ner  as  we  formerly  found  that  the  augmentation  of  the 
velocity  was  proportioned  to  the  time  during  which  the 
force  has^  a6ted,  fo  the  augmentation  of  the  fquare  of 
the  velocity  is  proportional  to  the  fpace  along  which  it 
has  afted. 

SpedTie  pretty  plain,  that  all  that  we  have  faid  of  the 

retarding  uniform  action  of  an  accelerating  force  may  be  aflirmed 
forces  of  ^  retarding  forccy  taking  a  diminution  or  decrement 
of  velocity  in  place  of  an  increment.  A  uniformly  re¬ 
tarded  motion  is  that  in  which  the  decrements  of  velo¬ 
city  in  equal  times  are  equal,  and  the  whole  decrements 
are  proportional  to  the  whole  times  of  action.  Such  a 
motion  is  the  indication  of  a  con  flan  t  or  invariable  force 
adting  in  a  diredtion  oppofite  to  that  of  the  motion. 
We  conceive  this  to  be  the  cafe  when  an  arrow  is  fhot 
perpendicularly  upwards  ;  its  w^eight  is  conceived  as  a 
force  continually  prefling  it  perpendicularly  dowmwards. 

In  fuch  motions,  however  great  the  initial  velocity 
may  be,  the  body  will  come  to  reft  ;  becaufe  a  certain 
determined  velocity  wull  be  taken  from  the  body  in 
each  equal  fucceflive  moment,  and  fome  multiple  of 
this  will  exceed  the  initial  velocity.  Therefore  the 
velocity  will  be  extingniflied  before  the  end  of  a 
time  that  is  the  fame  multiple  of  the  time  in  which 
tiie  velocity  was  diininiflied  by  the  quantity  above  men¬ 
tioned.  It  is  no  lefs  evident,  that  the  time  In  which 
any  velocity  will  be  extiiiguiflied  by  an  oppofing  or  re¬ 
tarding  force,  is  equal  to  the  time  in  which  the  fame 
force  would  generate  this  velocity  in  the  body  previ- 
ouiJy  at  reft.  Therefore, 

^7*  ^  he  time^  in  which  different  initial  velocities  will 

be  extinguifhed  by  the  fame  oppofing  force  are  propor¬ 
tional  to  the  initial  velocities. 

88.  2.  The  diftances  to  which  the  body  will  go  till  the 

extin^ion  of  its  velocity  are  as  the  fquares  of  the  initial 
velocities. 

3.  They  are  alfo  as  the  fquares  of  the  times  elapfed. 

8j).  4  The  diftance  to  which  a  body,  projeaed  with  any 

velocity,  will  go  till  its  motion  be  extinguiflied  by  the 
uniform  aaion  of  a  retarding  force,  is  one  half  of  the 
fpace  which  it  would  deferibe  uniformly  during  the 
fame  time  with  the  initial  velocity. 

Forces  ge-  It  very  rarely  happens,  that  the  force  which  accele- 
tiable^in^^'  1‘ates  the  body  aas  uniformly,  or  with  an  unvaried  Iii- 
their  inten*  attraaion  of  a  magnet,  for  example,  tn- 

fity.  creafes  as  the  Iron  approaches  it.  The  prefiure  of  a 
fprlng  diminifhes  as  it  unbends.  The  impulfe  of  a  ftream 
of  water  or  wind  diminifhes  as  the  impelled  furface  re- 
tires  from  it  by  yielding.  Therefore  the  efleas  of  ac¬ 
celerating  forces  are  very  imperfeaiy  explained,  till  we 
have  fhewn  what  motions  refult  from  any  given  varia¬ 
tion  of  force,  and  how  to  difeover  the  variation  of  force 
from  the  obferved  motion.  This  laft  queftion  is  per- 
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haps  the  moil  important  In  the  fliidy  of  meclianical  na-Of  Accelc- 
ture.  It  is  only  thus  that  we  learn  wdiat  is  ufually  call-  rating  and 
cd  the  nature  of  a  mechanical  force.  ITis  chiefly  con- 
fifts  in  the  relation  fubfifling  between  the  intenfity  of  u— y— 1j 
the  force  and  the  diftance  of  the  fubflance  in  which  it 
refides.  Thus  the  nature  of  that  power  which  pro¬ 
duces  all  the  planetary  motions,  is  confidered  as  afeer- 
tained  when  we  have  demonflrated  that  its  preflure  or 
intenfity  is  inverfely  as  the  fquare  of  the  difiaiice  from 
the  body  in  which  it  is  fuppofed  to  refide. 

Acceleration  expreflfes  fome  relation  of  the  velocity 
and  time.  This  relation  may  be  geometrically  expref- 
fed  in  a  variety  of  ways.  In  figure  13.  the  uniform 
acceleration  or  the  unvaried  relation  between  the  velo¬ 
city  and  the  time  is  very  aptly  exprefled  by  the  con- 
flant  ratio  of  the  ordinates  and  abfeifles  of  the  triangle 
0  g  'f.  The  ratio  of  7/  <r  to  <2  J  is  the  fame  with  that  of 
e  f  to  a  €y  or  that  o^fftoafy  &c.;  or  the  ratio  of  the 
increment  of  velocity  cr  x  to  the  increment  of  the  time 
^  'O'  or  b  Cy  or  that  of  /  ?>  to  t  /,  &c.  This  ratio 

is  equivalent  to  the  fymbol  IL 

t 

But  when  the  fpaces  deferibed  in  a  varied  motion 
are  reprefented  by  the  areas  bounded  by  a  curve  line 
h  k  oy  we  no  longer  have  that  conftant  ratio  of  the  in¬ 
crements  of  the  ordinates  and  abfeifles. 

Therefore  in  order  to  obtain  meafiircs  of  the  acce- Their  nica- 
lerating  forces,  or  at  lead  of  their  proportions,  let  the^urcsin 
abfeiffa  f  ^  (fig.  13.)^  of  the  line  hko  again  repre-f’"'^ 
fent  the  time  of  n  motion.  But  let  the  areas  bounded ed.^  Theo^ 
by  parallel  ordinates  now  reprefent  the  velocities,  thatremsof 
IS,  let  the  whole  area  increafe  during  the  time  a  g  at 
the  fame  rate  with  the  velocities  of  the  motion  along 
the  line  AG.  In  this  cafe  the  ordinates  />  i,  c  i,  d  I, 

See.  will  be  as  the  accelerations  at  the  inftants  b,  c,  d. 

Sec.  or  in  the  points  B,  C,  D,  Sec. 

This  is  demonltrated  in  the  fame  way  as  tlie  former 
propofitioii  (n°  72.).  If  the  accelerating  force  be  fup¬ 
pofed  conftant  during  any  two  equal  moments  d  c  and 
fg,  the  redangles  b  c  p  t  anAf  g  x  s  would  exprefs  the 
increments  of  velocity  uniformly  acquired  in  equal 
times,  and  their  bafes  c  p  and  f  s  would  have  the  ratio 
of  the  accelerations,  or  of  the  accelerating  forces.  But 
as  the  velocities  exprefled  by  the  figure  iiicreafe  fafler 
than  the  times  during  every  moment,  the  force  at  the 
inrtant  r  is  to  the  force  at  the  inftant  /  in  a  greater  ra¬ 
tio  than  that  of  r/>  to/j-  ;  but,  for  fimilar  reafons,  it 
IS  in  a  lels  ratio  than  that  of  c  y  to  f  r\  and  therefore 
(as  in  the  other  propofition)  the  force  at  the  inilant  c 
is  to  the  force  at  the  inftant  f  as  c  k  to  fn. 

Cor.  Becaufe  c  p  is  to/r  in  the  ratio  compounded  9»* 
of  the  diredl  ratio  of  the  reftangle  c  p  t  b  la  the  red- 
angle/ s  xg,  and  the  inverfe  ratio  of  the  altitude  i c  to 
the  altitude  fg  ;  and  becaufe  thefe  reaangles  are  pro¬ 
portional  to  the  increments  of  velocity,  and  the  ulti¬ 
mate  ratio  of  the  altitudes  is  the  ultimate  ratio  of  the  mo¬ 
ments  or  increments  of  the  time— we  muft  fay,  that  the 
accektatlng  forces  (that  is,  their  intenjities  or  pre/fures 
producing  acceleration)  are  dircBly  as  the  increments 
oJ  velocity,  and  inverfely  as  the  increments  of  the  times  • 

Which  propofition  may  be  exprelfed.  in  regard  to  two 
accelerations  A  and  a,  by  this  analogy  : 


V 

A;a  =  ^, 
T  • 
SXi 


Or 
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\  fy  'i  ,  ' ■  "  -  t  *W'  ’‘.i-  • 

Or  by  the  proportional  equation  a  Alfq^j  / 

=  and  !' a  I  =:  And  thus  do,thefe  theorems  ex¬ 

tend  even  to  the  cafes  where  there  cannot  be  obferved 
an  immediate  meafare,  either  of  velocity  or  of  accelera¬ 
tion  ;  becai;ife  neither '  the  fpace  nerr  the  velocity  in- 
creafes  uniformly. 

The  theorem  a  ^  '~'h  ■  employed  when  we  womd 

difeover  the  variation  in  the  intenhty  of  fome  natu¬ 
ral  power.  We  obfenve  the.  motion  and  reprefent  it 
by  a  figure  analogous  to  fig.  13.  where  the  abfeifia- re- 
prefents  the  times,  .and  the. area  is.  made  to  increafe  at 
the  fame. rate  with  the  (paces  deferibed.  Then  the  or¬ 
dinates  vi’ill  reprefent  the  velocities,  or  have  the  propor¬ 
tion  of  the  velocities.  Then  we  may  draw  a  feco.ld 
curve. on  the  other  fide  of  the  fame  abfeiffa,  fuch  that 
the  areas  of  this  lail  curve  fiiall  be  proportioned  to  the 
ordinates  of  the  firft.  The  ordinates  of  this  laft  curve 
arc  proportional  to  the  accelerating  forces. 

On- the  other  hand,  when  w^e  know  from  other  cir- 
cumflances  that  a  force,  varying  according  to  feme 
known  law,  a&s  on  a  body^  we  can  determine  its  mo- 
tioa.  The  intenfity  of  the  force  in  every  infiant  being 
known,  we  can  draw  a  line  fo  related  to  another  line 
reprefenting  the  time  that  the  ordinates  fhall  be  pro¬ 
portional  to  the  forces  :  The  areas  will  be  proportional 
to  the  velocities.  We  can  draw  another  curve  to  the 
fame  abfeifs,  fuch  that  the  ordinates  of  this  fhall  be  pro¬ 
portional  to  the  areas  of  the  other,  that  is,  to  the  velo¬ 
cities  of  the  motion.  The  areas  of  this  fecond  curve 
will  be, proportional  to  the  fpaces  deferibed. 

We  mull  now  obferve,  that  all  that  has  been 
faid  concerning  the  efFe£ls  of  accelerating  forces  con¬ 
tinually  varying,  relates  to  changes  of  motion,  indepen¬ 
dent  of  what  the  abfolute  motions  may  be.  The  areas 
of  the  line  whofe  ordinates  reprefent  the  velocities  do 
indica^te^/>J  neceffaiily  reprefent  the  fpaces  deferibed,  but  the 
change  made  on  the  fpaces  deferibed  in  the  fame  time, 
operation  of  not  the  motions,  but  the  changes  of  motion,  if,  in- 
natural  deed,  the  body  be  fuppofed  to  be  at  reft  when  the  for- 
powers.  begin  to  a6l,  thefe  areas  reprefent  the  very  fpac^es 

that  are  pafted  over,  and  the  ordinates  are  the  very  ve¬ 
locities.  In  every  cafe,  however,  the  accelerations  are 
the  real  increments  of  the  velocities. 

This  circumftance  gives  a  great  extenfion  to  our  the¬ 
orems,  and  enables  us  to  afeertain  the  difturbances  of 
any  fpecies  of  regular  motion,  apart  from  the  motions 
themfelves,  and  thus  avoid  a  complication  which  would 
frequently  be  inextricable  in  any  other  way.  And  this 
procefs,  which  is  merely  mathematical,  is  perfedlly  con¬ 
formable  to  mechanical  principles.  It  is  in  fact  an  ap¬ 
plication  of  the  do6lrlne  of  the  compofition  of  motion  ; 
a  do£lrine  rigidly  demonftrated  when  we  meafure  a  me¬ 
chanical  force  by  the  change  of  motion  which  it  pro¬ 
duces,  Acceleration  is  the  continual  compofition  of  a 
new  motion  with  the  motion  already  produced. 

Ko  finite  We  may  learn  from  this  inveftigation  of  the  value  of 
accelerating  force,  that  no  finite  change  of  velocity  is 
in  an  inftant  by  the  adllon  of  an  accelerating 
inaninftantforce.  When  the  fig.  13.  is  ufed  for  the  fcale  of  acce- 
by  ^  ny  c-  leratlons,  and  they  are  reprefented  by  the  ordinates  of 
^orce^  ^  ^  the  Ime /j  i  0;  the  increment  of  velocity  is  reprefented 


All  thefe 
theorems 
I elate  to 
thanges  of 
velocity ; 
by  which 
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by  an  area,  that  is,  by -a  flip,  of  the  whole  area;  which  Of  Acede* 
flip  muft  have  fome  altitude,  gr  muft  occupy  fome  por-  ani 
tion  of  the  abfeifla  which  reprefents  time.  Some  por- 
tion  of  time,  however  finall  it  may  be,  muft  elapfe  be-  * .  j 
fore  any  meafurable  acjdkipn  can  be  made  to  the  velo¬ 
city.  The  velocity  fnuft  change  continually.  As  no 
motion  can  be  conceived  as  inftantaneous,  becaufe  this 
would  be  to  conceive,  that  in  one  inftant  the  itioving 
particle  is  in  every  point  of  its  momentary  path  ;  fo  no 
velocity  can  change,  by  a  finite  quantity,  in  one  inftant; 
becaufe  this  would  be  to  conceive,  that  in  that  inftant 
the, particle  liad  all  the  intervening  velocities.  The 
inftant  of  change  is  at  once  the  laft  inftant  of  the  pre- 
ceding  velocity,  and  the* firft  of  the  fucceeding,  and 
therefore  muft  belong  to  both.  This  cannot  be  con¬ 
ceived,  or  is  abfurd.  As  a  body,  in  palling  from  one 
part,  of  fpace  to  another,  muft  pafs  in  fuccefiion  through 
all  the  Intermediate  places  ;  fo,  in  palling  from  one  ve¬ 
locity  to  another,  it  muft  in  fuccefiion  have  all  the  in¬ 
termediate  velocities.  It  muft  be  continually  accelera¬ 
ted  ;  we  muft  not  fay  gradually^  however  fmall  the- 
fteps. 

But  to  return  from  this  digrefiion  : 

The  moft  frequent  cafes  which  come  under  examina-  More  con- 
tion  do  not  fiiew  us  the  relation  between  the  forces  and'^^”*^”^ 
times,  but  the  relation  between  the  forces  and’  fpaces. 

Thus,  when  a  piece  of  iron  is  in  the  neighbourhood  of  the  adion 
a  magnet,  or  a  planet  is  confidered  in  the  neighbour- of  forces, 
hood  of  the  fun,  a  force  is  a£ling  on  it  in  every  point  more 
of  its  path,  and  we  have  difeovered  that  the  intenfity 
of  this  force  varies  in  a  certain  proportion.  Thus,  a  to  dew/” 
fpring  varies  in  its  prefiure  as  it  unbends  ;  gunpowder 
prefles  lefs  violently  as  it  expands,  Scc.^^c. 

Our  knowdedge  is  generally  confined  to  fome  fuch 
effe^l  as  this.  We  know,  that  w^hile  a  body  .is  moving 
along  a  line  AOE  (fig,  16.),  it  is  urged  forward  by  a 
force,  of  which  the  intenfity  varies  in  the  proportion 
of  the  ordinates  BF,  CG,  DH,  El,  ^c.  of  the  line 
FGHI. 

To  inveftlgate  the  motion  or  change  of  motion  pro¬ 
duced  by  the  adlon  of  this  force,  let  CD  be  fuppofed 
a  very  fmall  portion  of  the  fpace  r,  which  we  may  ex- 
prefs  by  s'.  Draw  GK  perpendicular  to  DH,  Then, 
if  we  fuppofe  that  the  force  ads  with  the  unvaried  in-  - 
tenfity  CG  through  the  whole  fpace  CD,  the  redangle  < 

CDKG  will  exprefs  half  of  the  increment  of  the  fquars 
of  the  velocity  (n®  85.).  We  may  fuppofe  that  the 
force  ads  uniformly  along  the  adjoining  fmall  fpace. 

Djr  with  the  intenfity  Dfi.  The  redangle  DH  0  r 
will  in  like  manner  exprefs  another,  half  increment  of 
the  fquare  of  the  velocity.  And  in  like  manner  we 
may  obtain  a  fucceffion  of  fuch  increments.  The  ag¬ 
gregate  or  fum  of  them  all  will  be  half  the  difference  ' 
between  the  fquare  of  the  velocity  at  B  and  the  fquare 
of  the  velocity  at  E. 

If  we  employ  f  to  exprefs  the  indetermlned  or> va¬ 
riable  intenfity  of  the  accelerating  force,  and  v  to  ex^ 
prefs  the  variable  velocity,  and  ^  its  increment  uniformr  , 

^  acquired;  then  the  redlangle  CDKG  will  be  ex- 
prefied  by  f  s.  We  have  feen  that  this  is  eqiial  to.u'u',^ 
Therefore,  in  every  cafe  where  we  can  tell  the  aggre¬ 
gate  of  all  the  quantities  f  Sy  it  is  plain  that  we  wall  ob¬ 
tain  half  the  difference  between  the  fquares  of  the  ve¬ 
locities  in  B  and  E,  on  the  fuppofition  that  the  intenfi-. 
ty  of  the  force  was  conftant  along  each  little  fpace,  and 

"  varied. 
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Of  Accele-  varie(i  by  Thfcrt,  by  increafing  the  number,  and. 

rarinj^;  and  dJminifhing  the  magnitude,  of  thofe  little  portions  of 
*^Fo^rceT^  the  fpaee  without  end,  it  is  evident  that  we  terminate 
in  the  exprellion  of  the  real  flate  of  the  cafe,  i.  e.  of  a 
force  varying  continually  ;  and  that  in  this  cafe  the  ag¬ 
gregate  of  thefe  re<^angle8  occupies  the  whole  area 
AEIF,  and  is  equivalent  to  the  fluent  of f  or  to  the 
fymbol  J^j  Sy  ufed  by  the  foreign  mathematicians  to  ex- 

prefs  this  fluent,  which  they  indeed  conceive  as  an  ag¬ 
gregate  of  fmall  redangles  f  s\  And  we  fee  that  this 
area  exprefles  half  of  the  augmentation  of  the  fquare  of 
the  velocity.  Therefore, 

If  the  ahfctjfa  AE  (fig.  16.)  of  a  line  FGl  h  the  path 
along  •which  a  body  is  urged  by  any  accelerating  force^  and 
if  the  ordinates  BF,  CG,  DH,  l^c,  are  proportional  to 
the  forces  aBing  on  the  points  B,  C,  D,  l^c,  the  intercepted 
BGGF,  BEIF,  are  proportional  totheaugmen- 
tatioris'  of  the  fquare  of  the  velocity. 

Obferve  that  the  areas  BCGF  and  DEIH  are  alfo 
proportional  to  the  augmentations  made  on  the  fquares 
of  the  velocities  in  B  and  D. 

Obferve  alfo,  that  it  is  indifferent  what  may  have 
been  the  original  velocity.  The  adion  of  the  forces  re- 
prefented  by  the  ordinates  make  always  the  fame  addi¬ 
tion  to  its  fquare  ;  and  this  addition  is  half  the  fquare 
of  the  velocity  which  thofe  forces  would  generate  in 
the  body  by  impelling  it  from  reft  in  the  point  A. 

Laftiy,  on  this  head,  obferve,  that  we  can  ftate  what 
conftant  or  variable  force  will  make  the  fame  augmen¬ 
tation  of  the  fquare  of  the  velocity  by  impelling  the 
body  uniformly  along  the  fame  fpaee  BE  ;  or  along 
what  fpaee  a  given  force  muft  impel  the  body,  in  order 
to  produce  the  fame  increafe  of  the  fquare  of  its  velo¬ 
city.  In  the  firft  cafe,  we  have  only  to  make  a  red- 
angle  BEN  equal  to  the  area  BEIF,  and  then  B  is 
the  intenfity  of  the  conftant  force  wanted.  In  the  fe- 
cond  cafe,  in  which  the  force  EG  is  given,  we  muft 
make  the  redangle  A“OE  equal  to  the  area  BEIF, 
and  AE  is  the  fpaee  required. 

The  converfe  of  this  propofition,  viz.  If  the  areas 
are  as  the  increments  of  the  fquare  of  the  velocity^  the  or- 
dinates  are,  as  the  forces,  is  eafily  demonftrated  in  the 
fame  way  ;  for  if  the  elementary  areas  CD  KG  and 
EIM  e  reprefent  increments  of  the  fquares  of  the  velo¬ 
city,  the  accelerating  forces  are  in  the  ratio  compound¬ 
ed  of  the  dired  ratio  of  thefe  redangles  and  the  in- 
verfe  ratio  of  their  altitudes,  becaufe  thefe  altitudes  are 
the  increments  of  the  fpaee  (0^85.).  Now  the  bafe 
CG  of  the  redangle  CDKG,  is  to  the  bafe  El  of  the 
redangle  ElMe  in  the  fame  compounded  ratio  ;  there¬ 
fore  the  force  in  C  Is  to  the  force  in  E  as  CG  to  EL 
The  line  hho  (fig.  13.)  was  called  by  Dr  Barrow 
(who  firft  introduced  this  extenfive  employment  of  mo- 
kcity,ac-  tion  into  geometry),  the  scale  of  velocities;  and  the 
FHL  (fig.  16.)  was  named  by  him  l\\t  fcale  of  ac^  • 
’  *  celerations,  Hermann,  in  Xm  Phoronomia,  calls  it  the 

fcale  of  forces.  We  fhall  retain  this  name,  and  we  may 
call  h  h  o  of  fig.  13.  the  fcale  of  accelerations,  when  the 
areas  reprefent  the  velocities.  Sir  Ifaac  Newton  added 
another  fcale  of  very  great  ufe,  viz.  a  fcale  of  times.  It 
is  conftruded  as  follows. 

Let  ABE  (fig.  16.)  be  the  line  along  which  a  body 
is  accelerated,  and  let  FHI  be  the  fcale  of  forces,  that 
is,  having  its  ordinates  FB,  HD,  IE,  &c.  proportional 
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to  the  forces  ading  at  B,  D,  E,  F,  &:c,  5  \ttfh  i  be  Gf  Acceic- 
another  line  ^Ib  rHa'ted  to  ABfe,  that  Is  to  E  i  in  ^nd 
the  inverfe  fubduplicate  ratio  of  the  DFGC 

the  area  BFIE  ;  or,  to’  exprefs  it  more  generally,  t -  -  ^ 

the  fquares  of  the  ordinates  to  the  line  fgi  be  inverfely, 
as  the  areas  of  the  Jine  FHI  intercepted  between  thefe 
ordinates  and  the  firft  ordinate  drawn  through  B  ;  then 
the  times  of  the  bodies  moving  from  a  ftate  of  reft  in 
B  are  as  the  intercepted  areas  of  the  curve  fg  /. 

For  let  CD  and  E  ^  be  *  two  very  fmall  portions  of 
the  fpaee  defcribed  in  equal  times.  They  will  be  ulti¬ 
mately  as  the  velocities  In  C  and  E.  The  area  FBCG 
is  to  the  area  FBEI  as  the  fquare  of  E  i  to  the  fquare 
of  (by  conftrudlon)  ;  but  the  area  FBCG  is  to 
FBEI  as  the  fquai*e  of  the  velocity  at  C  is  to  the  - 
fquare  of  the  velocity  at  E  (by  the  propofition)  ; 
therefore  the  fquare  of  the  velocity  at  C  is  to  the 
fquare  of  the  velocity  at  E  as  the  fquare  of  E  i  to 
the  fquare  of  C^;  therefore  E  i  is  to  C^  as  the  ve¬ 
locity  at  C  to  the  velocity  at  E,  that  is,  as  CD  to  Ee : 
but  fince  E  i  :  Cg  ~  CD  :  E  e,  we  have  E  i  X  E  ^ 

X  CD,  and  the  elementary  redangles  C^/^D  and 
^i  me  are  equal,  and  may  reprefent  the  equal  moments 
of  time  ill  w'hich  CD  and  E  e  were  defcribed.  Thus 
the  areas  of  the  line  will  reprefent  or  exprefs  the 
times  of  deicribing  the  correfponding  portions  of  the 
abfcifra. 

We  may  exprefs  the  nature  of  this  fcale  more  briefly 
thus.  Let  BE  be  the  fpaee  defcribed  with  any  varied 
motion,  and  fgl  a  curve,  fuch  that  its  ordinates  are  iii- 
verfely  as  the  velocities  in  the  different  points  if  the 
abfeiffa,  then  the  area  wull  be'as  the  times  of  defcrlbing 
the  correfponding  portions  of  the  abfeiffa.'  ’  * 

In  all  the  cafes  w'here  our  mathematical  knowledge  Examples 
enables  us  to  allign  the  values'bf  the  ordinates  of  the  fi-of  the  ap^ 
gure  16,  vve  can  obtain  the  law  of  adion  of  die  forcesiPfi«^^l>^^ 
or  the  nature  of  the  force  ;  and  where  we'  can  afftgn 
the  value  of  the  areas  from  our  kno^rledge  of  thc' pro¬ 
portions  of  the  ordinates  or  forces,  we  ebn*  afceVtairi'the  ‘ 
velocities  of  the  motion.  Wc  fliall  give  an  exarnple  or  , .  ^ 
two,  which  will  fhew  the  v;^ay' in  which  we  avail  bhr- 
felves  of  the  geometrical  properties'  of  figure,  in  order 
to  afceitain'the  effeds  of  mechanical  forces.  ^ 

1.  Let  the  accelerating  forct  which  impels- the  body  ^ 
along  the  line  AB  be  conftant,  and  let  the' body  bc"' 
previoufly  at  reft'  in‘'B  the  line  which  bounds  the  or- ' 
dinates  that  reprefent’  the  forces  muft  be  Tome  Hire" 

^  HN  parallel  to  AB.  The  area  BDH  f  is  to  the  area 
BEN>  as  the  fquare  of  the- velocity  atD  to  the  fquare " 
of  the  velocity  at  E.  Thefe  areas,  having  equal  baf^sv 
DH  and  EN,  are  as  their  altltiules  BD  and  BE  5  that  ; 
is,  the  fpaces  defcribed  are  as  the  fquares  of  the  ac- > 
quired  velocities.  And  we  fee  that  this  charaderiftic-. 
mark  of  uniformly  accelerated  motion  is  included  in  this  ' 
general  propofition.  *  ; 

2.  Let  us  fnppofe  that  the  body  Is  impelled  from  A  Example 
(fig.  17.)  towards  the  point  C,  by  a  force  proportional of 
to  Its  diftance  from  that  point.  This  force  may  be 
presented  by  the  ordinates ‘DA,  EB,  ed,  See.  to  theance"^^^’ 
ftfaight  line  DC.  We  may  take  any  magnitude  of 

thefe  ordinates;  that  is,  the  line  DC  may  make  any  angle 
with  AC.  It  will  fimpllfy  the  inveftigation  if  we 
make  the  firft  force  AD  m  AC.  About  G  defcribe 
the  circle  AH  £7,  cutting  the  ordinate  EB  in  F  j  let 
ebh^  another  ordinate,  cutting  the  circle  in /very  near 


534 


D  Y  N  A 


Of  Accdc  to  F ;  draw  Ctt  p6rpendiciil3^  to  AC,  and  make  the 
rating  and  ^  =r/F,  and  draw  he  parallel  to  HC  }  join 

FC  and  DH,  and  draw  perpendicular  to/^.  Let 
IML  be  another  ordinate. 

The  area  DABE  is  to  the  area  DAKL  as  the 
fquare  of  the  velocity  at  B  to  the  fquare  of  the  velocity 
at  K.  But  DABE  is  the  excefs  of  the  triangle  ADC 
above  the  triangle  EBC,  or  it  is  half  of  the  excefs  of  the 
fquare  of  CA  or  CF  above  the  fquare  of  CB,  that  is, 
half  the  fquare  of  BF.  In  like  manner,  the  area  DA  KL 
is  equal  to  half  the  fquare  of  KM  ;  but  halves  have  the 
fame  ratio  as  the  integers  ;  therefore  the  fquare  of  BF 
is  to  the  fquare  of  KM  as  the  fquare  of  the  velocity  at 
B  to  the  fquare  of  the  velocity  at  K  ;  therefore  the  ve¬ 
locity  at  B  is  to  the  velocity  at  K  as  BF  is  to  KM. 
The  velocities  are  proportional  to  the  fines  of  the  arches 
of  the  quadrant  AFH  deferibed  on  AC. 

Cor.  I .  The  final  velocity  with  which  the  body  ar¬ 
rives  at  C,  is  to  the  velocity  in  any  other  point  B  as 
radius  to  the  fine  of  the  arch  AF. 

Cor.  2.  The  final  velocity  is  to  the  velocity  which 
the  body  would  acquire  by  the  uniform  a6fion  of  the 
initial  force  at  A  as  i  to  >s/^  ;  for  the  redangle  DA 
CH  exprefles  the  fquare  of  the  velocity  acquired  by 
the  uniform  adion  of  the  force  DA  ;  and  this  is  double 
of  the  triangle  DAC  j  therefore  the  fquares  of  thefe 
velocities  are  as  i  and  2,  and  the  velocities  are  as  ^ i 
and  v^2,  or  as  i  to  v^2. 

Cor.  3.  The  time  of  deferibing  AB  is  to  the  time 
of  deferibing  AC  as  the  arch  AF  to  the  quadrant 
AFH. 
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For  when  the  arch  F/  is  diminifhed  continually,  it 
is  plain  that  the  triangle  //  F  is  ultimately  fimilar  to 
CFB,  by  reafon  of  the  equal  angles  Cth  (or  CFB) 
and  /iF,  and  the  right  angles  CBF  and /Fi;  there¬ 
fore  the  triangles/^  F  and  CBF  are  alfo  fimilar.  More¬ 
over,  B  ^  is  equal  to  F^,  F/  is  equal  to  h  H,  which  is 
ultimately  equal  to  c  C  ;  therefore  fince  the  triangles 
J'gY  and  CFB  are  fimilar,  we  have  F^  ;  Yf  z=:  FB  : 
FC,  rr:  FB  :  HC  ;  therefore  B  is  to  r  C  as  FB  to 
HC,  that  is,  as  the  velocity  at  B  to  the  velocity  at  C; 
therefore  B  b  and  c  C  are  deferibed  in  equal  moments 
when  indefinitely  fmall  ;  therefore  equal  portions  F /, 
h  H,  of  the  quadrant  correfpond  to  equal  moments  of 
the  accelerated  motion,  along  the  radius  AC  ;  and  the 
arches  AF,  FM,  MH,  &c.  are,  proportional  to  the 
times  of  defaibing  AB,  BK,  KC,  &:c. 

Cor.  4.  The  time  of  deferibing  AC  with  the  une- 
qi  ally  accelerated  motion,  is  to  the  time  of  deferibing 
it  uniformly  with  the  final  velocity  as  the  quadrantal 
arch  is  to  the  radius  of  a  circle  ;  for  if  a  point  move  in 
the  quadrantal  arch  fo  as  to  be  in  F,  M,  H,  &c. 
when  the  body  is  in  B,  by  K,  C,  it  will  be  moving 
uniformly,  becaufe  the  arches  are  proportional  to  the 
times  of  deferibing  thofe  portions  of  AC  ;  and  it  will 
be  moving  with  the  velocity  with  which  the  body  arrives 
at  C,  becaufe  the  arch  h  H  is  ultimately  =:  C  f .  Now 
if  two  bodies  move  uniformly  with  this  velocity,  one 
iu  the  arch  AFH,  and  the  other  in  the  radius  AC,  the 
times  wull  be  proportional  to  the  fpaces  uniformly  de¬ 
feribed  ;  but  the  time  of  deferibing  AFH  is  equal  to 
the  time  of  the  accelerated  motion  along  AC  ;  therefore 
the  propofition  is  manifeft. 

Cor.  5.  If  the  body  proceed  in  the  line  C  a,  and  be 
retarded  in  the  fame  manner  that  it  was  accelerated 
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along  AC,  the  time  of  deferibing  AC  uniformly  wuth  Of  Acedt. 
the  velocity  which  it  acquires  in  C  is  to  the  time  of 
deferibing  AC  ^  wu’th  the  varied  motion,  as  the  diame- 
ter  of  a  circle  to  the  circumference  ;  for  becaufe  theu— 
momentary  retardations  at  K',  B',  See.  are  equal  to  the 
accelerations  at  K  and  B,  &c.  the  time  of  deferibing 
AC  is  the  fame  with  that  of  deferibing  AH«  uni¬ 
formly  with  the  greateft  velocity.  That  is,  to  the  time 
of  deferibing  AC  uniformly  as  AM  a  to  AC,  or  as 
the  circumference  of  a  circle  to  the  diameter.  There¬ 
fore,  &c.  N.  B.  in  this  cafe  of  retarding  forces  it  is 
convenient  to  reprefent  them  by  ordinates  K'L,  B  E, 
a  D',  lying  on  the  other  fide  of  the  axis  AC  a  ;  and  to 
conlider  the  areas  bounded  by  thefe  ordinates  as  fub- 
tra^ive  from  the  others.  Thus  the  fquare  of  the  velo¬ 
city  at  K'  is  expreffed  by  the  wdiole  area  DACK'L'D, 
the  part  C'K'L  being  negative  in  refpedl  of  the  point 
DAC.  This  obfervation  is  general  (See  alfo  Optics, 
no  125,  Encycl.) 

Cor.  6.  The  time  of  moving  along  KC,  the  half  of 
AC,  by  the  uniform  action  of  the  force  at  A,  is  to  that 
of  deferibing  AC  a  by  the  varied  adlion  of  the  force 
directed  to  C,  and  proportional  to  the  difiance  from  it, 
as  the  diameter  of  a  circle  to  the  circumference  ;  for 
when  the  body  is  uniformly  impelled  along  KC  by  the 
conftant  force  IK,  the  fquare  of  the  velocity  acquired 
at  C  is  reprefeiited  by  half  the  re<9:angle  IKCH,  and 
therefore  it  is  equal  to  the  velocity  which  the  variable 
force  generates  by  impelling  it  along  AC  (by  the  w'ay, 
an  important  obfervation).  The  body  will  deferibe  AG 
uniformly  with  this  velocity  in  the  fame  time  that  it  ia 
uniformly  accelerated  along  KC.  Therefore  by  Cor. 

5.  the  propofition  is  manifefi. 

Cor.  7*.  if  two  bodies  deferibe  AC  and  KC  by  the 
a<5lion  of  forces  w'hich  are  every  where  proportional  to 
the  difiances  from  C,  their  final  velocities  will  be  pro¬ 
portional  to  the  difiances  run  over,  and  the  times  will 
be  equal. 

Foifthe  fquares  of  the  final  velocities  are  proportional 
to  the  triangles  ADC,  LKC,  that  is,  to  ACs  KC% 
and  therefore  the  velocities  are  as  AC,  KC.  The  times 
of  deferibing  AC  and  KC  uniformly,  with  velocities 
proportional  to  AC  and  KC,  muft  be  equal  ;  and  thefe 
times  are  in  the  fame  ratio  (t/x.  that  of  radius  to  ^th 
of  the  circumference)  to  the  times  of  deferibing  AC 
and  KC  with  the  accelerated  motion.  Therefore,  &c. 

Thus,  by  availing  ourfelves  of  the  properties  of  the 
circle,  we  have  difeovered  all  the  properties  or  charac¬ 
ters  of  a  motion  produced  by  a  force  always  direifled  to 
a  fixed  point,  and  proportional  to  the  diftance  from  it. 

Some  of  thefe  are  remarkable,  fuch  as  the  laft  corol¬ 
lary  ;  and  they  are  all  important  ;  for  there  are  innume¬ 
rable  cafes  wdicre  this  law  of  adlion  obtains  in  Nature* 

It  is  nearly  the  law  of  adfion  of  a  bow  firing,  and  of  all 
elaftic  bodies,  when  their  change  of  figure  during  their 
mutual  aftion  is  moderate  ;  and  it  has  been  by  the  help 
of  this  propofition,  firfi  demonftrated  in  a  particular 
cafe  by  Lord  Brouncker  and  Mr  Huyghens,  that  w^e 
have  been  able  to  obtain  precife  ineafures  of  time,  and 
confequently  of  adlual  motions,  and  confequently  of  any 
of  the  mechanical  powers  of  Nature.  It  is  for  this  rea- 
fou,  as  well  as  for  the  eafy  and  perfpicuous  employment 
of  the  mathematical  method  of  proceeding,  that  we  have 
feledled  it. 

Infiead  of  giving  any  more  particular  cafes,  we  may  ^ 

obferve 


D  Y  N  A 

Of  Accele  obferve  in  general,  that  if  the  intenfity  of  the  force  be 
rating  and  proportional  to  any  power  whofe  index  is  »  —  i  of  the 
diftance,  and  if  a  be  the  dillance  from  the  fixed  point 
^  ^  -  ’  i  at  which  the  body  begins  to  be  accelerated,  and  jc  its 

dillance  from  that  point  in  any  part  of  the  motion,  the 
velocity  will  be  ==-.  — a".  This  is  very  plain,  be- 

caiife  the  increment  CGHD  of  the  area  of  fig.  i6. 
which  is  alfo  the  increment  of  the  fquare  of  the  veloci¬ 
ty,  is  =  and  the  area  is  ==  ;  and  the  whole 

area,  correfponding  to  the  difiance  a,  is  a”.  Therefore 
the  portion  of  the  area  lying  beyond  the  diftance  x  is 
This  is  as  the  fquare  of  the  velocity,  and 
therefore  the  velocity  is  as  the.  fquare  root  —  a'* 
of  this  quantity. 

This  propofition,  y'  j  ==  •y  •y,  or  /  ==  — t“,  is  the 

s 

39th  of  the  firll  book  of  Newton’s  Prlncifia,  and  is 
perhaps  the  moft  important  in  the  whole  do^frine  of  dy¬ 
namics,  whether  employed  for  the  invefiigation  of  forces 
or  for  the  explanation  of  motions.  It  furnifiies  the 
moil  immediate  data  for  both  purpofes,  but  more  efpe- 
cially  for  the  laft.  By  its  help  Sir  Ifaac  Newton  was 
able  to  point  out  the  numerous  difturbances  of  the  pla¬ 
netary  motions,  and  to  feparate  them  from  each  other  ; 
thus  unravelling,  as  it  were,  that  moft  intricate  motion 
in  w'hicli  all  are  blended  together.  He  has  given  a  moft 
wonderful  fpecimen  of  its  application  in  his  Lunar 
Theory. 

We  now  are  able  to  explain  all  the  puzzling  fa£ls 
which  were  adduced  by  Leibnitz  and  his  partifans  in 
fuppori  of  their  meafiire  of  the  forces  of  bodies  in  mo¬ 
tion.  We  fee  why  four  fprings,  equally  bent,  commu¬ 
nicate  but  a  double  velocity,  and  nine  fprings  but  a 
triple  velocity  ;  why  a  bullet  moving  twice  as  fall  will 
penetrate  an  earthen  rampart  to  a  quadruple  depth, 
&c.  dec, 

f,9nftrvaih  This  theorem  alfo  gives  a  moft  perfpicuous  explanation 
viriumvi.  of  the  famous  do6lrine  called  confervatio  vtriurn  vivarum, 
varum.  When  perfedlly  elaftie  bodies  adl  on  each  otlier,  it  is 
found  that  the  fum  of  the  malfes  multiplied  by  the 
fquares  of  the  velocities  is  always  the  fame.  This  has 
been  fubftituted,  with  great  encomiums,  by  the  German 
philofophers  in  place  of  Des  Cartes’s  principle,  that  the 
quantity  of  motion  in  the  univerfe,  eftimated  in  one  di- 
reftion,  remains  always  the  fame.  They  are  obliged, 
however,  to  acknowledge,  that  in  the  aclions  of  perfedft- 
ly  hard  bodies,  there  is  always  a  lofs  of  vis  viva^  and 
therefore  have  denied  the  exiftence  of  fuch  bodies  But 
there  is  the  fame  lofs  in  the  mutual  actions  of  alhfoft  or 
duclile,  or  even  imperfedlly  elaftie,  bodies;  and  they 
are  miferably  puzzled  1k)w  to  explain  the  fail  ;  but 
both  the  confervatio  and  the  amtjjio  are  necelTary  confe- 
quences  of  this  theorem. 

In  the  collifion  of  elaftie  bodies,  the,  whole  change  of 
motion  is  produced  during  the  Ihort  time  that  the  bo¬ 
dies  are  comprelfed,  and  while  they  regain  their  figure. 
When  this  is  completed,  the  bodies  are  at  the  fame  dif¬ 
tance  from  each  other  as  when  the  mutual  a£lion  be¬ 
gan.  Therefore  the  preceding  body  has  been  accelera¬ 
ted,  and  the  following  body  has  been  retarded,  along 
equal  fpaces  ;  and  in  every  point  of  this  fpace  the  acce¬ 
lerating  and  the  retarding  force  has  been  equal.  Con- 
fequently  the  fame  area  of  fig,  ly.  expreffes  the  change 
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made  on  the  fquare  of  the  velocity  of  both  bodies.  Of'Acccle- 
Therefore,  if  V  and  U  are  the  velocities  before  collifion, 
and  V  and  u  the  velocities  after  collifion,  of  the  two  bo-  forces.^ 
dies  A  and  B,  we  muft  have  AxV^ — — V*, ^ 
and  therefore  A  X  -f-  B  X  U*  A  X  +  B  X 

But  ill  the  other  dais  of  bodies,  which  do  not  com¬ 
pletely  regain  their  figure,  but  remain  comprefTed,  they 
are  nearer  to  each  other  when  their  mutual  action  is 
ended  than  wdien  it  began.  The  foremoft  body  has 
been  accelerated  along  a  fliorter  fpace  than  that  along 
which  the  otlier  has  been  retarded.  The  mutual  forces 
have,  ill  every  inftant,  been  equal  and  oppofite.  There¬ 
fore  the  area  which  expreffes  the  diminution  of  the 
fquare  of  the  velocity,  muft  exceed  the  area  exprefiing 
the  augmentation  by  a  quantity  that  is  always  the  fame 
when  the  permanent  comprefiion  is  the  fame  ;  that  is, 
when  the  relative  motion  is  the  fame.  A  X  — n* 
mult  exceed  B  X  — Us  and  A  X  +  B  X  muft 
exceed  A  X  4*  B  X  wb 

This  fame  theorem  is  of  the  moft  extenfive  ufe  in  all 
praclical  queftions  in  mechanic  arts ;  and  w'ithoiit  it 
mechanics  can  go  no  farther  than  the  mere  ftatement  of 
equilibrium. 

Hermann,  profdTor  of  mathematics  at  Pavia,  one 
the  ornaments  of  the  mathematical  chifs  of  philofophers,^'^  ** 
has  given  a  pretty  demonllration  of  this  valuable  propo- 
fition  in  the  Ada  Eruditorum  Lipftx  for  1709;  and 
fays,  that  having  fearched  the  writings  of  the  mathema¬ 
ticians  with  great  care,  he  found  liimfelf  warranted  to 
fay,  that  Newton  was  the  undoubted  author,  and  boafts 
of  his  own  as  the  firft  fymthetical  demonftration.  The  -  ‘ 
purpofe  of  this  aft'ertion  was  not  very  apparent  at  the 
time  ;  but  long  after,  in  1746,  when  Hermann’s  papers, 
preferved  in  the  town-houfe  of  Pavia,  were  examined, 
in  order  to  determine  a  difpute  between  Maupertuis  and 
Koenig  about  the  claim  to  the  difeovery  of  the  principle 
of  leajl  adiotiy  letters  of  Leibnitz’s  were  found,  requeft- 
ing  Hermann  to  fearch  for  any  traces  of  this  propofi- 
tion  in  the  writings  of  the  mathematicians  of  Europe. 

Leibnitz  was  by  this  time  the  envious  detradtor  from 
Newton’s  reputation  ;  and  could  not  but  perceive,  that 
all  his  contorted  arguments  for  his  dodlrine  received  a 
clear  explanation  by  means  of  this  propofition,  in  per- 
fedl  conformity  to  the  iifual  meafure  of  moving  forces. 

Newton  had  difeovered  this  theorem  long  before  the 
publication  of  the  Principia^  and  even  before  the  difeo¬ 
very  of  the  chief  propofition  of  that  book  in  1666  ;. 
for  in  his  Optical  Ledlures,  the  materials  of  which  were 
in  his  poftefiion  in  1664,  kc  makes  frequent  ufe  of  a 
propofition  founded  on  this  (fee  n«>  42.)  We  may 
here  remark,  that  Hermann’s  demonftration  is,  in  every 
ftep,  the  fame  with  Dr  Barrow’s  demonftration  of  it  as 
a  theorem  merely  geometrical,  without  fpeakirig  of  mo¬ 
ving  forces  (fee  Led.  Geometr.  xi.  p.  85.  edit.  i6.), 
but  giving  it  as  an  inftance  of  the  transformation  of 
curves,  which  he  calls  scales  of  velocity,  of  time,  of 
acceleration,  &c.  It  is  very  true  that  Barrow,  in  thefe 
mathematical  ledliires,  approached  very  near  to  both  of 
Newton’s  difeoveries,  the  fiuxionary  geometry,  and  the 
principles  of  dynamics  ;  and  the  junto  on  the  continent, 
who  were  his  continual  detradlors,  charge  him  with  im¬ 
pudent  plagiarifm  from  Dr  Barrow,  and  even  fay  that 
he  has  added  nothing  to  the  difeoveries  of  his  teacher,. 

But  furely  Dr  Barrow  was  the  bell  judge  of  this  mat- 

terj^ 
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Of  Afce!e.  ter  5  and  fo  far  from  rcfenting  the  ufe  which  Newton 
KetafcUn^  has  made  of  what  he  had  taught  him,  he  was  charmed 
forces,  genius  of  the  juvenis  fpeSattJfmus  his  fcholar, 

V"— ~  and  of  his  own  accord  gave  him  his  profeiTorial  chair, 
and  ever  after  lived  in  the  utmoft  harmony  and  friend- 
fhip  with  him.  Nay,  it  would  even  appear,  from  fume 
exprefiions  in  thofe  very  le^lures,  that  Dr  Barrow  owed 
to  young  Newton  the  hrft  thought  of  making  fuch  ex- 
tenfive  ufe  of  motion  in  geometry.  We  recommend  this 
work  of  Barrow^s  to  the  ferious  perufal  of  our  readers, 
who  w'ifh  to  acquire  clear  notions  of  the  fcience  of  mo¬ 
tion,  and  an  elegant  tafte  in  their  mechanical  difquiTi- 
tions.  After  all  the  cultivation  of  this  fcience  by  the 
commentators  and  followers  of  Newton,  after  the  Pho^ 
ronomla  of  Hermann,  Mechanic  a  of  Euler,  the  Dy~ 
iiamique  of  D‘Alembert,  and  the  Mechanique  Analytique 
of  De  la  Grange,  w’hich  are  undoubtedly  w^orks  of  tran- 
feendeut  merit  and  utility,  the  Princif  ia  ton  will 

fliir  remain  the  moil  pleafing,  perfpicuoiis,  and  elegant 
fpecimen  of  the  application  of  mathematics  to  the  fcience 
of  univerfal  mechanics y  or  wdiat  we  call  Dynamics. 

The  two  fundamental  theorems  f  t  zz  Vy  f  s 
zz  vvy  enable  us  to  folve  every  queflion  of  motion  ac- 
celcM-ated  or  retarded  by  the  adlion  of  the  mechanical 
powers  of  nature.  But  the  employment  of  them  may 
be  greatly  expedited  and  fimplified  by  noticing  two  or 
104  three  general  cafes  which  occur  very  frequently. 

Similar  in-  Thefe  may  be  called Jtmilar  injiaiits  of  time^  and  Jimilar 
flanto  and  ^ /pace  *which  divide  given  portions  of  timey  and  of 

fpace  in  the  fame  ratio.  Thus  the  middle  is  a  fimilar  iri- 

ftant  of  an  hour  or  of  a  day,  and  is  the  iimilarly  fituated 
p>oint  of  a  foot  or  of  a  yard.  The  beginning  of  the 
21  ft  minute,  and  of  the  9th  hour,  are  fimilar  ijiftants  of 
an  hour  and  of  a  day.  The  beginning  of  the  5th  inch, 
and  of  the  2d  foot,  are  fimilar  points  of  a  foot  and  of  a 
yard 

Forces  may  be  fold  to  a£i  fimilarty  *when  their  Inten* 
iions,what^//^j  fimilar  infants  of  timey  or  in  fimilar  points  of 
fpaccy  are  in  a  confant  ratio,  -  Thus  in  fig.  17.  when 
one  body  is  impelled  towards  C  from  A,  and  another 
from  K,  each  with  a  force  proportional  to  the  diftance 
of  every  point  of  its  motion  from  C,  thefe  forces  may 
be  faid  to  aft  fimilarly  along  the  fpaces  AC  and  KC, 
or  during  the  times  reprefented  by  the  quadrantal  arches 
AJFH,  KNO  The  following  propofitions  on  fimilar 
aAions  will  be  found  very  ufeful  on  many  occafions ; 
but  vit  muft  premife  a  geometrical  lemma. 

If  there  be  tw^o  lines  EFGH  (fig.  18.),  e  f  g  by  fo  re¬ 
lated  to  their  abfeifles  AD,  a  dy  that  the  ordinates  IK, 

I  hy  drawn  from  fimilar  points  I  and  i  of  the  abfeiffes, 
are  in  the  conftant  ratio  of  AE  to  <7  e  ;  then  the  area 
ADHE  is  to  the  area  a  dh  e  as  the  redlanglc  of  AD 
X  AE  to  the  reflangle  ady,  ae, 

Eor  let  each  abreiffa  be  divided  into  the  fame  number 
of  equal  and  very  fmall  parts,  of  which  let  CD  and  c  d 
be  one  in  each,  inferibe  the  rectangles  CGID,  c g  't  d. 
Then  becaufe  the  number  of  parts  in  each  axis  is  the 
fame,  the  lengths  of  the  portions  CD  and  c  d  will  be 
proportional  to  the  w^hole  abfeifles  AD  and  ad.  And 
becaufe  C  and  c  are  fimilar  points,  CG  is  to  c  ^  as  AE 
is  to  a  e.  Therefore  CD  y  CG  i  c  d  y  c  g  izc  AD 
AE  i  a  d  y  a  e.  This  is  true  of  each  pair  of  corre- 
fponding  reCtangles  ;  and  therefore  it  is  true  of  their 
Furns.  But  when  the  number  of  thefe  rcClangles  is  in- 
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creafed,  and  their  breadth  diminiflied  without  end.  It  I'sOf 
evident  that  the  ultimate  ratio  of  the  fum  of  all  the  reCl-  and 
angles,  fuch  as  CDHG  to  the  fum  of  all  the  reClangles 
c  d  h  gy  is  the  fame  with  that  of  the  area  ADHE  to  the 
area  a  d  h  Cy  and  the  propofition  is  manifeft. 

If  two  particles  of  matter  are  fimilarly  impelled  during  107* 
given  timesy  the  changes  of  velocity  are  as  the  times  and  as 
the  forces  jointly. 

Let  the  times  be  reprefented  by  the  ftraight  lines 
ABC  (fig,  19.)  and  a  h  Cy  and  the  forces  by  the  ordi¬ 
nates  AD,  BE,  CF,  and  a  dy  h  Cy  c  f.  Then  if  B  and 
h  are  fimilar  inftants  (fuppofe  the  middles)  of  the 
whole  times,  wt  have  BEl  i  b  e  zz  AD  :  a  d.  There¬ 
fore,  by  the  lemma,  tUe  area  -\CDF  is  to  J  as 
AC  X  AD  to  a  c  y  a  d.  But  thefe  areas  are  propor¬ 
tional  to  the  velocities  (no  72),  and  the  propofition  is 
demonftrated.  For  the  fame  reafon  the  change  of  ve¬ 
locity  during  the  time  AB  is  to  the  change  during  a  b 
as  AB  X  AD  to  a  b  y  a  d. 

Cor.  i.  If  the  times  and  forces  are  reciprocally  pro¬ 
portional,  the  changes  of  velocity  are  equal ;  and  if  the 
forces  are  inverfely  as  the  times,  the  changes  of  velocity 
are  equal. 

jf  two  particles  be  fimilarly  urged  along  given  fpacesy 
the  changes  made  on  the  fquares  of  the  velocities  are  as  the 
forces  and  fpaces  jointly. 

For  if  AC  (fig.  19.)  and  a  e  are  the  fpaces  along 
which  the  particles  are  impelled,  and  the  forces  are  as 
the  ordinates  AD  and  a  dy  the  areas  ACFD  and  a  cf  d 
are  as  the  changes  on  the  fquares  of  the  velocities.  But 
thefe  areas  are  as  AC  X  AD,  and  a  c  y  ad.  There¬ 
fore,  &c. 

Cor.  2.  If  the  fpaces  are  inverfely  as  the  forces,  the 
changes  of  the  fquares  of  the  velocities  are  equal ;  and 
if  thefe  are  equal,  the  fpaces  are  inverfely  as  the  forces. 

Cor.  3.  If  the  fpaces,  along  which  the  particles  have 
been  impelled  from  a  previous  ftate  of  reft,  are  diredlly 
as  the  forces,  the  velocities  are  alfo  as  the  forces.  For, 
becaufe  the  changes  of  the  fquares  of  the  velocities  are 
as  the  fpaces  and  forces  jointly,  they  are  in  this  cafe 
as  the  fquares  of  the  forces  or  of  the  fpaces  ;  but  the 
changes  of  the  fquares  of  the  velocities  are  in  this  cafe 
the  whole  fquares  of  the  velocities 5  therefore  the  fquares 
of  the  velocities  are  as  the  fquares  of  the  forces,  and  the 
velocities  are  as  the  forces.  N,  B,  This  includes  the 
motions  reprefented  in  fig.  17. 

If  two  particles  be  fimilarly  impelled  along  given  109, 
fpaces  y  from  a  fate  of  refy  the  fquares  of  the  times  are 
proportional  to  the  fpaces  dire£t!yy  and  to  the  forces  in^ 
verfely. 

Let  ABC  (fig.  19.)  a  h  e  be  the  fpaces  deferibed, 
and  AD,  a  dy  the  accelerating  forces  at  A  and  a  Let 
V,  B  exprefs  the  velocity  at  B,  and  -i;,  h  the  velocity 
at  h. 

Let  GHK  and  ^  ^  i  be  curves  whofe  ordinates  arc 
inverfely  as  the  velocities  at  the  correfponding  points  of 
the  abfeifla.  Thefe  curves  are  therefore  exponents  of 
the  times  (n®  99  )  Then,  becaufe  the  forces  aft  fimi¬ 
larly,  we  have,  by  the  laft  theorem,  AC  X  AD  :  e 
yadzz  by  M".  Therefore  HB 

:  h  b  zz  V  ac  y  ad  :  */  ACXAD,  and  therefore  in  a 
conftant  ratio.  Call  this  the  ratio  of  m  to  n.  But, 
fince  the  ordinate^  of  the  lines  GHK,  g  h  k  vect  inverfe- 
ly  as  the  velocities,  the  areas  are  as  the  times  99)  ; 

and 
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of  Acceic-  and  fincc  thefe  ordinates  are  in  the  conftant  ratio  of  m 
IwdW  .are  in  the  ratio  of  AC  X  w  to  «  r  X  «. 

Forces.  rhercfore  (calling  the  times  of  the  motions  T  and  /), 
u— V— —  ''"C  have 

T  :/  =:mAC:«jr;  and  therefore 
T* :  /*  =r  m"  X  AC*  :  X  a  But 

zz  a  c  X  a  (i  :  AC  X  AD.  Therefore 

T‘:r‘  =  af  Xa^/xAC^  ACX  ADXacS 
OrT^:/»=a^/XAC  :  AD  X  a  c. 

Or  T’ ;  /=  = 


a  c 

AD  •  '* 

The  attentive  reader  will  obferve  that  thefe  three 
propofitions  give  a  great  extenfion  to'  the  theorems 
ubich  were  formerly  deduced  from  the  nature  of  uni¬ 
formly  accelerated  motion,  or  of  uniform  aftion  of  the 
forces,  and  were  afterwards  demonllrated  to  obtain  in 
the  momentary  adlion  offerees  any  how  variable. 

The  firft  of  the  three  propofitions,  V  ;  ‘d  =:  F  X  T  : 
/X  /,  is  the  extenfion  of  the  theorem /X  t  =:  -y*.  The 
lecond,  :  *2;*  =  F  X  S  :/x  j*,  is  the  extenfion  of  .the 

theorem/  X  /  =;  -j  li.  And  the  third,  =  |'  :  ~i 

F  / 

is  the  extenfion  .of/=  or  of /  X  =  /.  ^  Thefe 

theorems  hold  true  of  all  ftmilar  adlions'}  and  only  for 
this  reafon,  are  tru«  of  uniformly,  accelerated  motions, 
or  uniform  adlions.  - 

Asere^ate  There  remains  one  thing  more  to  be  fald  concerning 
cqu"Tacce.  ‘rf  accelerating  forces.  Their  magnitude  is 

k-ratmij  afcertained  by  their  efted.  Therefore  that  is  to  be 
coniidered  as  a  double  force  which  produces  a  double 
quantity  of  motion.  Therefore  when  a  body  A  con¬ 
tains  twic^  the  number  of  equal  atoms’ of  matter,  and 
acquires  the  fame  velocity  from  the  adion  of  the  force 
r  that  anothtr  body  a,  containing  half  the  number  of 
atoms,  acquires  from  the  adion  of  a  force  /,  we  con¬ 
ceive  F  to  be  double  of/,  'j'hat  this  is  a  legitimate  in- 
ference  appears  ^learly  from  this,  that  we  conceive  tlie 
ienhble  weight  of  a  body,  or  that  preffure  which  it  ex¬ 
erts  on  Its  fupports,  as  the  aggregate  of  the  equal  pref- 
iure,  of  every  atom,  accumulated  perhaps  on  one  point; 
as  when  the  body  hangs  by  a  thread,  and,  by  its  inter- 
vention,  pulls  at  feme  machine.  Without  inquiring  in 
\yhat  manner,  or  by  what,  intervention,  this  accumula- 
tion  ot  prefiure  is  brought  about,  <  we  fee  clearly  that  it 
reiults  from  the  equal  accelerating  force  gf  gravity,  ad- 
ing  immediatly.  on  each  atom.  When  this  weight  k 
thus  employed  to. move  another  bqdy  by  the  interven¬ 
tion  of  the  thread,  which  is  attached  to  one  point  per^ 
iiaps  of  that  body,  it  puts  thy  whole  into  mbtlon,  gcnel 
rating  a  certain  velocity  in  every  atom,Vby  adinff 
uniformly  during  the,  time  £.  We  conceive  each  atom 
to  have  fuitained  the  adton  of  an  equal  accelerating  force; 
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forces  propagated  to  each  atom  of  the  impelled  body.  Of  Accele- 
V  rating  and 

and  meafured  by  y.  If  we  know  that  the  impelled  Hetarding 
j  ,  4  ,  Forces, 

body  contains  the  number  m  of  atoms,  the  aggregate  of  ^  ^ 

c  .  mv 

lorces  IS  m  or - 

/  /  • 

But  fince  we  meafure  forces  by  the  quantity  of  mo¬ 
tion  which  they  produce,  we  muft  conceive,  that  when 
the  fame  force  is  applied  to  a  body  which  confifls  of  n 
particles,  and  produces  the  velocity  z/,  by  ading  uni¬ 
formly  during  the  fame  time  /,  the  force  71  -j  is  equal  to 


the  force  m 


Sir  Ifaac  Newton  found  it  abfolutely  neceflary,  in  Moving 
the  difquifitions  of  naturarphilofophy,  to  keep  this  cir- force,  mo- 
cumftaiice  of  acceleration  cletir  of  all  notions  of  quanti- 
ty  of  matter,  or  other  confiderations,  and  to  contem-''^^^®^'***' 
plate  the  affedions  of  motion  only.  He  therefore  con-guifhed 

from  acce* 


fidered  ~  as  the  true  original  meafure  of  accelerating  leming 

force 


force,  and  in 


He  therefore  calls  the 


forces. 


^  as  an  aggregate, 

^  ^'otrixy  a  mo^ving  forccy  meafured  by  the 
quantity  of  motion  that  it  generates.  And  he  confines 

the  terra  accelerating  force  to  the  quantity  y,  meafured 
by  the  accele7'aiion  or  velocity  only.  It  would  be  conve¬ 
nient,  therefore,  alfo  to  confine  the  fymbol /  to  m 
and  to  retain  the  fymbol  a  for  .exprefling  the  accelera¬ 
ting  force  . 

Ihis  ajppellation  of  motive  force  is  perfedly  juft  and 
firnple;  lor  we  may  conceive  it  as  the- fame  with  the 
accelerating  force  which  produces  the  velocity  m  times  v 
in  one  particle,  by  ading  on  ,it  uniformly  during  the 
time  /.  his  motion  of  one  particle. having  the  velocity 
m-v,  is  the  fame  with,  that  of  /«  particles  haying  each  ' 
the  velocity  1;.  -  ,  ,  j  1 

If  therefore  a  motive  force  /  ads  on  a  body  con- 
filling  of  m  particles,  the'  accelerating  force  a  is 

^  ^ _  I  ♦;  /  1 

m  /  ‘  „  ../a,  y  ,  i 

Therefore  the  three  laft  propofitions  concerning  the 
fimilar,  the  uniform,  or  the  momentary  adioiis  of?«o. 
ving  forces,  w-,lien.  exprefi'ed  in  t the  moft  general  terms, 
.ure,  *  .  ?  ,  , 


£ 

nt' 

-^fjL 


whofe  meafure  is  Without 


»'^ii.iiuuL  cohfideriiig  how  fhis 
force  IS  exerted  an  each  atom,  j>r  by  what  it  is  imme¬ 
diately  exerted,  or  how  it  is  diffufed  through  the  body 
from  the  point  to  which  the  weight  of  the  other  body 
IS  applied  by  means  of  the  thread  ;  we  ftill  confider  it 
as  the  aggregate  of  thc'adion  of  gravfty  on  each  atom 
b  that  Other  body.  Moreover,  attending  only  to  the 
Juotion  produced  by  it,  and  perhaps  Upt- knowing  the 
'weight  of  the  jmpeljing  body,  we,  meafure  it,  as  a  mo-, 
ving  torce,  by  confidering  it  as  the  aggregate  of  the 
Supf  L,  VoL.  I.  Part  II, 


tn 

ms* 

T‘ 


or  vv  zz.  -CL 


5ul 


?  aOf  De^leCtinc!  Forces:’ 

When  wc  obferve  the  dlredion  of  a  body  to  change,  DeLain„ 
we  unavoidably  infer  the  agency  of  a  forci  which  ads  forces.  ® 
m  a  diredion'that  does  not  coincide  with  that  of  the  ' 
body's  motion  ;  and  we  may  diftinguilh  this  circum- 
llance  by  Calling  it  a  deflecting  force.  We  have 
already  Ihewn  hbtv -to  eftimate  and  meafure  this  de-  ■ 
flefting  force,  by  confidering  it  as  competent  to  the 
3  V  pro- 
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AU<*ratinn 
of  defltc- 
tions  are 
contirual, 
and  pro¬ 
duce  cur- 
vi  lineal 
motions. 


1 

Example 
Determina- , 
tion  of  the 
path. 


D  Y  N  A 

orDeflea- produaion  of  tfiat  motion  which,  when  compounded 
ing  For.es.^;ji,  former  motion,  will  produce  the  new  motion 

- - • - -  (n°  44.)  Now,  £8  all  changes  of  motion  are  really 

coropofitions  of  motions  or  forces,  it  is  evident  that  we 
(hall  explain  the  adion  of  deflediiig  forces  when  we 

Ihew  this  compofition.  .  .  .  .  ,  n  1 

We  may  almoft  venture  to  fay  a  priori,  that  all  de- 
fledions  mull  be  continual,  or  exhibit  curvdmeal  mo¬ 
tions  :  for  as 'no  finite  velocity,  or  change  of  velocity, 
can  be  produced  in  an  inftant  by  the  adion  01  an  ac¬ 
celerating  force,  no  polygonal  or  angular  defledion  can 
be  produced;  becaufe  this  is  the  compofition  ot  a  iinite 
velocity  produced  in  an  inftant.  Defledive  motions  are 
all  produced  by  the  compofition  of  the  former  motion, 
liaviiio-  a  finite  velocity,  with  a  tranfverfe  motion  conti¬ 
nually  accelerated  from  a  Hate  of  reft.  Of  this  vve  can 
form  a  very  diftind  notion,  by  taking  the  hmpleft  ca(e 
of  fuch  accelerated  motion,  namely,  an  uniformly  acce- 

lerated  motion.  ^  .  n*  An  fc.  r.  \ 

Let  a  body  be  moving  in  the  direciicn  AC  ' 

'with  any  conRant  velocity,  and  when  it  comes  to  A, 

’  let  it  be  expoied  to  the  adion  of  an  accelerating  force, 
acting  uniformly  in  any  ether  direAion  AE.  i  ns 
alone  would  caufe  the  body  to  defevibe  AE  with  a  uni- 
formlv  accelerated  motion,  fo  that  the  fpaces  AiJ,  Ah- 
would  be  as  the  fquares  of  the  times  in  which  they  are 
deferibed.  Therefore,  if  AB  be  the  fpace  which  it 
would  have  deferibed  uniformly  m  the  time  that  it  de- 
feriber,  AD  by  the  aaion  of  the  accelerating  force,  and 
AC  the  fpace  which  it  would  have  deferibed  uniformly 
while  it  deferibes  AE  by  the  aaion  of  the  accelerating 
force — nothing  more  is  wanted  for  afcertaiiiing  the 
real  motion  of  the  body  but  to  compound  the  uniform 
motion  in  the  dlreaion  AC  with  the  uniformly  accele¬ 
rated  motion  in  the  direaion  AE.  AD  is  to  AE  as 
the  fquare  of  the  time  of  deferibing  AD  to  the  fquare 
cf  the  time  of  deferibing  AE  ;  that  is,  as  the  fquare 
of  the  time  of  deferibing  AB  to  the  fquare  of  the  time 
of  deferibing  AC  ;  that  is,  as  ABUo  AC^  (by  re af on 
of  fbe  uniform  motion  in  AC).  This  compohnonis 
performed  by  taking  the  fimultaneous  points  ,B,  D, 
and  the  fimultaneous  points  C,  E,  and  completing  the 
parallelograms  A  BED,  ACGE.  The  body  wil  be 
found  in  the  points  F  and  G  in  the  inftants  in  which 
it  would  have  been  found  at  B  and  C  by  the  uniform 
motion,  or  in  D  and  E  by  the  accelerated  motion.  In 
the  fame  manner  may  be  found  as  many  points  ot  the 
real  path  as  we  pleafe.  It  is  plain  that  thefe 
^viil  be  in  a  line  AFG,  fo  related  to  AE  that  AD  : 
AE  =  DF^"  ;  EG*  ;  or  fo  related  to  the  original  mo- 
tion  AC,  that  AB"  :  AC"  =  BE  ;  CG,  See.  This 
line  is  therefore  a  parabola,  of  which  AE  is  a  diameter, 
DF  and  EG  are  ordinates,  and  which  touches  AC  in 
A. 

And  of  the  Having  thus  afeertained  the  path  of  the  body,  we 
motion  in  can  alfo  afeertain  the  motion  in  that  path  ;  that  is,  the 
velocity  in  any  point  of  it.  We  know  that  the  velo¬ 
city  in  the  point  G  is  to  the  velocity  of  the  uniform 
motion  in  the  direAion  AC  as  the  tangent  FG  is  t() 
the  ordinate  EG  ;  becaufe  this  is  the  ultimate  ratio  ot 
the  momentaiy  Increment  of  the  arch  AFG  to  the  mo¬ 
mentary  increment  of  the  ordinate  EG.  Thus  is  the 
velocity  in  every  point  of  the  curve  determined.  We 
ha.ve  taken  it  for  granted,  that  the  line  of  projeAion 
touches  the  path,  and  that  the  direction  in.  every  point 


this  path. 
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is  that  of  the  tangent.  To  fuppofe  that  the  curve,  in  Of 
any  portion  of  it,  coincides  with  the  tangent, ^is  to  fup- .  ^  _  , 

pofe  that  the  body  is  not  defleifled  ;  that  is,  is  not  ac¬ 
ted  on  by  a  tranfverfe  accelerating  force  :  And  to  fup¬ 
pofe  that  the  tangent  makes  a  finite  angle  with  any 
part  of  the  path,  is  to  fuppofe  that  the  defledion  is  not 
continual,  but  by  ftarts— both  of  which  are  contrary  to 
the  conditions  of  the  ci^e.  No  ftraight  line  can  be 
drawn  between  the  diredion  of  the  body  and  the  fuc- 
ceedlng  portion  of  the  path,  otherwife  we  muft  again 
fuppofe  that  the  defledion  is  fubfultory,  and  the  rao- 

tion  angular.  ^  ,  j* 

But  while  the  inveftigation  is  fo  eafy  when  the  dircc-  uj, 
tion  and  intenfity  of  the  defledlng  force  in  every  point 
of  the  curve  are  known,  the  inveftigation  of  the  deflec¬ 
ting  force  from  the  obferved  motion  is  by  no  means 
-eafy.  The  obferved  curvilineal  motion  always  arifes 
from  a  compofition  of  a  uniform  motion  in  the  tangent 
with  fome  tranfverfe  motion.  But  the  fame  curvilineal 
motion  may  be  produced  by  compounding  the  uniform 
motion  in  the  tangent  with  an  infinity  of  tranfverfe  mo¬ 
tions  ;  and  the  law  of  adlion  will  be  different  in  thefe 
tranfverfe  motions  according  as  their  dire(51:ions  differ. 

We  muft  learn,  not  only  the  intenfity  of  the  defleAing 
force,  and  the  law  of  its  variation,  but  alfo  its  direftion 
in  every  point  of  the  curve.  It  is  not  eafy  to  find  ge¬ 
neral  rules  for  difeovering  the  direaion  of  the  tranfverfe 
fpree ;  moft  commonly  this  is  indicated  by  extrlnfic  cir- 
cumftances.  The  defleding  force  is  frequently  obfer¬ 
ved  to  rei:de  in,  or  to  accompany,  fome  other  body.  It 
may  be  prefumed,  therefore,  that  it  aas  in  the  direc¬ 
tion  of  the  line  drawn  to  oi  from  that  body  ;  yet  even 
this  is  uncertain.  The  moft  general  rule  for  this  invef- 
tio-ation  is  to  obferve  the  place  of  the  body  at  fcveral 
Intervals  of  time  before  and  after  its  paffing  through  the 
point  of  the  curve,  where  we  are  interefted  to  find  its 
precife  diredion.  We  then  draw  lines,  joining  thofe 
places  with  the  places  of  the  tangent  where  the  body 
would  have  been  by  the  uniform  motion  only.  We  Ihall 
perhaos  obferve  thefe  lines  or  juiiaion  keep  in  parallel 
politions  :  we  may  be  affured  that  the  diredion  of  tli^e 
tranfverfe  force  is  the  fame  with  that  of  any  of  thele 
lines.  This  is  the  cafe  in  the  example  juft  now  given 
of  a  parabolic  motion.  But  when  thefe  lines  change 
pofition,  they  will  change  it  gradually  j  and  their  pofi- 
tion  in  the  point  of  contad  is  that  to  which  their  poii- 
tlons  on  both  Tides  of  it  gradually  approximate. 

But  all  this  is  deftitiite  of  the  precifioii  requifite  in 
philofophical  difcuffion.  We  are  indebted  to^  Sir  Ifaac 
Newton  for  a  theorem  which  afeertains  the  diredion  of 
the  tranfvetfe  force  with  all  exadnefs,  in  the^  cafes  in 
which  we  moft  of  all  wifli  to  attain  mathematical  accu¬ 
racy,  and  which  not  Only  opened  the  accefs  to  thofe 
difcoverles  which  have  immortalifed  his  name,  but  alfo 
pointed  out  to  him  the  path  he  was  to  follow,  and  even 
marked  liis  firft  fteps.  It  therefore  merits  a  very  par¬ 
ticular  treatment.  /g  * 

If  a  body  deferibes  a  curve  line  ABC,  DEF  (ng. Newtons 
21.)  lying  in  one  plane  ;  and  if  tlipe  be  a 
fituated  in  this  plane  that  the  line  joining  it  with  the  di- 

body  deferibes  areas  ASB,  ASC,  ASD,  &c.  propor-j.^^^j^^  ofa 
tional  to  the  times  in  which  the  body  deferibes  thejefleding 
arches  AB,  AC,  AD,  &c.  the  force  which  defledls  the  force, 
body  from  redillneal  motion  is  continually  direded  to 
i\\Q  fixed  point  S. 


OfDeflecS}:-  Let  U5  nrft  fiippofe  that  the  body  defcribes  the  po- 
f lygon  ABCDEF,  &c.  formed  of  the  chords  AB,  BC, 
^  CD,  DE,  EF,  &c.  of  this  curve  :  and  (for  greater 
fimplicity  of  argument)  iet  us  coiifider  areas  defcribed 
in  equal  fucceflive  times  ;  that  is,  let  us  fuppofe  that 
the  triangles  ASB,  BSC,  CSD,  See.  are  equal,  and  de¬ 
fcribed  in  equal  times.  Make  B  ^  —  AB,  and  draw 
c  S. 

Areas  =f  to  Had  the  motion  AB  fuffered  no  change  in  the  point 
the  times  body  would  have  defcribed  Br  in  the  equal  mo- 

'ccntrir  fuccceding  the  flrft  ;  but  it  defcribes  BC.  The 

forces.  body  has  therefore  been  defledled  by  an  external  force  ; 

.and  BC  is  the  diagonal  of  a  parallelogram  (ii'^  45,  46.), 
of  which  B  c  is  one  fide,  and  c  C  is  another.  The  de- 
fle£ling  force  will  be  difeovered,  both  in  refpe6t  of  di- 
redlion  and  intenfity,  by  completing  the  parallelogram 
hcQL  B  3,  is  the  fpace  which  the  defledling  force 
would  have  caufed  the  body  to  deferibe  in  the  time 
that  it  defcribes  B  or  BC.  Becaufe  B  c  is  equal  to 
BA,  the  triangles  BS^r,  BSA  are  equal.  But  (by  the 
nature  of  the  motion)  BSA  is  equal  to  BSC.  There¬ 
fore  the  triangles  BSC  and  BSe  are  equal.  They  are 
alfo  on  the  fame  bafe  BS  ;  therefore  they  lie  between 
the  fame  parallels,  and  C^  is  parallel  to  SB.  But  c  C 
is  parallel  to  B  b.  Therefore  B  b  coincides  with  BS, 
and  the  defleding  force  at  B  is  direded  toward  S. 
By  the  fame  argument,  the  defleding  force  at  the 
angles  D,  E,  F,  &c.  is  diredled  to  S. 

Now,  let  the  fides  of  the  polygon  be  diminifhed,  and 
their  number  increafed  without  end.  The  demonftra- 
tion  remains  the  fame;  and  continues,  when  the  polygon 
finally  coalefces  with  the  curve,  and  the  defledion  is 
continual. 

When  areas  are  defcribed  proportional  to  the  times, 
equal  areas  are  defcribed  in  equal  times  ;  and  therefore 
the  defledion  is  always  direded  to  S.  Q^E.  D. 

Centre  of  The  point  S  may,  with  great  propriety  of  language, 
defle<5lion.  be  Called  the  Centre  of  Deflection,  or  the  Cen- 
entre  o  FoRCES  ;  and  forces  which  are  thus  continual¬ 

ly  direded  to  one  fixed  point,  may  be  diftinguifhed 
from  other  defleding  forces  by  the  name  Central 
Forces. 

The  line  joining  the  centre  of  forces  with  the  body, 
and  which  may  be  conceived  as  a  ftiffline,  carrying  the 
Radius  vec. body  round,  is  ufually  named  the  Radius  Vector. 

coiiverfe  of  this  propofition,  vfz.  that  if  the  de- 
Central  for- bc  always  direded  to  S,  the  motion  is 
ces  produce plane,  in  which  S  is  fituated,  and 
areas  pro-  areas  are  defcribed  proportional  to  the  times— is  eafily 

‘I'e  fteps  of  this  cletnoiiftra- 
tion.  The  motion  will  be  in  the  plane  of  the  lines  SB 
and  B^;  becaufe  the  diagonal  BC  of  the  parallelogram 
of  forces  is  in  the  plane  of  the  fides.  Areas  are  de¬ 
fcribed  proportional  to  the  times ;  for  C  ^  being  pa¬ 
rallel  to  SB,  the  triangles  SCB  and  S^  B  are  equal ; 
and  therefore  SCB  and  SAB  are  equal,  &c.  &c. 

Velocity  is  When  a  body  defcribes  areas  round  S  pro- 

xnverfely  a-portional  to  the  times,  or  when  it  is  continually  deflec- 
P^‘‘P^^^-ted  toward  S,  or  aded  on  by  a  tranfverfe  force  direded 
to  S,  the  velocities  in  the  different  points  A  and  E  of 
the  curve  are  inverfely  proportional  to  the  perpendicu¬ 
lars  Sr  and  St,  drawn  from  the  centre  of  forces  to  the 
tangents  in  thofe  points;  that  is,  to  the  perpendiculars 
from  the  centre  on  the  momentary  diredions  of  the 
motion  ;  For  fince  the  triangles  ASB,  ESF  are  equal, 
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their  hafes  AB,  EF  are  inverfely  as  their  altitudes  Sr,  Of  Dffiedt- 
S/.  But  thefe^  bafes,  being  defcribed  in  equal  times,  “’g 
are  as  the  velocities  ;  and  they  ultimately  coincide  with  \n—' 
the  tangents  at  A  and  E. 

Cor,  2.  If  B  and  Ff  be  drawn  perpendicular  to  ny. 

SA  and  SE,  we  have  SA  X  B  «  =  SE  X  F and 
SA  :  SE  F  f  :  B  «  :  For  SA  X  B  *  is  double  of  the 
triangle  BSA,  and  SE  X  F  e  is  double  of  the  equal 
triangle  SFE.  ^ 
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Cor.  3.  The  angular  velocity  round  S,  that  is,  the  Angular 
magnitude  of  the  angle  defcribed  in  equal  times  by  the 
radius  vedor,  is  inverfely  proportional  to  the  fquare  ofir^j''*’'  “ 
the  dillance  from  S.  Lor  when  the  arches  AB,  flFi.f  tlie  'if- 
are  diininilhed  continually,  the  perpendiculars  B  a  andtimce  from 
F  i  will  ultimately  coincide  with  arches  defcribed  round 
S  with  the  radii  SB  and  SF.  Now  the  magnitude  of°‘^““‘* 
an  angle  is  proportional  to  the  length  of  the  arch  which 
nieafures  it  diredly,  and  to  the  radius  of  the  arch  in- 
verfely.  In  any  circle,  an  arch  of  two  inches  long  niea¬ 
fures  twice  as  many  degrees  as  an  arch  one  inch  long; 
and  an  arch  an  inch  long  contains  twice  as  many  de¬ 
grees  of  a  circle  whofe  radius  is  twice  as  (hort.  There¬ 
fore,  ultimately,  the  angle  ASB  is  to  the  angle  ESF 
as  B  a  to  F  i,  and  as  SF  to  SB  jointly  ;  that  Is,  as  B  » 

^  B  •  :  F ,  =  SE  :  SA  {Cor. 

2.)  Iherefore  ASB  :  ESF  =  SE  X  SF  :  SB  X  SA, 
ultimately  SE^  ;  SB^ 

This  corollary  gives  us  an  oftenfible  mark,  in  many 
very  important  cafes,  of  the  aaion  of  a  defleaiiio-  force 
being  always  direaed  to  a  fixed  point.  We  are  often 
able  to  meafure  the  angular  motion  when  ive  cannot 
meafure  the  real  velocities. 

Having  thus  difeovered  the  chief  circumilances  which  Intimate  ’ 
enable  us  to  afcertain  the  diieaion  of  the  dedeaiiigconncdion 
force,  we  proceed  to  inveftigate  the  quantity  of  this  det  ^ 
fleaive  determination  in  the  different  points  of  a  curvl- 
lineal  motmn  This  is  a  more  difficult  tafk.  The  mo- 
meiitary  effea  of  the  defleaing  force  is  a  fmall  devi?- 
tion  from  the  tangent;  and  this  deviation  is  made  with 
an  accelerated  motion.  The  law  of  this  acceleration 
regulates  the  curvature  of  the  path,  and  is  to  be  deter- 
nimed  by  it.  We  may  be  allowed  to  obferve  by  the 
way,  that  it  appears  clearly  from  the  form  in  which 
Newton  has  prefented  all  his  dynamical  theorems,  thnt 
we  are  indebted  to  thefe  problems  for  the  immenfe  im¬ 
provement  which  he  has  made  in  geometry  by  his  in- 
vent.on  of  fluxions.  The  purpofes  lie  had  in  view  fug- 
gelted  to  Ins  penetrating  mind  the  means  for  attaining 
them;  and  the  connexion  between  dynamics  and  geo¬ 
metry  is  fo  intimate,  that  the  fame  theorems  are  in  a 
manner  common  to  both.  This  is  particularly  the  cafe 
in  all  that  relates  to  curvature.  Or  fliall  we  fay  that  the 
geometry  of  Dr  Barrow  fuggefled  the  dynamical  theo¬ 
rems  to  Newton?  We  have  feen  how  the  curvature  of  a 
parabola  is  produced  by  a  force  aaiiig  uniformly  The 
momentary  aaion  of  all  finite  forces  may  be  confidered 
as  uniform  ;  and  therefore  the  curvature  will  be  that  of 
fome  portion  of  feme  parabola;  but  it  will  be  difficult  to 
determine  the  precife  degree  without  fome  farther  help 
We  are  beft  acquainted  with  the  properties  of  the  circle 
and  will  have  the  clearell  notions  of  the  curvature  of 
other  curves  by  comparing  them  with  circles 

The  curvature  of  a  circular  arch  of  given’  length  is  Meafure  of 
fo  much  greater  as  its  radius  is  ftiorter  ;  for  it  will  coii- cutvatufe. 
tain  fo  many  more  degrees  in  the  fame  length;  and 
•3^2  therefore 
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Of  Deflcft  therefore  the  change  of  direaion  of  its  extremities  is  fo 
ing  Forces,  greater.  Curvatures  may  always  be  meafured 

- - '' -  by  the  length  of  the  arch  diredly  and  the  radius  in- 

vcrfclv* 

Evolmion  Suppofe  a  thread  made  faft  at  one  end  of  a  material 
and  invoiu- curve  ABCD  (fig  22  ),  and  applied  to  it  in  its  whole 
tion  of  length.  Taking  hold  of  its  extremity  D,  unfold  it  gra- 
du5ly  from  the  curve  DCBA  ;  the  extremity  D  will 
defcrlbe  another  curve  Dcba.  This  geometrical  ope¬ 
ration  is  called  the  Evolution  of  curves,  and  D  c  b  a 
is  called  the  Evolute  of  DCBA,  which  Is  called  the 
Involute  of  D  ^  <2.  Perhaps  this  denomination  has 
been  given  from  the  genefis  of  the  area  or  furflice  con¬ 
tained  by  the  two  lines,  which  is  folded  up  and  unfold¬ 
ed  fomewhat  like  a  fan.  When  the  dcfcribing  point  is 
in  b,  the  thread  b  B  is,  undoubtedly,  the  momentary 
radius  of  a  circle  eb  whofe  centre  is  B,  the  point  of 
the  involute  which  it  is  juft  going  to  quit.^  The  mo- 
mentary  motion  of  b  is  the  fame,  whether  it  is  defcn- 
bing  an  arch' of  the  evolute  pafting  through  by  or  an 
arch  of  a  circle  round  the  centre  B.  The  fame  line 
bty  perpendicular  to  the  thread  b  B/touchcs  the  circle 
ebf  and  the  curve  Ti  b  a  lii  the  point  b.  This  circle 
€  b  f  inuft  lie  within  the  curve  D  ^  d!  on  the  fide  of  3  B 
toward  a\  becaiife  on  this  fide  the  momentary  radius  is 
continually  increafmg.  For  fimilar  reafons,  the  circle 
^^y’lles  without  the  curve  on  the  other  fide  of  bV>, 
Therefore  the  circle  ebf  both  touches  and  cuts  the 
curve  Dba  in  the  point  b.  Moreover,  becaufe  every 
portion  of  the  curve  between  b  and  D  is  defcribed  with 
radii  that  are  fhorter  than  b  B,  it  muft  be  more  incur- 
vated  than  any  portion  of  the  circle  ebf.  For  fimilar 
reafons,  every  portion  of  the  curve  between  b  and  a 
muft  be  lefs  incurvated  than  this  circle  ;  therefore  the 
circle  has  that  precife  degree  of  curvature  that  belongs 
to  the  curve  in  the  point  b  ;  it  is  therefore  called  the 
Circle  cf  Eq^uicurve  Circle,  or  the  Circle  of  Curvature, 
slTcurv^  andB  is  called  the  centre,  and  B  ^  the  Radius  of 
circle*  Curvature.  It  is  eafy  to  perceive  that  no  elide  can 
be  defcribed  which  fhall  touch  the  curve  in  by  and  come 
between  it  and  the  circle  ebf;  for  its  centre  muft  be 
in  fome  point  t  of  the  radius  b  B.  If  ib  be  lefs  than 
B  by  it  muft  fall  within  the  curve  on  both  Tides  of  by 
and  if  /  b  is  greater  than  B  by  the  circle  muft  fall  with- 
out  the  curve  on  both  Tides  of  B  b.  The  circle  <?  bf 
lies  clofei*  to  the  curv^e,  has  clofer  contad  with  it  than 
any  other,  and  has  therefore  got  the  whlmfical  name 
of  Osculating  Circle;  and  this  fort  of  contad  was 
called  Osculation. 

This  view  of  the  genefis  of  curve  lines  is  of  particu¬ 
lar  life  ill  dynamical  difeuffions.  It  exhibits  to  the  eye 
the  perfed  famenefs  of  the  momentary  motion,,  and 
therefore  of  the  momentary  defledion,  in  the  curve  and 
in  the  equicurve  circle,  and  leaves  the  mind  without  a 
doubt  but  that  the  forces  which  produce  the  one  will 
produce  the  other.  A  great  variety  of  curves  may  be 
defcribed  in  this  way.  If  perpendiculars  be  drawn  to 
the  curve  b  a  in  every  point,  they  will  interfed  each 
other,  each  its  immediate  neighbour,  in  the  circumfe¬ 
rence  x)f  the  curve  DBA:  and  geometry  teaches  us  how 
to  find  the  curve  DBA  which  lhall  produce  the  curve 
D  ^  ^  by  evolution.  See  Evolution  and  Involution, 
Supplement . 

It  is  a  matter  worthy  of  remark,  that  the  path  of  a 
body  that  is  defieded  from  redilineal  motion  by  a  Ji- 
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nite  force,  varying  according  to  any  law  whatever,  may  Of 
always  be  defcribed  by  evolution.  This  includes  almoft*^^  Forces, 
every  cafe  of  the  adion  of  deflediiig  forces  ;  none  be-  '* 

ing  excepted  but  when,  by  the  oppofite  adion  of  diffe¬ 
rent  forces,  the  body  is  in  equilibrio  in  one  fingle  point 
of  its  path. 

Our  taflc  is  now  brought  within  a  very  narrow  com- 
pafs,  namely,  to  meafure  the  defledion  in  the  arch  of  a 
circle.  ^ 

Had  the  motion  reprefented  in  fig.  21.  been  poly¬ 
gonal,  it  is  plain  that  the  defleding  force  in  the  poiiit 
B  is  to  that  in  the  point  E  as  the  diagonal  B  ^  of  the 
parallelogram  ABC^  to  the  diagonal  Ei  of  the  pa¬ 
rallelogram  DEE  t  ;  therefore  let  ABCZY  be  a  circle 
pafTing  through  the  points  A,  B,  and  C,  and  let  the 
radius  vedor  BS  cut  the  circumference  in  Z  ;  draw 
AZ,  CZ,  and  the  diagonal  AC,  which  neceffarily  bi- 
feds  and  is  bifeded  by  the  diagonal  B  b.  The  tri¬ 
angles  ^BC  and  CBZ  are  fimilar  ;  for  the  angle  C  3  B 
is  equal  to  the  alternate  angle  AB  3  or  ABZ,  which 
is  equal  to  the  ACZ,  ftanding  on  the  fame  chord 
AZ.  And  the  angle  CB  by  or  CBZ,  is  equal  to  CAZ, 
ftanding  on  the  fame  chord  CZ  ;  therefore  the  re¬ 
maining  angle  b  CB  is  equal  to  the  remaining  angle 
AZC;  therefore  ZA  is  to  AC  as  BC  to  B />,  and 


ACXBC 


In  like  manner  E  /  =: 


DFxEF 

Dz 


AZ 

Now  let  the  points  A  and  C  continually  approach, 
and  ultimately  coalefce  with  B  ;  it  is  evident  that  the 
circle  ABCZY  is  ullmately  the  equicurve  or  coinci¬ 
ding  circle  at  the  point  B,  and  that  AS  ultimately  coa- 
lefces  with,  and  is  equal  to,  BS,  and  that  AC  X  BC 
is  ultimately  2  BC^ ;  therefore  ultimately  B  ^  :  E  /  = 

2BC"  .  2EF^  _  ^  .  EF^ 

■  BZ  ‘  1E.Z  ’  4BZ  ‘ 

Now  BC  and  EF  being  defcribed  in  equal  times,  are  of 

as  the  velocities:  B^  and  E/  are  the  meafures  of  the  defleding^ 
velocities  which  the  deftedive  forces  at  B  and  E  would  force?, 
generate  in  the  time  that  the  body  dcfcribes  BC  or 
EF,  and  are  therefore  the  meafures  of  thofe  forces. 

'They  are  as  the  fquares  of  the  velocities  direBly,  and  in- 
verfely  as  thofe  chords  of  the  equicurve  circles  *which  have 
the  dir e8 ions  of  the  deJleBion. 

Obferve,  that  B  3  or  E  i  is  the  third  proportional  to 
half  of  the  chord  and  the  arch  defcribed  ;  for  B  ^  :  BC 

=  BC:— . 

2 

It  is  evident  that  as  the  arches  AB,  BC,  conti¬ 
nually  dimlnifh,  AC  is  ultimately  parallel  tO'  the  tan¬ 
gent  B  r,  and  BO  is  equal  to  the  adual  defledion  from 
the  tangent.  The  triangles  BOC  and  AOZ  are  fiini- 
OC-  BC^ 

lar,  and  BO  ,  or  ultimately  .  We  may 

vJZ  XjZ. 

meafure  the^  forces  by  the  adual  defledions,  becaufe 
they  are  the  halves  of  the  meafures  of  the  generated 
velocities  ;  and  we  may  fay  that 

The  atlual  momentary  deflexion  from  the  tangent  is  a  ^^/VJjvieafure  of 
proportional  to  the  defleStve  chord  of  the  equicurve  aVr/e  deflection. 
and  the  arch  defcribed  during  the  moment. 

Either  of  thefe  meafures  may  be  tak^n,  but  we  muft  Caution, 
take  care  not  to  confound  them.  The  firft  is  the 
moft  proper,  becaufe  the  change  produced  on  the  body 
(which  is  the  immediate  effed  and  meafure  of  the  force) 
is  the  determination,  left  inherent  ih  it,  to  move  with 

a 
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Of  Dc'lc'fl  a  certain  relocity.  This  is  the  meafure  alfo  which  we 
ifljjf  Forces.  means  of  the  ciifTerential  or  fluxionary  cal¬ 

culus  ;  but  the  other  meafure  mull  be  obtained  w'hen 
our  immediate  objedl  is  to  mark  the  a6lual  path  of  the 
body.  What  is  now  delivered  coincides  with  what 
was  more  briefly  flated  in  Astronomy,  SuppL  n°  i6. 
and  is  repeated  in  this  place,  becaufe  tlie  Heps  of  this 
demonftration,  which  is  Newton’s,  fo  naturally  termi¬ 
nate  in  the  equicurve  circle,  and  give  at  once  the  im¬ 
mediate  meafure  of  the  deflefting  force  :  at  the  fame 
time  the  reader  mn{l  perceive  that  this  meafure  does 
not  depend  on  the  force  being  always  directed  to  one 
centre  ;  it  is  enough  that  the  two  fides  of  the  polygon, 
in  immediate  fuecefhon,  are  deferibed  in  equal  times. 
This  is  neceffary  in  order  that  ABC  b  may  be  a  paral¬ 
lelogram,  and  that  the  diagonals  AC  and  B  b  may  mu¬ 
tually  bIfeA  each  other. 

Thus  have  we  obtained  a  meafure  of  deflefting  force, 
and,  in  the  moll  important  cafes,  a  method  of  difeover- 
ing  its  direftion.  It  only  remains  to  point  out  the  re¬ 
lation  between  the  iatenfity  of  the  force,  the  curvature 
of  the  path,  and  the  velocity  of  the  motion.  Thefe 
three  circurnftances  have  a  necelfary  connection  ;  for 
we  fee  that  the  intenfity  is  expreffed  by  certain  values 

of  the  other  two  in  the  formula  f  =  TTTi - or  f 

'  4  Chord  *' 

2  BC 

—  *  deflediive  velocity  B  b  is  acquired  in 

the  time  that  the  body  deferibes  BC  ;  therefore  the 
defleaive  velocity  is  to  the  velocity  in  the  curve  as  B  ^ 
to  BC.  ^  The  velocity  B  b  is  acquired  by  an  accelera¬ 
ted  motion  along  BO  ;  for  while,  by  progreffive  mo¬ 
tion,  the  body  deferibes  BC,  it  defleds  from  the  tan¬ 
gent  through  a  fpace  equal  to  the  half  of  B  becaufe 
the  momentary  adion  of  the  defledfing  force  may  be 
confidered  as  uniform.  The  progreffive  velocity  BC 
may  be  generated  by  the  fame  force,  uniformly  ading 
through  a  fpace  greater  than  BC  ;  call  this  fpace  a:. 
The  fpaces  along  w^hich  a  body  mull  be  uniformly  im¬ 
pelled  in  order  to  acquire  different  velocities,  are  as  the 
fqu^res  of  thofe  velocities;  therefore  B  :  BC  ^  = 

B  ^  ;  but  B  h  :  BC  “  BC  :  4  BZ  ;  therefore  B  b'^ : 
BC  B  ^  ;  4  BZ,  and  B  ^  :  4  BZ  ~  B  o  :  x,  and 
B  ^  ;  B  (7  rr  4  BZ  :  x  ;  but  B  is  4  of,  B  b  ;  therefore 
X  is  4  of  BZ  ;  that  is,  ' 

xar.  velocity  in  any  pdrit  of  a  curvUineal  path,  is  that 

which  the  dejle^tng  forces  in  that  point  would  generate  in 
the  body  by  impelling  it  uniformly  along  one  fourth  part  of 
the  cltjleaive  chord  of  the  equicurve  circle.  If  the  velo¬ 
city  increafe,  the  chord  of  the  equicurve  circle  mull 
increafe  ;  that  is,  the  path  becomes  Icfs  ineurvated.  If 
the  force  be  increafed,  the  curvature  will  alfo  increafe, 
ior  the  chord  of  curvature  will  be  Icfs. 

There  is  another  general  obfervation  to  be  made  on 
the  velocity  of  a  curvilineal  motion,  which  greatly  af- 
fifts  us  in  our  invelllgations. 

Compari-  If  a  body  deferibes  a  curve  by  the  aEtion  of  a  force 


fon  of  orbi  always  direaed  to  a  fxed  point,  and  varying  according  to 
with  d5red  proportion  whatever  of  the  diflances  from  that  point, 

_  .  .  r4  A  *  hr\  Wylft  ^  ^  J  ^  ^  I,  »  7  ^  /*:  .•_  1 


approach  to \f  ^^other  body,  aded  on  by  the  ^fame  centripetal  (fee  n°  I02.  j. 
z^axxt,  force,  move  toward  the  centre  in  a  Jlraight  line,  and  if 
in  any  one  cafe  of  equal  diflances  from  the  centre  of  force 
the  two  bodies  have  equal  velocities,  they  will  have  equal 
velocities  in  every  other  cafe  of  equal  diflances  from  the 
centre. 
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Let  one  body  be  impelled  from  A  (fig.  2j.)  toward  Of  Defied* 
C  along  the  ftraight  line  AVLEC,  and  let  another  be*‘^S  Forces, 
defleded  along  the  curve  line  VIK  k.  About  the  cen- 
tre  C  deferibe  concentric  arches  ID,  KE,  very  near  to 
each  other,  and  cutting  the  curve  in  I  and  K,  and  the 
line  AC  in  I)  and  E  :  draw  IC,  cutting  KE  in  N, 
and  draw  N  F  perpendicular  to  the  arch  IK  of  the 
curve,  and  complete  the  parallelogram  ITNO.  Let 
the  bodies  be  fuppofed  to  have  equal  velocities  at  I  and 
at  D. 

hen,  becaufe  the  centripetal  forces  are  fuppofed  to 
be  the  fame  for  both  bodies  when  they^  are  at  equal 
dillances,  the  accelerating  forces  at  D  and  I  may  be 
reprefented  by  the  equal  lines  DE  and  IN ;  but  the 
force  IN  is  not  wholly  employed  in  accelerating  the 
body  along  the  arch  IX,  but,  ading  tranfverfely,  it  is 
partly  employed  in  incurvatiiig  the  path.  It  is  equi¬ 
valent  to  the  two  forces  10  and  IT,  oi  w’hich  only  IX 
accelerates  the  body.  Now  IKN  is  a  right-angled  tri¬ 
angle,  as  is  alfo  the  triangle  INT  ;  and  they  are  limilar; 
therefore  IN  :  IT  IK;  IN,  or  DE  ;  IT  =  IK:  DE; 
that  is,  the  force  which  accelerates  the  body  along  DE 
is  to  the  force  wluch  accelerates  the  body  along  IK  as 
the  {pace  IK  is  to  the  fpace  DE  ;  therefore  (n°  86.) 
the  increment  of  the  fquare  of  the  velocity  acquired 
along  DE  is  ecjual  to  the  increment  of  the  fquare  of 
the  velocity  acquired  along  IK.  But  the  velocities  at 
D  and  I  were  equal,  and  confequently  their  fquares 
were  equal  ;  and  thefe  having  received  equal  increments, 
therefore  the  fquares  of  the  velocities  at  E  and  K  are 
equal,  and  the  velocities  tliemfelves  are  equal.  And 
fince  this  is  the  cafe  in  all  the  correfpoiiding  points  of 
the  line  AC  and  the  curve  VIK,  the  velocities  at  all 
equal  diflances  from  C  wull  be  equal. 

It  it  evident  that  the  concliilion  will  be  the  fame,  if 
the  bodies,  inflead  of  being  accelerated  by  approaching 
the  centre  in  the  ftraight  line  AC,  and  in  the  curve 
VIK,  are  moving  in  the  oppofite  diredioiis  from  E  to 
A,  or  from  I  to  V,  and  are  therefore  retarded  by  the 
centripetal  force. 
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Cor,  Hence  it  follows,  that  if  a  body  be  projected  Retarded 
from  any  point,  fuch  as  V,  of  the  curve,  in  a  line  tend-^“^V^'"*f 
ing  ftraight  from  the  centre,  with  the  velocity  which  it 
had  in  that  point  of  the  curve,  it  would  go  to  a  diftancecompanied 
VA,  fuch,  that  if  it  were  impelled  along  AV  by^  thehyrecefs 
centripetal  force,  it  w’ould  acquire  its  former  velocity 
the  point  V  ;  alfo'  in  any  point  between  V  and  A  it 
will  have  the  lame  velocity  in  its  recefs  from  the  centre 
that  it  has  there  in  its  approach  to  the  centre. 

The  line  BLFG,  whofe  ordinates  are  as  the  intenfi-  " 

ties  of  the  centripetal  force  in  A,  V,  D,  E,  or  in  A, 

V,  I,  Kj  may  be  called  the  scale  or  exponent  of 
forjee  ;  the  areas  bounded  by  the  ordinates  AB,  VL, 

Dr,  EG,  &c.  drawn  from  any  two  points  of  the  axis, 
are  as  the  fquares  of  the  velocity  acquired  by  accelera- 
lion  along  the  intercepted  part  of  the  axis,  or  in  any 
curvilineal  path,  while  the  body  approaches  the  centre, 
or  which  are  loft  while  the  body  retires  from  it.  When 
we  can  compute  thefe  areas  vve  obtain  the  velocities 


We  are  now  in  a  condition  to  folve  the  chief  pro- 
blem  in  the  fcience  of  dynamics,  to  which  the  whole  of 
it  IS,  ill  a  great  meafure,  fubfervient.  The  problem  is- 
this, . 

Let  a  body  be  pro] edled  with  a  known  velocity  from » 
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a  given  point  and  in  a  given  direction j  and  let  it  be  un¬ 
der  the  influence  of  a  mechanical  force,  wliofe  dire^ioii, 
intenflty,  and  variation,  are  all  known  :  it  is  required  to 
determine  its  path,  and  its  motion  in  this  path,  for  any- 
given  time  ? 

This  problem  is  fufceptible  of  three  diftinft  clafles  of 
conditions,  which  require  different  inveftigation. 

i.  The  force  may  a£f  in  one  conftant  direction  ;  that 


is,  in  parallel  lines. 

2.  The  force  may  be  always  direded  to  a  fixed 
point. 

It  may  be  diredled  to  a  point  which  is  continually 
'changing  its  place. 

I.  When  the  force  a£ls  in  parallel  lines,  the  problem 
is  folved  by  compounding  the  redfilineal  accelerated 
motion  which  the  force  would  produce  in  its  own  direc¬ 
tion  with  the  uniform  motion  which  the  projedlion  a- 
lone  would  have  produced.  The  motion  muH  be  cur- 
vilineal,  when  the  acceltjvating  force  is  tranfverfe,  in 
any  degree  whatever,  to  the  proje£lile  motion  ;  and  the 
curvilineal  path  mull  be  concave  on  that  fide  to  which 
the  defledling  force  tends  ;  for  the  force  is  fuppofed  to 
?£x  inceffantly.  The  place  of  the  body  will  be  had  for 
any  time,  by  finding  where  the  body  would  have  been 
at  the  eml  of  that  time  by  each  force  aftiiig  alone,  and 
by  completing  the  parallelogram.  Thus,  fuppofe  a  bo¬ 
dy  projeded  along  AB  (fig.  20.)  while  it  is  continual¬ 
ly  adled  on  by  a  force  whofe  diredlion  is  AD.  Let  D 
and  B  be  the  places  where  the  body  would  be  at  the 
end  of  a  given  time.  Then  the  body  will  at  the  end 
of  that  time  be  in  F,  the  oppofite  angle  of  the  paral¬ 
lelogram  ABFD.  But  it  has  not  deferibed  the  diago¬ 
nal  AF  ;  becaiife  its  motion  has  been  curvilineal,  as  we 
fhall  find  by  determining  its  place  at  other  inftants  of 


this  time. 

The  velocity  in  any  point  F  is  found  by  firft  deter. 
mining  the  velocity  at  D,  and  making  DT  to  DF  as 
the  velocity  at  D  to  the  velocity  at  B  (that  is,  the  ve¬ 
locity  of  projedlion,  becanfe  the  motion  along  AB  is 
uniform).  Then  draw  TF.  Then  AB  is  to  TF  as 
the  conllant  velocity  of  projedlion  to  the  velocity  at  F. 
We  have  feen  already  (no  1 1  2 — 1 19.)  that  TF  is  a  tan¬ 
gent  to  the  curve  in  F.  Hence  we  may  determine  the 
velocity  at  F  in  another  way.  Having  determined  the 
form  of  the  path  in  the  way  already  deferibed,  by  find¬ 
ing  its  different  points,  draw  the  tangent  F  </,  cutting 
the  line  DA  in  d.  Then  the  velocity  at  A  is  to  that 
at  F  as  AB  to  d  F.  Hence  alfo  we  fee,  that  the  velo¬ 
cities  in  every  point  of  the  curve  are  proportional  to  the 
portion  of  the  tangents  at  thofe  points  which  are  inter¬ 
cepted  between  any  two  lines  parallel  to  AD. 

Either  of  thefe  methods  for  afeertaining  the  velocity, 
ill  this  cafe  of  parallel  defledfions,  will  in  general  be 
eafier  than  the  general  method  in  n*’  121.  by  the  equi- 
curve  circle. 

It  was  thus  that  Galileo  difeovered  the  parabolic  mo¬ 
tion  of  heavy  bodies. 

ti^verfe pro-  2  We  mufl  confider  the  motions  of  bodies  affe^led 
M-ni  of  centripetal  or  centrifugal  forces,  always  tending  to 

one  fixed  point.  This  is  the  celebrated  inverfe problem 
of  centripetal  forces,  and  is  the  4 2d  propofition  of  the 
•firft  book  of  Newton’s  Principia*  We  fhall  give  the 
*folution  after  the  manner  of  its  illuftrious  author  ;  be- 
caufe  it  is  elementary,  in  the  pureft  fenfe  of  the  word, 
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keeping  in  view  the  two  leading  circumftanccs,  and  Of  Deile^fl. 
thefe  only,  namely,  the  motion  of  approach  and  recefs^“^  Fbres!^, 
from  the  centre,  and  the  motion  of  revolution.  By 
this  judicious  procefs,  it  becomes  a  pattern  by  which 
more  refined,  and,  in  fome  refpedls,  better  loliitions 
fhould  be  modelled.  At  the  fame  time  we  fhall  fupply 
fome  fteps  of  the  inveftigation  which  his  elegant  concife- 
nefs  has  made  him  omit. 

Let  a  body,  which  tends  to  C  (fig.  24  )  with  a  force  125. 
proportional  to  tlie  ordinates  of  the  exponent  BLFG, 
having  the  axis  CA,  be  projedled  from  V  in  the  direc¬ 
tion  VQ  ,  with  the  velocity  which  the  centripetal  force 
would  generate  in  it  by  accelerating  it  along  AV  It 
is  required  to  determine  the  path  or  orbit  VIKI  of  the 
body,  and  its  place  1  in  this  orbit,  at  the  end  of  the  af- 
figned  time  T  ? 

Suppofe  the  thing  done,  and  that  I  is  the  place  of 
the  body.  About  the  centre  C,  with  the  diftances  CV 
and  Cl,  deferibe  the  circles  YV  and  ID.  Draw  CIX 
to  the  circumference,  and  draw  the  ordinate  DF  of  the 
exponent  of  forces,  producing  it  toward  x,  and  produce 
the  ordinate  VL  toward  a.  Let  V  /  be  the  diftance  to 
which  the  body  would  go  along  the  tangent  VQjn 
the  time  T,  and  join  t  C.  Let  this  be  fuppofed  done 
for  every  point  of  the  curve.  Let  aik  and  axy  be 
two  curves  fo  related  to  the  curve  VIK,  that  the  ordi¬ 
nate  DF  cuts  off  an  area  V  i  D  equal  to  the  orbital 
fe<ftor  VCI,  and  an  area  V  a  x  equal  to  the  circular 
fedor  vex. 

Then,  becaufe  the  velocity  of  projedion  is  given, 
the  diftance  V  t  is  known,  and  the  area  of  the  triangle 
VC  /.  But  this  is  equal  to  the  area  VCI,  by  the  laws 
of  central  forces  (n°  115.).  Therefore  the  area  Va/D 
is  given.  Alfo,  becaufe  the  area  VCI  increafes  in  the 
proportion  of  the  time,  the  area  V  a  iX)  increafes  at  the 
fame  rate.  Therefore  having  thefe  fublidiary  curves 
aik,  axy,  the  problem  is  folved  as  follows  : 

Draw  an  ordinate  D  i,  cutting  off  an  area  V  a  i  Uf 
proportional  to  the  time,  and  deferibe  a  circle  DIR. 

Then  draw  a  line  CX,  cutting  off  a  fedor  VCX,  equal 
to  the  area  V  ^  ^  D  cut  off  by  the  ordinate  D  i  x.  This 
line  will  cut  the  circle  DR  in  tlie  point  I,  which  is  the 
point  of  the  orbit  that  was  demanded. 

But  the  chief  difficulty  of  the  problem  confifts  in  the 
defeription  of  the  two  fubfidiary  curves  aik  and  a  x  y, 
into  which  the  lines  VIK  and  VXY  are  transformed. 

We  attain  this  coiiftrudion  by  refolving  the  motion  in 
the  arch  of  the  orbit  into  two  motions,  one  of  which 
is  in  the  di^edion  of  the  tranfverfe  force,  or  of  the  ra¬ 
dius  vedor,  and  the  other  is  in  the  diredion  of  revolu¬ 
tion,  or  perpendiculaY  to  the  radius. 

Let  V  k  and  IK  be  two  very  fmall  arches  deferibed 
in  equal  moments,  and  therefore  ultimately  in  the  ratio 
of  the  velocities  in  V  and  I  (n^  73.).  Deferibe  the 
circle  KE,  cutting  IC  in  N.  Draw  KG  and  k  C,  and 
k  n  perpendicular  to  VC. 

r  ,  .  .  ICXKN 

The  element  ICK  of  the  orbit  is  =  — ^ - ,  or 

to  4  IC  X  KN.  This  is  equal  to  the  element  D  i  i  E 
of  the  area  V  «  i  D,  or  to  D  i  X  DE,  or  to  D  i  X  IN. 
Therefore  IN  :  KN  =:  i  IC  :  D  /,  or  2  IN  ;  KN 

^  ^  IC  X  KN 

IC  ;  D  I,  and  D  t  =  — ’ 

Now  let  A  ^  be  the  exponent  of  the  velocities, 

that 
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Of Defle<Jl-that  1*3  {no  86.),  let  V  be  to  D as  ABLV  to 
ABFD,  or  V  / :  D  /  r=  ^/ABLV  :  ABFD.  Make 
V  ‘y  and  I  i  in  the  tangents  refpeftively  equal  to  V  / 
and  D  f.  Draw  ny  u  and  i  o  perpendicular  to  VC  and 
IC,  and  'll  m  perpendicular  to  LV  produced.  Let 
w  r  be  an  equilateral  hyperbola,  having  VC,  ZC,  for 
its  alTyraptotes,  and  cutting  FD  produced  in  r.  Then 
the  ordinates  V  D  r,  are  inverfely  proportional  to 
CV,  CD,  or  V  m  ;  D  r  =  CD  :  CV,  r=  Cl  :  CV.  But 
becaufe  the  momentary  fedlors  VC  h  and  ICK  are  equal, 
k  n  ;  KN  =:  Cl  :  CV.  Therefore, 

V  w  :  D  r  =:  i  «  :  KN 
but  V  V  \  V  m  "zz  W  k  :  k  n 

and  I  i  (or  D/)  :  V  -u  =  IK  :  V;5 
therefore  I  /  ;  D  r  =  IK  :  KN 
but  I  /  ;  /  0  IK  :  KN,  by  lim.  triang. 

Therefore  D  r  =  i  o,  and  i  o  :  V  m  zz  VC  :  Cl. 

Alfo,  by  fimilarity  of  triangles,  I  o  ;  /  o  =  IN  ;  KN, 
and  2  I  y  :  i  y  =r  2  IN  :  KN. 

Now  it  was  (hewn,  that  in  order  that  the  fpace 
D  i  ^  E  may  be  equal  to  the  fpace  ICK,  we  mull  have 
2  IN  :  KN  =  IC  :  D  i 
or  2  I  0  :  i  0  =  IC  :  D  / 

but  i  0  lY  mzzWC  ;  1C 

therefore  2  I  y  :  V  wi  =r  VC  :  D  / 

^  .  YCXY  m 

and  D  t  zz - ^ - 

2  1  0 

Having  obtained  D  /,  we  eafily  get  D  ;  for  the  ul¬ 
timate  ratio  of  ICK  to  XCY  is  that  of  1C"  to  VC". 
Therefore  make 

1C"  :  VC"  =  D  i  :  D  a?. 

Thus  are  the  points  of  the  two  fublidiary  curves 
axy,  determined. 

The  re^langle  VC  X  V  w  is  a  conltant  magnitude  ; 
and  is  given,  becaufe  VC  is  given,  and  V  rn  is  the  given 
velocity  V  /,  diminilhed  in  the  ratio  of  radius  to  the  fine 
of  the  given  angle  CVQ^ 

But  the  line  2  I  o  is  of  variable  magnitude,  but  it  Is 
alfo  given,  by  means  of  known  quantities.  I  o"  is 
=  I  o^zz  D D  and  I  0  zz 

Moreover,  D/"  =z  ABFD,  and  D  r-z=  ^  ^ 


1C" 


Therefore  2  I 


5=2^/ 


ABFD  — 


VC*  X  V 


IC" 


known 


prelTed  In  known  quantities,  becaufe  ABFD  is 
from  the  nature  of  the  centripetel  force. 

Let  the  indeterminate  dillance  Cl  or  CD  be  zz  Xy 
and  let  the  ordinate  DF,  exprelltng  the  force,  be  j'.  Let 
VC  be  ay  and  V  w  be  r,  and  let  ^  ^  be  a  redlangle  equal 
to  the  whole  area  of  the  exponent  of  force  lying  be¬ 
tween  the  ordinate  AB  and  the  ordinate  CZ,  fo  that 

ai~fy  X  may  reprefeiit  the  indeterminate  area 
ABFD. 

a  c 


We  have  D  i  zz 


and  D  a:  z= 


ab-Jy^  --J- 
dr  c 

ab-fy-^-tS 


Remark.  Wc  have  hitherto  fuppofed  that  the  ve-. 
locity  of  proje6lion  is  acquired  by  acceleration  along* 
AV.  But  this. was  merely  for  greater  fimplicity  of  arr 
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giiment,  and  that  the  final  values  of  D  i  and  D  x  might  OfDefied^ 
be  eafier  conceived.  In  whatever  way  the  velocity  is  b’S  Forces,^ 
acquired,  it  will  Hill  be  true,  that  when  in  any  point  V  ^ 

we  make  V  /  to  V  wt  as  the  momentary  increment  V  k 
of  the  arch  is  to  the  perpendicular  k  n  on  the  radius  vec¬ 
tor,  we  fhall  have  in  every  other  point,  fiich  as  I,  the 
line  D  f  to  the  line  D  r  as  the  Increment  IK  of  the 
arch  to  KN.  And  in  the  final  equation  D  f  wull  Hill 
be  exprefied  hy  ^  a  b  — J' ^ 

Cor.  I.  The  angle  which  the  path  of  the  proje61Ilc  ii6* 
makes  with  the  radius  vedor  is  determined  by  this  fo- 
lution  ;  for  I  i  is  to  t  o  as  radius  to  the  fine  of  this 

0  C 

angle  ;  which  fine  is  therefore  zz  - 7==^====== 

>‘Vab-fy^, 


Cor,  2. 


When  the  magnitude 


is  equal  to 


Vah-^J^y  X,  the  path  is  perpendicular  to  the  radius  vec- ApfideYdc^ 

tor,  and  the  body  is  a  tone  of  the  apfides  of  iu  orbit,  and^^^®^*^^^  ’ 
begins  to  recede  from  the  centre  after  having  approach, 
ed  to  it,  or  begins  to  approach  after  having  receded. 

Cor.  3.  The  curvature  of  the  orbit  VIK  is  alfo  de- And  curvz^ 
termined  in  every  point ;  for  the  curvature  of  any  llneture. 
is  inverfely  as  the  radius  of  the  equicurve  circle,  and 
this  is  to  the  chord  which  pafles  through  C  as  radius  to 
the  fine  of  the  angle  Cl  i.  Becaufe  the  velocity  in  any 
point  I  is  zz  -v/ ABFD,  and  Is  equal  to  what  the  centri¬ 
petal  force  at  I  would  produce,  by  impelling  the  body 
along  ^th  of  the  detledlive  chord  of  the  equicurve  circle, 

,  ,  .  ,  ,  ABFD  ^ 

we  have  this  chord  zz  4  -  -*  Or  we  obtain  it  by 

taking  a  third  proportional  to  the  momentary  defle^llon 
and  the  momentary  arch  of  the  curve,  or  by  other  pvo- 
ceffes  of  the  higher  geometry,  all  proceeding  on  the 
quantities  furniflied  In  this  invefllgation. 

Such  is  the  folutlon  of  this  celebrated  problem  given 
by  Sir  Ifaac  Newton,  who  may  juilly  be  called  the  in- inventor^ 
ventor  of  the  fcience  of  which  It  is  the  chief  refult,  as 
well  as  of  the  geometry,  by  help  of  which  it  Is  pro- 
fee  iit  eel.  For  we  cannot  give  this  glory  to  Galileo  ; 
for  his  fimple  problem  of  the  motion  of  bodies  affected 
by  uniform  and  parallel  gravity,  however  juft  and  ele¬ 
gant  his  fohition  may  be,  was  peculiar;  and  the  fame 
mu  ft  be  faid  of  Mr  Hiiyghens’s  dodirine  of  ceiitrifu;»’ar 
forces.  Befides,  thefe  theorems  had  been  inveftigated 
by  Newton  feveral  years  before,  fua  mathcfi  facern  pre^ 
ferentCy  as  corollaries  which  he  could  not  pafs  annoticedp. 
from  his  general  method.  This  is  proved  by  letters  , 
from  Huyghens.  Newton’s  inveftigatlon  is  extremely, , 
but  elegantly,  concife,  and  Is  one  of  the  beft  exertions 
of  Ills  fagaoious  mind. 

Whether  we  confider  this  problem  as  a  piece  of  mere  Hifto^v^oV 
mathematical  fpeciilation,  or  attend  to  its  coutequences,  this  pro-"' 
which  include  the  whole  of  the  celeftial  motions  in  allbleni. 
their  extent  and  complication,  we  miift  allow  it  to  be 
highly  Interefting,  and  likely  to  engage  much  attention 
in  the  period  of  ardent  inquiry  which  elofed  the  laft 
century.  Accordingly,  it  was  no  fooner  known,  by 
the  publication  of  the  Mathematical  Principles  of  Na¬ 
tural  Philojophy  in  16S6,  than  it  occupied  the.  talents 
of  the  moil  eminent  mathematicians  ;  and  many  iolu- 
tions  were  publiftied,  fome  of  which  differ  confiderably 
from  Newton’s  ;  fome  are  more  expeditious,  and  better 
fittedTor  computation.  Of  thefe,  the  moft  remarkable 
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Of  Defle<5b- for  originality  and  ingenuity  ave  tliofe  of  de  Moivre, 
ing  Forces.  and  Stewart.  The  laft  differs  moil 

‘^n  methods  purfued  by  others.  M‘Xjaurin  s  pro* 

pofitions  on  this  fubjea,  and  in  that  part  of  his  fluxions 
which  treats  of  curvature,  are  highly  valuable,  claifing 
the  chief  affedions  of  curvilineal  motions  geometrical¬ 
ly,  as  they  are  fuggeiled  by  the  fluxionary  method  ; 
and  then  ihewing,  in  a  very  inftrudive  manner,  the  con- 
nedion  between  thefe  mathematical  affedions  of  motion 
and  the  powers  of  nature  which  produce  them.  This 
part  of  his  excellent  work  is  a  fine  example  of  the  real 
nature  of  all  inquiries  in  dynamics  ;  (hewing  that  it  dif¬ 
fers  from  geometry  little  more  than  in  the  language,  in 
which  the  word  force  is  fubflituted  for  acceleration^  re^ 
tardationy  or  defeBton,  We  recommend  the  careful  per- 
tifal  of  thefe  propofitions  to  all  who  wifh  to  have  clear 
conceptions  of  the  fulled.  Dr  John  Keill  and  Dr 
Horfeley  (bifhop  of  Rochefler)  have  given  particular 
treatifes  on  the  motions  of  bodies  defleded  by  centripe¬ 
tal  forces  inverfely  proportional  to  the  cubes  of  the  dif- 
tances  ;  induced  by  the  fmgular  motions  which  refult 
from  this  law  of  adion,  and  the  multitude  of  beautiful 
propofitions  which  they  fuggefl  to  the  mathematician. 
Newton,  indeed,  fif  ft  perceived  both  of  thefe  peculiari¬ 
ties,  and  has  begun  this  branch  of  the  general  problem. 
He  firil  demonftrated  the  defeription  of  the  logarithmic 
and  hyperbolic  fpirals,  and  indicated  a  variety  of  curi- 
OU8  recurring  elliptical  fpirals,  which  would  he  deferi- 
bed  by  means  of  this  force,  and  (hewing  that  they  are 
all  fufceptible  of  accurate  quadrature.  Several  of  thofe 
authors  alFed  to  confider  their  folutions  as  more  per- 
fed  than  Newton*s,  and  as  more  immediately  indica¬ 
ting  the  remarkable  properties  of  fiich  motions;  and  alfo 
affed  to  have  deduced  them  from  different  and  original 
principles.  But  we  cannot  help  faying,  that  their  claims 
to  fuperiority  are  very  ill  founded  ;  there  is  not  a  prin 
ciple  made  life  of  in  their  folutions  wdiich  was  not 
pointed  out  by  Newton,  and  employed  by  him.  The 
appearance  of  originality  arifes  from  their  having  taken 
a  more  particular  concern  in  fome  general  property  of, 
curvilineal  motions  ;  fuch  as  the  curvature,  the  centri¬ 
fugal  force,  &c.  and  the  making  that  the  leading  (lep  of* 
their  procefs.  But  Newton’s  is  flill  the  befi:  ;  becaufe  it 
is  ftridly  elementary,  aiming  at  the  tw^o  leading  cir- 
cumflances,  the  motion  to  or  from  the  centre,  and  the 
motion  of  revolution  round  that  centre.  To  thefe  two 
purpofes  he  adapted  his  two  fubfidiary  curves.  This 
procedure  became  Newton,  pater ^  et i  rerum  inventor^ 
who  \vas  teaching  the  world,  and  who  might  fay, 

An)ia  Pieridum  peragro  loca,  nuUius  ante 
Trita  pede - - 

Is  it  not  furprifing,  that  25  years  after  the  publica¬ 
tion  of  Newton’s  Prhiclpia^  a  mathematician  on  the 
continent  fhould  publifh  a  folution  in  the  Memoirs  of 
the  French  academy,  and  boall  that  he  had  given  the 
firft  demonflration  of  it  ?  Yet  John  Bernoulli  did  this 
in  1710.  Is  it  not  more  remarkable  that  this  (hould 
be  precifely  the  folution  given  by  Newton,  beginning 
from  the  fame  theorem,  the  40th  I.  Prin.  following 
Newton  in  every  ftep,  and  ufing  the  fame  fubfidiary 
lines  ?  Yet  fo  it  is.  Bernoulli  adlually  reduces  the  whole 

a  c 

to  tw'o  functions;  namely,” 


Sinffiilar 
boaft  of 
John  Ber¬ 
noulli. 


^ ah  — y?  *  — 
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and  / - - - - 

J  ab  x'  —J  f 


1*1  1  n  •  Defle<Sl- 
3=;.;  which  lad  ising  Foicci, 


Q  X  CX’ 

plainly  the  fame  wuth  Newton’s 
^  ^  VABDF  —  Z' ! 

Q_.  .  ct  p 

becaufe  Newtoii’s-^is  the  fame  with  — ,andNewton’s 
A  X  _ 

ABFD - is  the  fame  with  x^  Jab-J,x 

— —  (P  C*' 

- - 1 — ,  which  Bernoulli  has  changed  (apparently  to  hide 


the  borrowing)  into  ^ a  b  x^  — J ^  x^  m 


This  publication  of  Bernoulli  is  perhaps  the  moft  impu¬ 
dent  piece  of  literary  robbery y  for  theft  is  too  mild  a  term, 
that  has  ever  appeared;  and  is  the  more  deferving  of 
fevere  repiehcnfion,  becaufe  it  is  full  of  reflexions  on 
the  fimple  and  fupremely  elegant  method  of  Newton.  It 
is  hardly  conceivable  that  a  perfon  of  Bernoulli’s  con- 
fummate  mathematical  knowlege  was  fo  much  blinded 
by  the  mechanical  procedure  of  the  fymboHcal  calculus 
(which  indeed  is  rarely  accompanied  by  any  ideas  of  the 
fubjeX  in  hand)  as  not  to  perceive  the  perfeX  famenefs 
of  liis  folution.  No  ;  he  (hews,  from  time  to  time,  that 
the  phyfical  ideas  of  motion  and  force  were  prefent  to 
his  mind  ;  for  he  affedts  to  (hew’,  ttiat  all  Newton’s 
brighteft  difeoveries,  fuch  as  the  proportionality  of  the 
areas  and  times,  &c.  flow  as  corollaries  from  his  proce- 
durc. 

Bernoulli’s  chief  boaft  in  this  differtation  is,  that  nozv 
philofophers  may  be  alTured  that  the  planets  will  always 
deferibe  conic  f'eXions';  a  truth  of  which  they  had  not 
as  yet  receiwd  any  proof :  becaufe,  fays  he,  Newton’s 
argument  for  it  in  the  corollary  of  the  13th  propolitiou 
is  inconcluiive,  and  becaufe  he  had  not  been  able  to  ac¬ 
commodate  his  demonflration  of  the  41ft  and  42d  pro- 
pofition  to  the  particular  cafe  of  the  planetary  gravita¬ 
tion.  Two  alfertions  that  border  on  infolcnce.  New¬ 
ton’s  dcmonftralion  in  the  corollary  of  the  1 3th  piopo- 
fition  is  juft,  founded  on  the  principle  on  which  the  very 
demonftration  of  the  qad',  adopted  by  Bernoulli,  pro¬ 
ceeds,  and  without  which  that  demon ftration  is  of  no 
force;  namely,  that  a  body  in  given  circiimfta*nces  of  fi- 
tuation,  velocity,  direXiori,  and  centripetal  force,  can 
deferibe  no  other  figure  than  what  it  really  deferibes. 
Newton  did  not  accommodate  the  demonilration  of  the 
42d  propofition  to  the  planetary  motions,  becaufe  he  bad 
already  demonftrated  the  nature  of  their  orbits;  but 
mentions  the  cafe  of  a  force  proportional  to  the  recipro¬ 
cal  of  the  cubes  of  the  diilance  ;  not  as  a  deduXion  (rom 
the  42d,  but  beca6fe  it  ^vas  not  a  deduXion  from  it,  and 
admitted  a  very  fingular  and  beautiful  inveftigation  by 
methods  totally  and  effentially  different. 

Bernoulli  alfo  fays,  that  Newton’s  folution  does  not 
give  us  the  notion  of  a  continuous  path,  as  his  own  does, 
but  only  informs  us  howto  afeertain  points  of  this  path. 
Tills  is  the  boldeft  of  all  his  affertions.  Bernoulli  ufes 
the  differential  calculus.  It  is  the  ejfential  charaXer  of 
this  calculus  that  it  exhibits,  and  can  exhibit,  nothing 
but  detached  points.  This  is  undeniable.  And  this  has 
been  objeXed  to  Newton’s  firft  propofition.  But  Nev/- 
ton’s  fluxionary  geometry^  of  which  the  calculus  exhibits 
only  elements  (being  the  fame  with,  the  differential), 

fuppofes 
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Contluuon.fuppofes  the  ccntinuity'  oF  all  magnitudes  ;  and  when 
*"Y“**^  applied  to  dynamics,  is  no  fubftitution  whatever,  but 
the  ipfa  corpora.  This  geometry  offered  itfelf  to  the 
mind  of  Newton,  the  accompliflied  and  darling  fcholar 
of  Barrow,  vvhofe  geometry  daflied  on  Newton's  mind 
as  the  torch  which  was  to  fhew  him  the  fteps  of  this 
yet  untrodden  path.  • 

Wc  truft  that  our  readers  will  not  be  difpleafed  with 
our  repeated  endeavours  to  defend  our  great  philofo- 
pher  from  the  injurious  attacks  that  have  been  made 
on  him.  During  his  own  illuftrious  life,  while  he  was 
diffufing  light  and  knowledge  around  him,  and  never 
contended  for  fame,  happy  in  being  the  inftrudlor  of 
mankind,  he  was  injured  by  thofe  who  envied  his  repu¬ 
tation,  while  they  derived  their  chief  honours  from  be¬ 
ing  his  bed  commentators.  Now,  fince  he  has  left  this 
world,  he  has  been  more  grofsly  injured  by  thofe  who 
avail  themfelves  of  that  very  reputation  :  and  who,  by 
crude  and  contemptible  inferences  from  his  dodlrine  of 
elallic  undulations,  and  grofs  mifreprefentations  of  his 
notions  of  an  etlierial  fluid,  have  pretended  to  fuppprt 
a  fyftem  of  materialifm  ;  and  thus  have  fet  Newton  at 
the  head  of  the  atheiflical  feed,  which  he  held  in  abhor¬ 
rence.  For  our  part,  we  always  think  with  pleafure  on 
the  wonderful  energy  of  that  great  mind;  becaufe  it  gives 
us  a  foretafle  of  thofe  pleafurcs  that  await  the  wife  and 
good,  when  the  forrow's  flowing  from  the  infirmities, 
the  vices,  and  the  arrogant  vanity  of  man,  are  pail  j 


XJlque  in  hoc  inf  elm  campOy 
libi  luBits  regnat ^  et  pavor^ 

Mortalibus  prorfus  non  ahfit  folatium, 

PJujuc  enim  fcripta  evolvas^ 

Mentemque  t  ant  arum  rerum  capacem 
Corpori  caduco  fuperjlitem  c  red  as. 

Condufion.^  cannot  be  expefted  that,  in  the  narrow  limits  pre- 
feribed  to  a  work  like  ours,  we  can  proceed  to  conhder 
the  various  departments  of  this  celebrated  problem. 
W e  are  only  giving  the  outlines  of  the  general  dodrines 
of  dynamics  ;  and  we  have  bellowed  more  time  on  thofe 
which  are  purely  elementary  than  fome  readers  may 
think  they  deferve.  We  were  anxious  to  give  juft  con¬ 
ceptions  of  the  fundamental  principles  of  dynamics;  be¬ 
caufe  we  know  that  nothing  elfe  can  intitle  it  to  the 
name  of  a  demonftrative  fcience,  and  becaufe  we  fee 
much  indiftindnefs  and  uncertainty,  and  a  general  vague- 
nefs  or  want  of  precifion,  in  feveral  elementary  works 
w^hich  are  put  into  the  hands  of  perfons  entering  on  the 
ftudy.  This  leads  to  errors  of  more  confequence  than 
a  perfon  is  apt  to  think ;  becaufe  they  afled  our  lead¬ 
ing  thoughts  of  mechanifm  itfelf,  and  our  notions  of 
the  intimate  nature  of  the  viflble  univerfe. 

Reafons  for  muft  conclude  the  article  with  this  great 

©niifiions.  problem.  Many  very  general  dodrines  of  dynamics  re¬ 
main  untouched,;  all,  namely,  that  relate  to  the  rotative 
motion  of  rigid  bodies,  and  all  that  relate  to  the  mutual 
adion  of  bodies  on  each  other  in  the  way  of  impulfe. 

The  rotative  motions,  with  the  dodrine  of  mechanic 
momenta,  have  been  confidercd  at  large  in  the  article 
Rotation  of  the  ILncycL  Britan.  ;  and  we  propofe  to 
offer  fome  important  conliderations  on  the  fame  fiibjed 
in  our  fupplement  to  the  articles  Machine  and  Me¬ 
chanics.  In  the  article  Impulsion  will  be  confidered 
fuch  dodrines  as  are  truly  general,  and  independent  of 
the  fpecific  differences  of  the  bodies.  Dynamics  pro- 
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feffes  to  involve  no  notions  but  thofe  of  force,  and  its  Conchnon. 
marks  and  meafures.  v.— y— 

Notwithftanding  thefe  great  oiniflions,  we  muft  ob- 
ferve  that  no  new  principle  remains  to  be  confidered. 

We  have  given  all  that  are  neceffary  ;  and  there  is  no 
queftion  that  occurs  in  the  cafes  omitted,  which  cannot  he 
completely  anfwered  by  means  of  the  propofitions  already 
eftablifhed.  We  have  taught  bow  to  difcovei*  the  ex- 
iftence  and  agency  of  a  mechanical  force,  to  meafure  and 
charaderife  it,  and  then  to  ftate  what  will  be  its  various 
effeds,  according  to  the  circumftances  of  the  cafe, 

Proceeding  by  thefe  principles,  men  have  difeovered  Univerfal 
an  univerfal  fad,  that  every  action  of  one  body  on  ano- h  a 
ther  is  accompanied  by  an  equal  reaction  of  that  o- 
ther  on  the  firft,  in  the  oppofite  diredion  ;  that  is,  to 
exprefs  it  in  the  language  of  dynamics,  all  the  pheno¬ 
mena  which  make  us  infer  that  the  body  A  pofieffes  a 
force  by.  which  it  changes  the  motion  of  the  body  13, 
fhew,  at  the  fame  time,  that  B  poffeffes  a  force  by 
which  it  makes  an  equal  and  oppofite  alteration  in  the 
motion  of  A."  This,  however,  is  not  a  dodrine  of  ab- 
ftrad  dynamics  :  it  does  not  flow  from  our  idea  of 
force  ;  therefore  it  was  not  included  in  oiii  lift  of  the 
Laws  of  Motion.  It  is  a  part  of  the  mechanical 
hiftory  of  nature,  juft  as  the  law  of  univerfal  gravitation 
and  it  might  be  called  the  law  of  Universal  Re- 


ACTION.  Sir  Ifaac  Newton  has,  i’lTour  humble  appie- 
henfion,  deviated  from  his  accuftomed  logical  accuracy, 
when  he  admits,  as  a  third  axiom  or  law  of  motion, 
that  readion  is  always  equal  and  contrary  to  adion.  It 
is  a  phyfical  Jaw,  in  as  far  as  it  is  ohfer^oed  to  obtain 
through  the  whole  extent  of  the  folar  fyftem.  But  New¬ 
ton  himfelf  did  not,  in  the  fubfequent  part  of  his  noble 
work,  treat  it  as  a  logical  axiom  ;  that  is,  as  a  law  of 
human  thought  with  refped  to  motion  :  for  he  labours 
with  much  folicitude,  and  with  equal  fagacity,  to  prove, 
hy  faB  and  obfervatioriy  that  it  really  obtains  through 
the  whole  extent  of  the  folar  fyftem  ;  and  it  is  in  this 
difeovery  that  his  chief  claim  to  unequalled  penetration 
and  difeernment  appears. 

Availing  ourfelves  of  this  fad,  we,  with  very  little  rj^pulfion 
trouble,  ftate  all  the  laws  of  impuHion.  The  body  A,  explained 
for  example,  moving  to  the  wcllward  at  the  rate  of^y  kj 
eight  feet  per  minute,  overtakes  the  double  body  B, 
moving  at  the  rate  of  four  feet  per  minute.  What  rnuft 
be  the  confequence  of  their  mutual  impenetrability, 
and  of  the  equality  and  contrariety  of  adion  and  rc-  ‘ 
adion  ?  Their  motions  muft  be  fuch  that  both  fuftain 
equal  and  oppofite  changes.  They  muft  give,  in  fome 
way  or  other,  indication  of  poffc fling  equal  and  op¬ 
pofite  forces.  1  his  will  lie  the  cafe  if,  when  the  chan¬ 
ges  are  completed,  A  and  B  move  on  in  contad  at  the 
rate  of  four  feet  per  minute  ;  for  here  A  has  produced 
in  each  half  of  B  a  change  of  motion  two  ;  and  there¬ 
fore  a  totality  of  change  equal  to  four.  This  is  the 
effed,  the  mark,  the  meafure,  of  the  impulfive  force  of* 

A  ;  for  it  is  the  whole  impul/ion.  B  has  produced  in 
A  a  change  of  motion  four,  equal  to  the  former,  and 
ill  the  oppofite  diredion.  This  is  the  effed,  mark,  and 
meafure,  of  the  repulftve  force  of  A ;  for  it  is  the  whole 
repuJfion.  And  this  is  all  that  wc  obferve  in  the  colli- 
fion  of  two  lumps  of  clay  ;  and  the  obfervation  is  one 
of  the  fads  on  which  the  reality  of  the  phyfical  law  of 
equal  adion  and  readiou  is  founded  ;  and  we  can  make 
no  farther  inference  from  this  fad. 

32; 


But 


546 

Conclufion. 


J36 

Ard  rota¬ 
tion. 


^37- 


But  the  event  might  have  been  very  different.  A  and 
B  may  be  two  magnets  floating  on  corks  on  water,  with 
their  north  poles  fronting  each  other.  We  know,  by 
other  means,  that  they  really  poflefs  forces  by  which 
they  equally  repel  each  other.  The  dynamical  prin¬ 
ciples  already  eftablifhed  tell  us  alfo  what  muft  happen 
in  this  cafe.  That  both  conditions  of  equal  readllon  and 
fenfible  repulfion  may  be  fulfilled,  A  mufl:  come  to  red, 
and  B  muil  move  forward  at  the  rate  of  four  feet  per 
minute.  The  fame  thing  mufl  happen  In  the  meeting 
of  perfedlly  elaftic  bodies,  fuch  as  billiard  balls.  If 
elaRicIties  are  known  to  be  imperfed  In  any  degree,  our 
dynamical  principles  will  dill  date  the  effedf  of  their 
colllfion,  in  conformity  to  the  law  of  equal  rcadfion.^ 

In  like  manner,  all  the  motions  of  rotation  are  explain¬ 
ed  or  predidled  by  means  of  the  fume  principles  of  dyna¬ 
mics  applied  to  the  force  of  cohefion.  This  is  confider- 
ed  as  a  moving  force,  becaufe,  when  the  attraftion  of  a 
magnet  a£ls  on  a  bit  of  Iron  attached  to  one  end  of  a  long 
lath  floating  on  winter,  the  whole  lath  is  moved,  although 
the  magnet  does  not  adl  on  it  at  all :  fome  other  force 
ads  on  it  ;  it  is  Its  cohedon  ;  which  is  therefore  a  mo¬ 
ving  force,  and  the  fubjed  of  dynamical  difcufiion. 

And  thus  it  appears  that  thefe  fubjeds  do  not  come 
neceflarily,  nor,  perhaps,  with  fcientific  propriety,  un¬ 
der  the  category  of  dynamics,  but  are  parts  of  the  me¬ 
chanical  hidory  of  nature.  Yet,  did  a  work  like  ours 
give  room  in  this  place,  the  dudy  of  mechanical  na¬ 
ture  might  be  confiderably  improved  by  giving  a  fydem 
of  fuch  general  dodrines  as  involve  no  other  notions 
but  thofe  of  force  and  its  meafures,  and  the  hypothefis 
of  equal  readion.  Some  very  general,  nay  univerfal, 
confequences  of  this  combination  might  be  edablidied, 
which  would  greatly  adid  the  mechanician  in  the  folu- 
tloii  of  difficuk  and  complicated  problems.  Such  Is  the 
propofition,  that  the  mutual  atlions  of  bodies  depend  on 
their  relative  motions  only^  and  require  no  knovoledge  of 
their  real  motions.  This  principle  fimpllfies  in  a  won¬ 
derful  manner  the  mod  difficult  and  the  mod  frequent 
cafes  of  adlon  which  nature  prefents  to  our  view  ;  but 
at  the  fame  time  gives  a  fevere  blow  to  human  vanity, 
by  forcing  us  to  acknowledge  that  we  know  nothing 
of  the  real  motion  of  any  thing  in  the  univerfe,  and 
never  fhall  know  any  thing  of  it  till  our  intelledual  con- 
ditution,  or  our  opportunities  of  obfervatlon,  are  com¬ 
pletely  changed. 

Mr  D’Alembert  has  made  this  principle  d1ll  more 
ferviceable  for  extricating  ourfelves  from  the  immenfe 
complication  of  adlons  that  occurs  In  all  the  fpontane- 
ous  phenomena  of  nature,  by  prefenting  it  to  us  in  a 
different  form,  which  more  didindly  expreffes  what 
may  be  called  the  elements  of  the  adlons  of  bodies  on 
each  other.  His  propofition  Is  as  follows  {fee  his  Dy- 
namique^  page  73.)  : 

“  In  whatever  manner  a  number  of  bodies  change 
bert*9 gene- their  motions,  if  we  fuppofe  that  the  motion  which 
each  body  would  have  in  the  following  moment,  if  it 
^  ’were  perfedly  free,  Is  decompofed  into  two  others,  one 
of  which  ikthe  motion  which  it  really  takes  In  confe- 
qfience  of  their  mutual  adlons,  the  other  will  be  fuch, 
that  if  each  body  were  impreffed  by  this  force  alone 
(that  is,  by  the  force  which  would  produce  this  motion) 
the  whole  fydem  of  bodies  would  be  in  equlllbrio.’^ 
This  is  almod  felf-evident ;  for  if  thefe  fecond  condl- 
tuent  forces  be  not  fuch  as  would  put  the  fydem  in 
equilibrio,  the  other  condituent  motions  could  not  be 


dynamics. 

thofe  which  the  bodies  really  take  by  the  mutual  adlon,  Conclufion, 
but  would  be  changed  by  the  fird.  — j 

For  example,  let  there  be  three  bodies  P,  Qj  R,  and 
let  the  forces  A,  B,  C,  ad  on  them,  fuch  as  would  give 
them  the  velocities  />,  q^  r,  in  any  diredions  what- 
producing  the  momenta,  or  quantities  of  motion, 
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ever, 

PX/,  QXyj  RXr,  which  we  may  call  A,  B,  C,  be¬ 
caufe  they  are  the  proper  meafures  of  the  moving 
force.  Let  us  moreover  fuppofe,  that,  by  driking  each 
other,  or  by  being  any  how  conneded  with  each  other, 
they  cannot  take  thefe  motions  A,  B,  and  C,  but 
really  take  the  motions  a,  b,  and  c.  It  Is  plain  that  we 
may  conceive  the  motion  A  Impreffed  on  the  body  P, 
to  be  compofed  of  the  motion  a,  which  It  really  takes, 
and  of  another  motion  «.  In  like  manner,  B  may  be 
refolved  Into  b,  which  It  takes,  and  another  ^  ;  and  C 
Into  c  and  x.  The  motions  will  be  the  fame,  whether 
we  ad  on  P  with  the  force  A,  or  with  the  two  forces 
a  and  «  ;  whether  we  ad  on  Q^with  the  force  B,  or 
with  b  and  3 ;  and  on  R  with  the  force  C,  or  with  c 
and  X.  Now  by  the  fuppofition,  the  bodies  adually 
take  the  motions  a,  b,  and  c  ;  therefore  the  motions 

and  K,  mud  be  fuch  as  will  not  derange  the  motions 
a,  b,  and  c ;  that  is  to  fay,  that  If  the  bodies  had  only 
the  motions  «,  <3,  and  x,  impreffed  on  them,  they  would 
dedroy  each  other,  and  the  fydem  would  remain  at  red. 

Mr  D‘Alembert  has  applied  this  propofition  with 
great  addrefs  and  fuccefs  to  the  very  difficult  quedlons 
that  occur  In  the  motions  and  adlions  of  fluids,  and 
many  other  mod  difficult  problems,  fuch  as  the  precef- 
fion  of  the  equinoxes,  &c.  The  caufe  of  its  utility  is, 
that  in  mod  cafes  it  is  not  difficult  to  find  what  forces 
will  put  a  fydem  in ,  equilibrio  ;  and,  combining  thefe 
with  the  known  extraneous  forces  whofe  effeds  we  are 
intereded  to  difeover,  we  obtain  the  motions  which 
really  follow  the  mutual  aftion  of  the  bodies. 

This  is  not,  properly  fpeaking,  a  principle  :  it  is  a 
form  in  which  a  general  fa6f  may  be  conceived.  In 
the  fame  way  the  celebrated  mathematician  De  la 
Grange  obferved,  that  a  fydem  of  bodies  adling  on 
each  other  in  any  way,  is  in  equilibrio,  if  there  be 
impreffed  on  its  parts  forces  in  the  inverfe  proportion 
of  the  velocities  which  each  body  takes  in  confequence 
of  their  adllon  or  connexion;  and  he  exprefl'es  this  uni¬ 
verfal  faff  by  a  very  fim.ple  formula  ;  and  calling  this 
alfo  a  principle,  he  folves  every  qiiedlon  with  eafe  and 
neatnefs,  by  reducing  it  to  the  invedigatiou  of  thofe 
velocities.  In  this  way  he  has  written  a  complete  fyf- 
tem  of  dynamics,  to  which  he  gives  the  title  of  Meeha* 
nique  Jnalytlque^  full  of  the  mod  ingenious  and  elegant 
foliitions  of  very  intereding  and  difficult  problems;  and 
all  this  without  drawing  a  line  or  figure,  but  accom- 
pliffiing  the  whole  by  algebraic  operations. 

But  this  is  not  teaching  mechanical  pliilofophy  ;  it  Is 
merely  employing  the  reader  in  algebraic  operations^ 
each  of  which  he  perfe6tly  underdands  in  its  quality  of 
an  algebraic  or  arithmetical  operation,  and  where  he 
may  have  the  fulled  conviiQ;ion  of  the  judnefs  of  his; 
procedure.  But  all  this  may  be  (and,  in  the  hands  of 
an  expert  algebraid,  it  generally  is),  without  any  no¬ 
tions,  didinft  or  indidiiid,  of  the  things,  or  the  pro- 
ceffes  of  reafouing  that  are  reprefeiited  by  the  fymbolss 
made  ufe  of.  It  is  precifely  like  the  occupation  of  a 
banker’s  clerk  when  he  carries  his  eye  up  and  down  the 
columns  of  pounds  (hillings  and  pence,  calculates  the- 
compound  intered,  reverfionary  values,  &c.  ^ 


Conclufion.  It  were  well  if  this  were  all,  although  it  greatly  di- 

^ - minifiies  the  pleafure  which  an  accomplilhed  mathema- 

u'es^of  tf  flight  receive;  but  this  total  abfence  of  ideas  ex- 

fySical  eminent  aiialyft  to  frequent  rifles  of 

mechod.  paralogifm  and  phyfical  abfurdity.  Euler,  wlio  was 
perhaps  the  jno{\  expert  algebraift  of  the  laft  century, 
making  ufe  of  the  Newtonian  theorem  for  afcertaiiiir^g 
the  motion  of  a  body  impelled  along  a  ftraight  line  AC 
(fig.  24  )  by  a  centripetal  force,  by  comparing  it  with 
the  motion  in  an  ellipfe,  of  which  the  fliorter  axis  was 
diniiiiifhed  till  it  vanifhed  altogether,  exprefles  his  fur- 
prife  at  finding,  that  when  he  computes  the  place  of 
the  body  for  a  time  fubfequent  to  that  of  its  arrival 
at  C,  the  body  is  back  again,  and  in  fome  place  be¬ 
tween  C  and  A  ;  in  fhort,  that  the  body  comes  back 
again  to  A,  and  plays  backward  and  forward.  He 
fays  (hat  this  is  fome  what  wonderful,  and  feems  in- 
confiftent  with  found  reafon  :  “  fed  analyfi  magis  fden- 
dum-""  It  muft  be  fo.  And  he  goes  on  to  another 
problem. 

In  like  manner  Mr  Maupertuis,  an  accomplifhed  man 
and  good  philofopher  and  geometer,  finding  the  fym- 
bol  MVS,  or  the  quantity  of  matter,  multiplied  by  the 
velocity  and  by  the  diitance  run  over  during  the  ac¬ 
tion,  alvv'ays  prefent  itfelf  to  him  as  a  mathematical  ml- 
ntmum  in  the  adions  of  bodies  on  each  other  ;  he  was 
amufed  by  the  obfervatioii,  and  prefumed  that  there 
was  fome  reafon  for  it  in  the  nature  of  things.  Find¬ 
ing  that  it  gave  him  very  neat  folutions  of  many  ele¬ 
mentary  problems  in  dynamics,  he  thought  of  trying 
whether  it  would  aflift  him  in  accounting  for  the  con- 
flant  ratio  of  the  fines  of  incidence  and  refradion  ;  he 
found  that  it  gave  an  immediate  and  very  neat  folution. 
This  problem  had,  before  his  time,  occupied  the  minds 
oC  F)es  Cartes  and  Fermat,  Each  of  thefe  gentlemen 
folved  the  problem  by  faying,  that  the  light  did  not 
take  Xhtfiorteji  way  from  a  point  in  the  air  to  a  point 
under  water,  but  the  eafiejl  way,  in  conformity  with  the 
acknowledged  economy  of  nature  and  confummate  wif- 
dom  of  its  adorable  Author,  J3ut  how  was  this  the 
eafieft  way,  the  courfe  that  economifed  the  labour  of 
nature  ?  One  of  thefe  gentlemen  proved  it  to  be  fo,  if 
light  move  fafter  in  air  than  in  water ;  the  other  pro¬ 
ved  It  to  be  fo,  if  light  move  fafter  in  water  than  in  air. 
Both  could  not  be  right.  Maupertuis  was  convinced 
that  he  had  difeovered  what  it  was  that  nature  was  fo 
chary  of,  and  grudged  to  wafte— it  was  MVS!  There¬ 
fore  MVS  can  mean  nothing  but  labour  ;  nothing  but 
natural  exertion,  mechanical  adlion  ;  therefore  MVS  is 
the  proper  meafure  of  adion.  He  kept  this  great  dif- 
covery  a  profound  fecret ;  and,  being  Prefident  of  the 
Royal  Academy  of  Berlin,  he  propofed  for  the  annual 
prize  queftion,  “  Are  the  laws  of  motion  neceffary  or 
contingent  truths  He  could  not  compete  for  the 


dynamics. 
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prize,  by  the  laws  of  the  Academy ;  but  before  the  Conclufion. 

time  of  (lecilion,  he  publiflied  at  Paris  his  Dyjirtation  on  ' - ir— ' 

Prtneiph  of  the  leefl  jiBion}  in  which  he  pointed  out 
the  fingular  faft  of  MVS  being  always  a  minimum;  and 
theiefore,  in  fadf,  the  objeft  of  nature’s  economical  care. 

He  folved  a  number  of  problems  by  making  the  mini. 

mum  Hate  of  a  condition  of  the  problems  ;  and, 

to  crown  the  whole,  (hewed  that  the  laws  of  motion 
which  obtain  in  the  univerfe  could  not  be  but  what 
they  are,  becaufe  this  economy  was  worthy  of  infinite 
wiidom  ;  and  therefore  any  other  laws  were  impolfible. 

The  reputation  of  Maupertuis  was  already  eftablifiied 
as  a  good  mathematician  and  a  worthy  and  amiable 
man,  and  he  was  a  favourite  of  Frederic.'  The  princi¬ 
ple  of  lead  aifiioii  became  a  mode  ;  and  it  drew  atten¬ 
tion  for  fome  time,  till  it  went  out  of  fafiiion.  It  is 
no  mechanical  principle,  but  a  neceffary  mathematical 
truth,  as  any  perfon  muft  fee  who  recolkas  that  v  is 
the  fame  with  s,  and  that /is  the  fame  with  m 

To  avoid  fuch  paralogifms  and  fuch  whims,  we  are  Great  ad. 
convinced  that  it  is  prudent  to  deviate  as  little  as  pof- ''antages  of 
fible  in  our  difcuflions  from  the  geometrical  method. 

advantage  of  keeping  the  real  fub- 'hod* 
ject  or  diicuilion  clofe  in  view  ;  for  motion  includes  the 
notion  of  lines,  with  all  their  qualities  of  mao-uitude 
and  pofition.  It  is  needlefs  to  take  a  reprefentative 
w'hen  the  original  itfelf  is  in  our  hands,  and  affords  a 
much  more  comprehenfible  objea  than  one  of  its  ab- 
ftraft  qualities,  mere  magnitude.  Let  any  perfon  can¬ 
didly  compare  the  lunar  theory  by  Mater  or  Euler 
with  that  by  its  illuftrious  inventor  Sir  Ifaac  Newton, 
and  faj  which  of  the  two  is  moft  luminous  and  moft 
pleafing  to  the  mind.  No  perfon  will  deny  that  thefe 
later  performances  are  incomparably  more  adapted  to 
all  pradlical  puipofes,  and  lead  to  corrections  which  it 
would  be  extremely  difficult  and  tedious  to  inveftigate 
geometrically  ;  but  it  muft  be  acknowledged,  at  the 
fame  time,  that  till  this  be  done,  we  have  no  idea  what¬ 
ever  of  the  deviation  of  the  track  which  this  corredion 
afcertains  from  the  path  which  the  moon  would  follow 
independent  of  the  difturbance  expreffed  by  the  cor! 
redion.  In  like  manner,  Dan.  Bernoulli,  by  mixing  as 
much  as  poffible  the  linear  method  with  the  algebraic, 
in  his  differtations  on  mufical  chords,  made  the  beauti! 
ful  difeovery  of  the  fecondary  trochoids,  and  demon- 
ftrated  the  co-exiftence  of  the  harmonic  founds  in  a  full 
mufical  note.  Let  the  acAmplifhed  mathematician  pufh 
forward  our  knowledge  of  dynamics  by  the  employment 
of  the  fymbolical  analyfis  ;  but  let  him  be  followed  as 
clofe  as  poffible  by  the  geometer,  that  we  may  not  be 
robbed  of  ideas,  and  that  the  ftudent  may  have  light  to 
diredi  his  fteps.  But, — manum  e  tabula.  ^ 


Dynano- 

nieter. 


D  Y  N  D  Y  N 

DYNANOMETER,  an  inftrument  for  afeertainmg  plouirh  or  the  wafre-on  Such  an  ^ 

e  relative  mufcular  ftren^th  nf  men  .nH  n.h.r  ° _ _  L  inftrument  was  invent.  Bynano. 


the  relative  mufcular  ftrength  of  men  and  other  animals. 
'  That  it  would  be  defirable  to  know  our  relative  ftrengths 
at  the  different  periods  of  life,  and  in  different  ftates  of 
health,  will  hardly  be  denied  ;  and  there  can  be  no 
doubt  but  that  it  would  be  highly  ufeful  to  have  a 
portable  inftrument  by  which  we  could  afeertain  the 
relative  ftrength  of  horfes  or  oxen  intended  for  the 


j  ^  . iiL  wao  iiivcnx.  -i-'yiiano 

ed,  many  years  ago,  by  Graham,  and  improved  bv  De 

faguhers;  hut  being  couftruded  of  wooden  work  it  was  ' - “ - ’ 

too  bulky  to  be  portable,  and  therefore  it  was  limited 
in  Its  ufe. 

M.  Leroy  of  the  Academy  of  Sciences  at  Paris  con- 
ftruded^a  much  more  convenient  Dynanometer  than 
Crraham  s,  confifting  of  a  metal  tube,  10  or  12  inches 
3^2  in 


^  journal 
de  r  Ecole 
J^olytech- 
nique^  V.  2. 
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in  length,  placed  vertically  on  a  foot  like  that  of  a  can-, 
dlellick,  and  containing  in  the  infide  a  fpival  fpring, 
having  above  it  a  gradnated  (hank  terminating  in  a 
o-lobe?  This  fliank,  together  with  the  fpring,  funk  into 
the  tube  in  proportion  to  the  weight  afting  upon  it, 
and  thus  pointed  in  degrees  the  ftrength  of  the  perfon 
who  prclfcd  on  the  ball  with  his  hand. 

This  was  a  very  iimple  conilruftion,  and,  we  think, 
a  good  one;  but  it  did  not  fatisfy  Bufton  and  Gueneau. 
Thefe  two  philofophers  wilhed  not  merely  to  aicertam 
the  mufcular  force  of  a  finger  or  a  hand,  but  to  efli- 
mate  that  of  each  limb  feparatcly,  and  of  all  the  parts 
of  the  body.  They  therefore  employed  M.  Regnier 
to  contrive  a  new  dy nanometer ;  and  the  account  v/hich 
he  gives  *  of  his  attempts  to  fulfil  their  wifhes  is  calcu¬ 
lated  to  enhance  the  difficulty  of  the  enterprize. 
indrument,  however,  which  he  condruided,  is  not  fuch 
as  appears  to  us  to  have  required  any  uncommon  ffiill 
in  mechanics,  or  any  very  great  llretch  of  thought.  It 
confilts  chiefly  of  an  elliptical  fpring,  I2  inches  m 
length,  ratlier  narrow,  and  covered  with  leather  that  it 
may  not  hurt  the  fingers  when  comprefled  by  the  hands. 


1 
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This  fpring  is  compofed  of  the  bed  deei  well  welded 


and  tempered,  and  afterwards  fnbje(ded  to  a  dronger 
effort  than  is  likely  to  be  ever  applied  to  it  either  by 
men  or  animals,  that  it  may  not  lofe  any  of  its  eladi- 

city  by  ufe.  ^  1  •  j  tc 

The  effeas  of  this  machine  are  eafily  explained.  It 

a  perfon  compreffes  the  fpring  with  his  hands,  or  draws 
it  out  lengtbvvife  by  pulling  the  two  extremities  in  con¬ 
trary  dire&ons,  the  fides  of  the  fpring  approach  towards 
each  other  ;  and  it  has  an  apparatus  (we  do  not  think 
a  very  fimple  one)  appended  to  it,  confiding  of  an  in¬ 
dex  and  femicircular  plate,  by  which  the  degree  of  ap¬ 
proach,  and  confequently  of  effort,  employed,  is  afeer- 
tained  with  great  accuracy.  The  author  gives  a  tedi¬ 
ous  defeription  of  other  appendages,  by  means  of  which 


horfes  or  oxen  may  be  employed  to  comprefs  the  fpring.  Pyfentery. 
But  as  any  mechanic  may  devife  means  for  this  purpofe,  * 
we  do  not  think  it  worth  while  to  tranferibe  that  de¬ 
feription.  The  Englifh  reader  will  find  a  full  account 
of  the  whole  apparatus  in  the  4th  number  of  the  very 
valuable  mifcellany  intitled  The  Philofophtcal  Magazine. 

The  principle  of  the  contrivance  confids  in  the  ellipti¬ 
cal  fpring,  of  which  we  confefs  ourfelves  unable  to  per¬ 
ceive  the  fiiperiority  to  the  fpiral  fpring  of  M.  Leroy, 
though  the  author  fees  it  very  clearly. 

DYSENTERY.  See  Medic  in  Encycl. — 

For  the  cure  of  this  difeafe  we  have  the  following  fimple 
prefeription  by  Dr  Perkins  and  Dr  B.  Lynde  Oliver, 
of  the  State  of  Maffachiifetts  in  North  America. 

Saturate  any  quantity  of  the  bed  vinegar  with  com¬ 
mon  marine  fait;  to  one  large  table-fpoonful  of  this  fo- 
lution  add  four  times  the  quantity  of  boiling  water;  let 
the  patient  take  of  this  preparation,  as  hot  as  it  can  be 
fwallowed,  one  fpoonful  once  in  half  a  rniniite  until  the 
whole  is  drank  ;  this  for  an  adult.  The  quantity  may 
be  varied  according  to  the  age,  fize,  and  conditution  of 
the  patient.  If  neceffary,  repeat  the  dofe  once  in  fix  or 
eight  hours.  Confiderable  evacuations  I  conceive  (fays 
ijr  Parkins)  to  be  not  only  unneceffary,  but  injurious, 
as  they  ferve  to  debilitate  and  prolong  the  difeafe.  A 
tea  of  plantain,  or  fome  other  cooling  fimple  drink,  may 
be  ufeful;  and  if  a  third  for  cyder  be  difeovered,  it  may 
be  gratified.  Carefully  avoid  keeping  this  preparation 
in  veffels  partaking  of  the  qualities  of  lead  or  copper,  as 
the  poifon  produced  by  that  means  may  prove  dangerous. 

The  fuccefs  of  the  remedy  depends  much  on  prepa¬ 
ring  and  giving  the  dofe  as  above  direded - The  fim- 

plicity  of  this  treatment  renders  it  the  more  valuable, 
as  all  perfons  have  it  in  their  power  to  avail  themfelvea 
of  its  ufe. 

Dr  Perkins  fays,  that  he  has  found  it  ufeful  in  agues, 
diarrhoeas,  and  the  yellow  fever. 


E 


Earth.. 


EAR 

Earth,  in  chemittry.  See  CHEMJSTRY-/n</«  in 
this  Supplement. 

Earth,  in  aftronomy  and  geography.  See  Encyclo. 
padla. 

Earth,  in*  ancient  philofophy,  one  of  the  elements, 
the  fubdance  of  which  this  globe  is  compofed.  To  af- 
certain  the  denfity  of  that  fubdance,  many  experiments 
have  been  made ;  but  perhaps  none  more  ingenious  than 
thofe  of  Mr  Cavendiffi,  which  are  detailed  at  full  length 
in  Part  11.  of  the  Tranfadions  of  the  Royal  Society 
of  London  for  1798.  They  were  projeded  by  the 
late  Rev.  John  Michell,  F..R.S.  but  he  did  not  live  to 
carry  them  into  effect.  A-fter  his  death,  the  apparatus 
came  to  the  Rev.  F.  J.  H.  Wolladoa,  Jackfoiiian  Pro- 
feffor  at  Cambridge,  who  transferred  them  to  Mr  Ca- 
vendidi.  The  apparatus  contrived  for  making  fenfible 
the  attradion  of  fmall  quantities  of  matter,  and  which 
lias, been  improved  by  Mr  Cavendiffi,  is  very  fimple;  it 


EAR 

confids  of  a  wooden  arm  6  feet  long,  fufpended  by  the  Earth 
middle  in  an  horizontal  pofition  by  a  flender  wire  40  k— -y* 
inches  long  ;  to  each  extremity  is  hung  a  leaden  ball 
about  two  inches  in  diameter;  and  the  whole  is  inclofed 
In  a  wooden  cafe  to  defend  it  from  the  wind. 

As  no  more  force  is  required  to  turn  this  balance  on 
its  centre  than  is  neceffary  to  twid  the  flender  fufpend- 
ing  wire,  the  fmalled  degree  of  attradion  of  a  leaden 
weight  or  weights,  a  few  (eight)  inches  in  diameter, 
brought  near  to  the  fmall  fufpended  ball  or  balls  of  the 
balance,  will  be  fufficient  to  move  it  fenfibly  afide. 

To  determine  from  hence  the  denfity  of  the  earth,  all 
that  is.neceffary  is,  to  afeertain  what  force  is  required 
to  draw  the  arm  afide  through  a  given  fpace,  and  then 
to  have  recourfe  to  calculation. 

To  prevent  any  difturbance  from  currents  that  might 
be  produced  within  the  box  that  contained  the  balance, 
bv  even  the  difference  of  temperature  that  might  be  oc- 
^  cafioned 
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1  Earth,  cafioned  by  heat  being  communicated  by  the  bodies  of 

-  the  experimenters  to  one  fide  of  it  more  than  another, 

‘  it  was  fupported  in  the  middle  of  a  clofe  room  ;  the 

*  operators,  from  adjoining  apartments,  viewed  the  ope¬ 

ration  through  holes  in  the  wall  by  m.eans  of  telefcopes'; 
and  the  apparatus  had  a  ftrong  light  thrown  upon  its 
two  ends  (an  opening  being  left  at  each  end  of  the  box 
for  the  purpofe)  by  means  of  two  lamps,  alfo  in  the  ad¬ 
joining  apartments,  the  rays  from  which  were  like  wife 
made  to  pafs  through  the  holes  formed  in  the  wall. 

The  two  large  balls  were  fufpended  from  a  beam 
near  the  cieling,  which  could  be  moved  in  an  hori. 
zontal  diredlion,  by  means  of  a  firing  and  pulley,  fo 
as  to  be  brought  near  to  the  fmall  balls  of  the  balance, 
or  made  to  recede  again,  without  requiring  any  perfon 
to  be  in  the  room. 

From  this  defeription  it  will  be  eafily  feen^  that  on 
the  two  large  balls  being  brought  near  to  the  two  fmall 
ones,  but  on  oppofite  fides  of  each,  that  their  forces 
may  not  counteradl  each  other — the  fmall  fufpending 
wire  of  the  balance  mull  be  twilled  by  the  movements 
of  the  arms,  occafioned  by  attradlion,  which  carries  the 
fmall  tov/ards  the  large  balls ;  and  that  the  wire,  endea¬ 
vouring  to  untwifl  itfelf,  will  again  in  its  turn  carry  the 
fmall  balls  away  from  the  large  ones.  Vibrations  are 
thus  occafioned,  which  would  continue  a  long  time  be¬ 
fore  the  fmall  balls  would  fettle  between  the  lirfl  point 
of  reft  and  the  large  balls  :  but  it  is  not  neceffary  to 
wait  for  this  ;  an  ivory  fcale  at  each  end  of  the  balance 
enables  the  experimenters,  by  means  of  their  telefcopes, 
to  fee  the  two  extreme  divifions  to  which  the  fmall  balls 
move  in  their  vibrations,  and  thus  to  determine  the 
middle  point.  The  time  necefihry  for  each  vibration  is 
alfo  noticed. 

A  full  account  of  thefe  experiments,  and  of  the  cal¬ 
culations  founded  on  them,  would  be  little  interefling 
to  the  great  majority  of  our  readers.  We  fliall  there¬ 
fore  only  mention  the  refult.  By  a  mean  of  the  expe¬ 
riments  the  denfity  of  the  earth  comes  out  5*48  times 
greater  than  that  of  water. 

By  the  experiments  made  by  Dr  Mafl<elyne  on  the 
attradion  of  the  hill  Schehallien,  the  denfity  of  the 
earth  was  computed  to  be  only  4^  tim.es  that  of  water. 
The  difference  of  refult,  therefore,  is  almoft  one-fifth, 
which  no  doubt  mufl  Icffen  our  confidence  in  either  fet 
of  experiments,  or  in  the  principle  on  which  they  were 
devifed. 

Earth  Worm  (fee  Lumbricus,  EncycL)^  is  an  anf- 
mal  which  occalions  fuch  deflrudion  in  gardens,  by 
gnawing  the  tender  roots  of  flirubs  and  plants,  that  va¬ 
rious  methods  have  been  propoled  for  remedying  this 
evil.  One  of  the  latefl,  and  that  which  promifes  to 
prove  the  mofl  fuccefsful,  is  given  by  M.  Socoloff  in 
the  fifth  volume  of  the  New  Tranfadions  of  the  Impe¬ 
rial  Academy  of  Sciences  at  Peterfburgh,  As  the  de- 
flrudive  power  of  quick  lime,  heightened  by  a  fixed  al¬ 
kali,  which  corrodes  or  diflblves  all  the  tender  parts  of 
animals,  has  been  long  known,  it  occurred  to  our  au¬ 
thor  that  this  mixture  would  be  the  befl  means  for  ac- 
complifhing  the  objed  which  he  had  in  view.  He 
therefore  took  three  parts  of  quicklime,  newly  made, 
and  two  parts  of  a  faturated  folution  of  fixed  alkali  in 
water,  and  thence  obtained  a  ♦fomewhat  milky  liquor 
fufficiently  cauflic,  highly  hoftile  and  poifonous  to  earth¬ 
worms  and  other  fmall  animals;  for  as  foon  as  it  touche 
ed  any  part  of  their  bodies,  it  occafioned  in  them  vio¬ 


lent  fymptoms  of  great  uneafinefs.  If  this  liquor  be  Earth, 
poured  into  thofe  holes  in  which  the  earth-worms  refide 
under  ground,  they  immediately  throw  themfelves  out 
as  if  driven  by  fome  force  ;  and,  after  various  contor 
tioris,  either  languifh  or  die.  If  the  leaves  of  plants  or 
fruit  trees  frequented  by  the  voracious  caterpillars, 
which  are  fo  deitrudive  to  them,  be  fprinkled  over  with 
this  liquor,  thefe  infeds  fuddenly  contrad  theii^  bodies 
and  drop  .to  the  ground.  For  though  Nature  has  de¬ 
fended  them  tolerably  well  by  their  hairy  flcins  from  ^ 

any  thing  that  might  injure  their  delicate  bodies,  yet  as 
foon  as  they  touch  with  their  feet  or  mouths  leaves 
which  have  been  moiftened  by  this  liquor,  they  become 
as  if  it  were  ilupified,  inilantly  contrad  themfelves,  and 
fall  down. 

With  regard  to  plants  or  corn,  thefe  fufiain  no  inju¬ 
ry  from  the  liquor,  becaufe  it  has  no  power  over  the 
produdions  of  the  vegetable  kingdom,  as  our  author 
has  fully  learned  from  experience;  or  if  any  hurt  is  to 
be  fufpedted,  all  the  danger  will  be  removed  by  the  firfl 
{bower  that  falls.  This  liquor  may  be  procured  in  a-  . 
bundance  in  every  place  where  lime  is  burnt.  If  the 
lime  be  frefh,  one  part  of  it  infufed  into  about  feventy 
parts  of  common  water  will  produce  real  lime-water. 

The  want  of  the  fixed  alkali  may  be  fupplied  by  boil¬ 
ing  wood-alhes  in  water,  and  thickening  the  ley  by- 
evaporation. 

This  liquor  might  be  employed  alfo  to  kill  bugs  and 
other  domeftic  infeds  ;  but  on  account  of  its  llrong 
lixivious  fmell,  M.  Socoloff  thinks  it  could  not  be  ufed 
with  fafety  in  hoiifes  that  are  inhabited.  Nothing,  how¬ 
ever,  more  fpeedily  or  more  efftdually  deflroys  bugs, 
as  our  author  fays  he  has  repeatedly  experienced,  than 
the  oily  pickle  that  remains  in  cafks  in  which  falteii- 
herrings  have  been  packed. 

EAU  DF  Luck,  a  fragrant  alkaline  liquor  which 
was  fome  ^years  ago  in  great  repute,  efpecially  among 
the  fair  fex,  and  of  which  the  leading  perfedion  is,  that 
it  {hall  polTefs  and  retain  a  milky  opacity. 

Mr  Nicholfon,  in  the  fecond  number  of  his  valuable 
journal,  tells  us,  that  being  informed  by  a  philofophic'dl 
friend,  that  the  ufual  recipes  for  making  this  compound 
(fee  Ch  KM  IS  TRY,  EncycU  n^  1037.)  do  not  fucceed,. 
and  that  the  ufe  of  mallic  in  it  has  hitherto  been  kept 
a  fccret,  he  made  the  following  trials  to  procure  a  good 
eau  de  luce. 

One  dram  of  the  tedified  oil  of  amber  was  diifolved 
in  four  ounces  of  the  flroiigefl  ardent  fpirit  of  the 
{hops ;  its  fpecific  gravity  being  .840  at  60  degrees  of 
Fahrenheit.  A  portion  of  the  clear  fpirit  was  poured 
upon  a  larger  quantity  of  fine  powdered  raaftic  than  it 
was  judged  could  be  taken  up.  This  w:as  occaiionally 
agitatvd  without  heat  ;  by  which  means  the  gum  refiu 
was  for  the  moft  pait  gradually  diifolved.  One  part  of 
the  oily  folution  was  poured  into  a  phial,  and  to  this 
was  added  one  part  of  the  folution  of  maftic.  No  opa¬ 
city  or  other  change  appeared.  Four  parts  of  ftroug 
cauftic  volatile  alkali  were  then  poured  in,  and  imme¬ 
diately  fiiaken.  The  fluid  was  of  a  denfe  opake  white 
colour,  alFording  a  {light  ruddy  tinge  when  the  light 
was  feen  through  a  thin  portion  of  it.  In  a  fecond 
mixture,  four  parts  of  the  alkali  were  added  to  one  of 
the  folution  of  mallic  ;  it  appeared  of  a  lefs  denfe  and 
more  yellowifh  white  than  the  former  mixture.  More 
ofthe  gum  refinous  folution  w^as  then  poured  in  ;  but  it 
ftill  appeared  lefs  opaque  than  that,  mixture.  It  was 

ruddy 
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Bau  (le  tuce  ruddy  by  tranTmltted  light.  The  laft  experiment  was 
^  H  .  repeated  with  the  oily  folution  iuftead  of  that  of  maftic. 
^  ^.[ther  of  the  fore¬ 

going  compounds,  and  the  recjuifite  opacity  was  not 
given  by  augmentijig  the  dofe  ohthe  oily  folution.  No 
ruddinefs  nor  other  remarkable  appearance  was  feen  by 
tranfmitted  light.  Thefe  mixtures  were  left  at  repofe 
for  two  days  ;  no  feparation  appeared  in  either  of  the 
compounds  containing  mailic  ;  the  compound  confill- 
ing  of  the  oily  folution  and  alkali  became  paler  by  the 
feparation  of  a  cream  at  the  top. 

It  appears,  therefore,  that  the  firft  of  thefe  three 
mixtures,  fuhje6i:  to  variation  of  the  quantity  of  its  in¬ 
gredients,  and  the  odorant  additions  which  may  be 
made,  is  a  good  eau  de  luce. 

In  a  fubfeqiient  number  of  the  fame  Journal,  we  have 
the  following  recipe  by  one  of  the  author’s  correfpon- 
dents,  who  had  often  proved  its  value  by  experience. 

Digeft  ten  or  twelve  grains  of  the  whiteft  pieces  of 
maftic,  fele6led  for  this  purpofe  and  powdered,  in  two 
ounces  of  alcohol;  and,  when  nearly  diftblved,  add 
twenty  grains  of  elemi  (See  Amyris,  EncycL).  When 
both  the  refms  are  diftblved,  add  ten  or  fifteen  drops  of 
redlified  oil  of  amber,  and  fifteen  or  twenty  of  effence 
of  bergamot :  fhake  the  whole  well  together,  and  let  the 
fseces  fiibfide.  The  folution  will  be  of  a  pale  amber  co¬ 
lour.  It  is  to  be  added  in  very  fmall  portions  to  the 
beft  aqua  ammonias  purae,  until  it  aftumes  a  milky  white- 
nefs,  fhaking  the  phial  well  after  each  addition,  as  di- 
re6led  by  Macqner.  The  llrength  and  caufticity  of  the 
ammoniac  are  of  moft  effcntial  confeqnencc.  If,  up¬ 
on  the  addition  of  the  firft  drop  or  two  of  the  tinc¬ 
ture,  a  denfe  opaque  coagulated  precipitate  is  formed, 
not  much  unlike  that  which  appears  on  dropping  a  fo¬ 
lution  of  filver  into  water  fiightly  impregnated  with 
common  fait,  it  is  too  llrong,  and  muft  be  diluted  with 
alcohol.  A  confiderable  proportion  of  the  tirnfture, 
perhaps  one  to  four,  ought  to  be  requifite  to  give  the 
liquor  the  proper  degree  of  opacity.” 

EAVES  Board,  or  Eaves-Lath,  a  thick  feather* 
edged  board,  ufually  nailed  round  the  eaves  of  a  houfe 
for  the  lowcrmoft  tiles,  flate,  or  fhingles,  to  reft  upon. 

ECLIPSAR.EON,  an  inftrmnent  invented  by  Mr 
Fergufon  for  (hewing  the  phenomena  of  ecllpfts  ;  as 
their  time,  quantity,  duration,  progrefs.  See. 

ECLIPTIC.  See  Encycl,  both  under  Ecliptic 
and  in  Astronomy- It  was  obferved  in  As¬ 
tronomy,  EncycL  n®  407.  that  the  obliquity  of  the 
ecliptic  has  been  found  gradually  to  decreafe.  This 
was  obferved,  among  others,  by  La  Lande^  who,  in  the 
third  edition  of  his  aftronomy,  reckoned  the  fecular  di¬ 
minution  of  this  obliquity  at  50  feconds.  From  a  new 
examination,  however,  of  ancient  obfervations,  he  has 
fince  found  reafon  to  eftimate  it  at  only  36  feconds  ; 
but  whether  this  be  peifeblly  accurate,  is  very  doubtful. 
The  mean  obliquity  was  determined  for  the  ift  of  Ja¬ 
nuary  17931  with  circular  inftruments,  by  Mechain  at 
Barcelona,  and  Pia^%t  at  Palermo,  to  be  23®  27^  53''  .3. 
Yet  the  obfervation  of  the  furamer  folftice  of  1796,  by 
Mechain  and  Le  Frangals,  gave  1 1  feconds  more ;  which 
was  juftly  confidered  as  a  perplexing  circumftance.  But, 
as  one  of  the  ableft  of  our  literary  journalills  obferves, 
might  not  this  difference  arife  from  the  uncertainty  of 
our  tables  of  refradlion,  as  affedled  by  the  hygrofcopic 
variations  of  the  atmofphere  ? 

Ecliptic  Bounds^  or  Limttsy  are  the  greateft  diftances 


from  the  nodes  at  which  the  fun  or  moon  can  be  ccHp-  Ecliptic, 
fed,  namely,  near  18  degrees  for  the  fun,  and  12  dc- 
grees  for  the  moon. 

EDYSTONE  Rocks,  fo  remarkable  for  the  light- 
houfe  built  on  them,  obtained  their  name  from  the 
great  variety  of  contrary  fets  of  the  tide  or  current  in 
their  vicinity.  They  are  fituated  nearly  S.  S.  W.  from 
the  middle  of  Plymouth  Sound,  according  to  the  true 
meridian.  The  diftuuce  from  the  port  of  Plymouth  i? 
nearly  14  miles,  and  from  the  promontory  called  Ratn^ 
head  about  10  miles.  They  are  alrnoft  in  thediiie,  hut  Sineaton*t 
fomewhat  within  it,  which  joins  the  Start  and  the  Accoiwt  of 
zard  points  ;  and  as  they  lie  nearly  in  the  diredlion 
veffels  coafting  up  and  down  the  channel,  they  were 
neceffarily,  before  the  eftablifiiment  of  a  light  houfe, 
very  dangerous,  and  often  fatal  to  (hips  under  fuch 
circumftances.  Their  fituation,  like  wife,  with  regard 
to  the  Bay  of  Bifcay  and  Atlantic  ocean,  is  fuch,  that 
they  lie  open  to  the  fwells  of  the  Bay  and  ocean  from 
all  the  fouth-weftern  points  of  the  compafs  :  w^hich 
fwells  are  generally  allowed  by  mariners  to  be  very 
great  and  heavy  in  thofe  feas,  and  p)art-icularly  in  the 
Bay  of  Bifcay.  It  is  to  be  obferved,  that  the  found¬ 
ings  of  the  fea  from  the  fouth -weft ward  toward  the  E- 
dyftone  are  from  8c  fathoms  to  40,  and  everywhere  till 
you  come  near  the  Edyftone  the  fea  is  full  30  fathoms 
ill  depth;  fo  that  all  the  heavy  feas  from  the  fouth- 
weft  come  uncontrouled  upon  the  Edyftone  rocks,  and 
break  on  them  with  the  utmoft  fury. 

The  force  and  height  of  thefe  feas  is  increafed  by 
the  circumftance  of  the  rocks  ftretching  acrofs  the 
Channel,  in  a  north  and  fouth  dire6lion,  to  the  length 
of  above  100  fathoms,  and  by  their  lying  in  a  Hoping 
manner  toward  the  fouth-weft  quarter.  This Jllving  of 
the  rock,  as  it  is  technically  called,  does  not  ceafe  at 
low  water,  but  ftill  goes  on  progreftively  ;  fo  that,  at 
qo  fathoms  weftward,  there  arc  12  fathoms  water;  nor 
do  they  terminate  altogether  at  the  difiance  of  a  mile. 

From  this  configuration  it  happens,  that  the  feas  are 
fwelled  to  fuch  a  degree  in  ftorms  and  hard  gales  of  wind, 
as  to  break  on  the  rocks  with  the  utmoft  violence. 

The  effc6l  of  this  (lope  is  likewife  fenfibly  felt  in  mo¬ 
derate,  and  even  in  calm  weather;  for  the  libration  of 
the  water,  caufed  in  the  Bay  of  Bifcay  in  hard  gales  at 
fouth-weft,  continues  in  thofe  deep  waters  for  many 
days,  though  fucceeded  by  a  calm;  infomiich,  that  when 
the  fea  is  to  all  appearance  fmooth  and  even,  and  its 
furface  unruffled  by  the  fiigliteft  breeze,  yet  thofe  li- 
brations  ftill  continuing,  which  are  called  the  ground- 
J<welU  and  meeting  the  (lope  of  the  rocks,  the  fea  breaks 
upon  them  in  a  frightful  manner,  fo  as  not  only  to  ob- 
ftru6l  any  work  being  done  on  the  rock,  but  even  the 
landing  upon  it,  when,  figuratively  fpeaking,  you  might 
go  to  Tea  in  a  walnut  (liell.  A  circumftance  which  ftill 
farther  increafes  the  difficulty  of  working  on  the  rock 
is,  there  being  a  fuddt  n  drop  of  the  furface  of  the  rock, 
forming  a  ftep  of  about  four  and  a  half,  or  five  feet 
high ;  fo  that  the  feas,  which  in  moderate  weather 
come  fwelling  to  this  part,  meet  fo  fudden  a  check  that 
they  frequently  fly  to  the  height  of  30  or  40  feet. 

Notwithftanding  thefe  difficulties,  it  is  not  furprifing 
that  the  dangers  to  which  navigators  were  expofed  by 
the  Edyftone  rocks  Ihould  make  a  commercial  nation 
defirous  of  having  a  light-houfe  on  them.  The  won¬ 
der  is,  that  any  one  (hould  be  found  hardy  enough  to 
undertake  the  building.  Such  a  man  was  firft  Tound 
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I  Edyftone.  in  the  perfon  of  Henry  Winjlanley  of  Li’ttlebury  in  Ef- 
fex,  Gent,  who,  in  the  year  1696,  was  furniihed  by 
the  mailer,  wardens,  and  afliftants,  of  the  Trinity-houfe 
of  Deptford-flrond  with  the  neceffary  powers  to  carry 
the  defign  into  execution. 

Mr  Winilanley  had  didinguiflted  liimfelf  in  a  certain 
branch  of  mechanics,  the  tendency  of  which  is  to  raife 
wonder  and  fnrprife.  He  had  at  hts  houfe  at  l4itt}e- 
bury  a  fet  of  contrivances,  fuch  as  the  following  ;  Be¬ 
ing  taken  into  one  particular  room  of  his  houfe,  and 
there  obfervkig  an  old  flipper  carelefsly  lying  on  the 
floor  ;  if,  as  was  natural,  you  gave  it  a  kick  with  your 
foot,  up  flarted  a  ghojl  before  you.  If  you  fat  down  in 
a  certain  chair,  a  couple  of  arms  would  immediately 
clafp  you  in,  fo  as  to  render  it  impoflible  to  difentaiigle 
yourfelf  till  your  attendant  fet  you  at  liberty.  And  if 
you  fat  down  in  a  certain  arbour  by  the  fide  of  a  canal, 
you  were  forthwith  fent  out  afloat  to  the  middle  of  the 
canal,  from  whence  it  was  impoflible  for  you  to  efcape 
till  the  manager  returned  you  to  your  former  place. — 
Whether  thofe  things  were  fhewn  to  flrangers  at  his 
houfe  for  money,  or  were  done  by  way  of  amufement  to 
thofe  that  came  to  vifit  the  place,  is  uncertain,  as  Mr 
Winflanley  is  faid  to  have  been  a  man  of  fome  proper¬ 
ty;  but  it  is  at  leaft  certain,  that  he  eftablifhed  a  place 
of  public  exhibition  at  Hyde  Park- corner,  called  Win- 
Jlanley^s  <water-nvorl:s^  which  were  file wn  at  dated  times 
at  one  (hilling  each  perfon.  The  particulars  of  thofe 
water  works  are  not  now  known  ;  but,  according  to 
the  tafle  of  the  times,  we  mud  naturally  fuppofe  a  great 
variety  jets  ePeau^  &c. 

Thefe  particulars  are  at  prefent  of  no  other  impor¬ 
tance  than  that  they  ferve  to  give  a  (ketch  of  the  ta¬ 
lents  and  turn  of  mind  of  the  original  undertaker,  and 
to  account  for  the  whimflcal  kind  of  buildings  which  he 
creded  on  the  Edydone  ;  from  the  deflgn  of  which,  it 
feems  as  if  it  were  not  fufiicient  for  his  enterprifing  ge¬ 
nius  to  ered  a  building  on  the  fpot,  where,  of  all  others, 
k  was  lead  likely  to  dand  unhurt ;  but  that  he  w^ould 
alfo  give  it  an  elevation,  in  appearance  the  mod  liable 
to  fubjedl  it  to  damage  from  the  violence  of  the  wind 
and  waves. 

^  This  ingenious  man  entered  upon  his  great  underta¬ 
king  in  1696,  and  completed  it  in  fomething  more  than 
four  years.  The  fird  fummer  was  occupied  wu‘th  ma¬ 
king  12  holes  in  the  rock,  and  in  fadening  12  great 
irons,  which  were  to  hold  the  w^ork  that  was  afterward 
to  be  done.  The  next  fummer  was  fpent  in  making  a 
foiid  body,  or  round  pillar,  12  feet  high  and  14  feet  in 
diameter.  In  the  third  year,  the  aforefaid  pillar  or 
work  was  made  good  at  the  foundation,  from  the  rock, 
to  16  feet  in  diameter;  and  all  the  work  w^as  raifed, 
which,  to  the  vane,  was  80  feet  high.  Being  all  flnifli- 
ed,  v/ith  the  lantern,  and  all  the  rooms  that  were  in  it, 
\ve  “ventured  (fays  Mr  Windanley)'  to  lodge  there 
foon  after  midfummer,  for  the  greater  difpatch  of  this 
work  ;  but  the  fird  night  the  weather  came  bad,  and 
fo  continued,  that  it  was  eleven  days  before  any  boats 
could  come  near  us  again  and  not  being  acquainted 
with  the  height  of  the  feas  rifing,  we  were  almod  all 
the  time  drowned  with  w^et,  and  our  provifions  in  as 
bad  a  condition,  though  we  worked  night  and  day,  as 
much  as  pofiible,  to  make  fhelter  for  ourfelves.’* 

Mr  Winflanley,  however,  fucceeded  in  fetting  up  the 
light  on  the  14th  of  November  in  that  year  (1698)  y 
but  he  was  detained  till  within  three  days  of  Chriftmas 


before  he  could  return  to  fhore,  being  almofl  at  the  lad  Edydone. 
extremity  for  want  of  provifions. 

In  the  fourth  year,  obferving  the  effedls  that  the  fea 
produced  on  the  houfe,  burying  the  lantern  at  times, 
although  more  than  60  feet  high,  Mr  Windanley  en- 
compafled  the  aforefaid  building  early  in  the  fpring 
with  a  new  work  of  four  feet  tbickiiefs  from  the  foun¬ 
dation,  making  all  foiid  for  near  20  feet  high  ;  and  ta¬ 
king  down  the  upper  part  of  the  flrd  building,  and  en- 
larging  every  part  in  its  proportion,  he  raifed  it  40  feet 
higher  than  it  was  at  fird :  Yet,  he  obferves,  “  the  fea, 
in  times  of  dorms,  flies  in  appearance  one  hundred  feet 
above  the  vane,  and  at  times  doth  cover  half  the  fide  of 
the  houfe  and  the  lantern  as  if  it  were  under  water.” 

No  material  occurrences  concerning  this  building 
happened  till  November  1703,  when  the  fabric,  needing 
fome  repairs,  Mr  Windanley  went  down  to  Plymouth 
to  fuperintend  the  work.  And  “  we  mud  not  wonder 
(fays  Mr  Smeaton),  if,  from  the  preceding  accounts  of 
the  violence  of  the  feas,  and  the  drudure  of  the  light- 
houfe,  the  common  fenfe  of  the  public  led  them  to  fup¬ 
pofe  this  building  would  not  be  of  long  duration.  The 
following  is  an  anecdote  which  I  received  to  the  fame 
effe<5l  from  fo  many  perfons  that  I  can  have  no  doubt 
of  the  truth  of  it  ;  Mr  Windanley  being  among  his 
friends  previous  to  his  going  off  with  his  workmen  on 
account  of  thofe  reparations,  the  danger  being  intima¬ 
ted  to  him,  and  that  one  day  or  other  the  light-houfe 
would  certainly  be  overfet ;  he  replied,  “  He  was  fo 
very  well  aflbred  of  the  drength  of  his  building,  he 
fhould  only  wifh  to  be  there  in  the  greated  dorm  that 
ever  blew  under  the  face  of  the  heavens,  that  he  might 

fee  what  effedl  it  would  have  on  the  drudure.” _ It 

happened  that  Mr  Windanley  was  but  too  amply  gra¬ 
tified  in  this  wifh  ;  for  while  he  was  there  with  his 
workmen  and  light-keepers,  that  dreadful  florm  began 
which  raged  mod  violently  on  the  26th  of  November 
1703,  in  the  night;  and  of  ail  the  accounts  of  the  kind 
which  hillory  furnifhes  us  with,  w^e  have  none  that  has 
exceeded  this  in  Great  Britain,  or  w^as  more  injurious 
or  extenfive  in  its  devadation.  The  next  morning,  No¬ 
vember  27th,  when  the  violence  of  the  dorm  w^as  fo 
much  abated  that  it  could  be  feen  whether  the  lit^ht- 
houfe  had  fuftered  by  it,  nothing  appeared  dandTng, 
but,  upon  a  nearer  infpedion,  fome  of  the  large  irons 
by  which  the  work  was  fixed  upon  the  rock  ;  nor  were 
any  of  the  people,  or  any  of  the  materials  of  the  build¬ 
ing,  ever  found  afterwards,  fave  only  part  of  an  iron 
chain,  which  had  got  fo  fad  jambed  into  a  chink  of 
the  rock,  that  it  could  never  afterwards  be  difengaged 
till  it  was  cut  out  in  the  year  1756.” 

Thus  perilhed  Mr  Windanley,  together  with  his 
building:  but  fo  great  was  the  utility  of  that  building- 
while  it  flood,  that  the  public  could  not  fail  to  be  de- 
firous  of  having  another  in  its  place.  Accordingly,  in 
1706,  an  a(k  of  parliament  of  the  4th  of  Queen  Anne 
was  pafied,  for  the  better  enabling  the  mailer,  &c.  of 
the  Trinity-houfe  of  Deptford- drond  to  rebuild  the. 
fame.  By  this  aft,  the  duties  payable  by  fliipping  paf- 
fing  the  light-houfe  were  veiled  in  the  corporation  of 
the  Trinity-houfe,  who  w^ere  empow^ered  to  grant  a 
leafe  to  fuch  undertaker  or  undertakers  as  they  fhould 
approve.  In  confequcnce,  they  agreed  with  a  Captain 
l^ovel  or  Lovet  for  a  term  of  99  years,  commencing 
from  the  day  on  which  a  light  fhould  be  exhibited,  and 
continuing  fo  long  as  that  exhibition  fhould  lad  during 
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'l^dyftore.  the  faid  term.  On  this  foundation  Captain  Lovet  en- 
gaged  Mr  John  Rudyerd  to  be  his  engineer  or  archi- 
ted  and  furveyor. 

It  does  not  appear  that  Mr  Rudyerd  was  bred  to 
any  mechanical  buhnefs  or  Icitntific  profefTion,  being  at 
that  time  a  filk  mercer  on  Rudgate  hill;  nor  is  it  known 
that,  in  any  other  iriilance,  he  had  diftinguhhed  himfelf 
by  any  mechanical  performance  before  or  after.  His 
want  of  pcrfonal  experience,  however,  was  in  a  degree 
affifled  by  Mr  Smith  and  Mr  Norcutt,  both  fhipwrights 
in  the  King^s  yard  at  Woolwich. 

It  is  not,  as  Mr  Smeaton  obferves,  very  material  in 
what  way  this  gentleman  became  qualified  for  the  exe¬ 
cution  of  his  work  ;  it  is  fiifficient  that  he  dii^eded  the 
performance  in  a  mafterly  manner,  and  fo  as  perfedlly 
to  anfwer  the  end  for  which  it  was  intended.  He  fa\v 
the  errors  in  the  former  building,  and  avoided  them  ; 
inftead  of  a  polygon  he  chofe  a  circle  for  the  outline  of 
his  building,  and  carried  up  the  elevation  in  that  form. 
His  principal  aim  appears  to  have  been  ufc  Jimpli- 
city  ;  and  indeed,  in  a  building  fo  fituated,  the  former 
could  hardly  be  acquired  in  its  full  extent  without  the 
latter.  He  feems  to  have  adopted  ideas  the  very  re- 
vei  fe  of  bis  predeceffor;  for  all  the  unwieldy  ornaments 
?.t  top,  the  open  gallery,  the  projeding  cranes,  and  o- 
tlier  contrivances,  more  for  ornament  and  pleafure  than 
ufe,  Mr  Rudyerd  laid  totally  afide*  He  faw,  that  how 
beautiful  foever  ornaments  might  be  in  themfelves,  yet 
when  they  are  improperly  applied  and  out  of  place,  by 
affeding  to  fhew  a  tafle,  they  betray  ignorance  of  its 
firft  principle,  for  whatever  deviates  from  pro¬ 

priety  is  erroneous,  and  at  beft  infipid. 

It  is  impoflible  for  us  to  give  an  accurate  account  of 
the  cohftru£Iion  of  Mr  Rudyerd'S  light*hoiife.  We 
can  only  fiiy,  in  general  terms,  that  it  was  altogether 
built  of  wood  ;  for  the  courfes  of  moorftone,  which  Mr 
Rudyerd,  adverting  to  the  maxim,  that  ^weight  is  belt 
refilled  by  weighty  introduced  into  the  folid  part  of  his 
building,  muft  be  confidered  as  being  of  the  nature  of 
ballaft  ;  the  weight  of  thefe  amounted  to  above  270 
tons.  The  main  column  of  the  building  confilled  of 
one  fimple  figure,  being  an -elegant  friiftum  of  a  cone, 
unbroken  by  any  projefting  ornament,  or  any  thing  on 
which  the  violence  of  the  florms  could  lay  hold  ;  mea- 
furing,  exclufively  of  its  Hoping  foundation,  22  feet  and 
eight  inches  on  its  largefl  circular  bafe ;  6i  feet  high 
above  that  circular  bafe;  and  14  feet  and  three  inches  in 
diameter  at  the  top  :  fo  that  the  circular  bafe  was  fome- 
what  greater  than  one-third  of  the  total  height,  and 
th'fe  diameter  at  the  top  w^as  lefs  than  two-thirds  of  the 
bafe  at  the  greatefl  circle.  On  the  fiat  roof  of  this 
main  column,  as  a  platform,  Mr  Rudyerd  fixed  his  lan¬ 
tern,  which  was  an  odagon  of  ten  feet  and  fix  inches 
diameter  externally.  The  mean  height  of  the  window- 
frames  of  the  lantern  above  the  balcony  floor  was  near¬ 
ly  nine  feet  ;  fo  that  the  elevation  of  the  centre  of  the 
light  above  the  highefl  fide  of  the  bale  was  70  feet  ; 
that  is,  lower  than  the  centre  of  Mr  Winllanley's  fe- 
cond  lantern  by  feven  feet,  but  higher  than  that  of  his 
firil  by  24  feet.  The  wddth  of  Mr  Rudyerd’s  lantern 
•  was,  however,  nearly  the  fame  as  that  of  Mr  Winllanley's 
fecond  :  but  inilead  of  the  towering  ornaments  of  iron¬ 
work,  and  a  vane  that  rofe  above  the  top  of  the  cupo¬ 
la  no  lefs  than  21  feet,  Mr  Rudyerd  judicioully  con¬ 
tented  himfelf  with  finilliing  his  building  with  a  round 
ball  of  two  feet  and  three  inches  diameter,  which  termi¬ 


nated  at  three  feet  above  the  top  of  his  cupola.  The  Edyflone, 
whole  height  of  Mr  Rudyerd’s  light-houfe,  from  the  *— 
lowefl:  fide  to  the  top  of  the  ball,  was  92  feet,  011  a  bafe 
of  23  feet  and  four  inches,  taken  at  a  medium  between 
the  highcll  and  lowefl;  part  of  the  rock  that  k  covered. 

The  whole  building  was  completed  in  the  year  1709, 
three  years  from  its  commencement. 

This  great  work,  after  having  braved  the  elements 
for  forty-fix  years,  was  burnt  to  the  ground  in  175  ^ 

On  the  2d  of  December  of  that  year,  when  the  light- 
keeper,  then  on  the  w^tch,  went,  about  two  o^clock  in 
the  morning,  into  the  lantern,  to  fnufF  the  candles  ac¬ 
cording  to  cuftom,  he  found  it,  in  a  fmoke;  and  in  Ipite 
of  all  that  he  and  his  companions  could  do,  the  whole 
edifice  was  on  fire  in  the  compais  of  little  more  than 
eight  hours,  and  in  a  few  days  v/as  burnt  to  its  founda¬ 
tion.  The  three  light-men  were  wdth  much  difficulty 
got  on  fhore,  when  one  of  them  immediately  ran  off, 
and  has  never  fince  been  heard  of.  Another,  who  had 
been  dreadfully  burned  by  melted  lead,  of  which,  ac¬ 
cording  to  his  own  account,  he  had  fwallowed  a  quan¬ 
tity,  lingered  in  agony  for  twelve  days,  and  then  expi¬ 
red.  His  flomach  being  opened,  there  v,^as  found  in  it 
a  folid  piece  of  lead  of  a  flat  oval  form,  which  weighed 
feven  ounces  and  five  drachms  ;  and  thus  was  verified 
an  aifertion  which,  to  the  furgeon  and  others  who  at¬ 
tended  him,  appeared  altogether  incredible,  vi%.  that 
any  human  being  could  live  after  receiving  melted  lead 
into  the  ftomach. 

On  the  deftruAion  of  Mr  Rudyerd’s  light-houfe,  Mr 
Smeaton  (fee  Smeaton  in  this  Supplement)  was  re¬ 
commended  by  Lord  Macclesfield,  then  prefident  of  the 
Royal  Society,  as  the  fittefl  perfon  in  England  to  build 
another.  It  was  with  fome  difficulty  that  he  was  able 
to  perfuade  the  proprietors  that  a  fione  building,  pro¬ 
perly  conilru6fed,  would  in  all  refpeds  be  preferable  to 
one  of  wood;  but  having  at  lafi;  convinced  them,  he  turn¬ 
ed  his  thoughts  to  the  fliape  which  was  moft  fuitable  to 
a  building  fo  critically  fituated.  Reflecting  on  the  ftruc- 
ture  of  the  former  buildings,  it  feemed  a  material  im¬ 
provement  to^  procure,  if  poffible,  an  enlargement  of  the 
bafe,  without  increafing  the  fize  of  the  avaiji,  or  that 
part  of  the  building  which  is  between  the  top  of  the 
rock  and  the  top  of  the  foJfd  work.  Hence  he  thought 
a  greater  degree  of  ftrength  and  ftiffnefs  w^ould  be  gain¬ 
ed,  accompanied  with  lefs  refiftance  to  the  aCling 
powder.  On  this  occafion,  the  natural  figure  of  the 
waifi  or  bole  of  a  large  fpreadiiig  oak  occurred  to  Mr 
^Smeaton. 

“  Let  us  (fays  he)  confider  its  particular  figure.— 
Connedfed  with  its  roots,  which  lie  hid  below  ground, 
it  rifes  from  the  furface  with  a  large  fwelling  bafe, 
wffiich  at  the  height  of  one  diameter  is  generally  redu- 
ced  by  an  elegant  curve,  concave  to  the  eye,  to  a  dia¬ 
meter  lefs  by  at  leall  one  third,  and  fometimes  to  half 
its  original  bafe.  From  thence,  its  taper  dirninifliing 
more  fiowly,  its  Tides  by  degrees  come  into  a  perpendi¬ 
cular,  and  for  fome  height  form  a  cylinder.  After 
that,  a  preparation  of  more  circumference  becomes  ne- 
ceflary,  for  the  flrong  infertion  and  ellablifliment  of  the 
principal  boughs,  which  produces  a  fwelling  of  its  dia¬ 
meter.— Now  we  can  hardly  doubt  but  that  every  fec- 
tion  of  the  tree  is  nearly  of  an  equal  ftrength  in  pro¬ 
portion  to  what  it  has  to  refill  ;  and  were  w^e  to  lop  off 
its  principal  boughs,  and  expofe  it  in  that  ftate  to  a  ra¬ 
pid  current  of  water,  we  fhould  find  it  as  capable  of 

refilling 
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Edyfconc  refiflmg  the  adion  of  the  heavier  fluid,  when  divefted 
’  ^  of  the  greater  part  of  its  clothing,  as  it  was  that  of 

the  lighter,  when  all  its  fpreading  ornaments  were  ex- 
pofed  to  the  fury  of  the  wind;  and  hence  we  may  derive 
an  idea  of  what- the  proper  fhape  of  a  column  of  the 
greateft  liability  ought  to  be,  to  refill  the  action  of  ex¬ 
ternal  violence,  when  the  quantity  of  matter  is  given 
of  vv^hich  it  is  to  be  compofed.” 

The  next  thing  to  be  coiifidered  was,  how  the  blocks 
of  Hone  could  be  bonded  to  the  rock,  and  to  one  ano¬ 
ther,  in  fo  firm  a  manner  as  that  not  only  the  whole 
together,  but  every  iadividrial  piece,  when  conneded 
with  what  preceded,  fliould  be  proof  againft  the  greateft 
violence  of  the  fca.  For  this  purpofe,  cramping  was 
the  firft  idea,  but  was  rejeded  on  account  of  the  great 
quantity  of  iron  which  was  necefiary,  and  from  the 
trouble  and  lofs  of  time  which  would  attend  that  ope¬ 
ration.^  ^  In  its  place  was  fubftituted  the  method  of 
dovetailing.  From  fome  fpecimens  which  Mr  Smeaton 
had  feen  in  Belidor’s  defeription  of  the  Hone  floor  of 
the  great  fluice  at  Cherburgh,  (where  the  tails  of  the 
upright  headers  are  cut  into  dovetails  for  their  iiifertion 
into  the  mafs  of  rough  mafonry  below,)  he  was  led  to 
think,  that  if  the  blocks  themfelves  were,  both  infide 
and  outfide,  formed  into  large  dovetails,  they  might  be 
managed  fo  as  to  lock  one  another  together,  being  pri¬ 
marily  engrafted  into  the  rock  ;  and  in  the  round  or 
entire  courfes  above  the  top  of  the  rock,  they  might  all 
proceed  from,  and  be  locked  to,  one  large  centre  Hone. 
Thefe  particulars  being  digelled  in  his  own  mind,  he 
explained  his  defign  by  the  help  of  drawings  ;  with 
which,  after  mature  deliberation,  the  proprietors  were 
perfedlly  fatisfied  ;  and  declared,  that  the  fcheme  was 
not  only  in  itfelf  pradlicable,  but,  as  appeared  to  them, 
the  only  means  of  doing  the  bufinefs  effedually. 

During  this  time  Mr  Smeaton  had  never  vifited  the 
rock  on  which  he  was  to  be  employed  :  he  therefore  re- 
folved  to  go  to  Plymouth  early  in  the  fpring  of  1756, 
that  he  might  lofe  no  opportunity  of  viewing  it.  At 
Plymouth  he  met  Mr  Joiias  Jeflbp,  to  whom  he  was 
referred  for  information  and  afliftaiice,  and  who  after¬ 
wards  proved  of  great  fervice  :  he  was  not  only  an  ap- 
proved  workman  in  his  branch  as  a  fliipwright,  but  a 
competeht  draughtfman  and  an  excellent  modeller ;  ‘  in 
which  Lift  (fays  the  author)  he  was  accurate  to  a  great 
degree  :  he  therefore  appeared  to  be  a  very  fit  perfon 
to  overlook  the  exa£l  execution  of  a  defign  given.’ 
Mr  Jeflbp,  like  others,  exprefled  his  doubts  that  a  Hone 
building  could  Hand  on  the  Edyllone  :  but  they  were 
removed  by  the  propofed  mode  of  its  conftrudion. — 
As  Mr  Smeaton  was  impatient  to  go  to  the  rock,  he 
feized  the  firft  opportunity  that  feemed  to  promife  any 
chance  of  landing  on  it.  On  the  2d  of  April  he  got 
within  a  ftone’s  throw  of  it,  but  could  not  land  ;  on 
the  5th  he  was  more  fortunate-;  he  now  landed,  and 
ilaid  on  the  rock  for  two  hours  and  a  half.  This  time 
was  employed  in  taking  a  general  view  of  the  whole. 
No  remains  of  the  houfe  could  be  perceived  either  on 
the  rock,  or  about  it,  except  the  greateft  part  of  the 
iron  branches  that  bad  been  fixed  by  Mr  Rudyerd  ; 
and  fome  of  the  moorftoiies  were  difeerned  lying  in  the 
bottom  of  the  gut.  Such  traces  were  alfo  obferved 
of  the  fituation  of  the  irons  fixed  by  Mr  Winftanley, 
as  to  render  it  no  very  difficult  ta/k  to  make  out  his 
plan,  and  the  pofition  of  the  edifice  ;  whence  it  ap¬ 
peared  very  probable,  that  Mr  Winftanley’s  building 
SUPPL.  VoL.I.  Partll.  ^ 
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was  overfet  altogether,  and  that  it  had  torn  up  a  por-  Edyflonc. 
tfon  of  the  rock  itfelf,  as  far  as  the  irons  had  been  fall- --v~- 
ened  in  it.  With  regard  to  the  fteps,  which  were  faid 
to  have  been  cut  in  the  rock  by  Mr  Rudyerd,  the  tra¬ 
ces  of  only  five  were  remaining  ;  thefe  were  faintly  cut, 
and  without  much  regularity.  It  was  next  tried  in 
what  degree  the  rock  was  workable ;  and  Mr  Smeaton 
had  the  fatistaCdion  of  finding  every  thing  fuccccd  to 
his  vvi flies. 

Having  thus  determined  that  there  was  no  impratli- 
cability  in  fixing  a  iloiie  building,  it  became  of  the 
greateft  importance  to  fccure  a  more  fafe  and  certain 
landing  on  the  rock;  as  it  would  frequently  happen, 
while  the  vefl'els  were  lying  off  the  rock,  waiting  for  a 
favourable  time  to  enter  the  gut,  that  tides  might 
change,  ground  fv^'ells  come  on,  winds  ihift,  and  ftorms 
arife,  which  would  of  courfe  make  it  defirable  to  re¬ 
turn  to  Plymouth,  if  pofiible,  though  the  purpofe 
of  the  voyage  was  unperformed.  In  addition  to  this, 
when  veflels  had  got  with  fome  facility  into  the  gut, 
they  frequently  could  not  get  out  again  without  ex¬ 
treme  danger  ;  for  as  the  larger  fort  had  not  room  to 
turn  in  it,  they  were  in  reality  obliged  to  go  out  ftern 
forward  ;  the  Sugar-loaf  rock  being  fo  critically  placed, 
with  fliallow  water  on  both  fides  of  it,  that  it  prohibits 
a  thorough  paflage.  It  was  true,  indeed,  that  by  the 
fkill  and  expertnefs  of  thofe  feamen  who  had  frequently 
attended  the  fervice  of  the  Edyftone,  not  only  row  beats, 
but  the  attendant  veflels,  after  having  delivered  their 
cargoes,  had  been  carried  quite  through,  at  the  top  of 
an  high  tide,  with  a  fair  wind  and  fmooth  water  :  but 
this  was  not  an  experiment  to  be  commonly  repeated. 

The  two  voyages  which  Mr  Smeaton  had  made  were 
in  a  fmall  failing  veflel  of  about  ten  or  twelve  tons  bur¬ 
den,  which  was  built  for  the  fervice,  and  called  the 
Edyftone  Boat.  It  occurred  to  him,  that  while  the 
light  houfe  was  Handing,  if  the  bout  had  been  ftaved  on 
the  rocks  while  lying  in  the  gut,  there  was  a  pofiibility 
of  the  men  being  faved  by  getting  into  the  houfe,  as 
the  light-keepers  would  have  been  ready  to  throw  out 
a  rope  to  their  afliftance ;  but  that  if  any  accident  of 
the  kind  were  to  happen  now  that  the  houfe  was  down, 
and  no  proteaion  nor  flielter  to  be  had,  there  was  little 
chance  of  their  efcape  ;--.and  thefe  confiderations  being 
likely  to  caft  a  damp  on  every  exertion  to  land,  he  de¬ 
termined  to  go  out  no  more  without  another  failing 
boat  to  attend. 

The  weather  being  unfavourable  for  vifiting  the  rock, 
all  exertions  were  ufed  to  forward  the  work  on  fhore  ; 
and,  firft,  a  work-yard  was  chofen  in  a  field  adjacent  to 
Mill  Bay,  about  a  mile  weft  from’  Plymouth.  The 
next  objea  was  to  procure  moor  ftone,  or  granite  ;  and 
with  this  view  the  author  vifited  Hingllone  Downs, 
and  obferved  the  manner  of  working  the  ftone,  which 
is  curious.  He  next  went  to  Lanlivery,  near  Fowey 
harbour,  from  which  place  the  ftone-work  for  the  late 
light-houfe  had  been  furniflied. 

During  this  time  he  had  made  five  voyages  to  the 
rock  with  little  fuccefs:  the  event  of  the  laft  had  ftrong- 
ly  pointed  out,  that  the  much  greater  tonnage  of  the 
ftone  which  muft  be  neceffary  to  be  carried  out  and 
fixed,  in  cafe  oT  a  ftone  building,  than  was  requifite  in 
the  compofitions  of  his  predecelTors,  would  make  the 
uncertainty  and  delay  which  they  had  deferibed  as  be¬ 
ing  attendant  on  their  voyages,  in  order  to  fix  their 
work,  bear  far  heavier  on  the  fcheme  ;  and  would  thus 
4  ^  occafion 
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Edyflone.  occafion  the  whole  time  of  the  performance  to  be 
lengthened.  It  appeared,  therefore,  that  had  a  vend  been 
fixed  within  a  quarter  of  a  mile,  or  fpme  fuch  competent 
diflance  from  the  rocks,  and  which  fhould  be  capable 
of  lodging  the  workmen,  all  their  tools  and^oo+e  ma¬ 
terials,  the  feveral  pieces  of  wrought  llotie  only  except¬ 
ed,  that  then  the  workmen  might,  by  means  of  fmall 
row  boats  or  yawls,  have  effeded  a  landing  both  of  them- 
felves  and  of  their  materials,  and  have  been  at  work  on 
the  rock  during  the  greateft  part  of  thofe  days  which 
otherwife,  as  voyagers,  they  would  have  loll  in  fruitlefs 
endeavours  to  get  to  the  place  of  a61i(.>n.  Agreeably 
to  this  opinion,  it  was  propofed  to  build  a  llrong  and 
very  well  found  Hoop  of  about  fifty  tons,  with  iron 
chains  for  mooring  her  on  the  rocky  ground  near  the 
Edyftone.  A  velfel  was  in  fa^  afterward  moored  in 
this  fituation  :  but  it  was  one  not  built  for  the  fervice, 
but  originally  intended  to  have  been  llationed  as  a 
temporary  floating  light  during  the  rebuilding  of  the 
light-houfe. 

Mr  Smeaton  now  made  a  fixth  voyage  to  the  rock, 
on  which  he  employed  himfelf  for  nineteen  hours  in  ta¬ 
king  fuch  dimenfions  as  would  enable  him  to  make  an 
accurate  model  of  its  furface.  He  likewife  attempted 
a  feveiith  voyage  ;  but  being  unable  to  reach  the  Edy- 
llone,  he  bore  away  for  Falmouth,  in  order  to  examine 
the  moor-ftone  works  at  Conftantine  in  that  neighbour- 
'  hood.  From  the  difficulties  which  occurred  here,  as 

well  as  at  other  places,  he  was  convinced  that  a  fuffi- 
cient  quantity  of  moor-ftone  could  not  be  readily  and 
expeditioufly  procured,  in  order  to  complete  the  whole 
building  ;  and  that  he  mull  therefore  confine  the  moor- 
ftone  to  the  outfide,  as  being  more  durable,  and  con- 
tent  himfelf  with  the  ufe  of  Portland,  or  fome  other 
free-working  ftone,  for  the  infide  work.  In  confe- 
quence,  after  making  three  more  voyagp  to  the  rock, 
and  completing  all  the  obfervations  which  he  was  de- 
firous  of  taking  there,  he  vifited  the  ifle  of  Portland  in 
his  return  to  London,  and  made  the  necefiary  agreements 
'  for  carrying  on  his  work. 

On  his  arrival  in  London,  Mr  Smeaton  again  met 
the  proprietors,  from  whom  he  experienced  the  greateft 
liberality  and  confidence  :  they  declared,  that  as  he  Was 
now  apprized  of  what  was  to  be  done,  they  left  both 
the  time  and  the  means  of  its  accompliffiment  to  him. 

‘  On  this  occafion  (he  obferves),  I  found  myfelf  to¬ 
tally  unfettered ;  and  perhaps  no  refolution  of  the  pro¬ 
prietors  ever  more  conduced  to  the  ultimate  fuceefs  of 
the  work  than  this,  which  fet  me  fo  much  at  liberty. 
Had  they  been  of  the  fame  temper  and  difpofition  of 
by  far  the  greateft  part  of  thofe  who  have  employed 
me,  both  before  and  fince,  their  language  would  have 
been.  Get  on,  Get  on,  for  God’s  fake  get  on  !  the 
public  is  in  eifpedation  ;  get  us  fomething  fpeedily  to 
fhew,  by  which  we  may  gain  credit  with  the  public  !  — 
This,  however,  was  not  their  tone,  which  I  looked  upon 
as  a  happy  earneft  from  the  proprietors  in  the  outfet.’ 

Luring  his  ftay  in  London,  he  refolved,  as  an  abfo- 
lutely  necefiary  preliminary  ftep,  to  form  models  of  the 
rock,  both  in  its  prefent  ftate  and  as  cut  to  the  intend¬ 
ed  (hape  for  receiving  the  building.  Gonne^led  with 
the  laft  was  a  model  of  the  building  itfelf,  .fhewing  di- 
ftiniftly  how  the  work  was  to  be  adapted  to  each  fepa- 
rate  ftep  in  the  afcent  of  the  rock,  and  particularly  ex¬ 
hibiting  the  conftrudllon  of  the  firft  entire  courfe  after 
rifing  to  the  level  of  the  upper  furface  of  the  rock :  to 


this  a  folid  being  fitted,  the  model  fhewed  the  external  Edyftone, 
form  of  the  whole  building,  including  the  lantern  ;  '■'v— 

while,  by  a  fedllon  on  paper,  the  whole  infide  work  was 
reprefeiited.  Thefe  models,  as  well,  indeed,  as  moft 
of  the  material  parts  of  the  bufinefs,  were  the  entire 
work  of  Mr  Smeaton’s  own  hands.  After  exhibiting 
thefe  to  the  Lords  of  the  Admiralty,  who  expreffed 
their  warmeft  approbation,  he  returned  to  Plymouth  on 
the  23d  of  July  J756. 

On  his  arrival  at  Plymouth,  he  found  that  Mr  Jeflbp 
had  completely  fitted  up,  for  prefent  fervice,  the  floop, 
which  had  before  been  ufed  as  an  attendant  ;  as  well  as 
the  Edyftone  boat,  and  a  large  yawl,  with  fails  and 
oars.  Another  feaman  was  now  taken  into  the  fervice, 
which  made  tbe  number  of  the  crew  fix.  The  Nep¬ 
tune  Bufs,  which  had  been  built  for  the  purpofe  of  ex¬ 
hibiting  a  temporary  light,  but  which  was  afterward 
moored  near  to  the  rock,  was  arrived  :  but  as  her  defti- 
nation  was  not  known,  all  orders  for  mooring-chains 
were  fufpended,  and  Mr  Smeaton  was  obliged  to  con¬ 
tent  himfelf  with  preparing  cables  in  the  beft  manner 
that  he  could  for  mooring  the  floop  in  that  fituation. 

As  the  weather  was  unfavourable,  he  had  but  one  op¬ 
portunity  of  vifiting  the  rock  ;  he  therefore  applied  vi- 
gorouOy  to  prepare  every  thing  on  ffiore.  The  firft 
bufinefs  was  to  eftablifh  the  working  companies,  which 
were  to  confift  of  two  complete  fets  of  hands,  to  relieve 
each  other  by  turns  ;  fo  that,  whenever  winds  and  tides 
would  permit,  the  work  might  be  purfued  by  day  and 
night.  In  his  diftribution  and  management  of  thefe 
people  he  appears  to  have  aded  with  great  judgjment. 

He  made  choice  of,  and  agreed  with,  Mr  Thomas 
Richardfon,  a  ‘mafter  mafon  of  Plymouth,  to  ad  as 
foreman  of  one  of  the  companies  ;  and  alfo  with  Wil¬ 
liam  Hill,  who  had  been  fome  time  foreman  to  another 
mafter  mafon  of  the  fame  place,  to  ad  as  the  other 
foreman.  He  likewife  entered  three  mafons,  and  nine 
tinners  (Corniffi  miners),  as  a  company,  to  go  out  with 
Mr  P».ichardfon  to  take  the  firft  turn,  or  week,  com¬ 
mencing  from  Saturday  the  31ft  of  July.  Mr  Jeflbp 
was  appointed  general  affiftant.  The  wages  of  the 
foremen,  while  at  fea,  were  to  be  5  s.  per  day  certain  5 
and  for  every  hour  fpent  on  the  rock,  the  farther  pre¬ 
mium  of  I  s. — but  when  employed  in  the  work-yard  or 
otherwife  on  ffiore,  their  wages  were  to  be  3  s.  6  d.  per 
day.  The  wages  of  the  mafons  were  to  be  2  s.  6  d.  per 
day  certain  at  fea,  with  a  premium  of  9  d.  per  hour  5 
and  the  tinners  were  to  have  2  s.  per  day  certain  at  fea, 
and  8  d.  per  hour.  In  the  work-yard,  or  at  ffiore,  the 
mafons  were  to  have  2od.  and  the  tinners  i8d.  per  day, 
and  to  be  paid  for  over-time  when  required  to  work ; 

—  and  that  the  feamen  might  not  want  inducement  to 
do  their  utmoft  in  landing  the  workmen  at  the  Edy¬ 
ftone  as  early  as  poffible  at  every  opportunity,  and^  in 
fupplying  them  with  what  was  necefiary  for  keeping 
them  af  work,  over  and  above  their  weekly  wages, 
which  were  fettled  at  8  s.  per  week,  they  were  all  to 
receive  a  premium  for  every  landing  on  the  rock;  the 
mafter  feamen  having  2S.  6  d.  and  the  ordinary  men  2S, 
to  make  their  advantage  equivalent  to  that  of  the  other 
workmen,  in  whatever  fervice  the  feamen,  who  w^ere 
conftantly  on  duty,  were  employed.  Mr  Jeflbp,  as  ge¬ 
neral  affiftant,  was  to  have  los.  6d.  per  day  at  fea,  and 
5  s.  per  day  on  land  ;  and  every  one  was  to  fupply  him¬ 
felf  with  viduals. — Mr  Smeaton  likewife  agreed  for 
half  an  acre  of  ground  on  the  weft  fide  of  Mill-bay  for 
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Eflyftone.  a  work-yard,  as  before  mentioned,  which  he  marked  out, 
and  ordered  to  be  fenced  with  boards.  At  this  time 
arrived  Mr  John  Harrifon,  who  was  to  a£l  as  clerk  to  the 
Edyftone  works,  with  whom  a  plan  was  digefted  for 
keeping  the  accounts  and  correfpondence  ;  and  for  the 
diflind  noting  of  fo  great  a  variety  of  articles,  it  was 
found  expedient  to  open  fourteen  different  books. 

Matters  being  thus  fettled  on  fhore,  and  the  weather 
having  become  more  promifing,  Mr  Richardfon  and  his 
company  embarked  in  the  floop,  with  her  ground 
tackle  on  board,  attended  by  the  author  and  Mr  Jeffop, 
and  having  the  yawl  alfo  properly  manned.  Having 
landed  on  the  rock,  Mr  Smeaton  proceeded  to  fix  the 
centre,  and  to  lay  down  the  lines  of  the  intended  work 
on  its  furface;  and  being  followed  by  Mr  Richardfon, 
he,  with  fharp  picks,  left  indelible  traces  of  thofe  lines, 
fo  as  that  the  workmen  might  proceed  on  them  when 
ever  they  fhould  be  able  to  land.  The  roughnefs  of 
the  fea,  however,  foon  rendered  it  advifable  to  return 
to  the  floop  ;  and  from  the  fame  caufe  it  was  thought 
unfafe  to  attempt  to  moor  her  that  evening.  On  the 
next  day,  the  wind  continued  to  blow  very  frefh  ;  but 
on  the  following  they  were  able  to  moor  the  floop  : 
and  every  one  being  anxious  to  make  a  beginning,  the 
whole  company  landed  on  the  rock,  and  immediately 
began  the  work,  which  was  purfued  for  about  four 
hours,  when  they  were  driven  off  by  the  fea.  On  the 
following  day,  all  hands  landed  before  fun-rife,  and 
worked,  during  that  tide,  for  fix  hours  ;  and  in  the  af¬ 
ternoon  s  tide  they  again  landed,  and  continued  the 
work,  by  the  help  of  links,  till  ten  o’clock  at  night. 
They  purfued  this  courfe  for  fome  time  with  very  little 
interruption,  working,  at  an  average,  for  about  five 
hours  in  each  tide. 

The  weather  had  now  been  fair  from  Auguft  27th 
to  the  14th  of  September  ;  and  in  this  fpace  they  had 
worked  for  177  hours  on  the  rock.  During  this  in- 
terval,  alfo,  Mr  Jeffop  had  prevented  a  weft  Indiaman 
homeward  bound,  and  a  man  of  war’s  tender,  from  dri- 
ving  on  the  rocks,  to  which  they  were  approaching, 
though  they  themfelves  were  not  aware  of  it.  On  the 
1  6th,  the  work  on  the  rock  was  in  the  following  fitua- 
tion  :  The  loweft  new  ftep  (the  moft  difficult  to  work, 
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employed  in  weighing  the  Bufs’s  moorings.  To  pre- 
vent  the  neceffity  of  this,  however,  it  was  an  obje(!ft  of 
confideration,  whether  they  could  not  difpenfe  with 
that  operation,  and  thereby  have  a  little  more  time  for 
work  on  the  rock.  Mr  Smeaton’s  contrivance  for  this 
purpofe  was  admirable  ;  but  it  was  rendered  vain  by 
bufs.  After  overcoming  many 
difficulties,  the  bufs  with  Mr  Smeaton  on  board  was 
driven  at  a  great  rate  towards  the  bay  of  Bifcay,  in  dan¬ 
ger  every  hour  of  being  fwallowed  up  by  the  waves  or 
dafhed  in  pieces  on  the  rocks  of  Sciliy.  At  laft,  on  Friday 
morning  the  26th  of  November,  they  reached  Ply¬ 
mouth  Sound,  and  relinquiflied  all  thoughts  of  return¬ 
ing  to  their  work  on  the  rock  that  feafon. 

The  winter  therefore  of  1756,  and  the  fgllowing 
Ipring,  were  employed  in  preparing  materials  for  the 
outwork  ;  the  mafonry  particularly  required  great  at- 
tention.  It  was  a  defirable  olijea  to  ufe  Jarge  and 
heavy  pieces  of  ftone  in  the  building;  yet  their  fize 
muft  necelTarily  be  limited  by  the  pradticability  of  land- 
mg  them  with  fafety.  Now  fmall  velTels  only  could 
deliver  their  cargoes  alongfide  of  this  hazardous  rock  ; 
and  yefe  could  not  deliver  very  large  ftones,  becaufs 
the  fudden  rifing  and  falling  of  the  veffels  in  the  gut 
amounted  frequently  to  the  difference  of  three  or  four 
feet,  even  in  moderate  weather  ;  fo  that  in  cafe  after  a 
ftone  was  raifed  from  the  floor  of  the  veflU,  her  gun¬ 
wale  fhould  take  a  fwing,  fo  as  to  hitch  under  the 
ftone,  one  of  a  very  large  magnitude  tniifl,  on  the  vef- 
fel  s  nfing,  infallibly  fink  her.  From  this  confideration, 

U  was  determined  that  fuch  ftones  fhould  be  uied  as 
did  not  much  exceed  a  ton  weight  ;  though  occafioii- 
aUy  particular  pieces  might  amount  to  two  tons.  That 
they  might  attain  a  certainty  in  putting  the  work  to- 
gethcr  on  the  rock,  the  ftones  of  each  courfe  were  tried 
topther  in  their  real  fituation  with  refpea:  to  each 
other  ;  and  they  were  fo  exaaiy  marked,  that  every 
ftone,  after  the  courfe  was  taken  afunder,  could  be  re¬ 
placed  m  the  identical  pofition  in  which  it  lay  on  the 
platform,  within  the  fortieth  part  of  an  inch  :~nor  was 
this  judged  fufficient ;  for  every  courfe  was  not  only 
tried  Irngly  together  on  the  platform  and  marked,  but 
the  courfe  above  it  was  put  on  it,  and  marked  in  the 
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tails  were  fcapelled  out ;  and  the  fixth  was  fmooth  bed- 
ded,  and  all  the  dovetails  roughed  out. — Laftly,  the  top 
of  the  rock,  the  greateft  part  of  the  bulk  whereof  had 
been  previoufly  taken  down  as  low  as  it  could  be  done 
with  propriety,  was  now  to  be  reduced  to  a  level  with 
the  upper  furface  of  the  fixth  ftep  ;  the  top  of  that  ftep 
being  neceffarily  to  form  a  part  of  the  bed  for  the 
feventh  or  firft  regular  courfe  :  fo  that  what  now  re- 
mained,  was  to  bring  the  top  of  the  rock  to  a  regular 
floor  by  picks  ;  and  from  what  now  appeared  (as  all 
the  upper  parts  that  had  been  damaged  by  the  fire  were 
cut  off)  the  new  building  was  likely  to  reft  on  a  balls 
even  more  folid  than  the  former  lighthoufes  had  done. 

The  equinodtial  winds  that  were  now  reigning,  af¬ 
forded  little^  profpedl  of  doing  much  more  work  on  the 
rock  for  this  feafon  :  for  though  a  more  moderate  in¬ 
terval  of  weather  might  be  expeded,  yet  that  mull  be 
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hrlt,  as  being  leaft  expofed  to  the  ftroke  of  the  fea  • 
and  in  order  to  have  fiire  means  of  attaching  all  the 
reft  to  this,  and  to  one  another,  it  was  indifpenfable 
that  the  whole  of  the  two  courfes  fhould  be  tried  to- 
gether  ;  in  order  that,  if  any  defedl  appeared  at  the 
outlide,  by  an  accumulation  of  errors  from  the  centre 
it  might  be  redified  on  the  platform.  ’ 

Another  circumftance,  to  which  Mr  Smeaton  tvas 
particularly  attentive,  and  concerning  which  his  remarks 
are  very  valuable,  was  to  afeertain  the  moft  proper  com- 
pofition  for  water  cements.  In  making  mortar  for 
buildings  expofed  to  water,  tarrns  had  been  moft 
elteemed  :  but  ftill  there  were  obje6lioi)s  to  its  ufe  Mr 
'Smeaton  was  therefore  induced  to  try  the  ^erra 
%olanay  found  in  Italy,  as  a  fnbftitute  for  tarras  For 
tunately  there  was  a  quantity  of  it  in  the  hands  of  a  mer« 
chant  at  Plymouth,  which  had  been  imported  as  a  ve«- 
^  ^  2  ture 
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Edyftone  ture  from  Civita  Vecchia,  when  Weftniinfter-bridg-.  was 

- building  ;  and  which  he  expeaed  to  have  fold  for  tha 

work  tL  good  advantage,  but  faded  m  Ins  fpeculat.^. 
for  having  found  that  tarras  anfwcred  their  purpofe, 
neitl.er  cL.niffioners,  engineers,  nor  contraaors,  would 
trouble  themfelves  to  make  a  trial  of  the  other  material. 
This  was  found  in  every  refpea  equal  to  tarras,  as  far 
as  concerned  the  hardening  of  water-mortar,  it  not  pre¬ 
ferable  to  it  ;  and  if  made  into  a  mortar  with  lime  pro¬ 
duced  from  a  ftone  found  at  Aberthaw,  on  the  coalt  ot 
Glamorganthire,  it  exceeded,  in  hardnefs,  any  ot  t  e 
compofitions  commonly  ufed  in  dry  work  ;  an 
and  dry,  or  wholly  wet,  was  far  fuperior  to  any  which 
Mr  Smeaton  had  feen,  infomuch  that  he  did  not  doubt 
its  making  a  cement  that  would  equal  the  betl  merchant¬ 
able  Portland  (lone  in  folidity  and  durability. 

Thefe  preliminary  arrangements  being  fettled,  they 
proceeded,  on  the  3d  of  June  I757» 

Neptune  bufs,  and  to  begin  the  work.  A.fter  getting 
up  the  moorings  (a  work  of  no  fmall  difficulty  and  fonie 
danger),  and  after  fixing  the  fender-piles,  the  (hears, 
windlafs,  &c.  the  firfl  ftone  was  landed,  got  to  its  place, 
and  fixed,  on  Sunda)»the  12th  of  June;  and  on  tlie 
next  day  the  firft  courfe  was  completed.  On  tlie  14th, 
the  fecond  courfe  was  begun  :  but,  In  confequence  or  a 
frefh  gale,  the  workmen  were  obliged  to  quit  the  rode, 
after  fecuring  every  thing  as  well  as  pofiible.  Such  was 
the  violence  of  the  gale,  that  it  was  imprafticable  tor 
the  boats  to  get  out  of  the  gut,  otherwife  than  by  pai- 
fingthe  Sugar-loaf  rock,  in  which  they  providential  y 
fucceeded.  On  the  i8th,  they  were  again  as  fuddenly 
driven  from  their  work,  and  feveral  pieces  of  ftone  were 
wafhed  away  by  the  violence  of  the  fea.  In  the  night 
of  the  6th  of  July,  the  watch  on  the  deck  of  the  buls 
efpied  a  fail  on  the  rocks,  and  one  of  the  yawls  was  fent 
to  her  relief,  which  brought  back  the  whole  crew,  feve- 
val  of  whom  were  in  their  Ihirts,  and  in  great  diftreis. 
It  was  a  fnow  of  about  130  tons  burthen,  which  was 
returning  in  ballaft  from  Dartmouth  ;  but  not  know¬ 
ing  exadly  where  they  were,  they  had  miftaken  the 
rocks  for  fo  many  fifhing-boats,  till  it  was  too  late  to 
clear  them  ;  and  on  the  veffePs  ftriking,  Ihe  fihed  fo 
quickly,  that  the  boat  floated  on  deck  before  they  could 

get  into  it.  . 

During  this  time  the  buildiug  went  on,  tliougli  its 
progrefs  w.'is  retarded  by  various  interruptions  and  ac¬ 
cidents  ;  till,  at  the  latter  end  of  Auguft,  when  the 
feventh  courfe  was  nearly  fiiiiftied,  a  violent  ftorm  arole, 
which  carried  away  the  (hears  and  triangles,  together 
with  two  of  the  largeft  ftones  which  had  been  left 
chained  on  the  rock  !  yet  notwithftanding  thefe  and 
various  other  difficulties,  the  ninth  courfe  was  comple- 
ted  by  the  end  of  September. 

“  Being  now  arrived  at  the  eve  of  Oftober  (fays  Mr 
Smeaton),  I  maturely  confidered  our  fituation  ;  and 
finding  that  we  had  been  18  days  in  completing  the 
iaft  courfe,  whereas  the  former  one  was  begun  and  fi- 
niflied  in  five,  though  the  weather,  both  on  (bore  and 
above  head,  had  remained  to  all  appearance  much  the 
fame  ;  I  from  thence  concluded  it  to  be  very  probable, 
w^e  might  not  get  another  courfe  completed  in  the  com- 
pafs  of  the  month  of  Oftober  :  So  that  when  I  reflect¬ 
ed  on  the  many  dlfafters  that  we  had  fuffered  Iaft  year 
by  continuing  out  to  the  month  of  November,  and  how 
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ed  to  me  very  problematical  whether  we  might  be  able,  Ef(yftone. 
with  every  poffible  exertion,  to  get  another  courfe  fi- 
niffied  this  feafon  ;  and  coiifiderhig  how  very  ineligible 
it  was  to  have  a  courfe  lie  open  during  the  winter  in 
this  ftage  of  the  work,  and  that  we  bad  now  got  three 
complete  courfes  eftablifhed  above  the  top  of  the  rock, 
the  fum  of  whofe  height  was  four  feet  lix  inches  ;  and 
that  we  could  not  leave  the  wmrk  in  a  moie  defeniible 
ftate,  whether  as  relative  to  the  natural  violence  of  the 
fea,  or  the  poffibility  of  external  injuries— from  thefe 
contiderations,  it  appeared  to  me  higiily  proper  to  put 
a  period  to  the  outwork  of  the  prefent  leafon.''^ 

At  the  commencement  of  the  following  year,  I75^» 
the  weather  proved  very  tempeftuous  till  March  ;  and 
on  vifiting  the  rock,  they  difeovered  that  the  great  buoy 
on  the  moorings  had  been  carried  away  ;  nor  were  the 
mooring  chains,  though  fought  with  the  greateft  pei  ie- 
verance,  recovered  till  the  middle  of  hlay.  In  conle- 
qiience  of  this*  delay,  and  from  other  accidents,  the 
tenth  courfe  of  the  building  was  not  completed  till  the 
5th  of  July.  From  this  time,  the  progrefs  was  wu*th- 
out  any  very  material  interruption  ;  fo  that  on  the  26th 
of  September  the  25th  courfe,  being  the  firft  of  the 
fuperftruClure,  was  finifhed.  The  work  was  now  fo  far 
advanced,  that  Mr  Smeaton  made  a  propofal  to  the 
Trinity  Board  and  to  the  proprietors,  of  exhibiting  a 
light  during  the  enfuing  winter  ;  and  for  this  pnrpolb 
he  continued  his  operations  longer  than  he  otherwife 
would  have  done,  in  order  to  complete  the  firft  room, 
and  make  it  habitable  ;  but  foul  w^eather  coming  on, 
he  was  obliged  to  quit  the  rock,  and  returned  to  Ply¬ 
mouth.  A  ftorm  enfued;  and,  on  the  next  morning, 
looking  out  with  his  telefcope,  he  could  difeern  the 
houfe  with  the  fea  breaking  over  it,  but  nothing  of  the 
bufs.  On  the  following  day,  the  air  being  more  clear, 
he  had  a  diftin£t  view  of  the  building  ;  but  the  bufs 
w^as  really  gone.  This  was  a  day  of  double  regret,  as 
it  likewlfe  brought  a  negative  on  his  propofal  for  exhi¬ 
biting  a  light  from  the  houfe  during  the  winter.  1  he 
bufs  had  run  into  Dartmouth  harbour;  flie  w^as  brought 
home  ;  and  the  work  on  the  rock  being  fecured  againft 
the  winter,  the  operations  ol  the  third  feafon  were 
clofed. 

During  the  early  part  of  1759’  Smeaton  w  as 
employed  in  London  in  forming  and  making  out  the 
necefiary  defigns  for  the  iron  rails  of  the  balcony,  the 
caft  iron,  the  wrought  iron,  and  the  copper  works  for 
the  lantern,  together  w  Iih  the  plate  glafs  work.  It  was 
not  till  the  22d  of  June  that  he  arrived  at  Plymouth. 

As  the  moorings  had  been  again  loft,  new^^  chains 
were  provided,  and  the  bufs  was  once  more  fixed  In 
her  fituation.  On  the  5th  of  July  he  landed  on  the 
rock,  and  found  every  thing  perfectly  found  and  firm, 
without  the  leaft  perceptible  alteration,  excepting  that 
the  cement,  ufed  in  the  firft  year,  now^  in  appearance 
approached  the  hardnels  of  the  moorftone  ;  and  that 
ufed  in  the  Iaft  year  had  the  full  hardnefs  of  Portland  j 
but  on  hauling  up  the  ftones  for  the  next  circle  from 
the  ftore-room,  where  they  had  been  depofited,  he  had. 
the  mortification  to  find  only  feven  inftead  of  eight* 

It  w^as  imagined  that  a  body  of  falling  water,  making 
its  way  through  the  open  ribs  of  the  centre,  had  wafh¬ 
ed  this  ftone  out  of  the  ftore-room  door,  though  it 
weighed  betw^een  four  and  five  hundred  weight. 


by  continuing  out  to  the  month  ot  iNovemoer,  ami  uuw  ^ 

little  Wrk  we  in  reality  did  after  this  time,  it  appear-  1  he  progrefs  of  the  work,  however,  w 
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Edyflone.  thrt  a  whole  room,  with  its  vaulted  cover,  w'as  built 
complete  in  feven  days. 

On  the  17th  of  Auguft  the  main  column  was  com¬ 
pleted. 

On  the  27th  Mr  Richardfon  and  his  company  left 
the  Ed)  (lone,  and  gave  an  account  that  they  had  lived 
in  it  fince  the  23d,  having  found  it  much  more  w^arm 
than  the  bufs’s  hold  and  cabin. 

They  ijad  now  finiflied  every  thing  belonging  to  the 
raafonry.  The  work  of  the  cupola  was  going  on  briflc- 
Jy  in  the  yard  at  Mill-bay,  though  it  was  retarded  by 
the  fucctflive  illnefles  of  the  two  principal  copperfmiths. 
However,  by  the  exertions  of  Mr  Smeaton,  who  was 
bimfelf  ready  to  work  at  every  bufinefs,  all  matters 
were  put  in  fuch  forwardiiefs,  that  by  the  8th  of  Sep¬ 
tember  there  w^as  nothing  to  prevent  the  frame  of  the 
lantern  from  being  fixed  in  its  place  but  bad  weather. 
It  was  not  till  the  15th  that  the  weather  permitted  the 
boats  to  deliver  their  cargoes.  The  i6ih  was  remark¬ 
ably  fine  ;  fo  that  by  the  evening  the  wEole  frame  of 
the  lantern  was  ferewed  together,  and  fixed  in  its  place. 
On  the  17th,  which  was  alfo  exceedingly  fine,  the  cu¬ 
pola  was  brought  out,  and  the  fhears  and  tackle  w^ere 
fet  up  for  hoifting  it. 

“  This  (fays  Mr  Smeaton)  perhaps  may  be  account¬ 
ed  one  of  the  moil  difiicult  and  hazardous  operations  of 
the  whole  undertaking  ;  not  fo  much  on  account  of 
its  weight,  being  only  about  1 1  cwt.  as  on  account  of 
the  great  height  to  which  it  w^as  to  be  hoifted  clear  of 
the  building,  and  fo  as,  if  pcfiible,  to  avoid  fuch  blows 
as  might  bniife  it.  It  was  alfo  required  to  be  hoifted 
a  confiderable  height  above  the  balcony  floor  ;  which, 
though  the  largeft  bafe  that  we  had  for  the  fnears  to 
ftand  on,  w^as  yet  but  14  feet  within  the  rails,  and  there¬ 
fore  narrow  in  proportion  to  their  height.  About 
noon  the  wdiole  of  our  tackle  w  as  in  readinefs  ;  and  in 
the  afternoon  the  Wefton  (boat)  was  brought  into  the 
gut,  and  in  lefs  than  half  an  hour  her  troublefome  car¬ 
go  w^as  placed  on  the  top  of  the  lantern  without  the 
leaft  damage.  During  the  w^hoie  of  this  operation  it 
pleafcd  God  that  not  a  breath  of  w  ind  difeompofed  the 
furface  of  the  water,  and  there  w^as  the  kail  fwell  about 
the  rocks  I  had  obferved  during  the  feafon. 

Tuefday,  September  i8th,  in  the  morning,  1  had 
the  fatisfa(flion  to  perceive  the  Edyftone  boat,  on  board 
of  which  I  cxpedled  the  ball  to  be  ;  and  which  be¬ 
ing  double  gilt,  I  had  ordered  the  carriage  of  it  to 
be  carefully  attended  to.  The  wind  and  tide  were 
both  unfavourable  to  the  veflePs  getting  fooii  near  us  ; 
therefore,  being  defirous  to  get  the  ball  ferewed  on 
before  the  fhears  and  tackle  were  taken  down,  one  of 
the  yawds  was  difpatched  to  bring  it  away.  This  be¬ 
ing  done,  and  the  ball  fixed,  the  fhears  and  tackle  were 
taken  dowm,  which  took  up  nearly  as  much  time  as  w  as 
employed  in  fetting  them  up  ;  that  is,  near  1 2  hours 
each,  in  the  whole,  to  do  the  w'ork  of  an  hour. —  I  mull 
obferve,  that  by  choice  I  ferewed  on  the  ball  wuth  mine 
own  hands,  that  in  cafe  any  of  the  ferew’^s  had  not  held 
quite  tight  and  firm,  the  circumftance  might  not  have 
been  flipped  over  without  my  knowledge  ;  being  well 
aware,  that  even  this  part  w^ould  at  times  come  to  a 
confiderable  ftrefs  of  wind  and  fea,  and  which  could 
not  be  replaced  without  fome  difficulty  in  cafe  any 
thing  fliould  fail. — It  may  not  be  amifs  to  intimate  to 
thofe  who  may  in  future  have  to  perform  the  fame  ope¬ 
ration,  that  the  fcaffold  on  which  this  was  done  con- 


lifted  of  four  boards  only,  well  nailed  together,  at  fuch  Edyfionc. 
diftances  as  to  permit  it  to  be  lilted  over  the  ball  when  v— 
done  wdth.  It  refted  on  the  cupola,  encompaffing  its 
neck  ;  and  Roger  Cornthwaite,  one  of  the  mafoiis,  pla¬ 
ced  himlelf  on  the  oppofite  fide  upon  it,  to  balance  me 
while  I  moved  round  to  fix  the  ferews.’’ 

Refpedllng  the  difpofition  of  the  internal  part  of  the 
edifice,  Mr  Smeaton  fixed  the  beds  in  the  uppermoft 
room,  and  the  fire-place,  which  coiillituted  the  kitchen, 
in  the  room  below  it  ;  wdiercas,  in  the  kte  lioule,  the 
upper  room  was  the  kitchen,  and  the  beds  w^ere  placed 
in  one  of  the  rooms  btlov^  ;  the  confcquence  of  which 
was,  that  the  beds  and  bedding  w  ere  generally  in  a  very 
damp  and  difagreeable  ftate.  The  prelent  difpofition  has 
perfedlly  anfwered  the  end  propoied,  as  nothing  can  be 
more  completely'  dry  than  the  tw'o  habitable  rooms. 

On  the  ill  of  Ocloher,  every  thing  being  finiflied, 
and  the  chandeliers  hung,  there  w'as  nothing  to  hinder 
a  trial  by  lighting  the  candles  in  the  day-time.  Ac¬ 
cordingly  24  candles  were  put  into  their  proper  places, 
and  were  continued  burning  for  three  hours,  during 
which  time  it  blew^  a  hard  gale  ;  and  a  fire  being  kept 
at  the  fame  time  in  the  kitchen,  they  both  operated 
w'ithout  any  interference  ;  not  any  degree  of  fmoke  ap¬ 
pearing  in  the  lantein  nor  in  any'  of  the  rooms  :  and 
by  opening  the  vent-holes,  which  had  been  made  in  the 
bottom  of  the  lantern  for  occafional  life,  it  could  be 
kept  quite  cool  ;  whereas,  in  the  late  light-houfe,  it 
ufed  to  be  fo  hot,  efpeciaUy  in  the  fummer,  as  to  givV**^ 
much  trouble  by  the  running  of  the  candles. 

All  being  thus  in  readinefs,  and  a  condu6lor,  in  cafe 
of  lightning,  being  adapted  to  the  building,  notice  was 
given  to  the  Trinity -hoiife  that  the  light  would  be  ex- 
(iibited  on  the  i6th  of  0<ftcLer  1759.  I'lie  feafon  of 
the  year  being  now  advanced  to  that  which  w^as  always 
very  precarious,  the  Neptune  bufs  was  Uiimoored,  and 
on  the  9th  of  06lober  Ike  came  to  an  anchor  in  Ply¬ 
mouth  harbour. —  “  And  thus  (fays  Mr  Smeaton),  af¬ 
ter  innumerable  difficulties  and  dangers,  was  a  happy 
period  put  to  this  undei taking,  without  the  lofs  of  life 
or  limb  to  any  ore  concerned  in  it,  or  accident,  by  which 
the  wnnk  could  be  faid  to  be  materially  retaided.’^ 

With  regard  to  fubfeqiient  cccuvrences,  it  is  truly 
obferved,  that  the  heft  account  is,  that  after  a  trial  of 
40  years,  which  have  elapfed  fince  the  finifhiiig  of  the 
building,  it  ftill  remains  in  its  original  good  eoiidition, 

A  fe\v  particulars  arc  however  interefting.  On  the  19th 
of  Odlober  Mr  Smeaton,  with  Mr  jeiibp,  «ic.  vilited, 
the  boufe,  and,  landing,  found  all  well.  Henry  Ed- 
w'ards,  one  of  the  light-keepers,  gave  an  account  that 
they  lighted  the  hoiife  as  they  were  diredled,  and  found, 
the  lights  to  burn  fteadily,  notwithftandiug  it  blew^  very 
hard  ;  that  they  had  the  greateft  feas  on  the  days  im¬ 
mediately  preceding  the  lighting  ;  and  that  then  the 
weaves  broke  up  fo  high,  that  had  tliey  not  been  throw'll 
off  by  the  cove  courfc,  they  w'ould  have  endangered 
breaking  the  glafs  in  the  lantern  ;  that  wdien  the  feas, 
broke  the  hfgheft,  they  had  experienced  a  fenfiblc  mo¬ 
tion  ;  but  that,  as  it  was  barely  perceptible,  it  had  oc- 
cafioned  them  neither  fear  nor  furprife. 

During  his  (lay  at  Plymouth,  in  the  times  of  ftormy 
weather,  Mr  Smeaton  took  feveral  opportunities  of 
viewing  the  light-houfe  with  his  telefcope  from  the 
Hoa,  and  alfo  from  the  garrifon  ;  both  which  places, 
were  fufficiently  elevated  to  fee  the  bafe  of  the  building,, 
and  the  wdiole  of  the  rock  at  low  water  in  clear  wea¬ 
ther  3: 
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Edyftone.  ther  ;  and  though  he  had  many  occafions  of  viewing 

- - the  imfinifhed  building  when  buried  in  the  waves  in  a 

florm  at  fouth-weft,  yet  having  never  before  had  a 
view  of  it  under  this  circumftance  in  its  finifhed  ftate, 
he  was  allonifhed  to  find  that  the  account  given  by  Mr 
Winfianley  did  not  appear  to  be  at  all  exaggerated. 
At  intervals  of  a  minute,  and  fometimes  of  two  or  three, 
when  a  combination  happened  to  produce  one  over¬ 
grown  w  ave,  it  would  flrike  the  rock  and  the  building 
conjointly,  and  fly  up  in  a  white  column,  enwrapping  it 
like  a  fheet,  riflng  at  leafl  to  double  the  height  of  the 
houfe,  and  totally  intercepting  it  from  the  light  ;  and 
this  appearance  being  momentary,  both  as  to  its  rifing 
ard  falling,  he  was  enabled  to  judge  of  the  comparative 
height  very  nearly  by  the  comparative  fpaces,  alternate¬ 
ly  occupied  by  the  houfe  and  by  the  column  of  water 
in  the  field  of  the  telefcope. 

The  year  1759  concluded  with  fome  very  Hormy  wea¬ 
ther;  and  in  January  1760,  Mr  Jeflbp  vifited  the  houfe, 
but  could  not  land..  He  got  a  letter,  however,  from 
Henry  Edw^ards,  acquainting  him  that  there  had  been 
fuch  very  bad  w^eather  that  the  fea  frequently  ran  over 
the  houfe  ;  fo  that  for  1 2  days  together  they  could  not 
open  the  door  of  the  lantern  nor  any  other.  He  faid, 
“  the  houfe  did  fliake  as  if  a  man  had  been  up  in  a 
great  tree.  The  old  men  w^ere  almoft  frighted  out  of 
their  lives,  wilhing  they  had  never  feen  the  place,  and 
curfing  thofe  that  fiill  perfuaded  them  to  go  there. 
The  fear  feized  them  in  the  back  ;  but  rubbing  them 
wdth  oil  of  turpentine  gave  them  relief.’’  He  farther 
mentioned,  that  on  the  5th  of  December,  at  night,  they 
had  a  very  great  llorm  ;  fo  that  the  ladder,  which  w^as 
lafned  below  the  entry  door,  broke  loofe,  and  was  w^alhed 
away.  Alfo,  on  the  1 3th,  there  w^as  fo  violent  a  llorm  of 
wind  that  he  thought  the  houfe  w-ould  overfet  ;  and  at 
midnight  the  fea  broke  one  pane  of  glafs  in  the  lantern. 
They  had  a  very  melancholy  time  of  it,  having  alfo  had 
a  great  deal  of  thunder  and  lightning. — “  The  llorms 
(obferves  Mr  Smeaton)  which  the  building  has  now 
fuftained  without  material  damage,  convince  us,  and 
every  one,  of  the  liability  of  the  Hone  Kght-houfe,  ex¬ 
cept  thofe  (wEo  arc  not  a  few)  who  had  taken  a  no¬ 


tion  that  nothing  but  wood  could  refill  the  fea  upon  Edyftonc 
the  Edyftone  rocks  ;  who  faid,  that  though  they  allow-  .  II 
ed  it  was  built  very  llrong,  yet  if  fuch  a  llorm  as  had  ^  ^ 
dellroyed  Winllanley’s  light-houfe  was  again  to  hap¬ 
pen,  they  doubted  not  but  it  muH  Ihare  tiie  fame  fate. 

The  year  1762  was  ufliered  in  with  llorniy  weather, 
and  indeed  produced  a  tempell  of  the  firll  magnitude  ; 
the  rage  of  which  was  fo  great,  that  one  of  thofe  who 
had  been  ufed  to  predial  its  downfal  was  heard  to  fay. 

If  the  Edyllone  light-houfe  is  Handing  now,  it  will 
Hand  till  the  day  of  judgment.  And,  in  reality,  from 
this  time,  its  ex  (Hence  has  been  fo  entirely  laid  out  of 
mens  minds,  that  w^hateyer  Horms  have  happened  fince, 
no  inquiry  has  ever  been  made  concerning  it.” 

For  the  length  of  this  detail  we  cannot  bring  our- 
felves  to  make  any  apology.  If  there  be  a  few  of  our 
readers  to  whom  it  may  appear  tedious,  we  are  per¬ 
fuaded  that  there  are  many  more  to  whom  it  will  be 
in  a  high  degree  intereHing  ;  wdiile  luch  of  them  as  arc 
engineers  will  derive  inHnidlion  even  from  this  very 
abridged  hiHory  of  the  EdyHone  light-houfe. 

EFFECTION,  denotes  the  geometrical  conHru£l;ion 
of  a  propofition.  The  term  is  alfo  ufed  in  reference  to 
problems  and  pradlices,  which,  when  they  are  deducible 
from,  or  founded  upon,  fome  general  propofitions,  are 
called  the  geometrical  ejff'e&ion  of  them. 

ELASTICITY.  In  addition  to  the  article  in  the 
E,ncyclop.<edia,  fee,  in  this  Supplement,  the  view  of  Bos- 
covich’s  theory  of  natural  philofophy,  26. 

ELECTIONS,  or  Choice,  fignify  the  feveral  dif¬ 
ferent  ways  of  taking  any  number  of  things  propofed, 
either  feparately,  or  as  combined  in  pairs,  in  threes,  in 
fours,  &c.  ;  not  as  to  the  order,  but  only  as  to  the 
number  and  variety  of  them.  Thus,  of  the  things  a, 
f,  dy  e,  &c.  the  eledlions  of 
one  thing  are  (a,)  i  =:  2* — i, 
two  things  are  (a,  h,  <7^,)  3  =  2*— -i, 
three  things  are  h,  c,  ah,  ac,  he,  abc,)  7  =r  2^—1, 

&c. ;  and  of  any  numbers,  all  the  elections  are  2" — i  ; 
that  is,  one  lefs  than  the  power  of  2  whofe  exponent  is 
n,  the  number  of  fingle  things  to  be  chofer^  either  fe¬ 
parately  or  in  combination. 
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TTE  cannot  but  be  fomewliat  furprifed  that,  among 
the  many  attempts  w’hicb  have  been  made  by 
the  philofophers  of  Britain  to  explam  the  wonderful 
phenomena  which  are  claflTed  under  this  name,  no  author 
of  eminence,  befides  the  Hon.  Mr  Cavendifh  and  Lord 
Mahon,  have  availed  themfelves  of  their  fufeeptibility  of 
4^iathematical  difeuflion  ;  and  our  wonder  is  the  great¬ 
er,  becaufe  it  was  by  a  mathematical  view  of  the  fubjedl, 
in  the  phenomena  of  attradlion  and  repulfion,  that  the 
celebrated  philofopher  Franklin  was  led  to  the  only 
knowledge  of  eledlricity  that  deferves  the  name  of  fei- 
ence  ;  for  we  had  fcarcely  any  leading  fadls,  by  which 
we  could  clafs  the  phenomena,  till  he  publiHied  his  the¬ 
ory  of and  negative,  or  plus  and  minus,  eledlricity. 
This  is  founded  entirely  on  the  phenomena  of  attradlion 
and  repulHon.  1  hefe  furnifh  us  with  all  the  indications 
of  the  prefence  of  the  mighty  agent,  and  the  marks  of 
its  kind,  and  the  meafures  of  its  force.  Mechanical 
-force  accompanies  every  other  appearance  j  and  this  ac¬ 


companiment  is  regulated  in  a  determinate  manner. 
Many  of  the  tfFedls  of  ele<Slricity  are  Hridly  mechanical, 
producing  local  motion  in  the  fame  manner  as  magne- 
tifm  or  gravitation  produce  it.  One  fhould  have  ex- 
pe61ed  that  the  countrymen  of  Newton,  prompted  by 
his  fuccefs  and  his  fame,  would  take  to  this  mode  of  ex¬ 
amination,  and  would  have  endeavoured  to  deduce,  from 
the  laws  obferved  in  the  adlion  of  this  motive  force,  an 
explanation  of  other  wonderful  phenomena,  which  are 
infeparably  conneded  with  thofe  of  attraction  and  re¬ 
pulfion. 

But  this  has  not  been  the  cafe,  if  we  except  the  la¬ 
bours  of  the  two  philofophers  above  mentioned,  and  a 
few  very  obvious  pofitions^  which  muH  occur  to  all  the 
inventors  and  improvers  of  eledlrometers,  batteries,  and 
other  things  of  meafurable  nature. 

This  view  has,  however,  been  taken  of  the  fubjeCE 
by  a  philofopher  of  unqueHioned  merit,  Mr  .^pinus 
of  the  Imperial  Academy  of  St  Peteriburgh.  This 

gentleman^ 
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gentleman,  llruck  with  the  refemblance  of  the  eledrici- 
cal  properties  of  the  tourmalin  to  the  properties  of  a 
magnet,  which  have  always  been  confidered  as  the  fub- 
jedf  of  mathematical  difcuflion,  fortunately  remarked  a 
wonderful  hmilarity  in  the  whole  feries  of  eledlrical  and 
magnetical  attradions  and  repiilfions,  and  fet  himfelf 
ferioudy  to  the  claflification  of  them.  Having  done 
this  with  great  fuccefs,  and  having  maturely  reflected 
on  Dr  Franklin’s  happy  thought  of  plus  and  minus  elec¬ 
tricity,  and  his  confequent  theory  of  the  Leyden  phial, 
he  at  laft  hit  on  a  mode  of  conceiving  the  whole  fiibjedl 
of  magnetifm  and  eledfricity,  that  bids  fair  for  leading 
us  to  a  full  explanation  of  all  the  phenomena  ;  in  as  far, 
at  lead:,  as  it  enables  us  to  clafs  them  with  precillon, 
and  to  predidl  what  will  be  the  refult  of  any  propofed 
treatment.  He  candidly  gives  it  the  modeft  name  of 
a  hypothelis. 

This  was  publifhed  at  St  Pcterlburg  in  1759,  under 
the  title  of  ’Theor'ta  Ele&ritatis  et  Magnetifmi^  and  is  un- 
queftionably  one  of  the  moil  ingenious  and  brilliant 
performances  of  the  eighteenth  century.  It  is  indeed 
moil  furpriilng  that  it  is  fo  little  known  in  this  coun¬ 
try.  This,  we  imagine,  has  been  chiefly  owing  to  the 
very  flight  and  almoil  unintelligible  account  which  Dr 
Prieftley  has  given  of  it  in  his  hiilory  of  eledricity  ;  a 
work  which  profeifes  to  comprehend  .every  thing  that 
has  been  done  by  the  philofophers  of  Europe  and  Ame¬ 
rica  for  the  advancement  of  this  part  of  natural  fcience, 
and  which  indeed  contains  a  great  deal  of  inftrudlive  in¬ 
formation,  and,  at  the  fame  time,  fo  many  loofe  conjec¬ 
tures  and  infignificant  obfervations,  that  the  reader  (e- 
fpecially  if  acquainted  with  the  Dodor’s  charader  as 
an  unwearied  bookmaker)  reafonably  believes  that  he 
has  let  nothing  flip  that  was  worthy  of  notice.  We  do 
not  pretend  to  account  for  the  manner  in  which  Dr 
Prieftley  has  mentioned  this  work,  fo  much,  and  fo  de- 
fervedly  celebrated  on  the  continent.  We  cannot  thi^k 
that  he  has  read  it  fo  as  to  comprehend  it ;  and  imagine, 
that  feeing  fo  much  algebraic  notation  in  every  page, 
and  being  at  that  time  a  novice  in  mathematical  learn- 
ing,  he  contented  himfelf  with  a  few  fcattered  para¬ 
graphs  which  were  free  of  thofe  embarafiments  ;  and 
thus  could  only  get  a  very  imperfedl  notion  of  the  fyf- 
tem.  The  Hon,  Mr  Cavendifh  has  done  it  more  Juf- 
tice  in  the  6ift  volume  of  the  Philofophical  Tranfac- 
tions,  and  confiders  his  own  moil  excellent  difieitation 
only  as  an  extenfion  and  more  accurate  application  of 
JEpinus’s  theory.  That  we  have  not  an  account  of  this 
expofition  of  the  Franklinian  theory  of  eledlricity  in  our 
Ianguage,^is  a  material  want  in  Brltifh  literature  ;  and 
we  trull,  therefore,  that  our  readers  will  be  highly  plea- 
fed  with  having  the  ingenious  difeoveries  of  the  great 
American  philofopher  put  into  a  form  fo  nearly  ap¬ 
proaching  to  a  fyftem  of  demonftrative  fcience. 

We  propofe,  therefore,  in  this  place,  to  give  fuch  a 
brief  account  of  ^pinus’s  theory  of  eledlricity,  as  will 
enable  the  reader  to  reduce  to  a  very  fimple  and  ealily 
remembered  law  all  the  phenomena  of  eledricity  which 
have  any  clofe  dependence  on  the  mechanical  eftefts  of 
this  powerful  agent  of  Nature  ;  referring  for  a  demon- 
llration  of  what  is  purely  mathematical  to  Sir  Ifaac 
Newton’s  Principia,  and  the  Diflertation  by  Mr  Ca- 
vendifti  already  mentioned,  except  in  fuch  important 
articles  as  we  think  ourfelves  able  to  prefent  in  a  new, 
aad^  we  hope,,  a  more  familiar  form.  We  do  not  mean, 
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in  this  place,  to  give  a  fyftem  of  philofophical  electri¬ 
city,  nor  even  to  narrate  and  explain  the  more  remark¬ 
able  phenomena.  Of  thefe  we  have  already  given  a 
vaft  collection  in  the  article  Electricity,  EncycL  We 
confine  ourfelves  to  the  phenomena  which  may  be  called 
mechanical^  producing  meafurable  niotic^ii  as  their  imme¬ 
diate  effect ;  and  thus  giving  us  a  principle  for  the  ma¬ 
thematical  examination  of  the  caufe  of  electrical  pheno¬ 
mena,  We  fhall  confider  the  reader  as  acquainted  with 
the  other  phyfical  effects  of  electricity,  and  fhall  fre¬ 
quently  refer  to  them  for  proofs. 

Moreover,  as  our  intention  is  merely  to  give  a  fynop- 
tical  view  of  this  elaborate  and  copious  performance  of 
Mr  jEpinus,  hoping  that  it  will  excite  our  countrymen 
to  a  careful  perufal  of  fo  valuable  a  work,  we  fhall  omit 
moil  of  the  algebraic  inveftigations  contained  in  it,  and 
prefent  the  conclufions  in  a  more  familiar,  and  not  lefs 
convincing  form.  At  the  fame  time  we  will  infert  the 
valuable  additions  made  by  Mr  Cavendifti,  and  many- 
important  particulars  not  noticed  by  either  of  thofe  eren- 
tlemen.  "  ^ 

Hypothesis  of  iEpiNus. 
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The  phenomena  of  elecSlricity  are  produced  by  a  fluid  Hypothefif, 
of  peculiar  nature,  and  therefore  called  the  electric 
FLUID,  having  the  following  properties  ; 

1.  Its  particles  repel  each  other,  with  a  force  decrea-  3. 
ling  as  the  diftances  increafe. 

2.  Its  particles  attradl  the  particles  of  fome  ingre¬ 
dient  in  all  other  bodies,  with  a  force  decreafing,  accord¬ 
ing  to  the  fame  law,  with  an  increafe  of  diftance ;  and 
this  attra<5lion  is  mutual. 

3.  The  eledric  fluid  isdifperfed  in  the  pores  of  other  ^ 
bodies  ;  and  moves,  with  various  degrees  of  facility, 
through  the  pores  of  different  kinds  of  matter.  In 
thofe  bodies  which  we  call  non-eleSlrics^  fuch  as  water  or 
metals,  it  moves  without  any  perceivable  obftriidlion  ; 
but  in  glafs,  rofins,  and  all  bodies  called  electrics,  it 
moves  with  very  great  difficulty,,  or  is  altogether  im¬ 
moveable.. 

4.  The  phenomena  of  eleflricfty  are  of  two  kinds  ; 

T.  Such  as  arife  from  the  adual  motion  of  the  fluid 
from  a  body  containing  more  into  one  containing  lefs 
of  it.  2.  Such  as  do  not  immediately  arife  from  this 
transference,  hut  are  inllances  of  its  attraction  and  re- 
pulfion. 

Thefe  things  being  fuppofed,  certain  confequences  ne- 
ceffarily  refult  from  them,  which  ought  to  be  analogous 
to  the  obferved  phenomena  of  eleClricity,  if  this  hypo- 
thefis  be  complete,  or  fome  farther  modification  of  the 
affumed  properties  is  neceffary,  in  order  to  make  the 
analogy  perfect. 

Suppofe  the  body  A  (fig.  i.)  to  contain  a  certain 
quantity  of  fluid.  Its  particles  adjoining  to  the  fur-  Plater 
face,  fuch  as  P,  are  attraded  by  the  particles  of  com-^^^^*" 
mon  matter  in  the  body,  but  repelled  by  the  other  par¬ 
ticles  of  the  fluid.  The  totality  of  the  attraClive  forces 
ading  on  P  may  be  equal  to  the  totality  of  the  repul- 
five  forces,  or  may  be  unequal.  If  thefe  two  fums  are 
equal,  P  is  in  equilibri'o,  and  has  no  tendency  to  change 
its  place.  But  there  may  be  fuch  a  quantity  of  fluid 
in  the  body,  that  the  repulfions  of  the  fluid  exceed 
the  attradions  of  the  common  matter.  In  this  cafe,  P 
has  a  tendency  to  quit  the  body,  or  there  is  an  expul- 
five  force  ading  od  it,  and  it  will  quit  the  body  if  it  be 
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moveable;  Becaufr  the  fame  muR  be  admitted  in  refped 
of  every  other  particle  of  naovcuble  fluid,  it  is  pLun  that 
there  will  be  an  efflux,  till  the  attradion  of  the  com¬ 
mon  matter  for  the  particles  of  fluid  is  ecjual  to  the  re- 
pnlfion  of  the  remaining  fluid.  On  the  other  hand,  if 
the  primitive  repulfion  of  the  fluid  ading  on  the  particle 
P  be  lefs  than  the  attradions  of  the  common  matter, 
there  will  be  the  fame,  or  at  leall  a  fimilar,  fuperiority 
of  attradion  ading  on  the  fluid  refiding  in  the  circiini. 
ambient  bodies  ;  and  there  will  be  an  influx  from  all 
hands,  till  ar  eijiilibruim  be  reflored. 

Hence  it  follows,  that  there  may  always  be  affigned 
quantity,  to  any  body  fuch  a  quantity  of  fluid  that  there  fhall  be 
wh)  focad-  tendency  either  to  efflux  or  influx.  But  if  the  quan¬ 
tity  be  increafed,  and  nothing  prevent  the  motion,  the 
redundant  fluid  v/ill  flow  out  ;  and  if  the  proper  quan¬ 
tity  be  diminifhed,  there  will  be  an  influx  of  the  fur¬ 
rounding  fluid,  if  not  prevented  by  fume  external  force. 
This  may  be  called  the  body’s  natural  quantity  ; 
becaufe  the  body,  when  left  to  itfelf,  will  always  be  re¬ 
duced  to  this  ftate. 

If  two  bodies  A  and  B,  contain  each  its  natural 
quantity,  they  will  not  exert  any  feiifible  adion  on  each 
other  ;  for,  becaufe  the  fluid  contained  in  B  is  united 
by  attradion  to  the  common  matter,  and  is  alfo  repel¬ 
led  by  the  fluid  in  A,  it  neceflarlly  follows  that  the 
whole  body  B  is  repelled  by  the  fluid  in  A.  But,  on 
the  other  hand,  the  matter  in  A  attrads  the  fluid  in 
B,  and  confequently  attrads  the  whole  body  B  :  Simi¬ 
lar  adion  is  exerted  by  B  on  A.  Thefe  contrary  for¬ 
ces  are  either  equal,  and  deftroy  each  other,  or  unequal, 
and  one  of  them  prevails.  This  equality  or  inequality 
evidently  depends  on  the  quantity  of  fluid  contained  in  ' 
one  or  both  of  the  bodies  (n®  7.)  Now  it  is  known 
that  bodies  left  entirely  to  themfelves  neither  attrad 
nor  repel  ;  and  it  follows  from  the  hypothetical  proper¬ 
ties  of  the  fluid,  that  if  there  be  either  a  redundancy  or 
deficiency  oi  fluid,  there  will  be  au  efflux  or  influx,  till 
the  attradions  and  repulfions  balance  each  other.  There¬ 
fore  the  Internal  ftate  of  two  bodies  which  neither  at¬ 
trad'  nor  repel  each  other,  is  that  where  each  contains 
its  natural  quantity  of  eledric  fluid. 

In  order,  therefore,  to  conceive  diftindly  the  ftate  of 
a  body  containing  its  natural  quantity,  and  to  have  a 
dlftind  notion  of  this  natural  quantity,  we  miift  fuppofe 
that  the  quantity  of  fluid  competent  to  a  particle  of 
matter  in  A  repels  the  fluid  competent  to  a  particle  of 
matter  in  B,  juft  as  much  as  it  attrads  that  particle  of 
matter  ;  and  alfo,  that  the  fluid  belonging  to  a  particle 
of  matter  iu  A,  repels  the  fluid  belonging  to  a  particle 
of  matter  in  B,  juft  as  much  as  the  particle  of  matter 
in  A  attrads  it.  Thus  the  whole  fluid  in  the  one  re¬ 
pels  the  whole  fluid  in  the  otlier  as  much  as  it  attrads 
the  whole  matter. 

Since  this  muft  be  conceived  of  every  particle  of  com¬ 
mon  matter  in  a  body,  we  muft  admit,  that  when  a  body 
is  in  its  natural  ftate,  the  quantity  of  eledric  fluid  in  it 
is  proportional  to  the  quantity  of  matter,  every  particle 
being  united  with  an  equal  quantity  of  fluid.  This, 
however,  does  not  necefiarily  require  that  different 
kinds  of  matter,  in  their  natural  or  faturated  ftate,  fliall 
contain  the  fame  proportion  of  fluid.  It  is  fuflicient 
that  each  contains  fuch  a  quantity,  uniformly  diftrlbu- 
ted  among  its  particles,  that  its  repulfion  for  the  fluid 
in  another  body  is  equal  to  its  attradion  for  the  com- 
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mon  matter  in  it.  It  is,  however,  more  probable,  for 
reafons  to  be  given  afterwards,  that  the  quantity  of  elec¬ 
tric  fluid  attached,  or  competent,  to  a  particle  of  all 
kinds  of  matter  is  the  farre. 

We  fhall  now  confider  more  particularly  the  imme¬ 
diate  refults  of  this  hypothefis,  in  the  moft  fimple  cafes, 
from  which  we  may  derive  fome  elementary  propofi- 
tions.  lo 

Since  our  hypothefis  is  accommodated  to  the  fad,  Electric 
that  bodies  in  tlieir  natural  ftate,  having  their  natural 
quantity  of  eledric  fluid,  are  altogether  inadive  on 
other,  by  making  this  natural  quantity  fuch,  that  its^r  dcficim. 
mutual  repulfion  exudly  balances  its  attradion  for  thecy  in  Hu'd, 
common  matter  — it  fullow^s,  that  we  muft  deduce  all  the  al  or 
eledric  phenomena  from  a  redundancy  or  deficiency  of*^*^* 
eledric  fluid.  This  accordingly  is  the  Franklinian 
dodrine.  The  redundant  ftate  of  a  body  is  called  by 
Dr  Franklin  positive  or  plus  electricity,  and  the 
deficient  ftate  is  called  negative  or  minus  electri¬ 
city. 

A  body  may  contain  more  than  its  natural  quantity, 
or  lefs,  in  every  part,  or  it  may  be  redundant  in  one 
place  and  deficient  in  another.  Thefe  different  condi¬ 
tions  will  exhibit  different  appearances,  which  muft  be 
confidered  firft  of  all.  ii 

Let  the  body  (fig.  i*)  be  fiippofed  in  its  natural  A<5lion  of 
ftate  throughout,  which  we  (hall  generally  exprefs 
faying  that  it  is  saturated  ;  and  let  us  exprefs  the 
quantity  of  fluid  required  for  its  faturation  by  the  fym-howeom- 
bol  Let  P  be  a  fuperficlal  particle  of  the  fluid.  It  puted. 
is  attraded  by  the  common  matter  of  the  body  (\vhich 
we  fhall  in  future  call  Amply  the  matter^,  and  it  is  re- 
'  pelhd  equally  by  the  fluid.  Let  us  call  the  attradion 
a,  and  the  repulfion  r.  Then  the  force  with  which  the 
fuperficial  particle  Is  attraded  by  the  body,  muft  be 
—  r,  and  a  —r  muft  be  rr  o,  becaufe  a  r.  Let 
the  quantity^' of  fluid  be  added  to  the  body,  and  uni¬ 
formly  dlilribiited  through  its  fubftance.  Then,  be¬ 
caufe  we  muft  admit  that  the  adtion  is  in.  proportion 
to  the  quantity  of  ading  fluid,  and  this  is  now  Q3*/> 

and  therefore 


w'e  have  Qj  Oji- 


P  16  repelled  by  the  whole  fluid  wnth  the  force 


or  or  r  attraded 

common  matter  in  the  fame  manner  as  before,  that  is, 
with  a  force  .=  a.  Therefore  the  whole  adion  on  P  is 

II 
Cil 


But  < 


by  the 


o.  Therefore  the  whole 


adion  on  P  is  =  — \  that  is,  P  is  repelled  w  ith  the 

forc^ 

This  wnll  perhaps  be  as  diftindly  conceived  by  rccol- 
leding,^that  as  much  of  the  fluid  as  was  neceffary  for 
faturation,  that  is,  the  quantity  Q^,  puts  the  particle  P 
in  equilibrio  ;  and  therefore  we  need  only  confider  the 
adion  of  the  redundant  fluid  f.  To  find  the  repulfive 

force  of  this,  fay  Qj  /  =  r  prefix  the  fign 

—  ;  becaufe  we  are  to  confider  attradions  as  pofitive, 
and  repulfions  as  negative,  quantities. 

Unlefs,  therefore,  the  particle  P  be  withheld  by  fome  o- 

ther 
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States 


of  a 


body  cau- 
fing  efBux 
or  influx. 


II  ther  force,  it  will  quit  the  body,  being  expelled  by  a  force 
fr 

— .  And  as  every  fuperficial  particle  is  in  a  fimilar 

litiiation,  we  fee  that  there  will  be  an  efflux  from  an 
overcharged  body,  till  all  the  redundant  fluid  has  quit¬ 
ted  it.  This  efflux  will  indeed  gradually  diminilh  as 

f  r  ,  ,  ,  ,  .  . 

the  expelling  force ‘^^diminiflies  ;  that  is,  as  f  dimi- 

nifhes,  but  will  never  ceafe  till  /be  reduced  to  nothing. 
But  if  there  be  either  an  external  force  ading  on  the 
fuperficial  fluid  in  the  oppofite  direftion,  or  fome  inter¬ 
nal  obflruftion  to  its  motion,  the  efflux  will  flop  when 
the  remaining  expelling  force  is  jufl  in  equilibrio  with 
this  external  force,  or  this  obllru6i:ion. 

On  the  other  hand,  if  the  body  contains  lefs  than  its 
natural  quantity  of  fluid,  there  will  be  an  influx  from 
without ;  for  if  there  be  a  deficiency  of  fluid  ~ /,  the 

particle  P  will  be  repelled  with  the  foice 

It  is  attracted  with  the  force  a  ;  and  there- 

r+^=+£(W. 

r  =  o)  ;  that  is,  P  is  attradfed  with  the  force 


5^1 


13- 


-r  ^ 
fore  the  whole  a6lion  is  =  • 


Fluid  will  therefore  enter  from  all  quarters,  as 


caufe  a 

fjL 

long  as  there  is  any  deficiency  of  the  quantity  necef- 
fary  for  faturation,  unlefs  it  be  oppofed  by  fome  exter¬ 
nal  force,  or  hindered  by  fome  internal  obftrudfion. 

When  there  is  a  deficiency  of  fluid,  there  is  a  redun¬ 
dancy  of  matter,  fuch  that  its  attraftion  for  external 
fluid  is  equal  to  the  repulfion  of  a  quantity  /  of  fluid. 
This  confirms  the  afliiinption  in  n*^  lo,  that  the  adion 
of  a  body  on  the  eleBrlc  fluid  depends  entirely  on  the  re^ 
dundant fluids  or  the  redundant  matter  of  the  body. 

How  bodies  The  efflux  or  influx  may  be  prevented,  either  by  fur- 
are  ideo-  rounding  the  body  with  fubftances,  through  the  pores 
non^elec^^  of  which  the  fluid  cannot  move  at  all,  or  by  the  body 
tfics.  itfelf  being  of  this  conftitution.  And  thus  we  fee,  that 
the  very  circumflance  of  being  impervious  to  the  fluid, 
or  completely  permeable,  renders  the  body  capable  or 
incapable  of  permanently  exhibiting  eledrical  pheno¬ 
mena,  if  furrounded  by  permeable  bodies.  This  clr- 
cumftance  alone,  therefore,  is  fufficient  to  conftitute  the 
difference  between  electrics  per  /?,  and  non-elebirics, — 
Here,  then.  Is  a  numerous  clafs  of  phenomena,  which 
receive  an  explanation  by  this  hypothetical  conilitutlon 
of  the  eledric  fluid.  All  electrics  per  fe  are  bodies  fit 
for  confining  eledricity  in  bodies  which  are  rendered 
capable  (by  whatever  means)  of  producing  eledrical 
phenomena  ;  and  no  condudor,  or  fubflance  which  al¬ 
lows  the  eledricity  to  pafs  through  it,  can  be  made 
eledric  by  any  of  the  means  which  produce  that  effed 
in  infulators.  And  it  is  w^ell  known  that  the  eledricity 
of  eledrics  is  vaftly  more  durable  than  that  of  non-elec¬ 
trics  in  fimilar  fituations.  It  is  true,  indeed,  that  an 
eledric,  which  has  been  excited  fo  as  to  exhibit  eledric 
phenomena  with  great  vivacity,  lofes  this  power  very 
quickly  if  plunged  into  water,  or  any  other  conduding 
body.  But  this  is  owing  to  the  redundancy  or  defi¬ 
ciency  being  quite  fuperficial,  fo  that  the  parts  which 
are  difpofed  to  give  out  or  to  take  in  the  fluid  are  in 
immediate  contad  with  the  conduding  matter.  That 
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the  redundancy  or  deficiency  is  fuperficial,  follows  from 
this  hypothefis  ;  for  when  the  furface  is  overcharged 
by  the  means  employed  for  exciting,  the  impermeabili- 
ty  of  the  eledric  per  fe  prevents  this  redundant  fluid 
from  penetrating  to  any  depth  ;  and  when  tlie  furface 
has  been  rendered  deficient  in  fluid,  the  fame  impermea¬ 
bility  prevents  the  fluid  from  expanding  from  the  Inte- 
rior  parts,  fo  as  to  contribute  to  the  repleniflilng  the 
fuperficial  llratum  with  fluid.  If,  indeed,  we  could  fall 
on  any  way  of  overcharging  the  interior  parts  of  a  glafs 
ball,  or  of  abflrading  the  natural  quantity  from  them,  it 
is  highly  probable,  that  it  would  continue  to  attiad  or 
repel  even  after  It  had  been  plunged  in  water.  Akhongh 
the  furrounding  water  would  inftantly  take  off  the  fluid 
redundant  contained  in  the  very  furface,  the  repulfion 
of  the  fluid  In  the  internal  parts  would  ftill  be  fenfible; 
nay,  if  a  very  fmall  permeability  be  fuppofed,  the  body 
would  again  become  overcharged  at  the  furface;  jufl:  as 
we  fee,  that  when  we  plunge  a  red-hot  ball  of  iron  Into 
water,  and  take  it  out  again  immediately,  it  is  black  on 
the  furface,  and  may  be  touched  with  the  finger ;  but 
in  half  a  minute  after.  It  again  becomes  red  hot.  Per¬ 
haps  this  may  be  accorapllfhed  with  a  globe  of  fealing 
wax,  which  is  permeable  while  liquid,  by  eledfrifying  it 
in  a  particular  w^ay  while  in  that  ilate,  and  allowing  it 
to  freeze.  But  the  reader  is  not  far  enough  advanced 
in  the  hypothefis  to  undcrlland  the  procefs  which  mull 
be  followed.  He  cannot  but  recoiled,  however,  many 
examples  in  coated  glafs,  8cc.  where  the  eledricity  is 
moft  pertinacioufly  retained  by  a  furface  in  very  clofe 
contad  with  condudors. 

Let  us  now  fuppofe  a  body  NS  (fig.  2.)  contain- Confequen^ 
ing  in  the  half  NA  a  quantity  f  of  redundant  fluid,  <^^8  of  ure- 
and  in  the  half  AS  let  there  be  a  deficiency  g  of  fluid 
that  Is,  let  there  be  a  quantity  of  matter  unfaturated,ftuij^ 
arid  fuch  as  will  attrad  fluid  as  much  as  the  quantity  ^tion  on  ex- 
of  fluid  would  repel  it.  Let  the  fluid  neceffary  for  the-ernai  fluid, 
faturation  of  "each  half  of  NS  be  as  before.  Let 
the  attradion  of  the  whole  matter  of  NA  for  a  par¬ 
ticle  of  fluid  at  N  be  <3  ;  and  let  r  be  the  repulfion 
exerted  on  the  fame  particle  N  by  the  whole  uni¬ 
formly  diftributed  fluid  In  NA,  and  let  r'  be  the  repul- 
fion  exerted  by  the  fame  quantity  of  fluid  in  the  re¬ 
mote  part  SA.  Then  the  force  with  which  the  par¬ 
ticle  N  or  S  is  attraded  by  the  merely  fatiirated  body 
NS  muff  be  n  —  r  —  r .  This  is  evidently  no¬ 
thing,  if  the  body  be  in  Its  natural  ffate.  But  as  NA 
contains  the  redundant  fluid /,  and  SA  is  deficient  by 

Q+/x^ 


the  quantity  the  w’hole  adion  muff  be  a 


_  CL  X 
t-L 

adion  becomes  =; 


But  becaufe  a  —  r 


r'  0,  the 


S’-'  —fr 

CL 


,  or  becaufe  r  is  greater 


fr—grf. 

.9-, 


than  r,  the  particle  N  is  repelled  with  the  force' 

In  like  manner  the  particle  S  is  attraded  witlT’the 

.  i6 

In  the  mean  time,  a  particle  C,  fituated  at  the  mid- a.  Action 
die,  muff  be  in  equilibrio,  if  the  body  be  in  its  natural^*’. 
ffate,  being  equally  attraded,  and  alfo  equally  repelled, 
on  both  fides.  But  as  we  fuppofe  that  NA  is  overebar- 
►  4  ^  ged 


S6z 


ELECTRICITY. 


17 

It  wi!!  be 
unif  >TroIy 
diffufed, 
unlefs  'b- 
ftradled. 


iS 

Nature  of 
the  obflruc- 
tipn. 


29. 


ged  With  the  quantity /,  C  muft  be  repelled  in  the  di- 
region  CS  with  the  force And  if  we  alfo  fuppofe 
that  AS  is  deficient  by  the  quantity^,  C  is  attraded  in 
the  diredion  CS  with  a  force  Therefore,  on  the 

whole,  it  is  urged  in  the  dire(ition  CS  wuth  the  force 
fJ^gXr 

• 

Hence  w.e  learn,  that  as  long  as  there  is  any  redun¬ 
dancy  in  AN,  and  deficiency  in  AS,  there  is  a  tenden¬ 
cy  of  the  redundant  fluid  to  move  from  N  tov/ard  S  ; 
and,  if  the  body  be  altogether  permeable  by  the  elec¬ 
tric  fluid,  we  cannot  have  a  permanent  fiate  till  the 
fluid  is  fimilarly  diftributed,  and  equally  divided,  be¬ 
tween  the  two  halves  of  NS.  Therefore  a  ftate  like 
that  afi'umed  in  this  example  cannot  be  permanent  in  a 
conducting  body,  unlefs  an  external  force  act  on  it  ; 
but  it  may  fubfift  in  a  non-conductor,  and  in  a  lelTer  de¬ 
gree,  in  all  imperfe<^  conductors. 

It  is  rieceffary,  in  this  place,  to  confider  a  little  the 
.  nature  of  that  refiitance  which  inufl  be  afiigned  to  the 
motion  of  the  eledtric  fluid  through  the  pores  of  the 
body.  If  it  refemble  the  refiftance  oppofed  by  a  per¬ 
fect  fluid,  arifing  folely  from  the  inertia  of  its  particles^ 
then  there  is  no  inequality  of  force  fo  minute  but  that 
it  will  operate  a  uniform  diftribution  of  the  fluid,  or  at 
leaft  a  diftribution  which  will  make  the  excels  of  the 
mutual  attradlions  and  repulfions  precifely  equal  and  op- 
pofite  to  the  external  force  which  keeps  it  in  any  ftate 
of  unequal  diftribution.  But  it  may  refemble  the  re¬ 
fiftance  to  the  defeent  of  a  parcel  of  fmall  ftiot  diflemi- 
nated  among  a  quantity  of  grain,  or  the  refiftance  to 
motion  through  the  pores  of  a  plaftic  or  du6lile  body, 
fuch  as  clay  or  lead.  Here,  in  order  that  a  particle 
may  change  its  place,  it  muft  overcome  the  tenacity  of 
the  adjoining  particles  of  the  body.  Therefore,  when 
an  unequal  diftribution  has  been  produced  by  an  exter¬ 
nal  force,  the  removal  or  alteration  of  that  force  will 
not  be  followed  by  an  equable  diftribution  of  the  fluid. 
In  every  part  there  will  remain  fuch  an  inequality  of 
diftribution,  that  the  want  of  equilibrium  between  the 
elei^ric  attractions  or  repulfions  is  balanced  by  the  te¬ 
nacity  pf  the  parts- 

We  learn  farther  from  the  foregoing  propofitions,  that 
a  particle  at  N  is  lefs  repelled  than  if  the  part  AS  were 
overcharged  as  AN  is  :  for  in  that  cafe,  it  would  be  ex- 
f  X  r  4-  P 

pelled  by  a  force  - — ,  which  is  much  greater 

•P  f  a  ft 

-  And,  in  like  manner,  the  particle  S 


ax. 


than  ■ 

is  attraCled^ith  lefs  force  than  it  would  be  if  NA  were 
equally  undercharged  with  SA. 

The  condition  of  the  body  now  deferibed  may  be 
changed  by  different  methods.  The  redundant  fluid 
in  AN  may  flow  into  AS,  where  it  is  deficient,  till  the 
whole  be  uniformly  diftributed  or  fluid  may  efcape 
from  AN,.,  and  fluid  may  enter  into  AS,  till  the  body 
be  in  its  natural  ftate.  The  firft  method  will  be  fo 
much,  the  flower  as  the  body  is  lefs  permeable,  or  more 
remarkably  eleBric  per  fe  ;  and  the  lecond  method  will 
be  flower  than  if  the  whole  body  were  overcharged  or 
undercharged. 

What  we  have  been  now  faying  of,  a  body  NS  that 


is  overcharged  at  one  end,  and  undercharged  at  the 
other,  and  capable  of  retaining  this  ftate,  is  applicable, 
in  every  particular,  to  two  conducing  bodies  NA  and 
SA',  having  a  non-conduCtiiig  body  Z  interpofed  be¬ 
tween  them,  as  in  fig.  3.  All  the  fprmulas,  or  expref- 
fions  of  the  forces  which  tend  to  expel  or  to  draw  in  fluid, 
are  the  fame  as  before.  Perhaps  this  is  the  beft  way  of 
forming  to  ourfelves  a  diftind  notion  of  the  body  that 
is  redundant  in  fluid  at  one  end,  and  deficient  at  the 
other.  And  we  perceive,  that  the  ftate  of  the  two  bo¬ 
dies,  feparated  by  the  ekdlric  Z,  will  be  more  perma¬ 
nent  when  one  is  overcharged,  and  the  other  under¬ 
charged,  than  if  both  are  either  over  or  undercharged. 

It  muft  be  remarked,  that  the  quantities  f  and  g  were  A  body 
taken  at  random.  They  may  be  fo  taken,  that  the”^7^®^^* 
force  with  which  the  fluid  tends  to  efcape  at  N,  or 
enter  at  S,  may  be  nothing,  or  may  even  be  changed  where  it  is 
to  their  oppolite.  Thus,  in  order  that  there  may  be  redundant 
no  tendency  to  efcape  from  N,  we  have  only  to  fuppofe®^  deficient, 

f  ^ 

gr'  r  z=i  Oy  or  g  :f  =:  r  :  r',  and  g  n  In  this 

cafe,  the  particle  at  N  is  as  much  attradled  by  the  re¬ 
dundant  matter  in  SA  as  it  is  repelled  by  the  redun¬ 
dant  fluid  in  NA. 

When  the  extremity  N  is  rendered  inaflive  in  this 
manner,  the  condition  of  the  other  extremity  S  is  con-neceflary 
fiderably  changed.  To  difeover  this  condition,  put^rthi?. 

f  r  ^  g  r _ f , 

in  place  of  in  the  formula*^ - 

fes 


,  which  expref- 
the  attraftion  for  a  particle  at  S,  and  we  obtain 


/Xr^  — 

Qj 

On  the  other  hand,  we  may  have  the  rechindancy 
and  deficiency  fo  balanced,  that  there  fhall  be  no  ten¬ 
dency  to  influx  at  S.  For  this  purpofe,  we  muft  make 
f 

g  zz  — .  When  this  obtains  at  S,  the  a6lion  at  N 
^  •  fr' 

will  be  had  by  putting  ^ —  in  place  of  g  in  the  formula 


24,. 


and  this 


will* 


give 


/Xr'-  — 

I  -r _ 


Qj: 


for  the 


fr—gr^ 

force  repelling  a  particle  at  N. 

When  the  tendency  to  efflux  or  influx  is  induced  in 
this  manner,  by  a  due  proportion  of  the  redundancy  and 
deficiency  of  eleflric  fluid,  the  part  of  the  body  where 
this  obtains  is  by  no  means  in  its  natural  ftate,  and  may 
contain  either  more  or  lefs  than  its  natural  quantity. 
But  it  neither  a^ls  like  an  overcharged  nor  like  an  un¬ 
dercharged  body,  and  may  therefore  be  called  neu¬ 
tral.  The  reader,  who  is  converfant  with  eleffrical 
experiments,  will  recolle£l  numberlefs  inftances  of  this, 
and  will  alfo  recolledl:  that  they  are  important  ones. 
Such,  fo-r  example,  is  the  cafe  with  the  plates  and  co¬ 
vers  of  the  eledlrophorus,  Thefe  clrcumllances,  there¬ 
fore,  claim  particular  attention. 

As  the  quantities  /  and  g  may  be.  fo  chofen,  that  the 
appartus- fhall  he  neutral,  either  at  S  or  at  N  *,  they  may 
likewife  be  fo,  that  either  end  fhall  exhibit  either  the 
appeai’ance  of  redundancy  or  dejiciency.  Thus,  inftead  of 
neutrality  at  N,  we  may  have  repulfion,  as  at  the  firft, 

f  ^ 

by  making  ^  lefs  Jn  any  degree  than"^.  If,  on  the 
contrary,^  be  greater  than^^-T,  the  extremity  N,  tho* 


overcharged,  will  attract  fluid.. 


In  like  manner,  if  g 
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be  lefs  thaa  the  extremity  S,  although  underchar- 


>  Both  ends 
,  tannot  be 
■  neutral  at 

I  once. 


&8. 


tions  of 

tledlrical 

fcodics. 


ged,  will  repel  fluid. — We  may  make  the  following  ge- 
neral  remarks. 

1.  Both  extremities  N  and  S  cannot  be  neutral  at 
the  fame  time  ;  for  fince  the  neutrality  anTes  from  the 
increafed  quantity  of  redundancy  or  deficiency  at  the 
other  extremity,  fo  as  to  compeiifate  for  its  greater  di- 
ftance,  the  adivity  of  that  extremity  mufl  be  propor- 
tionably  greater  on  the  fluid  adjoining  to  its  furface, 
whether  externally  or  internally.  When  an  overcharged 
extremity  is  rendered  neutral,  the  other  extremity  at- 
tradls  fluid  more  flrongly  ;  and  when  a  deficient  extre¬ 
mity  is  rendered  neutral,  the  other  repels  fluid  more 
flrongly.  All  thefe  elementary  corollaries  will  be  fully 
verified  afterwards,  and  give  clear  explanations  of  the 
mofl  curious  phenomena. 

2.  We  have  been  fuppofing  that  the  redundant  fluid 
is  uniformly  fpread,  and  that  the  body  is  divided  into 
equal  portions  ;  but  this  w’as  merely  to  fimplify  the 
procedure  and  the  formulas.  The  reader  mufl  fee  that 
the  general  conclufions  are  not  affeded  by  this,  and 
that  fimilar  formulce  will  be  obtained,  whatever  is  the 
difpofition  of  the  fluid.  We  cannot  tell  in  what  man¬ 
ner  the  redundant  fluid  is  difpofed,  even  in  a  body  of 
the  fimplefl  form,  till  we  know  what  is  the  variation  of 
Its  attradion  and  repulfion  by  a  change  of  diftance;  and 
even  when  this  has  been  difeovered,  we  find  it  difficult 
in  mod  cafes,  and  impoffible  in  many,  to  afeertain  the 
mode  of  diftribiition.  We  fhall  learn  it  in  fome  im¬ 
portant  cafes,  by  means  of  various  phenomena  judiciouf- 
ly  feleded. 

A  body  may  be  confideredin  many  divifions,  in  fome 
of  which  the  fluid  is  redundant,  and  in  others  deficient. 
We  may  exprefs  the  repulfion  of  the  whole  of  this  body 
in  the  fame  way  as  we  exprefs  that  of  a  body  confidered 
ill  two  divifions,  ufing  the  letters /,  gy  hy  &c.  to  exprefs 
the  quantities  of  redundant  or  deficient  fluid  in  each 
portion,  wffiile  Q^exprefTes  the  quantity  neceffary  for 
faturating  each  of  them  ;  and  the  repulfion  at  different 
diflances  may  be  exprefled  by  r,  r',  r",  r"',  &c.  as 
they  are  more  and  more  remote  5  and  we  may  ex¬ 
prefs  their  a6lion  as  attradlive  or  repulfive  by  prefix¬ 
ing  the  fign  or  — .  Thus  the  attradlion  may  be 

r*  —  i  r'"') 
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caufe  we  mujl  have  recourfe  to  them  on  many  very  im- 
portaiit  particular  occafions. 

Let  there  be  two  bodies,  A  and  B,  in  their  natural  30, 
flate.  Let  the  tangible  matter  in  A  be  called  M,  and 
let  the  fluid  neceffary  for  its  faturation  be  called  F,  and 
let  m  and  y'be  the  tangible  matter  and  the  fluid  in  B- 
Let  the  mutual  action  between  a  Angle  particle  of  fluid 
and  the  matter  neceffary  for  its  faturation  be  expreffed 
by  the  indeterminate  fymbol  a,  becaufe  it  varies  by  a 
change  of  diflance. 

The  a£lions  are  mutual  and  equal.  Therefore  when 
the  motion  of  B  by  the  a6lion  of  A  is  determined,  the 
motion  of  A  is  alfo  afeertained.  We  fliall  therefore  on¬ 
ly  confider  how  A  is  affeaed.  i.  Every  particle  of  fluid 
in  A  tends  toward  every  particle  of  matter  in  B  with 
the  force  The  whole  tendency  of  A  toward  B  may 
therefore  be  expreffed  by  s,  multiplied  by  the  produd 
of  F  and  m.  2.  Every  particle  of  fluid  in  A  is  repelled 
by  every  particle  of  fluid  in  B,  with  the  fame  force  2. 

3.  Every  particle  of  matter  in  A  is  attraded  by  every 
particle  of  fluid  in  B,  with  the  fame  force.  We  may 
exprefs  this  more  purely  and  briefly  thus ; 


1.  F  tends  toward  m  with  the  force  -f- 

2.  h  tends  from  f  with  the  force  _ F  /  2 

3.  M  tends  toward f  with  the  force  -f.  M f% 


tions  of  eledrified  bodies  on  the  fluid  within  them,  or 
furrounding  them,  let  us  now  confider  their  fenfible  ac¬ 
tions  on  other  bodies,  producing  motion,  or  tendencies 
to  motion. 

Here  it  is  obvious  that  the  mechanical  phenomena 
exhibited  are  what  may  be  called  remote  effects  of  the 
ading  forces.  The  immediate  effeds,  or  the  mutual 
adions  of  the  particles,  are  not  obferved,  but  hypothe¬ 
tically  inferred.  ^  The  tangible  matter  of  the  body  is 
put  in  motion,  in  confequence  of  its  connedion  with 
the  fluid  refiding  in  the  body,  which  fluid  is  the  only 
fubjed  of  the  adion  of  the  other  body. 

In  confidering  thefe  phenomena,  we  fhall  content 
ourfelves  with  a  more  general  view  of  the  adions  which 
take  place  between  the  fluid  or  tangible  matter  of  the 
one  body,  and  the  fluid  or  matter  of  the  other,  fo  as  to 
.gam  our  purpofe  by  more  Ample  formulae  than  thofe  hi, 
therto  employed.  They  were  premifed,  however,  be- 


Therefore  the  fenfible  tendency  of  A  to  or  from  B  will 
be  =.  2  X  Fm  -f  M/ —  F/.  But,  by  the  hvpothefis, 
the  attradion  of  a  particle  of  the  fluid  in  A  for  a  par¬ 
ticle  of  the  matter  in*B,  is  equal  to  its  repulfion  for  the 
particle  or  parcel  of  the  fluid  attached  or  competent  to 
that  particle  of  matter.  Therefore  the  attradion  Ym^ 
is  balanced  by  the  repulfion  F/2.  Therefore  there  re¬ 
mains  the  attradion  of  the  matter  in  A  for  the  fluid  in 
B  unbalanced,  and  the  body  A  will  tend  toward  the 
body  B  with  the  force  M/ 2,  or  B  attrads  A  with  the 
force  M/2.  a  mufl  therefore  move  toward  B.  And, 
by  the  3d  law  of  motion,  B  mufl:  move  toward  A  with 
equal  force. 

But  the  fad  is,  that  no  tendency  of  any  kind  is  ob- CompL- 
lerved  between  bodies  in  their  natural  ftate.  The 
pothefis,  therefore,  is  not  complete.  If  we  abide  by  it 
as  far  as  it  is  already  exprefled,  we  mull  farther  fuppofe’^^^^^^“^"’* 
that  there  is  fome  repulfive  force  exerted  between  the 
bodies  to  balance  the  attradion  of  M  for /.  Mr  jEpi- 
nus,  therefore,  fuppofes,  that  every  particle  of  tangible 
^matter  repels  another  particle  as  much  as  it  attrads  the 
fluid  neceffary  for  its  faturation.  The  whole  adion  of 
B  on  A  will  now  be  =r  2  X  F  F/—  4-  Mf. 


a;  Is  balanced  by  F/s,  and'Mmz  by  M rl,  Jd 
no  excefs  remains  on  either  fide. 

^pinus  acknowledges  that  this  circumftance  appear-  OMea.ons 
ed  to  h,mfelf  to  be  hardly  admiffible  ;  it  deeming  incon- anfwed 
ceivable  that  a  particle  in  A  lhall  repel  a  partitde  in  B 
or  tend  from  it,  eleflrically,  while  it  attrafts  it,  or  tends 
toward  It,  by  planetary  gravitation.  We  cannot  con- 
ceive  this ;  but  more  attentive  confideration  (hewed 
him,  that  there  is  nothing  in  it  contrary  to  the  obferved 
analogy  of  natural  operations.  We  mull  acknowled-re 
that  we  fee  innumerable  inftaiices  of  inherent  forcesV 
attraaion  and  repulfion  ;  and  nothing  hinders  u*s  from 
referring  this  lately  difeovered  power  to  the  clafs  of  ori- 
mitive  and  fundamental  powers  of  nature.  Nor  is  there 
any  difficulty  in  reconciling  this  repulfion  with  univer- 
fal  gravitation ;  for  while  bodies  are  in  their  natural 
4^2  ftate, 
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ftate,  the  ekarlc  attraaions  and  repulfions  precifely  ba¬ 
lance  each  other,  and  there  is  nothing  to  dlRurb  the 
phenomena  of  planetary  gravitation;  and  when  bodies 
are  not  in  their  natural  ekarical  Hate,  it  is  a  fad  that 
their  gravitation  is  difturbed.  Although  we  cannot 
conceive  a  body  to  have  a  tendency  to  another  body, 
and  at  the  fame  time  a  tendency  from  it,  when  we  de¬ 
rive  our  notion  of  thcfe  tendencies  entirely  from  our 
own  confcioufnefs  of  effort,  endeavour,  conatiiSy  nifus  ac- 
cedendifeu  recedendt,  nothing  is  more  certain  than  that 
bodies  exhibit  at  once  the  appearances  which  we  endea¬ 
vour  to  exprefs  by  thefe  words.  We  can  bring  the 
north  poles  of  two  magnets  near  each  other,  in  which 
cafe  they  recede  from  each  other  ;  and  if  this  be  pre¬ 
vented  by  fome  obftacle,  they  prefs  on  this  obftacle,  and 
feem  to  endeavour  to  feparate.  If,  while  they  are*  in 
this  ftate,  we  ekdlrify  one  of  them,  we  find  that  they 
will  now  approach  each  other;  and  we  have  a  diflin<5l 
proof  that  both  tendencies  are  in  a.6fual  exertion  by  va¬ 
rying  their  diftances,  fo  that  one  or  other  force  may 
prevail  ;  or  by  placing  a  third  body,  which  fliall  oe  af- 
feded  by  the  one  but  not  by  the  other,  &c.  We  do 
not  underifand,  nor  can  conceive  in  the  leaft,  how  ci¬ 
ther  force,  or  how  gravity,  reiides  in  a  body  ;  but  the 
effeas  are  paft  contradiaion.  It  muft  be  granted, 
therefore,  that  this  additional  circumftance  of  ^pinusV 
hypothefis  has  nothing  in  it  that  is  repugnant  to  the 
obferved  phenomena  of  Nature. 

N,  B.  It  is  not  neceffary  to  fuppofe  (although  Mr 
iEpinus  does  fuppofe  it),  that  every  atom  of  tangible 
matter  repels  every  other  atom.  It  will  equally  explain 
all  the  phenomena,  if  we  fuppofe  that  every  particle 
contains  an  atom  or  ingredient  having  this  property, 
and  that  it  is  this  atom  alone  which  attracts  the  parti¬ 
cles  of  ekarical  fluid.  The  material  atoms  having 
this  property,  and  their  correfponding  atoms  of  fluid, 
may  be  very  few  in  comparifon  with  the  number  of 
atoms  which  compofe  the  tangible  matter.  Their  rnu- 
tual  fpecific  adion  being  very  great  in  comparifon  with 
the  attradion  of  gravitation  (as  we  certainly  obferye  in 
the  adion  of  light),  all  the  phenomena  of  eledlricity 
v;ill  be  produced  without  any  feiifible  effed  on  the  phe¬ 
nomena  of  gravitation,  even  although  neither  the  eledric 
fluid  nor  its  ally,  this  ingredient  of  tangible  matter, 
flionld  not  gravitate.  But  this  fuppofition  is  by  no 

means  neceffary.  .  ,  n  r  u 

Since  we  call  that  the  natural  eledrical  ftate  ot  bo¬ 
dies  in  which  they  do  not  affed  each  other,  and  the 
hypothetical  powers  of  the  fluid  are  accommodated  to 
this  condition,  we  may  confider  any  body  that  has 
more  than  its  natural  quantity  as  confifting  of  a  qnan- 
tity  of  matter  faturated  with  fluid,  and  a  quantity  of 
redundant  fluid  fuperadded  ;  and  an  undercharged  body 
may  be  confidered  as  confifting  of  a  quantity  of  matter 
fuperadded.  The  faturated  matter  of  thefe  two  bodies 
will  be  totally  inadive  on  another  body  in  its  natural 
ftate,  and  will  neither  attrad  nor  repel  it,  nor  be  at- 
traded  nor  repelled  by  it ;  therefore  the  adion  of  the 
overcharged  body  will  depend  entirely  on  the  redundant 
fluid  ;  and  that  of  the  undercharged  body  will  depend 
entirely, on  the  redundant  matter;  therefore  we  need 
only  confider  them  as  confifting  of  this  redundant  fluid 
or  matter,  agreeably  to  what  was  faid  in  more  vague 
terms  in  n°  lO.  and  13.  This  will  free  us  from  the 
complicated  formulae  which  would  otherwife  be  necef¬ 
fary  for  exprefling  aU  the  adions  of  the  fluid  and  tan¬ 


gible  matter  of  two  bodies  on  each  other.  The  refults 
will  be  fufiiciently  particular  for  diftinguifliing  the  fen- 
fibk  adion  of  bodies  in  the  chief  general  cafes  :  but  in 
fome  particular  and  important  cafes,  it  is  abfolutely  ne- 
cefiary  to  employ  every  term.  '  35 

1.  Suppofe  two  bodies  A  and  B,  containing  the  General  ex- 
quantities  F'  and  f'  of  redundant  fluid,  it  is  plain  that 

their  mutual  adion  is  exprelled  by  F'  X/'  +  2,  and  that  cai)  of  the 
it  is  a  repulfion  ;  for  fince  every  particle  of  redundant  mutual  ac- 
fluid  in  A  repels  every  particle  of  redundant  fluid  in  B 
with  the  force  z  ;  and  fince  F'  and  f  are  the  numbers 
of  fuch  particles  in  each,  the  whole  repulfion  muft  be 
exprefied  by  the  produd  of  thefe  numbers.  ^  ^  i 

2.  In  like  manner,  two  bodies  A  and  B,  containing  34* 
the  redundant  matter  and  »/,  will  repel  each  other 
with  the  force  M' m'  ». 

3.  And  two  bodies  A  and  B,  one  of  which  A  con-  35* 
tains  the  redundant  fluid  F',  and  the  other  B  contains 

the  redundant  matter  m' y  will  attrad  each  other  with 
the  force  Y  m 

4.  It  follows  from  thefe  premifes,  that  if  either  of  30. 
the  bodies  be  in  its  natural  ftate,  they  wdll  neither  at¬ 
trad  nor  repel  each  other ;  for,  in  fuch  a  cafe,  one  of 

the  fadors  F,  or  /',  or  M',  or  m\  which  is  neceffary 
for  making  a  produd,  is  wanting.  This  may  be  per¬ 
ceived  independent  of  the  mathematical  formula;  for  if 
A  contain  redundant  fluid,  and  B  be  in  its  natural 
ftate,  every  particle  of  the  redundant  fluid  in  A  is  as 
much  repelled  by  the  natural  fluid  in  B  as  it  is  attraded 
by  the  tangible  matter, 

The  three  firft  propofitions  agtee  perfedly  with  theseeming 
known  phenomena  of  ekdricity ;  for  bodies  repel  paradox, 
each  other,  whether  both  are  pofitively  or  both  are 
negatively  eledrified,  and  bodies  always  attrad  each 
other  when  the  one  is  pofitively  and  the  other  negative¬ 
ly  eledrified.  But  the  fourth  cafe  feems  very  incon- 
fiftent  with  the  moft  familiar  phenomena.  Dr  Frank¬ 
lin  and  all  his  followers  affert,  on  the  contrary,  that 
eledrified  bodies,  whether  pofitive  or  negative,  always 
attrad,  and  are  attraded,  by  all  bodies  which  are  in 
their  natural  ftate  of  ekdricity.  But  it  wull  be  clearly 
fhewn  prefently,  that  they  are  miflaken,  and  that 
Franklin’s  theory  neceffarily  fuppofts  the  truth  of  the 
fourth  propofition,  otherwife  two  bodies  in  their  na¬ 
tural  ftate  could  not  be  neutral  or  inadive,^  as  any  one 
may  perceive  on  a  very  flight  examination  by  the 
Franklinian  principles.  It  will  prefently  appear,  with 
the  fulkft  evidence  ;  and,  in  the  mean  time,  we  proceed 
to  explain  the  adion  of  bodies  which  are  ovei charged 
in  fome  part,  and  undercharged  in  another.  ^  38 

Let  the  body  B  (fig.  4.)  be  overcharged  in  the  part  Adion  of 
B  «,  and  undercharged  in  the  part  B  and  let/'  and ao 
be  the  redundant  fluid  and  common  matter  in  thofe^^.^ 
parts;  let  A  be  overcharged,  and  contain  the  redun-^^ably 
dant  fluid  F  ;  let  2;  and  2^'  exprefs  the  intenfity  of  ac-pofed. 
tioii  correfponding  with  the  diftances  of  A  from  the  1 

overcharged  and  undercharged  parts  of  B  ;  the  part 
B  n  repels  A  with  the  force  F/'  r,  while  the  part  B  s 
attrads  It  with  the  force  F  ot'  A  will  therefore  be 
attraded  or  repelled  by  B,  according  as  F  ot'  z'  is 
greater  or  lefs  than  F'/'  z' ;  that  is,  according  as  ot'  z' 
is  greater  or  lefs  than  f  z.  This,  again,  depends  on 
the  proportion  of  /'  to  ot’,  and  on  the  proportion  of 
!z  to  z'.  The  firft  depends  on  many  external  circum- 
ftances,  which  may  occafion  a  greater  or  lefs  redundan¬ 
cy  or  deficiency  of  eledrical  fluid;  the  fecond  de- 

'  ^  Tkpnnc! 
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pends  entirely  on  the  law  of  eledHc  attradlion  and  re- 
pulfion,  or  the  change  produced  ih  its  intenfity  by  a 
change  of  dillance.  As  we  are,  at  prefent,  only  aina- 
ing  at  very  general  notions,  it  is  enough  to  recollect, 
that  all  the  eledlric  phenomena,  and  indeed  the  general 
analogy  of  nature,  concur  in  fhewing  that  the  intenfity 
of  both  forces  (attraction  and  repulfion)  decreafts  by 
an  increafe  of  diftance;  and  to  combine  this  with  that 
circumftaace  of  the  hypothefis  which  Hates  the  repiil- 
fion  to  be  equal  to  the  attraction  at  the  fame  diilance  ; 
therefore  botli  forces  vary  by  the  fame  law,  and  vve  have 
z  alw'ays  greater  than  ss .  The  vifible  aCtion  of  B  on 
A  (which,  by  the  3d  law  of  motion,  is  accompanied  by 
a  fimilar  aCtion  of  A  on  B)  may  be  various,  even  with 
one  pofition  of  B,  and  will  be  changed  by  changing  this 
pofition . 

1.  We  may  fuppofe  that  B  contains,  on  the  whole, 
its  natural  quantity,  but  that  part  of  it  is  abltraCted 
from  B  s,  and  is  crowded  into  B  n.  This  is  a  very 
common  cafe,  as  w  e  fhall  fee  prefently,  and  it  will  be 
expreffed  in  our  formula  by  making  mL  In  this 
cafe,  therefore,  we  have  Y  f’ %  greater  than  F  m' c, 
becaufe  %  is  greater  than  z!,  A  will  therefore  be  re¬ 
pelled  by  B,  and  will  repel  it;  and  the  repulfion  wall  be 
F'/'  X  s  — .  js'. 

It  is  evident  that  if  A  be  placed  on  the  other  fide 
of  B,  the  appearances  will  be  reverfed,  and  the  bodies 
will  attraCl  each  other  with  the  force  F'y''X2j  —  2,'. 

It  is  alfo  plain,  that  if  A  be  as  much  undercharged 
as  we  have  fuppofed  it  overcharged,  all  the  appearances 
will  be  reverfed  ;  if  on  the  undercharged  fide  of  B,  it 
will  be  repelled;  and  if  on  the  overcharged  fide  of  B, 
it  will  be  attracted. 

2.  If  the  redundancy  and  deficiency  in  the  two  por¬ 
tions  of  B  be  inverfely  proportional  to  the  forces,  fo 
that  F'  :  w?'  =  a' :  sj,  we  fhall  have  f'zzz  m!  and  ??/ 

In  this  cafe  thtfe  tw'o  adioiis  balance  each 

other,  and  A  is  neither  attra£led  nor  repelled  w^hen  at 
this  precife  diftance  from  the  overcharged  fide  of  B. 
B  may  he  faid  to  be  neutral  wutli  refpedl  to  A,  al¬ 
though  A  and  the  adjoining  fide  of  B  are  both  over¬ 
charged. 

But  if  A  be  placed  at  the  fame  diftance  on  the  other 
fide  of  B,  the  tffeCI;  will  be  very  different  :  For  be- 

caufe  w'  =  and  m'  is  now  changed  into  m  2;,  and 
f  %  into  f  we  have  the  aft  ion  on  A  =  F  X 

— 21'),  :=  F  X  -2 — 1-^  ;  that  is,  A  is  ftrongly  at- 

trafted. 

In  like  manner,  f’  and  rn!  may  be  fo  proportioned, 
that  when  A,  containing  redundant  fluid,  is  placed  near 
the  undercharged  end  of  j*  B,  it  fhall  neither  be  attraft- 
ed  nor  repelled,  B  becoming  neutral  with  regard  to  A 
at  that  precife  diftance.  For  this  purpofe  m'  muft  be 

And  if  A  be  now  placed  at  the  fame  diftance 

% 

on  the  other  fide  of  B,  it  will  be  repelled  with  the  force 

p  /  X 

2; 

Thus,  when  the  overcharged  end  is  rendered  neutral 


to  an  overcharged  body,  the  other  end  ftrongly  attrafts 
it;  and  w'hen  the  undercharged  end  is  rendered  neutral 
to  the  ftime  body,  the  overcharged  end  ftrongly  repels  it. 

Similar  appearances  are  exhibited  when  A  is  under¬ 
charged. 

Thefe  cafes  are  of  frequent  occurrence,  and  are  im¬ 
portant,  as  will  appear  afterwards. 

It  is  eafy  now  to  fee  what  changes  will  be  made  on  41* 
the  aftion  of  B  on  A,  by  changing  the  proportion  of 

f  and  m'.  If  m’  be  made  greater  than  A  will  be 

attrafted  in  the  fituation  where  it  w^as  formerly  neutral; 
and  if  m'  be  made  lefs,  A  wull  be  repelled,  &c.  &c. 

Therefore,  when  w’’e  oLferve  B  to  be  neutral,  or  at¬ 
tractive,  or  repuliive,  we  muft  conclude  that  m  is  equal 

to  or  greater  or  lefs  than  it,  &c. 

We  have  been  thus  minute,  that  the  reader  may  per¬ 
ceive  the  agreement  between  this  aftion  on  a  body  con¬ 
taining  redundant  fluid,  and  the  aftion  on  the  fuperfi- 
cial  fluid  formerly  confidered  in  n®2i,  2  2,  23,  24. 

When  thefe  things  are  attended  to,  wc  fliall  explain, 
with  great  eafe,  all  the  curious  phenomena  of  the  elec- 
trophonis.  ■* 

'fhere  is  another  circumftance  to  be  attended  to  here.  Neutrality 
which  will  alfo  explain  fome  eieftrical  appearances 
feem  very  puzzling.  We  limited  the  iiiaclivity  of  B 
to  a  certain  precife  diftance  of  the  body  A.  This  in-[aiice.  Im- 

aftivity  required  that  tn  fhould  be  =z  If  A  befJrj^^aJion' 

brought  nearer,  both  z  and  z  are  increafed.  If  theyfrom  this, 
are  both  increafed  in  the  fame  proportion,  the  value  of 

~  will  be  the  fame  as  before,  and  the  body  A  will  nei- 
% 

ther  be  attrafted  nor  repelled  at  this  new  diftance.  But 
if  z  increafe  fafter  than  sj',  we  fliall  have  f  %  greater 
than  m'  z',  and  A  wdll  be  repelled  ;  and  if  z  increafes 
more  flowly  than  z',  A  wdll  be  attrafted  by  bringing  it 
nearer.  The  contrary  effefts  will  be  obferved  if  A  be 
removed  farther  from  the  overcharged  end  of  B.  This 
explains  many  curious  phenomena;  and  thofe  phenome¬ 
na  become  inftruftive,  becaufe  they  enable  us  to  difeo- 
ver  the  law  of  tleftric  aftion,  by  fliewiiig  us  the  man¬ 
ner  in  wdiich  it  diminiflies  by  a  change  of  diftance.  E- 
leftricians  cannot  but  recollcft  many  inftances,  in  w^hich. 
the  motion  of  the  eleftioineter  appeared  very  caprici¬ 
ous.  I'he  general  faft  is,  that  when  an  overcharged: 
pith  ball  is  fo  fituatcd  near  the  overcharged  fide  of  the- 
eleftrophorus  as  to  be  neutral,  it  is  repelled  when 
brought  nearer,  but  attrafted  when  removed  to  a  great¬ 
er  diftance.  This  fliews  that  z  increafes  fafter  than 
wdien  A  is  brought  nearer  to  B.  Now,  fince  the  bo¬ 
dies  may  be  again  rendered  neutral  at  a  greater  diftance 
than  before,  and  the  fame  appearances  are  ftill  obferved, 
it  follow’^s,  that  the  law  of  aftion  is  fuch,  that  every  di¬ 
minution  of  diftance  caufes  z  to  increafe  fafter  than  z'. 

We  fliall  find  this  to  be  valuable  information. 

Let  us,  in  the  laft  place,  inquire  into  the  fenfible  ef- Aaion 
feft  on  A  when  it  alfo  is  partly  overcharged  and  partly  when  the 
undercharged.  This  is  a  much  more  complicated  cafe,®“‘^ 
and  is  fufceptible  of  great  variety  of  external  appearan-^^^^H^^^^" 
ces,  according  to  the  degrees  of  redundancy  and  defi- botU'odies, 
ciency,  and  according  to  the  kind  of  eleftricity  (pofi- 
tive  or  negative)  of  the  ends  which  front  each  other. 

Firft^ 
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rtift,  then,  let  the  overcharged  end  of  A  (fig.  5.) 
'fron  the  undercharged  end  of  B,  they  being  overchar¬ 
ged  in  N  and  Uy  but  undercharged  in  S  and  s.  Let  F 
•and y’be  the  quantity  of  fluid  natural  to  each  ;  and  let 
‘F'  and  f  be  the  redundancy  in  N  and  and  M'  and  w' 
the  deficiency  in  S  and  x.  Moreover,  let  Z  and  Z'  re- 
prefent  the  intenfily  of  a6lions  of  a  particle  in  N  on  a 
j>article  in  n  and  s  ;  and  let  %  and  a',  reprefent  the  ac¬ 
tions  of  a  particle  in  S  on  a  particle  in  n  and  in  s  ;  or, 
in  other  words,  let  Z,  Z',  z,  a',  reprefent  the  intenfity 
x)f  adlion  between  particle  and  particle,  correfponding 
to  the  diflances  N  x,  N  S  x,  S 

Proceeding  in  the  fame  manner  as  in  the  former  ex¬ 
amples,  we  eafily  fee,  that  the  adion  of  B  on  A  is 
F' m'  Z  —  F/  Z'-^'  z  +  M/z' 


F/ 


the  attrac- 


cafe,  the  formula  becomes 


tions  are  confidered  as  pofitive  quantities,  having  the 
figu  +  prefixed  to  them,  and  the  vepulfions  are  nega¬ 
tive,  having  the  fign  — , 

This  action  will  be  either  attra£live  or  repulfive,  ac¬ 
cording  as  the  fum  of  the  lirfl  and  lafl  terms  of  the  nu¬ 
merator  exceeds  or  falls  fliort  of  the  fum  of  the  fecoiid 
and  third  :  And  the  value  of  each  term  will  be  greater 
or  lefs,  according  to  the  quantity  of  redundant  fluid  and 
matter,  and  alfo  according  to  the  intenfity  of  the  elec¬ 
tric  a6lIon.  It  would  require  feveral  pages  to  ftate  all 
thofe  pofTible  varieties.  We  (hall  therefore  content 
ourfelves  at  prefent  with  dating  the  fimplefl  cafe  ;  be- 
caufe  a  clear  conception  of  this  will  enable  the  reader 
to  form  a  pretty  diftlnft  notion  of  the  other  pofiible 
cafes  ;  and  alfo,  becaufe  this  cafe  is  very  frequent,  and 
is  the  mod  iifeful  for  the  explanation  of  phenomena. 

We  fhall  fuppofe,  that  the  redundant  part  of  each 
body  is  jud  as  much  overcharged  as  the  deficient  part 
is  undercharged  ;  fo  that  F  =  M',  and  =  m\  In  this 
F//  (Z  — z  + 

F/ 

Here  we  fee  that  the  fenfible  or  external  effeiSf  on 
A  depends  entirely  on  the  law  of  ele£fric  adiion,  or  the 
variation  of  its  intenfity  by  a  change  of  didance.  If 
the  fum  of  Z  and  z'  exceed  the  fum  of  Z'  and  z,  A 
will  be  attradfed  ;  but  if  Z  -h  z'  be  lefs  than  Z  +  z, 

A  will  be  repelled.  This  circumdance  fuggeds  to  us  a 
very  perfpicuous  method  of  exprefling  thefe  adlions  be¬ 
tween  particle  and  particle,  fo  that  the  imagination 
ihall  have  a  ready  conception  of  the  circumdance  which 
determines  the  external  complicated  effedf  of  this  inter-  more  than  T/, 
nal  adlion.  This  will  be  obtained  by  meafuring  off 
from  a  fixed  point  of  a  draight  line  portions  refpedlive- 
ly  equal  to  the  didances  N  x,  N  S  x,  and  S  between 
the  points  of  the  two  bodies  A  and  B,  where  we  fup¬ 
pofe  the  forces  of  the  redundant  fluid  and  redundant 
matter  to  be  concentrated,  and  ere6l  ordinates  having 
the  proportion  of  thofe  forces.  If  the  law  of  adfion  be 
known,  even  though  very  imperfeClly,  we  fhall  fee, 
with  one  glance,  of  which  kind  the  movements  or  ten¬ 
dencies  of  the  bodies  will  be.  Thus,  in  fig.  5.  draw¬ 
ing  the  line  C  z,  take  C;)=:Nx,  Cr=Sx, 

and  C  /  =  S  «,  and  ere£l  the  ordinates  P Q^,  II  r, 
and  T  /.  If  the  eie£fric  aeSfion  be  like  all  the  other 
attra<Efions  and  repulfions  which  we  are  familiarly  ac¬ 
quainted  with,  decreafing  with  an  increafe  of  didance, 
and  decreafing  more  flovvly  as  the  didances  are  greater, 
thefe  ordinates  will  be  bounded  by  a  curve  PQJf^TZ, 
which  has  its  convexity  turned  toward  the  axis.  We 
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fhall  prefently  get  full  proof  that  this  is  the  cafe  here  ; 
but  we  premii’e  this  general  view  of  the  fubje(d,  that 
we  may  avoid  the  more  tedious,  but  more  philofophical, 
procefs  of  deducing  the  nature  of  the  curve  from  the 
phenomena  row  under  confideration. 

This  condiudlion  evidently  makes  the  pair  of  ordi-General 
nates  P  /,  equididant  with  the  pair  R  r,  T  ^.^harader 

Alfo,  P  R  r,  and  T  are  equididant  pairs, 
is  no  lefs  clear,  tliat  the  fum  of  P  /  and  T  t  exceedsforce. 
the  fum  of  and  R  r.  For  if  C  z  be  bifedted  in  V, 
and  V  V  be  drawn  perpendicular  to  it,  cutting  the 
draigbt  lines  PT  and  in  X  arid  then  is 
the  half  fum  of  P  and  T  and  y  •u  is  the  half  fum 
of  and  R  r.  Moreover,  if  and  T  n  are 

drawn  parallel  to  the  bafe,  we  fee  that  P  m  exceeds 
R  r ;  and,  in  general,  that  if  any  pair  of  equidant  or¬ 
dinates  are  brought  nearer  to  C,  their  difference  increa- 
fes,  and  vice  verfa.  Alfo,  if  two  pairs  of  equididant 
ordinates  be  brought  nearer  to  C,  each  pair  by  the 
fame  quantity,  the  difference  of  the  neared  pair  will  in¬ 
creafe  more  than  the  difference  of  the  more  remote 
pair.  And  this  will  hold  true,  although  the  fird  of  the 
remote  pair  diould  dand  between  the  two  ordinates  of 
the  fird  pair.  If  the  reader  will  take  the  trouble  of 
confidering  thefe  fimple  confequences  with  a  little  at¬ 
tention,  he  will  have  a  notion  of  all  the  effe<ds  that  are 
to  be  expected  in  the  mutual  adlions  of  the  two  bodies, 
fufficiently  precife  for  our  prefent  purpofe.  We  (hail 
give  a  much  more  accurate  account  of  thefe  mathema*- 
tical  truths  in  treating  the  article  Magnetism,  where 
precifion  is  abfolutely  neceffary,  and  where  it  will  be 
attended  with  the  greated  fuccefs  in  the  explanation  oi 
phenomena. 

Now  let  us  apply  this  to  our  prefent  purpofe.  Flrjiy 
then,  When  the  overcharged  end  of  A  is  turned  to¬ 
ward  the  undercharged  end  of  B,  A  mud  be  attradled; 
for  P  ^  -f.  't'  ^  greater  than  +  R  r. 

Secondly^  This  attradlion  mud  increafe  by  bringing 
the  bodies  nearer  ;  for  this  will  increafe  the  difference 
between  P  m  and  R 

Thirdly^  The  attradlion  will  increafe  by  increafing 
the  length  either  of  A  or  of  B  (the  didance  N  x  re¬ 
maining  the  fame)  ;  for  by  increafing  the  length  of  A, 
which  is  reprefented  by  pr  or  R  r  is  more  diminldi- 
ed  than  T  t  is.  In  like  manner,  by  increafing  B,  whofc 
length  is  reprefented  hy  p  q  or  r  ty  we  diminifli 
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On  the  other  hand,  if  the  overcharged  end  of  B  front  Ufe  of  this 
the  overcharged  end  of  A,  their  mutual  adlion  will 
P/  (  — +  Rr_  T/), 


F/ 


and  A  will  be  repelled,  and  the  repulfion  will  increafe 
or  diminidi,  by  change  of  didance  or  magnitude,  pre- 
cifely  in  the  fame  manner  that  the  attrailions  did.  It 
is  hardly  neceffary  to  obferve,  that  all  thefe  confe¬ 
quences  will  refult  equally  from  bringing  an  apparatus 
fimilar  to  that  reprefented  in  fig.  3.  near  to  another  of 
the  fame  kind ;  and  that  they  will  be  various  according 
to  the  pofition  and  the  redundancy  or  deficiency  of  the 
two  parts  of  each  apparatus. 

If  the  body  B  of  fig.  5.  is  not  at  liberty  to 
toward  A,  nor  to  recede  from  it,  and  can  only  turnfliould  re- 
round  its  centre  B,  it  will  arrange  itfelf  in  a  certain  f«lt  from 
determinate  pofition  with  refpe£l  to  that  of  A.  For 
example,  if  the  centre  B  (fig.  7.)  be  placed  in  the 

pafling  magnetifi** 
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pafling  through  S  and  N  of  the  body  A,  B  will  arrange 
itfdf  in  the  fame  flraight  line  :  for  if  we  forcibly  give 
it  another  pofition,  fuch  as  j-  B  N  will  attra6l  s  and 
repel  «,  and  thefe  a6lions  will  concur  in  putting  B  into 
the  pofition  /  B  S,  however,  will  repel  s  and  at- 
traft  n  ;  and  thefe  forces  tend  to  give  the  contrary  po- 
fition.  But  S  being  more  remote  than  N,  the  former 
forces  will  prevail,  and  B  will  take  the  pofition  /  B  //. 

If  the  centre  B  be  placed  fomewhere  on  the  line 
AD,  drawn  through  a  certain  point  of  the  body  NAS 
(which  will  be  determined  afterwards),  at  right  angles 
to  NAS,  the  body  B  will  affume  the  pofition  «'B/, 
parallel  to  NAS,  but  fubcontrary*  For  if  we  fc»rcibly 
give  it  any  other  pofition  «  B  j,  it  is  plain  that  N  re- 
pels  n  and  attraas  x,  while  S  attrads  n  and  ‘repels  s. 
Thefe  four  forces  evidently  combine  to  turn  the  body 
round  its  centre,  and  cannot  balance  each  other  till  B 
aflume  the  pofition  «'  B  s',  where  n'  is  next  to  S,  and 
j'  is  next  to  N. 

Form  of  If  the  centre  of  B  have  any  other  fituation,  fuch  as 
the  eledric  B',  the  body  will  arrange  itfelf  in  fome  fuch  pofition 
men  m,  demonftrated,  that  if  B  be  infi¬ 

nitely  fmall,  fo  that  the  adion  of  the  end  of  A  on  each 
of  its  extremities  may  be  confidered  as  equal,  B  will 
arrange  itfelf  in  the  tangent  BT  of  a  curve  NB'S, 
fuch  that  if  we  draw  NB,  SB,  and  from  any  point  T 
of  the  tangent  draw  TE  parallel  to  BN,  and  TF  pa- 
,  rallel  to  B'b,  we  fhall  have  BE  to  BF,  as  the  force  of 
S  to  the  force  of  N.  This  arrangement  of  B  will  be 
Ml  more  remarkable  and  diftindl  if  N  be  an  over¬ 
charged  fphere,  and  S  an  undercharged  one,  and  both 
be  infulated.  We  mull  leave  it  to  the  reader’s  reflec¬ 
tion  to  fee  the  changes  which  will  arife  from  the  ine¬ 
quality  of  the  redundancy  and  deficiency  in  A  or  B,  or 
both,  and  proceed  to  confider  the  confequences  of  the 
mobility  of  the  eledric  fluid.  Thefe  will  remove  all  the 
difficulty  and  paradox  that  appears  in  fome  of  the  fore- 
51  going  propofitions. 

quence  body  A  (fig.  4.)  contain  redundant  fluid, 

(funda-  ^  natural  ftate,  but  let  the  fluid  in  A 

mental)  of  be  fixed,  and  that  in  B  perfedly  moveable;  it  is  evident 
tbe  redundant  fluid  in  A  will  repel  the  moveable 
fluid  in  the  toward  its  remote  extremity  «,  and  leave  it 

pores  of  bo*  he  fluid  will  be  rarefied  in  x, 

dies,  and  conflipated  in  We  need  only  confider  the  mu¬ 
tual  aftions  of  the  redundant  fluid  and  redundant  mat¬ 
ter.  It  is  plain  that  things  are  now  in  the  fituation 
deferibed  in  n^  ly.  :  A  mull  be  attra<5led  by  B,  becaufe 
I  /'  z=  m',  and  si  is  greater  than  z*.  The  attradlive 

I  force  is  T/f  X  (2;— si'). 

I  the  hypothefis  is  accommodated  to 

naiuraV  ^  phenomena  in  the  cafe  in  which  it  appeared  to  differ 
quantity, in  ^t.  Had  the  fluid  been  immoveable, 

the  natural  the  mutual  adlions  would  have  fo  balanced  each  other 
that  no  external  eflefts  would  have  appeared.  But  now 
attra(ft. greater  vicinity  of  the  redundant  matter  prevails,  A 
by  dec*  ^ttradfed  by  B,  aitd,  the  adlions  being  all  mutual,  B. 
*uficd bo-  attradfed  by  A,, and  approaches  it. 

I  We  have  fuppofed  that  the  fluid  in  A  is  immoveable; 

I  Andchange^^^^  fake  of  greater  fimplicity.  Sup-. 

*be  ftate  of  moveable.  Then,  as  foon  as  the  uniform  diftri- 

^ofe  bo-  hution  of  the-ifuid  in  B  is  changed,  and  B  becomes  un- 
and  overcharged  at  «,  there  are  forces.' 
^^faction.  the  fluid  in  A,  and  tending  to  change  its 

*  liate  of  diftrihution.  The  redundant  matter  in  S  at-. 
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tradls  the  redundant  fluid  in  A  more  than  the  more  re¬ 
mote  redundant  fluid  in  n  repels  it,  becaufe  z'  is  lefs 
than  z.  This  tends  to  conflipate  the  redundant  fluid 
of  A  in  the  nearer  parts,  and  render  N  more  redun¬ 
dant,  and  S  lefs  redundant  in  fluid  than  before.  It  is 
plain  that  this  mufl:  increafe  their  mutual  adtiou,  with¬ 
out  changing  its  nature.  It  can  be  llriclly  demon ftra- 
ted,  that  however  fmall  the  redundancy  in  A  may  be, 
it  can  never  be  rendered  deficient  in  its  remote  extre¬ 
mity  by  the  a6Iion  of  the  unequally  difpofed  fluid  in  B, 
if  the  fluid  in  B  he  no  more  nor  lefs  than  its  natural 
quantity.  It  is  alfo  plain  that  this  change  in  the  dif- 
pofition  of  the  fluid  in  A  mull  increafe  the  fimilar 
change  in  B.  It  will  be  Hill  more  rarefied  in  x,  and 
condenfed  in  n ;  and  this  will  go  on  in  both  till  all 
is  in  eqiiilibrio.  When  things  are  in  this  ftate,  a  par¬ 
ticle  of  fluid  in  B  is  in  equilibrio  by  the  combined  ac¬ 
tion  of  feveral  forces.  The  particle  B  is  propelled  to¬ 
ward  n  by  the  aflion  of  the  redundant  fluid  in  A.  But 
it  is  urged  toward  S  by  the  repulfion  of  the  redundant 
fluid  on  the  fide  of  n,  and  alfo  by  the  attradion  of  the 
redundant  matter  on  the  fide  of  x ;  and  the  repulfion  of 
the  redundant  fluid  in  A  mull  be  conceived  as  balan¬ 
cing  the  united  adlion  of  thofe  two  forces  refiding  in  B.  S3 
Hence  we  may  conclude,  that  the  denfity  of  the  fluid 
in  B  will  increafe  gradually  from  x  to  It  will  be  ex-JhTffircfd 
tremciy  difficult  to  obtain  any  more  pi*ecife  idea  of  itsdifpofitioa 
denfity  in  the  different  parts  of  B,  even  although  we o^elearic 
knew  the  law  of  adion  between  fingle  particles.  ^ 

This  mull  depend  very  much  on  the  form,  and  dimen-^^^^* 
fions  of  B;  for  any  individual  particle  fuftaius  the  fenfible 
^a^lion  of  all  the  redundant  fluid  and  redundant  matter  in 
it,  fince  we  fiippofe  it  affeded  by  the  more  remote  fluid  in 
A.  All  that  we  can  fay  of  it  in  general  is,  that  the  den¬ 
fity  in  the  vicinity  of  x  is  lefs  than  the  natural  denfity  ; 
but  in  the  vicinity  of  n  it  is  greater;  and  therefore  there 
miift  be  fome  point  between  x  and  n  where  the  fluid  will 
have  its  natural  denfity.  This  point  may  be  called  a  Neutral  . 
NEUTRAL  point.  We  do  not  mean  by  this  that  a  par-ppin^* 
tide  of  fupei  ficial  fluid  will  neither  be  attraded  nor  .re¬ 
pelled  ill  this  place.  This  will  not  always  be^tlie  cafe 
(although  it  will  never  be  greatly  otherwife)  ;  nor  will 
the  variation  of  the  denfity  in  the  different  partTof  B  be  ■ 
proportional  to  the  force  of  A  on  thofe  parts;  Some 
eminent  naturalifts  have  been  of  this  opinion  ;  and,  ha-  - 
Ving  made  experiments  in  which  it  appeared  to  be  other-  * 
wife,  they  have  rejeded  the  whole  theory,  .  But  a  little 
,;refiedion  will  convince  the  mathematician,  that  the  funi  ^ 
of  the  internal  forces  which  tend  to  urge  a  particle  of  ' 
fluid  from  its  place,  and  which  are  balanced  by  the  ac¬ 
tion  of  A,  are  not  proportional -to  the  variations  of  den¬ 
fity,  although  they  increafe  and  decreafe  together.  We 
fliall  take  the  proper  opportunity  of  explaining  thofe 
experiments  ;  and  will  alfo  confider  fome  fimple,  but 
important  cafes,  where  we  think  the  law  of  diftrihution 
of  the  fluid  afeertained  with  tolerable  precifion. 

If  we  fuppofe,  on  the  other  hand,  that  A  is  .under, 
charged,  the  redundant  matter  in  A  wfiil  attrad  the 
moveable  fluid  in  B,  and  will  abftrad  it  From  the  re¬ 
mote  extremity^  and  crowd  it  into  the  adjacent  extre¬ 
mity.  Moreover,  the  fluid  now  becoming  redundant  = 
in  the  nearer  extremity  of  B:,  wftl  ad  more  ftrongly  on 
the  moveable  fluid  in  A  than  the  more  remote  redundant 
matter  of  B;  and  thus  fluid  will  be  propelled  toward  . 
the  remote  fide  of  A,  which  wdll  become  now  under- 

chargedT 
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charged  in  its  nearer  fide,  and  lefs  undercharged  in  its 
remote  lide  than  if  B  were  taken  avv^y.  This  mull  in- 
creafe  the  inequability  of  dlflribiition  of  the  fluid  in  B, 
and  both  w  ill  be  put  farther  from  their  natural  date  ; 
hut  A  will  never  become  overcharged  in  its  remote  ex¬ 
tremity. 

Things  being  in  this  (late,  it  is  plain  that  A  and  B 
will  mutually  attract  tiach  other  in  the  fame  manner, 
and  with  the  fame  force,  as  when  A  was  as  much  over- 
54  charged  as  it  is  now  undercharged. 

Electric  at-  Thus,  then,  we  fee  how  the  attradlion  obtains,  wbe- 
mofphere  be  over  or  undercharged.  A  fadl  which  Dr 

quate^u'the  could  never  explain  to  his  own  fatisfadtion  ; 

cxplana-  nor  will  it  ever  be  explained  confidently  with  the  ac¬ 
tion  of  the  knowledged  principles  and  obferved  laws  of  mechanics 
phenome-  perfoii  who  employs  elaftic  atmofpheres  for  this 

purpofe.  It  is  indeed  a  fufiicient  objection  to  the  em¬ 
ployment  of  fuch  eledtric  or  other  atmofpheres,  that 
the  fame  extent  of  attradlion  and  repulfion  between  the 
particles  of  the  atmofphere  is  neceffary,  as  is  employed 
here  between  the  particles  of  the  fluid  rcliding  in  the 
body ;  and  therefore  they  ceafe  to  give  any  explanation, 
even  although  their  fiippofed  adtions  were  legitimately 
deduced  from  their  conllitution.  This  is  by  no  means 
the  cafe.  Tet  apy  perfon  examine  ferioufly  the  modus 
operandi  of  the  eic^ric  atmofpheres  employed  by  Lord 
Mahon  (the  only  perfon  who  has  written  mathema- 
tically  on  the  fubjedl),  and  he  will  fee  that  the  whole 
is  nothing  but  flgurative  language,  without  any  dif- 
tindf  perception  of  what  is  meant  by  thefe  atniofpberes, 
as  diftindl  from  the  fluid  moveable  in  the  conducting 
bodies,  or  any  perception  how'  the  unequal  denfity  ot 
thefe  atmofpheres  protrudes  the  fluid  along  ihe  con- 
dudtor.'  Bcfides,  it  is  well  known  that  a  condudling 
wire  becomes  pofitive  at  one  end,  and  negative  at  the 
other,  by  the  mere  vicinity  of  an  overcharged  or  under¬ 
charged  body,  and  this  in  an  iiillant,  although  it  be 
furrounded  with  fcaling-wax,  or  other  non-condudlors,to 
any  thicknefs  :  in  this  cafe  there  can  be  no  atmofpheves 
to  operate  on  the  included  fluid.  To  this  we  may  add 
Dr  F  ranklin's  judicious  experiment  of  whirling  an  elec¬ 
trified  ball  many  times  round  his  head,  with  great  ra¬ 
pidity,  by  means  of  a  filk  line,  without  any  fenfible  di¬ 
minution  of  its  eledliicity.  It  is  not  conceivable  that 
an  eleCbric  atmofphere  could  remain  attached  to  the 
ball  ;  nor  could  it  be  inftantaneoufly  formed  round  the 
ball,  in  every  point  of  its  motion,  fo  as  to  be  operative 
the  moment  he  (lopped  it  and  tried  it ;  for  this  would 
have  exhaulled  or  greatly  djininiflied  the  eledlricity  of 
the  ball);  whereas  that  fagacious  pbllofopher  affirms 
(and  any  perfon  will  find  it  true),  that  when  the  air  is 
dry,  he  did  not  obferve  the  eledricity  more  diminiflied 
than  that  of  another  ball  which  remained  all  the  while 
55  in  the  fame  place. 

Induced  Let  the  overcharged  body  A  (fig.  6.)  be  brought 
eledlricity.  ends  of  two  oblong  condu<^ors  B  and  C  in 

their  natural  (late,  and  lying  parallel  to  each  other  ;  the 
fluid  will  be  propelled  toward  their  remote  ends  N,  «, 
where  it  will  be  condenfed,  while  it  will  be  rarefied  in 
the  ends  S  and  j,  adjacent  to  A.  Both  will  be  at- 
tra£led  by  A,  and  will  attradl  it.  But  the  redundant 
fluid  in  NB  will  repel  the  redundant  fluid  in  w  C  ;  and 
the  redundant  matter  in  SB  will  repel  the  redundant 
matter  in  fC.  For  this  reafon  the  bodies  B  and  C 
v/ill  repel  each  other,  and  will  feparate;  but  SB  attradls 


n  C,  and  NB  attradls  sC  ;  and  on  this  account  th.e  ho* 
dies  fhould  approach  :  but  the  diilances  of  the  attra(^t- 
iiig  parts  being  greater  than  thofe  of  tlie  repelling  parts, 
the  repullions  mull  prevail,  and  the  bodies  muft  really 
feparate. 

It  is  equally  clear  that  the  very  fame  ferjthle  appear¬ 
ance  will  refiilt  from  bringing  an  undercharged  body 
near  the  ends  of  B  aud  C,  although  the  internal  motions 
are  jufi  the  oppolite  to  the  former. 

If  another  body  D,  eledlnficd  in  the  fame  way  with 

A,  be  brought  near  the  oppofite  ends  of  B  and  C,  it 
will  prevent  or  diminifli  the  internal  motions,  and  it 
(hould  therefore  prevent  or  dimiiiiih  the  external  efhdls. 

If  another  condu£l!ng  body  be  brought  near  to  the 
end  j  of  C  that  fronts  A,  it  will  be  atfedled  as  C  is, 
and  the  end  /  will  repel  s  ;  but  if  it  be  brought  near 
the  remote  end,  as  is  the  cafe  with  the  body  F,  it  will  i 

attradl  this  remote  end.  As  the  body  A,  containing  | 

more  or  lefs  than  its  natural  fliare  of  eledric  fluid,  af- 
fe6Is  every  other  body,  while  they  do  not  (when  out  of 
its  neighbourhood)  affedl  eaedi  other,  it  is  ufiially  faid  1 

to  be  the  electrified  body,  and  the  others  are  faid  to  be  j 

eledlrified  by  it  ;  and  fince  thefe  bodies,  when  perfect  ■  j 

conductors,  cannot  retain  their  power  of  exhibiting  elec-  1 

trical  appearances  (fee  n-^  I7*)j  it  will  be  convenient  to  ^ 

diftinguifh  this  lad  eleClrical  (late  by  a  particular  name. 

We  (hall  call  it  ELECTR.icrTY  by  position,  or  indu¬ 
ced  ELECTRICITY.  It  is  induced  by  pofition  with  re¬ 
gard  to  the  permanently  eleCtrical  body. 

We  have  fuppofed,  in  thefe  lad  propofitions,  that  Corfeqnen 
the  fluid  was  perfeClly  moveable  in  B,  and,  at  lad,  alfo,ces  of  ob. 
in  A  :  but  let  us  examine  the  confequences  of  fome 
druClion  to  this  motion.  Without  entering  into  a  mi- 
nute  enquiry  on  this  head,  we  may  date  the  obdruClion 
as  uniform,  and  fuch  that  a  certain  finall  force  is  ne- 
cedary  for  caufing  a  particle  of  fluid  to  get  through  be¬ 
tween  two  particles  of  the  common  matter,  jud  as  w'e 
conceive  to  happen  in  tenacious  bodies  of  uniform  tex¬ 
ture  (fee  n'5  18.). 

It  is  evident,  that  when  an  overcharged  body  A  (fig. 

4.  or  5.)  is  brought  near  fuch  an  imperfeCl  conduClor 

B,  the  fluid  cannot  be  fo  copioiifly  propelled  to  the  re¬ 

mote  extremity  We  may  conceive  the  date  of  dif- 
tribution  by  taking  a  condant  quantity  from  the  inten-  ' 
fities  of  the  force  of  A  at  every  point  of  B.  This  cir- 
cumdance  alone  (hews  us  that  there  will  not  be  Co  1 

unequable  a  didribution  of  the  fluid,  and  therefore  I 

there  ‘Will  not  be  fuch  a  Jlrong  atiraBion  leHveen  imperfeB  \ 

as  between  perfett  conduBors,  But  bclides  this,  we  fee 

that  an  incomparably  longer  time  mud  clapfe  before 
things  come  to  a  date  of  equilibrium.  Each  particle 
of  fluid  employs  time  to  overcome  the  obdacle  to  its 
motion,  and  it  cannot  advance  till  after  the  fucceed- 
ing  ones,  each  ed:aping  in  its  turn,  have  again  come 
up  with  the  foremod.  An  important  confequence  re-  I; 

fults  from  this.  The  neutral  point,  where  the  fluid  is  i 

of  the  natural  denfity,  will  not  be  fo  far  from  the  | 

other  body  as  it  would  have  been  without  thefe  ob-  j 

drudlions  ;  and  this  point  will  be  a  confiderable  while  [ 

of  advancing  along  the  imperfect  conduftor.  At  the 
flrd  approach  of  the  overcharged  eledric,  the  near 
extremity  of  the  imperfcdl  condudlor  becomes  a  little 
undercharged,  and  the  neutral  point  advances  from  the 
very  extremity  a  fmall  way,  the  difplaced  fluid  being 
crowded  a  little  before  it,  and  giving  way  by  degrees 

as 
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as  its  forcmofl  particles  get  pail  the  obflruflions.  The  at  one  dillance,  repelled  when  this  diilance  is  increafed, 
motion  forward  takes  place  over  a  coniiderable  extent  and  again  attracted  when  at  a  dill  greater  diflance,  &c. 
at  the  very  firft  ;  namely,  in  that  part  of  the  condudlor  See, 

where  the  propelling  power  of  the  neighbouring  eledlric  Suppofe  the  ob{lru£lion  not  to  be  coniiderable:  The 
is  juft  able  to  pufti  a  particle  over  the  obftruftion.  As  immediate  operation  of  the  neighbouring  overcharged 
the  propulfion  goes  on,  the  neutral  point  muft  gra-  body  wdll  be  the  prodiidion  of  an  undercharged  part  in 
dually  advance,  and  at  laft  reach  a  certain  diftance,  de-  the  adjoiniing  extremity,  an  overcharged  part  bejond 
termined  by  the  degree  of  the  obftrudion.  It  is  plain,  this,  an  undercharged  portion  farther  on.  See.  In  a 
that  the  final  accumulation  at  the  remote  end  of  the  little  while  thefe  wall  fiiift  along  the  condudlor;  one  af- 
imperfedt  condudtor  will  be  lefs  than  in  a  perfefl  con-  ter  another  wdll  difappear  at  the  farther  end,  and  the 
dudlor,  and  the  neutral  point  will  be  nearer  to  the  other  body  will  have  at  laft  but  one  neutral  point.  A  greater 
end.  obllruaion  wdll  leave  the  body,  finally,  with  more  than 

There  is  another  remarkable  confequence  of  the  ob-  one  neutral  point,  and  their  ultimate  number  will  be 
ftrudlion.  It  muft  alw^ays  happen  that,  at  the  beginning  greater  in  proportion  as  the  obftrudion  to  the  fluid’s 
of  the  adtion,  the  greateft  conftipation  will  not  be  to-  motion  is  fuppofed  greater, 
wards  the  remote  extremity,  but  in  a  place  much  nearer  Now',  let  the  overcharged  body,  the  caufe  of  this  un-  Induced  c* 
to  the  difturbing  caufe.  Beyond  this,  the  conftipation  equal  diftribution,  be  removed.  We  have  feen,  n  '  iv.iedndty, 
will  diminiih.  As  time  elapfes  during  this  operation,  that  v/hen  a  body  contains  its  natural  quantity  of  fluid, 
this  conftipated  fluid  ads  on  the  fluid  btyoiid  it  by  re.  but  unequally  diftributed,  there  is  a  force  a  *  iiig 
pulfion,  and  may  do  this  with  fuflicient  force  to  dif-  every  particle,  and  tending  to  reftore  the  original  t qua- 
place  fome  of  it,  and  render  a  part  of  the  impel  fedl  ble  diftribution  ;  and  that  fuch  a  force  remains  as  long 
condudor  deficient,  with  a  fmall  conftipation  beyond  as  there  is  any  inequality  in  this  refped,  if,  therefore, 
it.  This  may,  in  like  manner,  produce  a  rarefaction  there  be  no  obftrudion,  the  uniform  diftributicn  will 
farther  on,  follow’ed  by  another  condenfation  ;  and  this  take  place  immediately  ;  for  it  is  well  known,  that  the 
may  be  frequently  repeated  when  the  obftiudioii  is  very  fpeed  with  which  eledricity  is  propagated  is  iminenfe. 
great,  and  the  repullion  of  the  overcharged  body  very  The  elafticity,  or  the  attractive  and  repulfive  forces, 
great  alfo.  This  can  be  Ilridly  demonftrated  in  fome  muft  be  very  great  indeed  w'hen  compared  with  anv 
very  fimple  cafes,  but  the  demonftration  is  very  tedious;  that  we  know,  except,  perhaps,  the  force  which  impels 
As  the  refiilt,  however,  is  of  the  firft  importance  in  the  the  particles  of  light.  The  elcdricity,  therefore,  of  a 
theory  of  eledrlcity,  and  ferves  to  explain  fome  of  the  perfed  condudlor,  that  is,  its  power  of  ading  on  other 
moft  abltrufe  phenomena,  w'e  wifh  the  reader  to  have  bodies  in  the  fame  way  that  an  original  eledric  ads  on 
fome  ftronger  ground  of  confidence  than  the  above  bare  them,  muft  be  quite  momentary,  and  ceafe  as  foon  as 
aflertion.  He  may  obferve  fimilar  effeds  of  caufes  pre-  the  inducing  caule  is  removed.  The  conductor  is  elec- 
cifely  fimilar.  If  w'e  dip  the  end  of  a  flat  ruler  into  trical  merely  in  coiifequeiice  of  its  pofitioii.  Hence 
water,  and  if,  after  allowing  the  water  to  become  per-  the  propriety  of  our  denominations.  Nothing  material 
fedly  ftill,  we  move  the  ruler  gently  along  in  a  direc-  is  fuppofed  in  this  theory  to  be  communicated  from  the 
tion  perpendicular  to  the  face,  we  fliall  obferve  a  fingle  overcharged  body  ;  Nay,  this  theory  teaches,  that  the 
wave  heap  up  before  the  ruler,  and  keep  before  it,  all  fenfible  eledrlcity  of  the  overcharged  body  is  auo-nient- 
the  reft  of  the  w'ater  before  it  remaining  ftill ;  but  if  cd  in  fome  relpeCts  ;  for  it  becomes  more  overcharged 
we  do  the  fame  thing  in  a  veflel  of  clammy  fluid,  efpe-  in  the  part  neareft  to  the  condudlor.  Indeed  it  be- 
cially  if  the  clammy  part  is  fwimmirrg  on  the  furface  of  comes  lefs  overcharged  on  the  other  end,  and  will  adl 
a  more  perfect  fluid,  like  a  cream,  we  (hall  obferve  a  fe-  lefs  forcibly  on  that  fide  than  if  the  Conductor  were  a* 
ries  of  fuch  waves  to  curl  up  before  the  ruler,  and  form  way.  It  may  be  remarked  here  (it  (hould  have  been 
before  it  in  fuccefilon  ;  and  if  we  have  prevloufly  fpotted  mentioned  in  5  .)  that  when  F  is  prefented  in  the 
the  furface  of  the  cream,  we  (hall  fee  that  it  is  not  the  manner  (hewn  in  fig.  6.  the  body  B  becomes  more 
fame  individual  waves  that  are  pufhed  before  the  ruler,  ftrongly  overcharged  at  the  end  leiiiote  from  A,  and 
but  that  they  are  fucceffively  formed  out  of  different  more  ftrongly  undercharged  at  the  end  next  to  A,  than 
parts  of  the  furface,  and  that  the  particles  which,  at  when  F  is  away.  The  contrary  may  happen,  by  pre- 
one  time,  form  the  fummit  of  a  wave,  are,  immediately  fenting  a  body  in  the  manner  of  E.  We  wi(h  thefe 
after,  at  the  bottom,  8cc,  In  like  manner,  when  a  can-  particulars  to  be  kept  in  mind.  In  the  mean  time,  all 
non  is  fired  in  clear  air,  at  no  great  diftance,  we  hear  a  thefe  circumftances  arc  necelTary  confequences  of  the 
fingle  fnap  ;  but,  in  a  thick  fog,  we  hear  the  fnap  both  fuppofition,  that  nothing  is  communicated  from  A  to 
preceded  and  followed  by  a  quivering  noife,  refembliog  B  or  C.  The  cleftricity  induced  on  perfed  conduc- 
the  ridhing  of  a  fluttering  wind,  which  lads  perhaps  tors  is  momentary,  requiring  the  continual  prefence  of 
half  a  fecond.  A  (light  refledlon  on  thefe  fads  will  (liew  a  body  that  is  eledrified  in  fome  v/ay  or  other, 
that  they  are  nccelTary  refults  of  the  mechanical  laws  of  But  the  cafe  is  quite  otherwife  in  imperfed  conduc- 
fuch  obftrudion.  tors.  When  the  overcharged,  or  otherwife  eledrical 

The  confequence  of  this  mode  of  adion  muft  be,  body  A  is  removed,  the  forces  which  tend  to  reftore 
that  an  imperfed  condudor  may  have  more  than  one  the  uniform  diftribution  of  the  fluid  immediately  ope- 
neutral  point,  and  more  than  one  overcharged  and  rate,  and  muft  reftore  it  in  part.  They  cannot,  how- 
undercharged  portion,  fo  that  its  adion  on  diftant  bo-  ever,  do  it  completely  :  For  when  the  force  which  ur- 
dies  may  be  extremely  various.  The  formula  of  n®  28.  ges  any  particle  from  an  overcharged  to  an  underchar- 
was  accommodated  to  this  cafe,  and  will  be  found  to  ged  part,  is  juft  in  equilibrio  with  the  obftrudion  it 
have  very  curious  refults.  Another  body  may  be  pla-  will  remain,  juft  as  a  number  of  grains  of  fmall  (hot  may 
ced  in  the  diredion  of  the  axis,  and  will  be  attraded  lie,  uniformly,  mixed  with  a  mafs  of  clammy  fluid  or 
SuppL.  VoL.  I,  Part  II.  4  C  as 
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as  fucli  fluids  retain  lieavy  mud,  In  a  ftate  of  equable 
Cl  iiieqnalfle  difrufion.  If  tKe  refiftaiice  arife  merely 
from  the.  inertia  of  the  tangible  matter,  there  is  no  force 
fofmallbutit  will  in  time  rcflore  the  uniform  diitn- 
biition.  But  this  cannot  be  the  cafe  in  folid  bodip. 
Their  particles  exert  lateral  forces,  by  which  they  main¬ 
tain  themfelves  in  particular  fituations  :  thefe  muft  be 
overcome  hj  fuperior  forces. 

We  fhouid  therefore  exped,  that  imperfeft  conduc¬ 
tors  will  retain  part  of  their  inequable  conftitution  ; 
and,  in  confeqtience  of  this,  their  power  of  affeaing  other 
bodies  like  elearics ;  that  is,  their  Electricity. 
For  we  miift  obferve  (having  negleaed  to  do  it  in  the 
beo-Inning),  that  the  term  ele^ruity  is  as  often  ufed  to 
exprefs  this  power  of  producing  elearical  phenomena 
as  it  is  ufed  for  exprefling  a  iubftance  iuppofed  to  be 
the  original  caufe  of  all  thefe  appearances.  It  is  necef- 
fary  to  keep  this  diflinaion  in  mind  ;  becaufe  there  are 
many  phenomena  which  clearly  indicate  the  transfe¬ 
rence  of  this  caufe,  and  they  muft  not  be  confound¬ 
ed  with  others,  where  the  exhibition  of  ekarm  pheno¬ 
mena  is  evidently  propagated  to  a  diflance.  \\^e  muft 
not  always  fuppofe,  that  when  the  ekaric  appearances 
are  exhibited  in  an  inilant  at  the  far  end  of  a  wire 
44  miles  long,  the  fame  numerical  particles  of  the  elec¬ 
tric  fluid  have  moved  over  this  fpace.  We  muft  diftin- 
guifh  thofe  cafes  where  this  muft  be  granted  from  thofe 
in  which  it  certainly  has  not  happened.  Of  thefe  there 
FQ  are  innumerable  inftances. 

Imperfea  We  have  now  to  obferve,  that  by  this  theory  the 
condudors  fmgk  circumftance  of  perfea  and  imperfea  condiiaing 
Bre  fufhcient  for  eftablifiiing  the  yvhok  difference 

a/aricT  between  idio-ekarics  and  non-ekaWes.  The  idio- 
ekarics  are  fiifceptible  of  excitation  in  various  ways, 
and  retain  their  eledricity  ;  and  this  may  be  done  hi 
any  part  of  them  without  affeaing  the  reft  in  any  re¬ 
markable  degree.  This  cannot  be  done  in  perfea  coii- 
duaors,  plainly  hecavfe  they  are  perfeU  condutiors.  Any 
inequality  of  diftribution  of  the  ekaric  fluid,  which  is 
all  that  Is  neceffary  for  rendering  them  ekaric,  is  im¬ 
mediately  deftroyed  by  Its  uniform  diffufion.  V/e  can 
have  no  dired  proof  of  their  incapability  of  excitation  ; 
but  if  they  can  be  excited,  they  cannot  fhew  it.  We 
doubt,  however,  their  excitability  ;  becaufe  the  appear¬ 
ances  in  the  excitation  of  ekarics  feem  to  indicate,  that 
oppofite  dates  of  two  bodies  are  neceffary  previous  to 
the  appearance  of  ekaricity.  This  Is  impofiible  in  per¬ 
fea  conduaors.  By  this  theory,  therefore,  peifea 
conduaors  are  ncceffarlly  non-ekarics ;  and  non-con- 
duaors  are  neceffarily  (if  excitable)  idio-ekarip. 

With  refpea  to  the  particular  phenomena  which  may 
be  expeaed  on  the  removal  of  the  original  ekaric  *,  it 
may  juft  be  remarked,  that  the  ekdric  appearances  of 
the  Imperfea  conduaor  will  go  oft  in  the  contrary  or¬ 
der  to  that  of  their  incllcation.  The  accumulation  and 
deficiency  will  diminifh.  gradually,  and  the  neutral  point 
or  points  will  gradually  approach  the  end  which  had 
fronted  the  original  ekaric.  The  imperfea  conduaor 
will  be  finally  left  with  one  or  more  neutral  polnl^s,  ac¬ 
cording  to  the  magnitude  of  the  obftruaions,  and  the 
force  which  had  been  employed  in  its  ekdrifleation  : 
And  their  final  ftate  will  be  fo  much  the  more  Inequa¬ 
ble,  and  confequently  they  will  retain  fo  much  the 
greater  ekaric  powers,  as  they  are  lefs  perfea  conduc¬ 
tors. 


R  I  C  I  T  Y. 


The  laft  obfervation  which  we  lhall  make  on  thi^  60 
head  at  prefent  is,  that  whether  ekarified  by  indue- 
tion,  or  by  frialon,  or  moft  other  modes  of  excitation, 
the  elearification  will  be  nearly  fiiperficial  in  bodies  ally  fo. 
which  condiia  very  imperfcaiy  ;  and  bodies  which  are 
altogether  impervious  (if  there  be  arty  fuch)  muft  have 
the  accumulation  or  deficiency  altogether  at  their  fur- 
face.  If  a  glafs  globe  be  fuch’ a  body,  it  will  hardly  be 
pofiibk  to  ekarify  it  to  any  depth;  and  all  that  we  can 
expea  is  alternate  ftrata  of  overcharged  and  underchar¬ 
ged  glafs.  If  thefe  ft  rata  are  once  Formed,  they  tend  great¬ 
ly  to  make  the  body  retain  its  fuperfidal  ekaricity.  A 
fuperficial  ftratum  of  redundant  fluid,  tending,  by  the 
mutual  repulfion  of  its  particles,  to  efcape,  is  retained  by 
the  ftratum  of  redundant  matter  immediately  below  it  ^ 

And  the  almoft  infuperable  obftruaion  prevents  the 
fluid  of  the  ftratum  beyond  this  from  coming  up  to  flip- 
ply  the  vacancy.  If  wc  can  fall  on  any  contrivance  to 
produce  fuch  deficient  ftrata  within  the  glafs,  we  fhail 
make  it  much  more  retentive  and  capable  of  holding 
fall  a  much  greater  quantity.  We  have  already  men¬ 
tioned  fomething  of  this  hi  14.  and  we  recommend 
the  cafe  to  the  attentive  confideration  of  the  reader, 

6r 

Thus  have  we  given  a  fl<etch  of  the  leading  doflrlnesCompan- 
of  this  elegant  theory  of  Mr  jEpinuS,  all 
deduced  from  the  circumftances  aflumed  in  the  hypo-^^pg^-^ 
tbefis  concerning  the  mechanical  properties  of  that  liib-ment. 
ftance  which  he  calls  the  ekaric  fluid.  Let  us  now  fee 
with  what  fuccefs  this  hypothefis  may  be  applied  to  ac¬ 
count  For  the  phenomena.  It  would  have  been  more 
philofophical  to  have  arranged  the  phenomena,  and 
from  the  comparifon  to  have  deduced  the  hypothefis. 

But  this  would  have  required  much  more  room  than 
can  be  afforded  in  a  Work  like  ours. 

We  prefume,  that  many  of  our  readers,  namely,  all 
fuch  as  are  already  converfant  with  ckdrical  phenome¬ 
na  and  with  electric  experiments,  have  feen,  as  we  went 
along,  the  perfect  agreement  of  the  hypothefis  with  the 
various  phenomena  of  attra6lion  and  repulfion,  and  all 
thofe  which  are  ufually  clalTed  under  the  name  of  elec¬ 
tric  atmofpheres  :  and  we  are  confident,  that  when  they 
compare  the  confequeiices  that  fhouid  neceffarily  refult 
from  fuch  a  fluid  with  the  legitimate  coiifequences  of 
the  mechanical  a(EtIon  of  elaftic  atmofpheres,  they  will 
acknowledge  the  great  fuperiority  of  this  hypothefis  in 
point  of  fimpllcity,  perfpicuity,  and  analogy  with  o- 
ther  general  operations  pf  nature.  To  fuch  readers  it 
would  not  be  neceffary  to  ftate  any  farther  comparifon  ; 
but  there  are  many  who  have  not  yet  formed  any  dif- 
Xmdi  fyjlematic  view  of  the  appearances  called  eledrical. 

We  do  not  know  any  v/ay  of  giving  fuch  a  view  of 
them  as  by  means  of  this  hypothefis  ;  and  we  may  ven¬ 
ture  to  fay,  that  It  will  enable  the  ftudent  of  Nature  to 
clafs  them  all,  with  hardly  a  fingle  exception.  After 
which,  the  hypothe/is  may  be  thrown  afide  by  the  Faf- 
tldioiis  pliilofopher  ;  and  the  ufeful  claflification,  and  ge¬ 
neral  laws  of  the  eledric  phenomena,  will  remain  ready 
foundations  for  a  more  perfect  theory.  For  the  fake 
of  fuch  readers,  therefore,  we  fhall  take  a  fhort  review 
of  thofe  general  appearances  which  are  accompanied  by 
attrafllons  and  repulfioiis,  and  compare  them  with  this 
^pinian  theory. 

We  fhall  not  at  prefent  coiifider  the  various  modes  of 

excitation,  although  this  theory  alfo  affords  much  in- 

inn 
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^ru^lion  on  tlie  fubje6l,  but  confine  ourfelves  entirely 
to  the  fads  which  are  moll  immediately  dependent  on 
it,  and  fhould  be  employed  to  fupport  or  overturn  it  ; 
and  we  fliall  fuppofe  the  reader  acquainted  with  mofl: 
parts  of  the  common  apparatus  ;  fiich  as  eledrometers, 
iiifiiiation,  &c.  We  alfo  prefuine  that  he  knows,  that 
when  a  fmall  pith-ball  has  been  eledlrified  by  touch¬ 
ing  a  piece  of  glafs  which  has  been  excited  by  rubbing 
v/ith  dry  flannel,  it  will  repel  another  body  fo  eledrifl. 
ed  j  -and  that  balls,  which  have  received  their  eledricity 
in  this  manner  from  fealing-wax  excited  by  the  fame 
rubber,  alfo  repel  each  other ;  but  that  balls,  thus  elec¬ 
trified  by  glafs,  attrad  thofe  wdiich  arc  eledrified  by 
fealing-wax. 

The  following  fiinple  apparatus  will  ferve  for  all  the 
experiments  which  are  neceffary  for  eftablifliing  the  the- 

Apjjaratus  I.  Two  /lender  glafs  rods  A  (fig.  8.),  having  a 
recelTary  brafs  ball  B  at  the  end,  about  a  quarter  of  an  inch  in 
[rmpad-  fufpending  a  very  fmall  and  delicate  pith-ball 

eledrometer  C. 

2.  Some  eledrometers  (fig.  9.),  confifting  of  two 
pieces  of  rufh  pith,  about  four  inches  long,  nicely  fuf- 
pended,  and  hanging  parallel,  and  almoil  in  contad 
with  each  other.  It  is  proper,  to  have  them  as  fmooth  as 
poffible,  and  neatly  rounded  at  the  ends,  to  prevent  un- 
neceffary  diffipation. 

3.  Some  pith-ball  eledrometers  (fig.  10.),  whofe 
threads  are  of  filk,  about  four  inches  long,  and  fome 
with  flaxen  threads  moiftened  with  a  folution  of  fome 
deliquefeent  fait,  that  they  may  be  always  in  a  good 
conduding  flate. 

4.  Several  brafs  condudors  (fig.  11.),  each  fupport  ed 
on  an  infulating  ftalk  and  foot.  They  fhould  be  about 
an  inch  and  half  or  two  inches  long,  and  about  three - 
fourths  of  an  inch  in  diameter,  with  round  ends,  and 
well  polifhed,  to  prevent  all  difiipation.  The  foot  mud 
be  fo  narrow  as  to  allow  them  to  touch  each  other  at 
the  ends. 

5.  Two  balls  (fig.  12.),  one  of  glafs,  and  the  other 
of  glafs  coated  with  fealing-wax,  each  furnifiied  with 
an  infulating  handle,  the  other  end  of  which  may  be 
occafionally  ftuck  into  a  foot,  or  into  the  fide  of  a 
block  of  wood,  w^hich  can  be  flid  up  or  down  on  a 
wooden  pillar,  and  fixed  at  any  height.  Thefe  balls 
Ihould  be  about  three  inches  in  diameter.  They  mufk 
be  excited  by  rubbing  with  dry  warm  flannel. 

6^  Some  little  pieces  of  gilt  card  (fig.  13.),  about 
two  inches  long,  half  an  inch  broad,  and  rounded  at  the 
ends,  and  made  as  fmooth  as  poffible.  Each  muft  have 
a  dimple  ilruck  in  the  middle  with  a  polifhed  blunt 
point,  fo  that  it  will  traverfe  freely  like  a  mariner’s 
needle  when  fet  on  a.  glafs  point,  rounded  in  the  flame 
-of  a  lamp.  More  artificial  needles  may  be  made  of  fome 
light  wood,  having  fmall  cork  balls  at  the  ends,  all  gilt 
and  poliflied,  and  turning,  in  like  manner,  on  glafs 
flalks  ;  alfo  fome  fimilar  needles  made  of  fealing-wax, 
one  end  of  each  being  black,  and  the  other  red. 

The  mechanical  phenomena  of  eledlricity  may  be  ex- 
prelfed  in  a  few  fimple  proppfitions.  The  mofl  general 
fa£l  that  we  know,  and  from  which  all  the  refl  may  be 
deduced,  is  the  following  :  , 

If  any  body  A  is  electrified,  by  any  means  whatever, 
and  if  another  body  J3  is.  brought  into  its  neighbour¬ 
hood,  the  laft  becomes  eledrical  by  pofition. 


Set  the  brafs  condinflors  in  a  vow,  touching  fach  ^3 
other,  as  reprefented  in  fig.  ir.  by  A,  B,  C  ;  and  let  neutral 
pith-ball  electrometer,  having  filk  threads,  be  fet  near^j!^^^ 
one  end  of  the  conductors.  Excite  one  of  the  globes,  c^ufe  ren- 
by  rubbing  it  with  dry  flannel.  When  this  is  brought  fiet-eJ  elec- 
near  the  end  of  the  conductor,  the  pith-ball  will  ap- 
proach  the  other  end.  But  the  globe  muff  not  be^^^ 
brought  fo  near  as  to  caufe  the  pith-ball  to  ftrike  a- 
gainil  the  other  end.  On  removing  the  globe,  the  pith- 
ball  will  move  oft  and  hang  perpendicularly.  The  fame 
effeCt  is  produced  by  both  globes. 

Thus  the  mer^  vicinity  of  the  eleClric  renders  the 
conductor  eleCtric,  and  the  eleCtricity  ceafes  on  remo¬ 
ving  the  globe.  This  is  perfectly  conformable  to  the 
theory,  whether  we  fuppofe  the  fluid  to  be  made  re¬ 
dundant  or  deficient  at  the  remote  end  of  the  conduc¬ 
tor.  If  one  fhould  aferibe  the  approach  of  the  pith- 
ball  to  the  immediate  aCtioii  of  the  globe,  it  is  fuflicieiit 
to  obferve,  that  if  the  ball  be  fiifpended  near  the /Id^  of 
the  conductor,  it  will  approach  the  conductor,  fir  m  ing 
that  it  is  affected  by  the  conductor,  and  not  bv  the 
globe. 

Let  the  globe  he  held  In  the  pofitlon  D  (fig  12 
about  fix  inches  from  the  condudor,  and  a  little  above , 
the  line  of  its  axis.  Take  the  glafs  rod  (fig.  8  ),  a'-^d 

bring  its  knob  into  contaCt  with  the  under  fide  of  theuliy, . 

remote  end^^  of  the  conduCto;*.  The  balls  of  the  elec¬ 
trometer  will  feparate,  fhewlng  that  they  are  eledrified 
in  the  fame  manner,  and  repel  each  other.  Slide  the 
brafs  knob  along  the  under  fide  of  the  coiuluClors,  quite 
to  the  end  a.  The  balls  will  gradually  collapfe  as"  the 
knob  approaches  a  point  near  the  middle  of  the  conduc¬ 
tors,  where  they  will  hang  parallel.  Faffing  this  point, 
they  will  again  feparate,  and  mofl  of  all  when  the  knob 
is  at  ^7.  In  this  fituation  they  will  deviate  toward  the 
globe,  and  will  be  direCled  flraigKt  toward  it,  if  it  be 
held  too  near,  or  in  the  dirCClion  of  the  axis.  This 
would  difturb  the  experiment,  and  mufl  be  avoided. 

Thefe  phenomena  are  conformable  to  the  acCoUnt  giyen 
of  the  difpofition  of  the  fluid  in  the  conduClor.  The 
cleClrometer  may  be  coiifidered  as  making  a  part  of  the 
condiiClor  ;  and  when  its  threads  hang  parallel,  it  is  in 
its  natural  flate,  having  its  fluid  of  its  natural  denfity. 

Thi-s,  however,  cannot  be  flriClly  true,  accordino'  to 
the  theory  ;  becaufe  the  balls  of  the  eledrometer  nnifl 
be  confidered  as  more  remote  from  the  eledric,  and 
their  eledrical  flate  mufl  correfpond  to  a  point  of  the 
coiidudor  more  remote  than  that  where  the  knob  of 
the  eledrometer  touches  it.  This  will  be  more  remark¬ 
ably  the  cafe  as  the  threads  are  longer  Accordino-ly, 
an  eledrometer  with  very  long  threads  will  never  col- 
lapfe.  The  place  of  the  neutral  point  cannot  be  accu¬ 
rately  afeertained  in  this  way.  ^  Lord  Mahon  imagined  Lord  Mi- 
that  its  fituation  B  was  determined  (in  his  experiments 
with  a  long  condudorl'to  be  fuch,  that  Dc  was  bar- 
monically  divided  in  B  and  ^  ;  and  lie  finds  this  to 
agreeable  to  the  refult  of  an  elcdric  atmofphere  whofe  warranted 
denfity  is  iiiverfely  proportional  to  the  fquare  of  the  dif-  ^>' 
tance*  But  we  cannot  deduce  this  from  his  narration 
of  the  experinicnt.  He  gives  no  reafoii  for  his  felec- 
tion  of  the  point  D,  nor  tells  us  the  form  and  dimen- 
fions  of  the  eledric  employed,  nor  takes  into  account 
the  adion  of  the  fluid  in  the  long  condudor.  It  is 
evident  that  no  computation  can  be  inftituted,  even  on 
his  Lordfliip’s  principles,  till  all  this  be  done.  We  liave 
4^2  alwavs 
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always  found  that  the  neutral  point  was  farther  from 
the  elearic,  in  proportion  as  the  conauaor  was 
and  when  the  eledricity  was  ftronger ;  and  that  the  d it. 
ferences  in  this  refpea  were  fo  very  confiderable,  that 
no  dependence  could  be  had  on  this  experiment  for  de- 
termininjr  the  law  of  aaion.  It  (hould  be  fo,  both  ac¬ 
cording  to  Lord  Mahon’s  and  Mr /Zpinus’s  theory. 
But  to  proceed  with  our  examination  ; 

Having  touched  the  end  c  of  the  conduaor  with  the 
knob  of  the  elearometer,  bring  it  away.  The.  bahs 
will  continue  to  repel  each  other,  and  they  are  attraa- 
ed  by  any  body  that  is  in  its  natural  (late.  1  ouch  the 
fame  end  with  the  knob  of  the  other  elearometer,  and 
bring  it  alfo  away  ;  the  balls  of  the  two  eh  arome- 
ters  will  be  found  to  repel  each  other  ;  but  if  one  has 
touched  the  conduaor  at  c,  and  the  other  has  touched 
it  at  a,  the  elearometers  will  ftrongly  attraa  each  o- 
ther.  All  this  is  quite  conformable  to  the  theory.  If 
the  fluid  has  been  compreffed  at  c,  and  therefore  the 
balls  of  that  elearometer  are  overcharged,  they  muft 
repel  each  other,  and  repel  any  other  body  ekarificd 
in  the  fame  way.  They  mull  attraa  and  be  attraaed 
by  any  natural  body.  But  the  balls  of  the  other  elec¬ 
trometer  having  touched  the  conduaor  at  n,  muft  be 
undercharged,  and  the  redundant  fluid  of  the  one  muft 
attraa  the  redundant  matter  of  the  other. 

If  the  conduaor  has  Hen  ekarificd  by  the  vicinity 
of  excited  glafs,  the  eledrometer  which  touched  it  in 
the  remote  end  c,  will  be  repelled  by  a  piece  of  ex¬ 
cited  glafs,  but  attraaed  by  excited  feahng  wax.  1  he 
elearometer  which  touched  the  conduaor  in  a  will  be 
attraaed  by  excited  glafs,  and  repelled  by  excited  feal- 
ing-wax.  The  contrary  will  be  obferved  if  the  conduc- 
tor  has  had  its  eledlricity  induced  on  it  by  the  vicinity 
of  the  globe  covered  with  fealing-wax.  This  is  a  com¬ 
plete  proof  that  Mr  Dufuy’s  doarine  of  vitreous  and 
refinous  ekaricity  is  unfounded.  _  Both  kinds  of  elec¬ 
tricity  are  produced  in  a  condudting  body,  without  any 
material  communication,  by  mere  juxta  pofition  to  a 
body  polfefted  of  either  the  vitreous  or  the  refinous  elec- 

tricitv.  1  •  1  >  • 

Vv^e  have  not  yet  mentioned  any  reafons  \vnich  in¬ 
dicate  which  end  of  the  condu61or  is  electiical  by  the 
redundancy  of  ekaric  fluid,  nor  is  the  reader  prepared 
for  feeing  their  force.  It  is  generally  believed  that  the 
remote  end  of  a  conduaor  which  is  ekarlfied  by  glafs, 
excited  by  rubbing  it  with  flannel  or  amalgamated  lea¬ 
ther,  is  ckarical  by  redundancy.  No  difference  has 
been  obferved  in  the  attraaions  and  repulfions.  But 
there  are  other  marks  of  diftinaion  which  are  conftant, 
and  undoubtedly  arife  from  a  difference  in  the  mode  of 
aaion  of  thofe  of  mechanical  forces.  If,^  while  the  ex¬ 
cited  glafs  globe  remains  at  D,  a  glafs  mirror,  foiled  as 
ufual  with  un-leaf,  be  m^de  to  touch  the  remote  end  of 
the  conduaor,  and  flowly  drawn  tranfverfely,  fo  that 
the  conduaor  draws  a  line  as  it  were  acrofs  it — this 
mirror  being  laid  down  with  the  foiled  fide  undermoft, 
the  dull,  which  fettles  on  it  ia  the  courfe  of  a  day  or 
two,  will  be  chiefly  colkaed  along  this  line,  fomewhat 
in  the  form  of  the  fibres  of  a  feather.  But  if  the  con- 
(duaor  was  rendered  ekarical  by  the  globe  covered 
with  fealing-wax,  the  dufl  will  be  colkaed  along  this 
line  in  little  fpots  like  a  row  of  beads.  The  appear¬ 
ances  will  be  reverfed  if  the  mirror  has  been  paflTed  acrofs 
the  end  of  the  condudor  which  is  neareft  to  the  excited 
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ekaric.  In  fliort,  in  whatever  way  the  drawing  point 
has  been  ekarified,  if  it  repel  a  ball  which  has  touched 
excited  glafs,  the  line  wull  be  feathered  ;  but  if  it  at- 
traa  fuch  a  ball,  the  line  will  he  fpotted.  There  are 
n.any  ways  of  making  this  appearance  much  more  ve- 
niarkabk  (fee  Electricity,  llncycl.  Sea.  viii.n'^  48.) 
than  this  ;  but  we  have  mentioned  it  on  this  occafion, 
becaiik  the  circumllances  which  occafion  the  diiTerence, 
whatever  it  is,  are  the  moil  fimpk  poflibk.  Nothing 
is  communicated  ;  and  therefore  the  effea  mull  arile 
from  the  unnatural  ftate  of  a  fnbftance  or  power  refi- 
dlng  in  the  body.  If  it  be  a  fnbftance  Jui  generis^  the 
ekaric  aaion  muft  arife  from  a  different  diftribution  of 
this  fubftance  ;  from  a  redundancy  and  deficiency  of  it 
in  the  different  portions  of  the  condudor.  Without 
pretending  as  yet  to  fay  wdiich  is  redundant,  we  lhall 
fuppofe,  with  Dr  Franklin,  that  the  elcaricity  of  ex- 
cited  glafs  is  fo  j  and  we  fhall  ufe  the  words  redundant 
and  pojitive  to  diftiuguifh  this  ekaricity  from  the  other. 

This  is  merely  that  we  may,  on  many  occufions,  con- 
fiderably  abbreviate  language. 

The  different  elearical  ftates  of  the  different  por¬ 
tions  of  the  conduaor  may  be  feen  in  another  way, 
which  Is  perhaps  more  fimple  and  unexceptionable  thaa 
that  already  narrated.  While  the  globe  remains  at  D, 
take  the  two  extreme  pieces  A  and  C  afide  ;  or,  if  on¬ 
ly  two  pieces  have  been  ukd,  draw  the  remote  piece 
farther  away.  Now  remove  the  excited  globe.  \Vheii 
we  examine  A  feparately,  we  (hall  find  it  wholly  nega¬ 
tive,  or  undercharged,  ftrongly  repelling  a  ball  elediri- 
fied  by  fealing-wax,  and  attraaing  a  ball  ekarlfied  by 
glafs.  The  other  piece  C  exhibits  pofuive  ekaricity, 
attraaing  and  repelling  what  A  repelled  and  attraaed. 

If  only  tliree  pieces  of  the  conduaor  have  been  employ¬ 
ed,  the  middle  piece  B  is  generally  pofitive ;  but  this 

in  a  very  faint  degree.  ...  m  r 

If  all  the  pieces  be  again  joined,  they  are  void  ot 
ekaricity.  If,  inilead  of  fuch  condudors,  a  row  of 
metal  balls,  fufpended  by  filk  lines,  are  employed,  one 
of  them  may  generally  be  found  without  any  fenfibk 
ekaricity,  when  feparated  from  the  reft,  having  been 
the  neutral  jiart  of  the  row  while  united. 

Tliefe  very  fimple  faas  fiiew,  as  completely  as  can 
be  wiihed,  that  if  the  ekaric  phenomena  depend  on  a 
fluid  moveable  in  the  pores  of  the  body,  the  conftitu- 
tioii  given  it  by  Mr  A'^pinus  is  adequate  to  the  explana- 
tion.  We  may  now  venture  to  affert,  that  every  other 
phenomenon  of  attvaaion  and  repulfion  will  be  found 
in  exaa  conformity  with  the  legitimate  confequtnces  of 
this  conftitiition  of  the  ekaric  fluid.  ^  ^>5 

That  nothing  is  communicated  from  the  ekanc 
appear  flill  more  forcibly  by  the  following  experiment  ‘-eiearicity 
Let  a  conduaor  be  rendered  ekarical  in  the  way  now  nothing  is 
deferibed,  and  touch  either  extremity  of  it  vvitli 
little  elearometer,  and  obkrve  attentively  the  Aivergen- 
cy  of  its  threads.  Now  approach  its  remote  cxtremi*  j 
ty  with  another  conduaing  body,  fuch  as  a  fingk  piece  excited, 
of  thofe  conduaors,  it  will  be  rendered  ekarical  ;  as 
may  be  difeovered  by  a  delicate  elearometer.  Obferve 
carefully  wdietlier  the  elearometer  in  contaa  with  the 
firft  conduaor  be  affeaed  it  will  generally  be  found 
to  fpread  its  threads  wider.  It  will  certainly  be  thus 
affe6Ied  if  the  other  conduaor  be  very  long  and  bulky, 
or  touched  by  the  hand  ;  or  if,  inftead  of  this  fecond 
conduaor,  we  approach  the  firft  with  the  extended 
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palci  of  tlid  liaiitl.  Ai  the  kcond  condiKStor  was  ren¬ 
dered  elcdlrical,  fo,  undoubtedly,  is  the  band  alfo  :  and 
its  eledtrihcation  has  not  deprived  the  firll  coadador 
of  any  of  its  electric  power,  but,  on  the  contrary,  has 
increafed  it.  And  this  augmentation  of  its  power  is 
equally  fenfihle  at  both  ends  :  For  an  eledrometer  at 
the  other  end  will  alfo  diverge  more  when  the  Laud  is 
brought  near  the  remote  tiul.  This  theory  oiplaius 
this  in  the  moil  fatisFaviuny  manner.  I'he  firil  coiiduc- 
tor  renders  the  fecond  cledric,  by  propelling  its  huid 
to  a 'greater  dillance.  The  fccond  condudlor  now  afts 
on  the  fiiiid  that  is  moveable  in  the  tirfl,  and  caufes 
a  greater  accumulation  in  its  end  which  is  farthell  from 
the  eledlric  ;  that  is,  renders  it  more  elcdlric. 

The  forced  Suppofe  that,  inllead  of  employing  an  excited  globe 
difpofition  of  glafs,  we  had  made  ufe  of  a  conducting  body,  llightly 
of  fluid  is  overcharged,  'Thus  if  we  employ  the  conductor  A,  over- 
afTeClea  by  (>|i3j  gred,  to  induce  cledlricitv  on  C  ;  this  will  produce  the 
trifled  bo-  general  effedl  on  our  fet  of  conduders.  But  if  we 

dies.  have  previoufly  examined  the  force  of  the  redundant  bo¬ 

dy,  by  fufpeiiding  a  pith-ball  near  it,  and  obferviiig  its 
deviation  from  the  perpendicular,  we  may  fometirncs  be 
led  to  think  that  it  has  imparted  fometliing  to  the  otlicr 
body.  For  if  the. other  body  and  the  pith-ball  be  on 
oppofite  Tides  of  the  redundant  body,  the  pith-lall  will 
fall  a  little  ;  indicating  a  diminution  of  eleClric  force. 
But  this  Jhovld  happen  according  to  the  theory  ;  for  it 
was  fhewn,  in  n^  52.  that  the  conftipatioii  in  the  re¬ 
mote  end  of  the  overcharged  body  will  be  diminifhed, 
and  along  with  this,  its  adion  on  the  pith  ball.  We 
fhould  find  the  eledricity  of  the  other  end,  next  the 
condudor,  increafed,  could  we  find  an  eafy  w’ay  of  ex¬ 
amining  it ;  but  an  eledrometer  applied  there  vi  ill  be  too 
much  affeded  by  the  condudor. 

The  fame  oonclufions  may  be  drawn  from  the  fol¬ 
lowing  fads  :  Hang  up  a  rufh-pitli  eledrometer.  Ap¬ 
proach  it  below  with  a  body  /lightly  eledrified.  The 
legs  of  the  eledrometer  immediately  diverge,  though 
attraded  by  the  eledrified  body.  Hold  the  hand  above 
the  eledrometer,  and  they  will  diverge  Hill  more  ;  touch 
the  top  of  it,  and  they  fpread  yet  farther.  Hold  the 
eledrified  body  (very  weakly  eledrified)  above  the 
eledrometer,  fo  that  its  legs  may  diverge  a  little.  HoLl 
the  hand  above  the  eledrified  body  ;  the  legs  of  the 
eledrometer  will  come  nearer  each  other. 

Tlicfe  appearances  are  obftrved  whether  the  eledric 
be  pofitive  or  negative.  We  need  not  take  up  time  in 
explaining  this  by  the  theory,  its  agreement  is  fo  ob¬ 
vious.  ^ 

ElcClfc  Laftly,  on  this  head,  if,  in  place  of  a  fixed  conduc- 
needlespo-  10^*5  V7e  ufe  one  of  the  needles  of  gilt  card,  fet  on  its 
larityand  pivot,  and  if  we  then  approach  it  with  another  con- 
verticity.  (Juding  body,  in  the  manner  reprefented  by  E  and  C 
of  fig.  6.  we  /ball  obferve  that  end  of  the  needle  to 
avoid  the  other  body  ;  but  if  we  bring  them  together, 
in  the  manner  reprefented  by  F  and  B,  they  will  at- 
trad  each  other.  The  attradion  will  be  greater  when 
the  body  F  is  long  ;  and  moft  of  all  when  it  commu¬ 
nicates  with  the  ground.  Thefe  phenomena  are  there¬ 
fore  in  perfed  conformity  with  the  theory ;  but  it  may 
fometimes  happen  that  E  will  attrad  the  end  of  C  that 
is  neareft  to  A,  and  E  will  be  eledrified  pofitively  if 
A  be  pofitive.  This  feems  inconfillent  witli  the  theory  ; 
and,  accordingly,  it  has  been  adduced  by  Volta  againft 
Lord  Mahon’s  account  of  the  dedrical  ftate  of  a  con. 


dudor  in  a  lituation  fimilar  to  that  of  C.  But  the  theo¬ 
ry  of  yEpinus  fliews  the  pollibility  of  this  cafe.  When 
E  is  very  long,  or  when  it  is  held  in  the  hand,  it  is 
rendered  much  more  undercharged  than  the  adjacent 
part  of  C  ;  and  the  fluid  in  the  remoter,  but  not  much 
remoter,  part  of  C  is  llrongly  attraded  by  the  copious 
redundant  matter  in  the  near  end  ot  F,  and  is  brought 
back  again,  and  pafles  over  into  E,  m  the  way  to  be 
deferibed  immediately  'Fhe  cafe  is  rare,  and  it  will 
not  happen  at  any  corifiderable  di/h  tc^'  from  the  neutral 
point  of  C.  If,  indeed,  E  touch  the  hear  end  of  C 
before  A  is  brought  near,  the  approach  of  A  will  taufe 
fluid  to  pafs  into  E  immediately,  and  C  will  be  left  un¬ 
dercharged  on  the  whole. 

'^I  he  reader,  who  is  at  all  converfant  wdth  eledrical 
experiments,  will  be  fenfible,  that  thefe  cx}>erimentH  are 
delicate,  requiring  the  gicatefl;  drynefs  of  air,  and  every 
attention  to  prevent  tlie  di/Tipation  of  eledricity  during 
tlie  performance.  This,  by  changing  the  (late  of  the 
condiidors  and  eledronieters,  will  frequently  occafion 
irregularities  The  eledromelers  are  moft  apt  to  change 
in  tins  refped,  it  being  fcarcely  pofiTible  to  make  them 
perfectly  finootli  and  freq  from  iharp  angles.  It  may 
therefore  happen,  that  when  the  condudors  have  af¬ 
fected  them  for  fame  time,  by  the  adion  of  the  di/lur- 
bing  eledric,  the  remcAal  of  this  eledric  v  ill  not  caufc 
the  electrometers  to  hang  perpendicular;  they  will  often 
be  attraded  by  the  condudors,  and  often  repelled;  but 
the  intelligent  exp>erimenter,  aware  of  thefe  circum- 
Hances,  will  know  what  allowances  to  make.  67 

The  theory  obtains  a  Hill  more  complete  fupport  I’hcnomena^ 
from  a  comparlfon  with  fimilar  t  xperiinents  made 
imperfed  condudors.  If,  in  place  of  the  feries  A,  B,  (judliors 
C,  of  metalline  condudors,  we  employ  cylinders  of i^reatly cor- 
glafs  or  feallng  wax,  or  even  dry  wood  or  marble,  and  mheiate 
cledrometers  with  filk  threads  in  place  of  the  rufli-pith 
cledrometers,  we  Hiaii  find  all  the  appearances  to  be 
fuch  as  the.  theory  enables  11s  to  predid.  If,  for  ex¬ 
ample,  we  ufe  a  lingle  cylinder  A  of  glafs,  we  fliall 
find  that  the  neighbourhood  of  the  eledric  D  fcarcely 
induces  any  eledric ity  on  A.  d'lie  eledrometer  will 
hardly  exhibit  the  fmalleH  attradion,  and  its  motions 
will  be  ahnoH  entirely  fueh  as  arife  from  the  Immediate  ' 

influence  of  the  eledric  body  1).  A  cylinder  of  very 
dry  wood  will  be  more  alFected  by  the  eledric  1);  and 
a  circumHance  of  theoretical  importance  Is  very  dlHindl- 
ly  obferved,  namely,  the  gradual  faiftlng  of  the  neutral 
point.  It  will  be  found  to  advance  along  the  cylinder 
for  a  very  long  wdiile,  when  every  circumHance  is  very 
favourable,  the  air  very  dry,  and  the  wood  almoH  a 
noncondudlor ;  and  its  final  fituation  will  be  found 
much  nearer  to  the  eledric  tlum  in  the  brafs  condudor. 

Several  iuHrudive  experiments  of  this  kind  may  be 
found  in  a  treatife  publiihed  in  1783  by  Dr  Thomas 
Milner  at  MaldHone  in  Kent,  entitled,  “  Experiments 
and  Obfervations  on  Eledricity.’’  The  author  does 
not  profefs  to  advance  any  new  dodriries,  but  only  to 
exhibit  experiments  fcientifically  arranged  for  forming 
a  fyliem.  He  fnpports  the  Franklinian  fyHem  as  it 
was  generally  underHood  at  that  time  ;  but  is  much 
embarrafied  for  the  explanation  of  the  repulfion  of  ne¬ 
gative  eledrics.  The  jEpinian  corredion  of  this  theory 
did  not  offer  itfelf  to  his  mind. 

We  need  not  go  over  the  fame  ground  again  with  uregula.- 
imperfed  c.o;jdudors.  It  h  well  known  that  fuch  bo-  ritks. 

dies 


dies  arC' more  weakly  attratSVed  and  repelled;  that  the 
balls  of  an  elecirometer  with  linen  threads  diverge  vail- 
ly  more  when  an  cleclrified  body  is  held  below  it,  than 
if  the  threads  are  irlken  :  that  fuch  eleiflrometers  fre¬ 
quently  exhibit  ver)-'  capricious  appearances!  from  the 
flow  but  real  progrefs  of  the  eleddricity  along  the 
threads.  Thefe  anomalies  will  be.  better  uiiderftood 
when  w^e  explain  the  diflipation  of  eleftricity  along  irn- 
perfed  condu61:ors. 

Jt'ducede-  A  very  tfTential  dedudion  from  the  theory  is,  that 
ledricity  eletlricity  induced  on  an  impcrfe£l  condiiddor  miiil 

c^ndud^s  permanency.  Tiiis  is  fully  confirmed  by 

.is  really  experiment.  But  the  remarkable  infiaiices  of  this  par- 
, permanent,  ticular  cannot  be  produced'  till  we  be  better  acquainted 
wdth  the  methods  of  producing  great  accumulations  of 
fluid.  It  is  enough  to  obferve  at  prefent,  that  a  per¬ 
manent  elcdlricity  may  always  be  obferved  at  the  junc¬ 
tion  of  the  condiiiflors  with  their  infiilating  ftalks.  The 
brafs  coiiduftor  A  ceafes  to  he  eledlric  as  foon  as  the 
excited  globe  is  removed;  but  the  very  top  of  the  glafs 
flalk  on  which  it  is  fupported  will  fenfibly  affedt  a  de¬ 
licate  eledlrometer  for  a  long  while  after.  The  follow¬ 
ing;  pj'etty  experiment  (hews  this  permanency  very  di- 
llin’ftly.  Set  one  of  the  fealing  wax  needles  on  its  pivot, 
and  place  it  between  two  infulated  metal  fpheres  of 
coTTfidei*able  lize,  'at  fuch  a  diflance  from  both  as-not 
to  receive  a  fpark.  Ele<fl;rify  thefe  balls  moderately, 
one  of  them  pofitively,  and  the  other  negatively,  and 
keep  them  thus  eledfrified  for  fume  hours  by  renewing 
their  eledrification.  The  needle  quickly  arranges  it- 
felf  in  the  line  adjoining  the  two  fpheres,  juft  as  a  mag¬ 
netic  needle  will  do  when  placed  between  two  magnets 
whofe  diftimilar  poles  front  each  other.  Any  gentle 
force  will  derange  the  needle  ;  but  it  will  vibrate  like  a 
magnetic  needle,  and  finally  fettle  in  its  former  pofition. 
When  this  has  been  continued  foine  time,  that  end  of  the 
needle  which  pointed  to  the  pofitivc  globe  will  be  found 
negative,  and  the  other  will  be  found  pofitive,  if  exa¬ 
mined  with  an  eledrofeope.  And  now,  if  the  two 
globes  be  removed,  this  little  needle  will  remain  eledri- 
cal  for  entire  days  in  dry  frofty  weather,  and  its  ends 
will  approach  any  body  that  is  brought  near  it  (taking 
care  not  to  come  too  clofe)  ;  and  the  end  which  point¬ 
ed  to  the  pofitive  globe  wull  avoid  a  piece  of  rubbed 
fealing  wax,  but  will  approach  a  piece  of  rubbed  glafs; 
but  the  other  end  will  be  affeded  in  the  oppofite  way. 
In  fiiort,  it  proves  an  eledric  needle  with  a  pofitive  and 
negative  pole. 

If  two  fmall  infulated  balls  are  moderately  cledrified, 
and  placed  about  fix  inches  afunder,  this  needle,  when 
carried  rqund  them,  will  arrange  itfelf  exadly  as  a  mag¬ 
netic  needle  does  when  carried  round  a  magnet  of  the 
fame  length.  If  the  fame  trial  be  made  with  the  needle 
of  gilt  card,  it  will  arrange  itfelf  in  the  fame  manner 
that  a  foft  iron  needle  arranges  itfelf  near  a  magnet,  but 
either  end  will  turn  indifferently  to  either  globe. 
'Ele»5l;ncal  If  a  thin  glafs  plate,  coated  with  red  fealing  wax,  be 
meridians.  pofitive  and  negative  globes,  and  we  fprinklc 

(from  a  confiderable  height)  a  fine  powder  of  black 
fealing  wax,  and  then  pat  the  plate  gently  with  a  glafs 
rod  fo  as  to  agitate  it  a  little,  the  particles  of  w^ax  pow¬ 
der  will  gradually  arrange  themfelves  into  curve  lines, 
diverging  from  the  point  over  one  of  the  globes,  and 
converging  to  the  point  over  the  other,  precifely  like 
the  curves  formed  by  iron-filings  fpriiikled  on  a  paper 


held  over  a  magnet.  Each  little  rag  of  wax  becoc^cs 
eledirical  by  pofition,  acquires  two  poles,  and  the  pofi¬ 
tive  pole  of  one  attracts  the  negative  pole  of  anotlrer ; 
and  they  adhere  in  a  certain  determinate  pofition,  near¬ 
ly  a  tangent  to  the  curve,  which  was  mentioned  in 

50,  and  indicates  the  law  of  magnetic  action.  When 
in  this  ftatc,  if  a  hot  brick  be  held  over  the  plate  till 
the  wax  fofteii  a  little,  the  particles  of  black  w  ax  will 
adhere  to  the  red  coating,  and  give  us  a  permanent  fpe- 
ciinen  of  the.  adtion. 

It  is  well  known  that  liquid  fealing  wax  is  a  con- 
dudlor.  The  writer  of  this  article  filled  a  glafs  tube 
with  powdered  fealing  w^ax,  and  melted  it,  and  then  ex^ 
pofed  it,  in  its  melted  ftate,  to  the  infiiience  of  a  pofi¬ 
tive  and  a  negative  globe,  hoping  to  make  a  powerful 
and  permanent  eleClric  needle,  which  fhould  have  two 
poles,  and  exhibit  a  fet  of  phenomena  refembling  thofe 
of  magnetifm.  Accordingly  he,  in  fome  meafure,  fuc- 
ceeded,  by  keeping  the  globes  continually  eleddrified 
for  feveral  hours,  till  the  wax  was  quite  cold.  It  had 
two  diftindl  poles,  and  preferved,  this  property,  even 
though  plunged  in  ‘water y  and  ‘ivhtle  tm me r fed  in  the  oca- 
ter  ;  but  he  was  greatly  difappointed  as  to  the  degree 
of  its  electricity.  It  juft  affected  a  fenfible  electrometer 
at  the  diftance  of  fix  inches  from  either  pole.  It  was 
confiderably  ftronger  than  if  it  had  not  been  melted 
during  the  impregnation,  but  by  no  means  in  the  de¬ 
gree  that  he  expected.  It  retained  fame  electricity  for 
about  fix  weeks,  although  lying  negleted  among  con- 
duting  bodies.  After  its  power  feemed  quite  extint, 
he  was  melting  it  again  in  order  to  renew  it.  Some 
light  fibrous  things  chanced  to  be  near  it.  While  it 
was  foftening,  it  became  very  fenfibly  eletrical,  caufing 
thefe  fibres  to  bend  towards  it,  and  even  to  clingtotlie 
tube.  We  ftiall  fee  by  and  bye,  that  he  was  miftaken 
in  expeting  more  remarkable  appearances,  and  that  the 
theory,  when  properly  applied,  does  not  proinife  them. 
Having  thus  eftabliflied  (as  we  think)  this  theory  on 
fufficient  foundations  for  making  it  a  very  perfpicuoiis 
way  of  explaining  the  phenomena  of  induced  eledfri- 
city,  we  proceed  to  compare  it  with  the  fecond  general 
faeft  in  electricity , 

Prop.  II.  When  an  infulated  body  B  is  tirought 
very  near  an  electrified  body  A,  a  fpark  is  obferved  toby  con 
pafs  between  them,  accompanied  with  a  noife  ( which  nication 
we  ftiall  call  the  eledlric  Snap),  and  B  is  now  electri¬ 
fied  permanently,  and  the  electricity  of  A  is  dimi- 
nifticd. 

Although  this  be  one  of  the  moft  familiar  facts  in 
elec^lricity,  it  will  be  proper  to  coiifider  its  attending 
circumftancts  in  a  way  that  connects  It  with  what  wc 
have  now'  learned  concerning  electricity  by  pofition.  *• 

Let  the  infulated  body  A  (fig.  14.)  be  furnlfhed 
with  a  cork-ball,  hanging  by  a  filk  thread  from  a  glafs 
ftalk  coniieftcd  wdth  A  ;  let  B  be  fitted  up  In  the  fame 
manner  ;  let  A  be  electrified  weakly,  and  its  degree  of 
electricity  be  eftimated  by  the  inclination  of,  the  ball 
to‘wards  A  ;  firice  B  is  not  electrified,  its  electrometer 
will  hang  perpendicular ;  but  when  it  approaches  A 
(keeping' the  electrometers  on  the  remote  fides  of  both). 

Its  electrometer  will  approach  it,  and  the  electrometer 
of  A  will  gradually  approach  the  perpendicular.  When 
the  bodies  are  brought  very  near,  a  fpark  is  feen  be¬ 
tween  them  ;  and,  at  that  inftaiit,  the  eleClrometer  of 

B  comes 
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B  comes  much"  nearer  to  it,  and  that  of  A  drops  farther 
from  it.  If  they  be  now  feparated,  their  eledtrometers 
will  retain  their  new*  pofitions  with  very  little  change, 
and  B  will  now  manifeft  the  fame  kind  of  eleclricity 
with  A. 

Such  is  the  appearance  when  A  has  been  but  weakly 
eledrified.  Bringing  B  near  A,  the  fluid  in  B  is  drawn 
to  the  remote  fide,  if  A  be  overcharged,  or  drawn  to 
the  fide  neareft  to  A,  if  A  has  been  undercharged.  B 
acls  on  its  ele(Slrometer  in  confequence  of  the  change 
made  in  the  difpofition  of  its  fluid.  The  eledrometer 
is  attraded.  In  the  mean  time,  the  change  made  in 
the  difpofition  of  the  fluid  in  B  affedls  the  moveable 
fluid  in  A.  If  A-  was  overcharged,  the  adjacent  fide 
of  B  becomes  undercharged,  and  its  redundant  matter, 
attradling  the  fluid  in  A,  condenfes  it  in  the  adjacent 
fide,  abflradVing  part  of  the  redundant  fluid  from  that 
fide  which  is  next  to  the  pith-ball.  Then  the  joint  ac¬ 
tion  of  the  whole  redundant  fluid  in  A  on  the  pith-ball 
is  diminifhed. 

Mufl  hap-  As  there  is  now  an  attradfion  in  tlie  redundant  fluid 
pen  abrupt- In  A  for  the  redundant  matter  on  the  adjacent  fide  of 
B,  it  is  reafonable  to  fiippofe  that  when  this  attrac¬ 
tion,  joined  to  the  repulflon  of  the  redundant  fluid  be¬ 
hind  it,  is  able  to  overcome  the  attradlion  which  con- 
nedls  it  with  the  fuperficial  particles  of  the  matter,  it 
will  then  efcape  and  fly  into  B:  but  this  will  not  hap¬ 
pen  gradually,  but  at  once,  as  foon  as  the  expelling 
force  has  arifen  to  a  very  confiderable  intenfity.  We 
cannot  fay  what  is  the  precife  augmentation  that  is  ne- 
ceffary  ;  but  we  can  clearly  fee,  that  however  great  the 
attradion  for  the  adjoining  particles  may  be,  while  the 
particle  is  furrounded  by  them  on  all  Tides,  it  will  yield 
to  the  frnallcft  inequality  of  force,  becaiife  the  particles 
before  it  attrad  as  much  as  thofe  behind  it ;  but  when 
k  is  jull  about  to  quit  the  laft  or  fuperficial  particles  of 
A,  a  much  greater  force  is  now  neceflary.  It  can  be 
ftridly  deraonllrated,  that  when  the  mutual  tendency  is 
inverfely  as  the  fqiiare  of  the  diftance,  the  adlion  of  a 
particle  placed  immediately  without  a  fphere  of  fuch 
matter  is  double  of  its  ad  ion  when  fitiiated  in  the  very 
*  furfacc  A  faltus  of  this  kind  mufl:  obtain  whatever 

Irt  ti'  eledric  attradioii.  V/e  (hall  fee  other 

caufes  alfo  wbich  fhould  prevent  the  efcape  of  redun¬ 
dant  fluid,  and  alfo  its  admiflion,  till  the  impelling  force 
is  encreafed  in  a  certain  abrupt  degree. 

Thcfe  obfervations  mufl  fuflice  at  prefen t  to  explain 
the  defultory  nature  of  this  tranference,  if  there  be 
really  a  transference.  That.this  has  happened,  may  be 
confidently  inferred  from  the  fudden  diminution  of  the 
eledricity  of  A,  indicated  by  the  fudden  fall  of  its 
eledrometer  but  it  is  more  exprefsly  eflabliihed,  that 
there  has  been  a  transference  by  the  change  produced 
on  B.  It  is  now  permanently  eledrified,  and  its  elec¬ 
tricity  is  of  the  fame  kind  with  that  of  A,  pontive  or 
negative  according  as  A  is  pofitive  or  negative.  And 
now  we  are  enabled  to  explain  the  third  general  fad  in 
eledricity. 
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Imparted  Prop.  HI.  When  a  body  has  imparted  eledricity  to^ 
fcleariciiy  another,  it  conftantly  repels  it,  unlefs  that  other  has 
mutual  afterwards  imparted  all  its  eledricity  to  other  bodies, 
pixlfjon.  This  fad,  from  which  there  is  no  exception,  is  an  im¬ 
mediate  confequence  of  the  theory.  Before  the  trans¬ 
ference  fuppofed  by  it,  B  was  in  its  natural  ftate;  after 
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the  transference,  both  bodies  contain  redundant  fluid, 
or  redundant  matter  ;  therefore  they  mufl  mutually  re- 
pel. 

We  may  now  take  another  form  of  the  experiment, 
which  will  be  much  more  convincing  and  inflrudive. 

Let  A  be  eledrified  pofitively,  or  by  redundancy,  and 
let  its  eledrometer  be  attached  to  it  by  a  conduding 
ftalk,  and  have  a  flaxen  thread;  let  this  be  the  cafe  alfo 
with  the  eledrometer  of  B ;  then  the  appearances  fhould 
happen  in  the  following  order :  When  A  is  made  to 
approach  B,  the  eledrometer  of  B  mufl  gradually  rife, 
divergingyr<?m  B  ;  becaufc  the  fluid  condenfed  on  the 
fide  remote  from  A,  and  in  the  eledrometer,  will  ad 
more  ftrongly  on  it  than  the  deferted  matter  on  the 
other  fide  of  B  ;  and  when  the  fudden  transference  is 
made,  and  B  is  wholly  overcharged,  its  eledrometer 
will  immediately  rife  much  higher,  and  mufl  remain  at 
that  height,  nearly,  when  A  is  removed.  On  the  other 
hand,  the  eledrometer  attached  to  the  remote  fide  of 
A  mufl  defeend,  by  reafon  of  the  change  made  in  the 
difpofition  of  the  fluid  in  A  by  the  induced  eledrical 
ftate  of  B  :  and  when  a  confiderable  portion  of  the  re¬ 
dundant  fluid  in  A  pafies  into  B,  the  eledrometer  of  A 
mufl  fudenly  fink  much  lower,  and  remain  in  that  ftate 
when  B  is  removed.. 

Many  circumftances  of  this  phenomenon  corroborate  Transfer-, 
our  belief  of  a  real  transference  of  matter.  The  caufe  of  3 
of  eledric  adion  reflded  formerly  in  A  alone  ;  it  noiw 
refides  alfo  in  B.  The  larger  that  B  is,  the  greater  is  ilighf^pro- 
the  diminution  of  Ahi  eledric  power,  and  the  fmaller  bable. 
is  the  power  acquired  by  B.  It  perfedly  refenrvbles, 
in  this  refped,  the  communication,  of  faltnefs,  fweet- 
nefs.  See,  by  mixing  a  folution  of  fait  or  fugar  with 
different  quantities  of  water  ;  and  the  evidence  of  a 
transference  of  a  fubflance,  the  caufe  of  eledric  attrac¬ 
tions  and  repulfions,  is  at  leafl:  as  cogent  as  the  evidence 
of  the  transference  of  heat,  when  we  mix  hot  water 
with  a  quantity  of  cold,  or  when  a  hot  folid  body  is 
applied  to  the  fule  of' a  cold  one.  We  alfo  fee  fo  many 
chemical  and  other  changes  produced  by  this  commu¬ 
nication  of  eledricity,  that  we  can  hardly  refufe  ad¬ 
mitting  that  fofne  material fubjlance  pafies  from  one  body 
to  another,  and,  in  its  new  fituation,  exerts  its  attradions-; 
and  repulfions,  and  produces  all  their  effetts. 

We  may  deduce,  the  following  corollaries;  all  of  which 
arc  exadiy  conformable  to  the  phenomena,  ferving  ftill 
more  to  confirnt  the  juflnefs  of  the  theory.. 

1.  A  certain  quantity  of  what  poflefles  thefe  powers  Degrees  oT* 
of  attradion  and  repulflon  is  neceffary  for  giving  a  de-vivacity 
termined  vivacity  to  the  appearances.  Another 

mufl  pafs  betw'cen  the  bodies,  only  if  they  be  brow^ht 
nearer^  and  their  eledrometers  mufl  rife- and  fall  ftill  far-  imparted^ 
ther.  For  by  the  firfl  transference  of  eledric  fluid  in¬ 
to  B,  the  expelling  power  of  A  is  dimlniflied,  and  the 
fuperior  attradion  of  the  reduudant  matter  in  the  adja¬ 
cent  fide  of  B  is  alfo  counteraded  by  the  repulflon  of 
the  fluid  which  .has  entered  into  it;  thereforeno  morti 
will  follow  unlefs  thefe  forces  be  encreafed,  at  leafl  to 
their  former  degree.  When  this  addition  has  been  made 
to  B,  and  fhis  abftradion  from  A,  their  refpedive  elec¬ 
trometers  mufl  be  afleded.  All  ,  this  is  in  perfed  con¬ 
formity  to  experience. 

2.  All  the  phenomena  of  communicated  eledricity;Co^*iiy*il- 
mufl  be  more  remarkable  in  proportion  to  the  con- 
dufting  power  of  the  bodies,  A  very  imperfea  con 
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duclor,  fuch  as  glafs  or  fealing  wax,  will  impart  or  re¬ 
ceive  fluid  only  between  the  very  neareft  parts;  whereas 
a  metalline  body  is  inflantly  affeded  through  its  whole 
extent.  This  dedndion  is  perfedly  agreeable  to  the 
whole  train  of  eledric  experiments.  The  finger  receives 
a  itrong  fpark  from  a  large  metalline  electrified  body, 
which  difcharges  e’uery  part  of  it  of  a  portion  of  its 
electricity.  But  an  excited  globe,  which  fhews,  by  its 
action  on  a  dillant  body,  as  great  a  degree  of  eleCtri- 
city,  will  give  only  a  very  fmall  fpark  ;  and  it  is  found 
not  to  be  aff  ;ci"d  at  any  confiderable  diftance  from  the 
point  of  its  iurface  from  which  the  transference  was 
made.  The  whole  electricity  of  a  perfeCt  conduClor  is 
difeharged  by  touching  it  ;  but  a  non-conduCtor  will 
fucceffively  give  fparks,  if  touched  in  many  different 
parts  ;  and  it  may  be  feeii  by  a  nice  eleCtrometer,  that 
each  contact  takes  away  the  ekCtricity  only  from  a 
very  fmall  fpace  round  it  ;  and  it  is  further  highly  de- 
ferving  of  notice,  that  foine  time  after  a  fpark  has  been 
obtained  from  a  particular  fpot  of  the  ele<ftric,  a  fecond 
fpark  may  be  obtained  from  it,  the  eleCtricity  of  the 
neighbouring  parts  having  been  gradually  diffufed 
through  it. 

3.  If  an  electrified  conducting  body  touch  any  thing 
communicating  with  the  ground  by  perfeCt  conductors, 
all  its  electricity  mult  difappear,  and  none  can  appear 
in  the  body  touched  by  it ;  for  the  mafs  of  the  earth 
bears  fuch  an  unmeafnrable  proportion  to  that  of  the 
greateit  body  that  we  can  eleCtrify,  that  when  the  re¬ 
dundancy  or  deficiency  is  divided  between  them,  it  mull 
be  imperceptible  in  both. 

Hence  the  neceflity  of  infulaiwu,  as  it  is  called,  or 
the  furrounding  by  non  conductors  every  body  w^hich 
we  would  have  exhibit  eleCtric  appearances.  We  mufl 
refer  the  reader  to  the  article  Electrici  fy  in  the  En- 
cycL  for  all  the  obfervations  on  this  head,  and  the  rea- 
fons  of  preference  given  to  certain  fubftanccs  to  be  em¬ 
ployed  for  infulating  fupports.  But  w^e  muft  coiifidcr, 
in  its  proper  place,  the  manner  in  which  the  eleHric 
fluid  is  dilfipated  by  imperfeCtly  infulating  fubltances  ; 
a  fiibjeCt  intimately  connected  with  the  theory. 

4.  Any  uneleCtrified  body  will  be  firil  attracted  by 
an  electrified  body,  wdll  touch  it,  and  will  then  be  re¬ 
pelled.  The  neutral  body  is  rendered  eleChrical  by  in¬ 
duction.  It  is,  in  confequence  of  thtSy  attraCted,  comes 
near  enough  to  receive  a  fpark,  or  even  touches  it,  and 
is  then  eleCtrified  by  communication  ;  and,  in  confe¬ 
quence  of  this,  it  is  repelled.  This  is  confirmed  by  an 
endlefs  train  of  experiments.  It  was  firft  taken  notice 
of  (we  think)  by  Sir  Ifaac  Newton.  Otho  Guericke, 
a  gentleman  of  Magdeburgh,  to  whom  we  owe  the  air 
pump,  mentions  many  in  fiances  of  the  repulfion,  but 
did  not’obferve  that  it  was  an  univerfal  law.  Newton 
was  fo  ftruck  wntli  it  as  to  engage  in  a’  confiderable 
train  of  experiments  in  the  early  part  of  his  life,  while 
meditating  on  the  power  of  gravity  ;  but  even  his  fa- 
gacious  mind  did  not  obferve  the  whole  procefs  of  na¬ 
ture  in  his  experiments.  He  obferved,  that  the  light 
bodies  which  rofe  and  adhered  to  the  rubbed  plate  of 
glafs  were  foon  after  repelled  by  it  ;  but  did  not  ob¬ 
ferve  that  the  fame  piece  would  again  rife  to  the  glafs 
after  it  had  touched  the  table.  This  faCl  is  now  the 
foundation  of  many  experiments,  which  the  itinerant 
elefiricians  vie  with  each  other  in  rendering  very  amu- 
iing.  We  may  render  them  infiruCtive.  Take  away 


the  middle  condudor  B  (fig.  ii.),  and  hang  in  its 
place  a  cork  ball  by  a  long  filk  thread.  As  foon  as  the 
eleCtric  body  D  is  brought  near  to  A,  the  ball  is  at- 
traClcd  by  its  remote  end,  comes  into  contact,  is  re¬ 
pelled  by  it,  and  attraCled  by  the  adjacent  end  of  C, 
touches  it,  is  faintly  repelled  by  it,  and  again  atlraded 
by  A  ;  and  the  operation  is  repeated  feveral  times. 

When  all  has  ceafed,  remove C,  and  alfo  the  eledricD. 

C  is  found  to  have  the  fame  eledricity  with  D,  and 
A  has  the  oppofite  eledrlcity.  The  procefs  is  too  ob¬ 
vious  to  need  any  detailed  application  of  the  theory. 

The  cork  ball  was  the  carrier  of  fluid  from  A  to  C  if 
D  was  eledric  by  redundancy,  or  from  C  to  A  if  D  w^as 
undercharged.  If  inllead  of  removing  C  when  the  vi¬ 
brations  of  the  ball  have  ceafed,  we  bring  D  a  little 
nearer,  they  will  be  renewed,  and  after  fome  time  will 
again  ceafe.  The  reafoii  is  plain.  The  carrier  ball  had 
brought  the  condiidor  A  into  a  ftate  of  equilibrium 
with  the  adion  of  D.  But  this  adion  is  now  increa- 
fed,  and  the  effeds  are  renewed.  If  we  Tow  remove 
D,  the’  ball  will  vibrate  between  A  and  C  with  great 
rapidity  for  a  confiderable  time  before  the  vibrations 
come  to  an  end  ;  and  we  (hall  find  their  number  to  be 
the  fame  as  before.  The  canfe  of  this  is  alfo  obvious 
from  the  theory.  Wc  may  fuppofe  A  to  be  negative, 
and  C  pofitive.  One  of  them  will  attrad  the  ball  into 
contad,  and  will  repel  it,  having  put  it  into  an  eledric 
fiate  oppofite  to  that  of  the  other  condiidor.  It  now 
becomes  a  carrier  of  fluid  from  the  pofitive  to  the  ne¬ 
gative  condudor,  till  it  nearly  reftore  both  to  their  pri¬ 
mitive  fiate  of  neutrality. 

There  is  frequently  a  feeming  capricioufnefs  in  thofe 
attradions  and  repnliions,  A  pith  ball,  or  a  down  fea-  ties  fre- 
ther,  hung  by  filk,  will  cling  to  the  condudor,  or  other-  q'lenc — 
wife  eledrified  body,  and  will  not  fly  off  again,  at  leafi^^^^^* 
for  a  long  while.  This  only  happens  when  thofe  bo¬ 
dies  are  fo  dry  as  to  be  alniofi  non-condudors.  They 
acquire  a  pofitive  and  negative  pole,  like  an  iron  nail 
adhering  to  a  magnet,  and  ai'e  not  repelled  till  they  be¬ 
come  almofi  wholly  pofitive  or  negative.  It  never  hap¬ 
pens  with  conduding  light  bodies. 

5.  It  fliould  follow  from  the  theory,  that  the  eledric £]et5inc  ac- 
attradions  and  repulfions  will  not  be  prevented  by  thetion,  like 
intervention  of  non-condudiiig  fiib (lances  in  their  neii- gravitation, 
tral  fiate.  Accordingly,  it  is  a  fad,  that  the  b*”" 

fition  of  a  thin  pane  x)f  glafs,  let  it  be  ever  fo  extenfive, 
does  not  hinder  the  eledrometer  from  being  afteded.  pofition  of 
Alfo,  if  an  infiilated  eledric  be  covered  with  a  glafs 
bell,  an  eledrometer  on  the  oiitfide  will  be  affeded, 

Nay,  a  metal  ball,  covered  to  any  thicknefs  with  feallng 
wax,  when  eledrified,  will  affed  an  eledrometer  in  the 
fame  way  as  when  naked.  We  cannot  fee  how  thefe 
fads  can  be  explained  by  the  adion  of  eledric  atmo- 
fphercs.  It  is  indeed  faid,  that  the  atmofphere  on  one 
fide  of  the  glafs  produces  an  atmofphere  on  the  other  ; 
but  we  have  no  explanation  of  this  produdion.  If  the 
interpofed  plate  be  a  non-condudor,  how  does  the  one 
atmofphere  produce  the  other  ?  It  muft  produce  this 
effed  by  ading  at  a  diftance  on  the  particles  which  are 
to  form  this  atmofphere.  Of  what  ufe,  then,  is  the 
atmofphere,  even  if  thofe  atmofpheres  could  effed  the 
obferved  motions  of  the  eledrometer  in  confiftency 
with  the  laws  of  mechanics  ?  The  atmofpheres  only 
fubftitute  millions  of  attradions  or  repulfions  in  place 
of  one.  We  muft  obferve,  however,  that  the  motions 

of 
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of  th«  eU^rometer  arc  modiHed,  and  fometimes  greatly 
changed,  by  the  interpofed  non-condu6ting  plate  ;  but 
this  is  owing  to  the  eledricity  induced  on  the  plate. 
If  the  electric  is  politive,  the  adjacent  furface  of  the 
plate  becomes  faintly  negative,  and  the  fide  next  the 
eledrometer  flightly  pofitive.  This  alFeds  the  eleftro^ 
meter  even  more  than  the  more  remote  eledric  does. 
That  this  is  the  caufe  of  the  difference  between  the 
ftate  of  the  eledlrometer  when  the  plate  is  there  and 
when  it  is  removed,  will  appear  plainly  by  breathing 
gently  on  the  glafs  plate  to  damp  it,  and  give  it  a  fmall 
conducing  power.  This  will  make  fome  change  in  the 
polition  of  the  electrometer.  Continue  this  more  and 
more,  till  the  plate  will  no  longer  infulate.  The  chan 
ges  produced  on  the  electrometer’s  pofition  will  form  a 
regular  feries,  till  it  is  feen  to  afuime  the  very  pofition 
which  it  would  have  taken  had  the  plate  been  brafs. 
Then,  confidering  thofe  changes  in  a  contrary  order, 
and  fiippofing  the  feries  continued  a  little  farther,  we 
fhall  always  find  that  it  leads  to  the  pofition  which  it 
would  have  taken  when  no  plate  whatever  is  iuterpofed. 
We  confider  this  as  an  important  faCt,  /hewing  that  the 
eleClric  aCfion  is  fimilar  to  gravitation,  and  that  there 
is  no  more  occafion  for  the  intervention  of  an  atino- 
fphere  for  explaining  the  phenomena  of  eledricity  than 
for  explaining  thofe  of  gravitation. 

Strong  e-  6.  Since  non-eleClrics  are  coiiduClors,  and  fince  elec- 
ledricity  tries  may  be  excited  by  fridion  with  a  non-eledric,  it 
cSwithl  non-eiedrie  be  iufiilated,  and  fepa- 

out  appear-  rated  from  the  eledric,  it  will  exhibit  figns  of  eledrici- 
ing.  ty  ;  but  when  they  are  together,  there  mull  not  appear 
any  marks  of  it,  how^ever  ftrong  the  excitation  may  be. 
We  do  not  pretend  to  comprehend  dillindly  the  man- 
ner  in  wliicb  fridion,  or  the  other  modes  of  excitation, 
operate  in  changing  the  eonnedion  between  the  parti- 
cles  of  the  fluid  and  thofe  of  the  tangible  matter  ;  nor 
is  this  explained  in  any  eledric  theory  that  we  know; 
but  if  we  are  fatisfied  with  the  evidences  which  we  have 
for  the  exiftence  of  a  fubflance,  whofe  prefence  or  ab- 
fence  is  the  caufe  of  the  eledric  phenomena,  we  mull 
grant  that  its  ufual  eonnedion  with  the  tangible  matter 
of  bodies  is  changed  in  the  ad  of  excitation,  by  fridion, 
or  by  any  other  means.  In  the  cafe  of  fridion  produ¬ 
cing  pofitive  eledricity  on  the  furface  of  the  eledric, 
we  miifl  fuppofe  that  the  ad  of  fridion  caiifes  one  body 
to  emit  or  abforb  the  fluid  more  copioufly  than  the 
other,  or  perhaps  the  one  to  emit  and  the  other  to  ab- 
forb.  Whichever  is  the  cafe,  the  adjoining  furfaces 
mufl  be  in  oppofite  flates,  and  the  one  mufl  be  as  much 
overcharged  as  the  other  is  undercharged.  When  the 
bodies  (which  we  may  fuppofe  to  have  the  form  of 
plates)  are  joined,  and  the  one  exadly  covers  the  other, 
the  affemblage  mufl  be  inadive;  for  a  particle  of  move- 
able  fluid,  fituated  anywdiere  on  the  fide  of  the  over¬ 
charged  plate,  will  be  as  much  attraded  by  the  under¬ 
charged  furface  of  the  remote  plate  as  it  is  repelled  by 
the  overcharged  furface  of  the  near  plate.  The  fur- 
laces  are  equal,  and  equally  eledric,  and  ad  on  either 
fide  with  equal  intenfity ;  and  they  are  coincident. 
Therefore  their  adions  balance.  The  adion  is  expref- 
fed  by  the  formula  of  n'^  43  ;  namely,  F'  w'  X z' ; 
and  z  —  z  is  =:  o,  by  reafon  of  the  equal  diftances  of 
thefe  furfaces  frtjm  the  particle  of  exterior  fluid. 

But  let  the  plates  be  feparated.  Part,  and  probably 
the  greatefl  part,  of  the  redundant  fluid  on  one  of 
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the  rubbed  furfaces  will  fly  back  to  the  other,  being  ur¬ 
ged  both  by  the  attradion  of  the  redundant  matter  and 
the  repulfion  of  its  own  particles.  But  the  eledric,  be¬ 
ing  eledric  becaufe,  and  only  becaufe,  it  is  a  non-con- 
diidtor,  mufl  retain  fome,  or  wdll  remain  deprived  of 
fome,  in  a  llratum  a  little  wdthin  the  furface.  The  two 
plates  mufl  therefore  be  left  in  oppofite  flates,  and  the 
conduding,  or  non-eledric  plate,  if  infulated  before  fe- 
paration,  mufl  now  exhibit  eledric  adion. 

All  this  is  exadly  agreeable  to  fad.  We  alfo  know 
that  eledrics  may  be  excited  by  rubbing  on  each  other; 
and  if  of  equal  extent,  and  equally  rubbed,  they  exhi¬ 
bit  no  eledric  powders  while  joined  together;  but  when 
parted,  they  are  always  in  oppofite  flates.  The  fame 
thing  happens  when  fiilphur  is  melted  in  a  metal  difh, 
or  when  Newton’s  metal  is  melted  in  a  glafs  difh.  While 
joined,  they  are  moft  perfedly  neutral  ;  but  manifefl 
very  ftrong  oppofite  eledricities  when  they  are  fepara- 
ted.  This  completely  difappears  when  they  are  joined 
again,  and  reappears  on  their  feparation,  even  after  be¬ 
ing  kept  for  monlhs  or  years  in  favourable  circumflan- 
ces.  We  have  obferved  the  plates  of  talc,  and  other 
laminated  fofiils,  exhibit  very  vivid  eledricity  when  fplit 
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i\ttention  to  thefe  particulars  enables  us  to  conflrud  Principlea 
machines  for  quicklv  exciting  vivid  eledricity  on 
furface  of  bodies,  and  for  afterwards  exhibiting  it  with 
continued  difpatch.  'Fhe  whirling  globe,  cylinder,  or  j^acliines. 
plate,  firft  employed  by  Mr  Haukfbee,  for  the  fobtary 
purpofe  of  examining  the  eledricity  of  the  globe,  v^as 
moft  ingenioufly  converted  by  Haufeii,  a  German  pro- 
feiTor,  into  a  rapid  colledor  and  difpenfer  of  eledricity 
to  other  bodies,  by  placing  an  infulated  prime  conduc¬ 
tor  clofe  to  that  part  of  the  furface  of  the  globe  which 
had  been  excited  by  fridion.  Did  our  limits  give  us 
room,  we  fhould  gladly  enlarge  on  this  fubjed,  wdiicK 
is  full  of  moft  curious  particulars,  highly  meriting  the 
attenticn  of  the  philofopher  :  But  it  might  eafily  oc- 
cupy  a  whole  volume  ;  and  we  have  flill  before  us  the 
mofl  interefling  parts  of  the  mechanical  department  of 
eledricity,  and  fhall  hardly  find  room  for  what  is  eiTen. 
tially  requifite  for  a  clear  and  iifeful  comprehenfion  of 
it.  We  mufl  therefore  requeft  our  readers  to  have  re- 
courfe  to  the  original  authorr,  who  have  confidered  the 
excitation  by  fridion  minutely.  And  we  particularly 
recommend  the  very  careful  perufal  of  Beccaria’s  Dif- 
fertations  on  it,  comparing  the  phenomena.  In  every 
ftep,  with  this  theory  of  ^pinus.  Much  valuable  in¬ 
formation  is  alfo  obtained  from  Mr  Nicholfon’s  Obfer- 
vations,  of  which  an  abftrad  is  given  In  the  article  E- 
LECtricity  in  the  Encyclopadia  Briiannica.  'Fhe  iE- 
pinian  theory  will  be  found  to  conned  many  things, 
which,  to  an  ordinary  reader,  mufl  appear  folitary  and 
accidental. 

O  A 

Seeing  that  this  very  fimple  hypothefis  of  jEpinusEvideLes 
fo  perfedly  coincides  in  its  legitimate  confequences  with  o*  t  e  ma- 
all  the  general  phenomena  of  attradlion  arid  repulfion, 
and  not  only  with  thofe  that  are  fimple,  but  even  fuch 
as^  are  compounded  of  many  others ~we  may  liften, 
without  the  imputation  of  levity,  to  the  other  evidences 
which  may  be  offered  for  the  materiality  and  mobility 
of  the  caufe  of  thofe  mechanical  phenomena.  Such 
evidences  are  very  numerous,  and  very  perfuafive.  We 
have  fald  that  the  transference  of  eledcicity  is  defulto- 
ry,  and  that  the  change  made  in  the  eledric  ftate  of  the 
4  D  com- 
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Snap, 


Spark,  and 
heat. 


Chemical 

effe<5h. 


This  is 
therefore 

afrunied. 


comrnunicatmg  bodies  is  always  confiderable.  It  appears 
to  keep  forne  fettled  ratio  to  the  whole  dearie  power 
of  the  body.  When  the  form  of  the  parts  where  the 
communication  takes  place,  and  other  circumftaiices, 
remain  the  fame,  the  transference  increafes  with  the  fize 
of  the  bodies  ;  and  all  the  phenomena  are  more  vivid  in 
proportion.  When  the  condudor  is  very  large,  the 
fpark  is  very  bright,  and  the  fi  ap  very  loud. 

1.  This  fnap  alone  indicates  fome  material  agent.  It 
is  occafioned  by  a  fonorous  undulation  of  the  air,  or  of 
fome  elaftic  fluid,  which  fuddenly  expands,  and  as  Jud- 
denly  collapfes  again.  But  fuch  is  the  rapidity  oi  the 
undulation,  that  when  it  is  made  in  clofe  veffels  it  does 
not  exift  long  enough,  in  a  very  expanded  {late,  to  af- 
fed  the  column  of  w’’ater,  fiipported  in  a  tube  by  the 
elaflicity  of  the  air,  for  the  purpofe  of  a  delicate  ther¬ 
mometer  or  barometer  ;  juft  as  a  mufleet  ball  will  pafs 
through  a  loofe  hanging  fheet  of  paper  without  caufing 
any  fen  Able  agitation. 

2.  The  fpark  is  accompanied  by  intenfe  he^t,  which 
will  kindle  inflammable  bodies,  will  melt,  explode,  and 
calcine  metals. 

3.  The  fpark  produces  fome  very  remarkable  chciui- 
cal  effeds.  It  calcines  metals  even  under  water  or  oil; 
it  renders  Bolognan  phofpliorus  luminous :  It  decom- 
pofes  water,  and  makes  new'  compofitions  and  decom- 
pofitions  of  many  gaziform  fluids  ;  it  affeds  vegetable 
colours  ;  it  blackens  the  calces  of  bifmuth,  lead,  tin, 
luna  cornea  ;  it  communicates  a  very  peculiar  fmell  to 
the  air  of  a  room,  w'hich  is  diflind  from  all  others;  and 
in  the  calcination  of  metals,  it  changes  remarkably  the 
fmeils  with  which  this  operation  is  ufually  accompanied ; 
it  affeds  the  tongue  wdth  an  acidulous  take;  it  agitates 
the  nervous  fyilem. — V/hen  we  compare  thefe  appear¬ 
ances  with  fimilar  chemical  and  phyflological  phenome¬ 
na,  which  naturalifts  never  hefltate  in  afcribmg  to  the 
adion  of  material  fubilaiices,  transferable  from  one  bo¬ 
dy,  or  one  ftate  of  combination,  to  another,  we  can  fee 
no  greater  reafon  for  hefitating  in  aferibing  the  eledric 
phenomena  to  the  adion  of  a  material  fubilance ;  which 
we  may  call  ct  Jluidy  on  account  of  its  conneded  mobili¬ 
ty,  and  the  electric  Jluidj  on''  account  of  its  diftinguifhing 
effeds.  We  are  well  aware,  that  thefe  evidences  do  not 
amount  to  demonftration  ;  and  that  it  is  poflibl^  that 
the  eledric  phenomena,  as  well  as  many  chemical  chan¬ 
ges,  may  refnl^from  the  mere  difference  of  arrange¬ 
ment,  or  pofltion,  of  the  ultimate  particles  of  bodies, 
and  may  be  confidered  as  the  refult  of  a  change  of 
modes,  and  not  of  things.  But  rn  the  inflances  we  have 
mentioned,  this  is  extremely  Improbable. 

We  therefore  venture  to  affume  the  exiflence  of  this 
fubflance,  which  philofophers  have  called  the  eleBricJluldy 
as  a  propofition  abundantly  demonflrated  ;  and  to  af¬ 
firm,  on  the  authority  of  all  the  above-mentioned  fads, 
that  its  mechanical  charader  is  fuch  as  is  exprefled  in 
Mr  ^pinus^s  hypothefis. 

We  proceed,  therefore,  to  explain  the  moft  intereft- 
ing  phenomena  of  eledricity  from  thefe  principles. 


S4 

tion  of  it 


We  have  feen  that,  in  a  perfed  condudor,  in  its  na- 
iiori  ui  It  tural  ftate,  the  eledric  fluid  is  uniformly  diftributed, 
depends  on  and  cannot  remain  in  any  other  condition.  We  arc 
its  law  of  particularly  interefled  to  know  how  it  is  diftributed  in 
action.  overcharged  or  undercharged  body,  and  how  this  is 

affeded  by  the  cIi  cumambient  non-conduding  air.  It 


is  evident  that  much  depends  on  this.  The  tendency 
to  efcape,  and  particularly  the  tendency  to  transference 
from  one  body,  to  another,  mufl  be  greatefl  where  the 
fluid  is  moft  conftipated.  We  know  that  it  tends  re¬ 
markably  to  diflipate  from  all  protuberances,  edges,  and‘ 
long  bodies,  and  that  it  is  impoflible  to  confine  it  in  a 
body  having  very  acute  far-projeding points;  and,  what 
is  more  paradoxical,  it  is  hardly  poffible  to  prevent  its 
entering  into  a  body  furnifhed  with  a  fliarp  point.  The 
fmalleft  reflediori  mufl  fuggefl  to  our  imagination,  that 
a  perfedly  mov-able  fluid,  whofe  particles  mutually  re¬ 
pel,  even  at  confiderable  dlllanccs,  and  which  is  con¬ 
fined  in  a  veffel  from  which  it  cannot  efcape,  mufl  be 
compreffed  againfl  the  fides  of  the  veffel,  and  be  denfer 
there  than  in  the  middle  of  the  veffel.  But  in  what 
proportion  its  denfity  will  diminifh  as  we  recede  from 
the  walls  of  the  veffel,  mufl  depend  on  the  change  of 
eledric  repullion  by  an  increafe  of  diflance.  The  in- 
tenfity  varies  in  the  proportion  of  fome  fundion  of  the 
diflance,  and  may  be'exprefftd  by  the  ordinates  of  a 
curve,  on  whofe  axis  the  diflances  are  meafured.  But 
we  are  ignorant  of  this  fundion.  fVe  mull  therefore  Procefs  for 
endeavour  to  difeover  it,  by  obferving  a  proper 
of  phenomena.  Having  made  fome  approximation  to 
this  difeovery,  fuch  as  (hall  give  rife  to  2.  probable  con- 
jetiure  concerning  the  fundion  which  expreffes  the  in- 
tenfity  of  eledric-  repulfion,  mathematics  will  then  en¬ 
able  us  to  fay  how  the  fluid  mufl  be  diftributed  (at 
leaft  in  fome  Ample  and  inflrudive  cafes)  in  a  perfedly 
condudling  body  furrounded  by  the  air,  and  what  will 
be  its  adion  on  another  body.  1  hus  we  fhall  obtain 
oflenfible  refults,  which  we  can  compare  with  experi¬ 
ments.  The  writer  of  this  article  made  many  experi¬ 
ments  with  this  view  above  30  years  ago,  and  flatteis 
himfelf  that  he  has  not  been  unfuccefsful  in  bis  attempts. 

Thefe  were  conduded  in  the  moft  obvious  and  fimple 
manner,  fuggefled  by  the  reafonings  of  Mr  iEpinus  ; 
and  it  was  with  fingular  pleafure  that,  fome  years  after, 
he  perufed  the  excellent  diflertation  of  Mr  Cavciidifh  in 
the  Philofophical  Tranfadions,  vol.  61.  where  he  ob¬ 
tained  a  much  "fuller  convidion  of  the  truth  of  the  con- 
clufion  which  he  hsd  drawn,  in  a  ruder  way,  from  more 
familiar  appearances.  Mr  Cavendilh  has,  with  fingular 
fagacity  and  addrefs,  employed  his  mathematical  know¬ 
ledge  in  a  way  that  opened  the  road  to  a  much  farther 
and  more  fcientific  profecution  of  the  difeovery,  if  it 
can  be  called  by  that  name.  After  this,  Mr  Coulomb, 
a  diftinguifhed  member  of  the  French  Academy  of  Sci¬ 
ences,  engaged  in  the  fame  refearch  in  a  way  ftill  more 
refined  ;  and  fupported  his  conclufions  by  fome  of  the 
moll  valuable  experiments  that  have  been  offered  to  the 
public.  We  fhall  now  give  a  very  brief  account  of  this 
argument  :  and  have  premifed  thefe  hiftorical  remarks; 
becaufe  the  writer,  although  he  had  eflabliflied  the  ge¬ 
neral  conclufion,  and  had  read  an  account  of  his  invefti- 
gation  in  a  public  fociety  in  1769,  in  which  it  was  ap¬ 
plied  to  the  moft  remarkable  fads  then  known  in  elec¬ 
tricity,  has  no  claim  to  the  more  elaborate  proofs  of  the 
fame  dodrine,  which  is  given  in  fome  of  the  following 
paragraphs.  Thefe  are  but  an  application  of  Mr  Ca- 
vendlfh's  more  cautious  and  general  mathematical  pro¬ 
cedure,  to  the  fundion  which  the  writer  apprehends  to 
be  fufficiently  eftablifhed  by  obfervation. 

The  moft  unexceptionable  experiments  vyith  which 
we  can  begin,  feem  to  be  the  repulfions  obfervable 
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t\Veen  two  /mail  fpheres.  Whatever  be  the  law  of  dif- 
tribution  of  the  particles  in  a  fphere,  the  general  adliori 
of  its  particles  on  the  particles  of  another  fphere  will 
follow  a  law  which  will  not  differ  much  from  the  law 
of  action  between  two  particles,  if  the  diameters  of  the 
fpheres  be  fmall  in  proportion  to  their  diftance  from 
each  other.  The  invefligation  was  therefore  begun  with 
them.  But  the  fubje(5l  required  an  ele61rometer  fufcep- 
tible  of  comparifon  with  others,  and  that  could  exhibit 
abfolute  meafures.  The  one  employed  was  made  in  the 
following  manner;  and  we  give  it  to  the  public  as  a  va- 
$5  luable  philofophical  inftrument. 

Compara-  Fig  15.  reprefents  the  elc61rometer  in  front.  A  is 
ble  eledro-  ^  polifhed  brafs  ball,  -Jth  of  an  inch  in  diameteiv^  It  is 
fixed  on  the  point  of  a  needle  three  inches  long,  as  flen- 
der  as  can  be  had  of  that  length.  The  other  end  of 
the  needle  paffes  through  a  ball  of  amber  or  glafs,  or 
other  firm  non-condu6ting  fubllance,  about  half  or 
three-fourths  of  an  inch  in  diameter  ;  but  the  end  mull 
not  reach  quite  to  the  furface,  although  the  ball  is  com¬ 
pletely  perforated.  From  this  ball  rifes  a  flender  glafs 
rod  FEL,  three  inches  long  from  F  to  E,  where  it 
bends  at  right  angles,  and  is  continued  on  to  L,  im¬ 
mediately  over  the  centre  of  the  ball  A.  At  L  is  fix¬ 
ed  a  piece  of  amber  C,  formed  into  two  parallel  checks, 
between  which  hangs  the  llalk  DCB  of  the  eledlrome- 
ter.  This  is  formed  by  dipping  a  llrong  and  dry  filk 
thread,  or  fine  cord  in  melted  fealing-wax,  and  hold¬ 
ing  it  perpendicular  till  it  remain  covered  with  a  thin 
coating,  and  be  fully  penetrated  by  it.  It  mull  be 
kept  extended,  that  it  may  be  very  flraight  ;  and  it 
muft'  be  rendered  fmooth,  by  holding  it  before  a  clear 
fire.  This  llalk  is  fattened  into  a  fmall  cube  of  amber, 
j^erforated  on  purpofe,  and  having  fine  holes  drilled  in 
two  of  its  oppofite  fides.  The  cheeks  of  the  piece  C 
are  wide  enough  to  allow  this  cube  to  move  freely  be¬ 
tween  them,  round  two  fine  pins,  which  are  thruft  thro’ 
the  holes  in  the  cheeks,  and  reach  about  half  w’ay  to 
the  llalk.  The  lower  part  of  the  llalk  is  about  three 
inches  long,  and  terminates  in  a  gilt  and  burnilhed  cork- 
ball  (or  made  of  thin  metal),  a  quarter  of  an  inch  in 
diameter.  The  upper  part  CD  is  of  the  fame  length, 
and  palfes  throiigh  (with  fome  fri^lion)  a  fmall  cork- 
ball.  This  part  of  the  inttrument  is  fo  proportioned, 
that  when  FE  is  perpendicular  to  the  horizon,  and 
DCB  hangs  freely,  the  balls  B  and  A  juft  touch  each 
other.  Fig.  16.  gives  a  fide  perfpedlive  view  of  the 
inttrument.  The  ball  F  is  fixed  on  the  end  ofithe  glafs 
rod  FI,  which  pafles  perpendicularly  through  the.dentre 
of  a  graduated  circle  GHO,  and  has  a  knob  handle  of 
boxwood  on  th^  farther  end  I.  This  glafs  rod  turns 
lliffly,  but  fmobthly,  in  the  head  of  the  pillar  HK,  &c. 
and  has  an  index  NH,  which  turns  round  it.  This  in¬ 
dex  is  fet  parallel  to’ the  line  LA,  drawn  through  the 
centre  of  the  fixed  ball  of  the  deftrometer.  The  circle 
is  divided  into  366  degrees;  ahd  o  is  placed  uppelmoil,  , 
and  90  on  the  right  hand.  Thus  the  index  will  point 
out  the  angle  which  LA  makes  with  the  vertical.  It 
will  be  convenient  to  have  another  index,  tuniing  ftittly 
on  the  fan*le  axis,  and  extending  a  good  way  beyond  the 
circle. 

This  inttrument  is  ufed  in  the  following  manner  :  A 
'Connedlion  is  made  with  the  body  whofe  eledlricity  is 
to  be  examined,  by  fticking  the  point  of  the  conne6l- 
4ng  wire  into  the  hole  at  F,  till  it  touch  the  end  of  the 


needle  ;  or,  if  we  would  merely  eletlrify  the  balls  A 
and  B,  and  then  leave  them  infulatcd,  we  have  only  to 
touch  one  of  tliem  with  an  ele6lnTied  body.  Now, 
take  hold  of  the  handle  I,  and  turn  it  to  the  right  till 
the  index  reach  90.  In  this  polition,  the  line  LA  is 
horizontal,  and  fo  is  CB  ;  and  the  moveable  ball  B  is 
retting  on  A,  and  is  carried  by  it.  Now  eledrify  the 
balls,  and  gently  turn  the  handle  backwards,  bringing 
the  index  back  toward  o,  &c.  noticing  carefully  the 
two  balls.  It  will  happen  that,  in  fome  particular  po- 
fition  of  the  index,  they  will  be  obferved  to  feparate. 
Bring  them  together  again,  and  again  caufe  them  to 
feparate,  till  the  exad  pofition  at  foparation  is  afeer- 
tained.  This  wilt  fhew  their  repulfive  force  in  contad, 
or  at  the  diftance  of  their  centres,  equal  to  the  fiim  of 
their  radii.  Having  determined  this  point,  turn  the  in- 
ftrument  ftill  more  toward  the  vertical  pofition.  The 
balls  will  now  feparate  more  and  more.  Let  an  aflift- 
ant  turn  the  long  index  fo  as  to  make  it  parallel  to  the 
ftalk  of  the  eledlrometer,  by  making  the  one  hide  the 
other  from  his  view.  The  mathematical  reader  will  fee 
that  this  eledrometer  has  the  properties  aferibed  to  it* 
It  will  give  abfolute  meafures:  for  by  poizing  the  ftalk, 
by  laying  fome  grains  weight  on  the  cork-ball  D,  till 
it  becomes  horizontal  and  perfedly  balanced,  and  com¬ 
puting  for  the  proportional  lengths  of  BC  and  DC,  we 
know  exadly  the  number  of  grains  with  which  the 
balls  mutt  repel  each  other  (when  the  ftalk  is  in  a  ho¬ 
rizontal  pofition),  in  order  merely  fo  feparate.  Then  a 
very  fimple  computation  will  tell  us  the  grains  of  repul- 
fion  when  they  feparate  in  any  oblique  pofition  of  the 
ftalk  ;  and  another  computation,  by  the  refolution  of 
forces,  will  fiievv  us  the  repulfion  exerted  between  them 
when  AL  is  oblique,  and  BC  makes  any  given  angle 
with  it.  All  this  is  too  obvious  to  need  any  farther 
explanation.  The  reafon  for  giving  the  coiinedion  be¬ 
tween  A  and  C  fuch  a  circuitous  form,  was  to  avoid  all 
adion  between  the  fixed  and  the  moveable  part  of  the 
eledrometer,  except  what  is  exerted  b^weeii  the  two 
balls  A  and  B.  ^  Fhe  needle  AF,  indeed,  may  ad  a 
little,  and  might  have  been  avpidfd,  by  making  the  ho¬ 
rizontal  axis  FI  to  join  with  A  :  but  as  it  vvas  wanted 
to  make  the  inttrument  of  more  general  ufe,  and  fre¬ 
quently  to  conned  it  with  an  eleftrical  machine,  a  bat¬ 
tery,  or  a  large  body,  no  mode  pf  conne&on  offered  it- 
felf  which  would  not  hav^.  been  more  faulty  in  this  re- 
fped.  The  ueateft  and  moll  ^90|Tipendious,  form  would 
have, been  to  attach  tJie/axjsjFI  to  C,  and  to  make 
CA  and  CB  iliff  mctajljne^wi|-je,s^  in  the  fame  manner 
as  fMr  Lroqkes’?,  eledipmeter  js,  made  ,  But  as  the 
wdiole'of  their  lengths  vvopld  have  acted,,  this  conttruc- 
tipu  vvoidd  have  :  becJ9  , very  .impToper  in.  l;iie  invettiga- 
tiqn  ,of  ’j.he  law  of  elednc- lypuHi^n.  As  it' now  (lands, 
we  imagine  that  it  has  cp9fit]er,af>le  advantages  over  Mr 
-Brdoke^’?.  conftimdipp,^;  pnd  al^q  over  Ivfr  De  Luc’s 
<conipar;able^lcdrD/i3ptP%.,dffcii^^^  in  his  Ettays  on  Me¬ 
teorology.  It  has  even  advantages  over  Mr  Coulomb’s 
incomparably  more, delicate  ele,(firometer,  which  is  fen- 
fible^  and  cav  maafure  rep.uifip,iJ3  whicli  do  not  exceed 
the  50,000  of  a  grain  ;  for  the  inttrument  which  we 
have  deferibed  will  meaiure  the  attratlions  of  the  oppo- 
fitely  eledrtfied,  bodies  ;  a;  thing  which  Mr  Coulomb 
could  not  do  without  a  great  circuit  of  experiments. 
For  irtftead  of  making  the  ball  B  aho^e  A,  by  inclining 
the  inttrument  to  the  right  hand,  we  may  incline  it  to 
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the  left ;  and  then,  by  eleftrifying  one  of  the  balls  po- 
fitively,  and  the  other  negatively,  when  at  a  great  dif- 
tance  from  each  other,  their  mutual  attraftion  will 
caufe  them  to  approach;  CB  will  deviate  from  the  ver¬ 
tical  toward  A  ;  and  we  can  compute  the  force  by 
means  of  this  deviation. 

We  muft  remind  the  perfon  who  would  make  obfer- 
vations  with  this  iiiftrument,  that  every  part  of  it  mull 
be  fecured  againil  diflipation  as  much  as  poffiblcj  by 
.  varnifhing  all  its  parts,  by  having  all  angles,  points,  and 

roughnelfes  removed,  and  by  choofing  a  dry  Hate  of  the 
air,  and  a  warm  room  ;  and,  becaufe  it  is  impofiiblc  to 
prevent  diflipation  altogether,  we  mull  make  a  previous 
courfe  of  experiments,  in  a  variety  of  circumflances,  in 
order  to  determine  the  diminution  per  minute  corre- 
fponding  to  the  circumflances  of  the  experiments  that 
are  to  be  made  with  further  views. 

We  trufl:  that  the  reader  will  accept  of  this  parti¬ 
cular  account  of  an  inilrumcnt  which  promifes  to  be  of 
conflderable  fervice  to  the  curious  naturalifl  ;  and  we 
now  proceed  with  an  account  of  the  conclufions  which 
have  been  drawn  from  obfervations  made  with  it. 

Here  we  could  give  a  particular  narration  of  fome  of 
the  experiments,  and  the  computations'  made  from  them  ; 
but  we  omit  this,  becaufe  it  is  really  unncceflary.  It 
fuflices  to  fay  ,  that  the  v/riter  has  made  many  hundreds, 
with  different  inftruments,  of  different  fizes,  fome  of 
them  with  balls  of  an  inch  diameter,  and  radii  of  18 
inches.  Their  coincidence  with  each  other  was  far  be¬ 
yond  his  expe6lation  ;  and  he  has  not  one  in  his  notes 
which  deviate  from  the  medium  -J-th  of  the  whole  force, 
and  but  few  that  have  deviated  Ath.  The  deviations 
were  as  frequently  in  excefs  as  in  defeifl.  His  cuflom 
was  to  meafure  all  the  forces  by  a  linear  fcalc,  and  ex- 
prefs  them  by  flraight  lines  ereded  as  ordinates  to  a 
bafe,  on  which  he  fet  off  the  diftances  from  a  fixed 
point ;  he  then  drew  the  moft  regular  curve  that  he 
could  through-  the  fiimmits  of  thefe  ordinates.  This 
method  ihews,  in  the  moil  palpable  manner,  the  coin- 
86  cidence  or  irregularity  of  the  experiments. 

Spheres,  The  refult  of  the  whole  was,  that  the  mutual  repul- 
fpheres,  eledlrified  pofitively  or  negatively, 
pd  with^a  nearly  in  the  inverfe  proportion  of  the  fquares 

force  pro-  of  the  diftances  of  their  centres,  or  rather  in  a  propor- 
portional  ^  ^  t 

I  tion  fomewhat  greater,  approaching  to  i  No  dif- 

fetence  was  obferved,  although  one  of  the  fpheres  was 
much  larger  than  the  other  ;  and  this  circiimftance 
enables  us  to  make  a  confiderable  improvement  on  the 
electrometer.  Let  the  ball  A  be  made  an  inch  in  dia¬ 
meter,  while  B  is  but  -Jth  of  an  inch.  This  greatly  dimi- 
'  nilhes  the  proportion  of  the  irregular  aCtions  of  the  reft 
of  the  apparatus  of  the  whole  force,  and  alfo  diminiflies 
g  the  diflipation  when  the  general  intenfity  is  the  fame. 
Andattrad  When  the  experiments  were  repeated  with  balls  ha- 
according  ving  oppofite  eleCrricities,  and  which  therefore  attrac- 
to  the  fame  ted  each  other,  the  refults  were  not  altogether  fo  re- 
gnlar,  and  a  few  irregularities  amounted  to  -g-th  of  the 
whole  ;  but  thefe  anomalies  were  as  often  on  one  fide  of 
the  medium  as  on  the  other.  This  feries  of  experi¬ 
ments  gave  a  refult  which  deviated  as  little  as  the  for- 
,  mer  (or  rather  lefs)  from  the  inverfe  duplicate  ratio  of 

the  diftances ;  but  the  deviation  was  in  defeCl  as  the 
other  wns  in  excefs. 

We  therefore  think  that  it  may  be  concluded,  that 
the  aftlon  between  two  fpheres  is  exaClly  in  the  invetfe 


duplicate  ratio  of  the  diftance  of  their  centres,  and  that 
this  difference  between  the  obferved  attraftions  and  re- 
pulfions  is  owing  to  fome  unperccived  caufe  in  the  form 
of  the  experiment.  $8 

It  muft  be  obferved  alfo,  that  the  attractions  and  Attradtionj 
repulfions,  with  the  fame  denfity  and  the  fame  diftances, 
were,  to  all  fenfe,  equal,  except  in  the  forementioned^^^j 
anomalous  experiments.  The  mathematical  reader  will  qual  dif- 
fee  that  the  above-mentioned  irregularities  are  imper-iances, 
feClions  of  experiment,  and  that  the  gradations  of  this 
function  of  the  diftances  are  too  great  to  be  much  af- 
feCled  by  fuch  fmall  anomalies.  The  indication  of  the 
law  is  precife  enough  to  make  it  worth  while  to  adopt 
it,  in  the  mean  time,  as  a  hypothefis^  and  then  to  feleCl, 
with  judgment,  fome  legitimate  confequences  which  will 
admit  of  an  exaCt  comparifon  with  experiment,  on  fo 
large  a  fcale,  that  the  unavoidable  errors  of  obfervation 
lliail  bear  but  an  infignificant  proportion  to  the  whole 
quantity.  We  fhall  attempt  this:  and  it  is  peculiarly 
fortunate  that  this  obferved  law  of  aClion  between  two 
fpheres  gives  the  moll  eafy  accefs  to  the  law  of  aClion 
between  the  particles  which  compofe  them ;  for  Sir  Ifaac 
Newton  has  demonftrated  (and  it  is  one  of  his  moft  preci¬ 
ous  theorems),  that  if  the  particles  of  matter  aCl  on  each 
other  with  a  force  which  varies  in  the  inverfe  duplicate 
ratio  of  the  diftances,  then  fpheres,  confiding  of  fuch 
particles,  and  of  equal  denfity  at  equal  diftances  from 
the  centre,  alfo  aCl  on  each  other  with  forces  varying 
in  the  fame  proportion  of  the  diftances  of  their  centres. 

He  demonftrates  the  fame  thing  of  hollow  fpherical 
fliells.  He  demonftrates  that  they  a'Cl  on  each  other 
with  the  fame  force  as  if  all  their  matter  were  colieCled 
in  their  centres.  And,  laftly,  he  demonftrates,  that  if 
the  law  of  aftion  between  the  particles  be  different  from 
this,  the  fenfible  aAion  of  fpheres,  or  of  hollow  fpherical 
{hells,  will  alfo  be  different  (fee  Prtnctpuiy  I.  Prop.  74, 

&c.  alfo  Astronomy,  Encycl  307.)  ^  89 

Therefore  we  may  conclude,  that  the  law  of  ele£lric  Electric  ac. 
attra^lion  and  rcpullion  is  fimilar  to  that  of  gravitation,^*^’^ 
and  that  each  of  thofe  forces  diminiflies  in  the  fame  p^'O-^j^^ 
portion  that  the  fqiiare  of  the  diftance  between  the  par- the  dif- 
ticlcs  increafe.  We  have  obtained  much  iifeful  informa- tance. 
tion  from  this  difeovery.  We  have  now  full  confirmation 
of  the  propofitions  concerning  the  mutual  adtion  of  two 
bodies,  each  overcharged  at  one  end  and  undercharged 
at  the  other.  Their  evidence  before  given  amounted 
only  to  a  rcafonable  probability  ;  but  we  now  fee  that 
the  curve  line,  whofe  ordinates  reprefent  the  forces,  is 
really  convex  to  the  abfeiffa,  and  that  Z  4-  is  always 
greater  than  Z'  -f  2; ;  from  which  circumftance  all  the 
reft  follows  of  courfe.  ^  .  9® . 

Let  us  now  enquire  into  the  manner  in  which 
redundant  fluid,  or  redundant  matter,  is  diftributed 
bodies;  the  proportion  in  which  it  fubfifls  in  bodies j-e^undant 
communicating  with  each  other;  the  tendencies  to  or  deficient 
efcape;  the  forces  which  produce  a  transference,  &c.  &c. 

In  the  courfe  of  this  enquiry,  a  continual  reference 
will  be  made  to  the  following  elementary  propqfition  : 

Let  ABD  (fig.  17.)  be  the  bafe  of  a  cone  or  pyra-  Lemni»» 
mid,  whofe  vertex  is  P,  and  axis  PC  ;  and  let  j  be 
another  fe<ft.ion  of  it  by  a  plane  parallel  to  the  bafe ;  let 
thefe  two  circles,  or  fimilar  polygons,  confift  of  matter 
or  fluid  of  equal  and  uniform  denfity  ;  and  let  P  be  a 
particle  of  fluid  or  matter  ;  the  attraction  or  repulfion 
of  this  particle  for  the  whole  matter  or  fluid  in  the  fi¬ 
gure  ABD  is  equal  to  its  attraftlou  or  repulfion  for 
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tbe  whole  matter  or  fluid  \t\  a  h  d.  For  the  attra6lion 
for  a  particle  in  ABD  is  to  the  attra6tion  for  a  particle 
funilarly  placed  \i\  a  b  d  Y  d  to  PC^  ;  and  the  number 
of  particles  in  ABD  is  to  that  of  thofe  \n  a  b  d  2.%  PC’ 
to  Pc’;  therefore  the  whole  attra£lion  for  ABD  is  to 
that  for  <3  3  J  as  P  c’  X  PC’  to  PC’  X  P  or  in  the  ra¬ 
tio  of  equality. 

Cor,  I.  The  fame  will  be  true  of  the  a<5lion  of  plates 
of  equal  thicknefs  and  equal  denfity  ;  or,  in  general, 
having  fuch  thicknefs  and  denfity  as  to  contain  quan¬ 
tities  of  matter  or  fluid  proportional  to  their  areas. 

2.  The  adlion  of  all  fuch  feAions  made  by  parallel 
planes,  or  by  planes  equally  inclined  to  their  axis,  are 
equal. 

3.  The  tendency  of  a  particle  P  to  a  plane,  or  plate 
of  uniform  thicknefs  and  denfity,  and  intinitely  extend¬ 
ed,  or  to  a  portion  of  it  bounded  1  y  the  fame  pyramid, 
is  the  fame,  at  wliatever  diflance  it  be  placed  from  the 
plate,  and  it  is  always  perpendicular  to  it. 

4.  This  tendency  is  proportional  to  the  denfity  and 
thicknefs  of  the  plate  or  plates  jointly. 

It  is  only  in  two  or  three  Ample  cafes  that  we  can 
propofe  to  flate  with  preciflon  what  will  be  the  difpo- 
fition  and  adfion  of  the  eiedtric  fluid  in  bodies  ;  but  w'e 
fliall  feledl  thofe  that  are  niofl:  inftrudtive,  and  connedled 
pi  with  the  moil  remarkable  and  important  phenomena, 
pifpofiiion  Let  A  a  did  (fig.  18.)  and  E  <?  H  reprefent  the 
in  parallel  fe(^ioiis  of  a  part  of  two  infinitely  extended  parallel 
plates  (which  we  fhall  call  A  and  E),  confiding  of  folid 
conducing  matter,  in  wrhich  the  ck£lric  fluid  can  move 
without  any  obllru6tion,but  from  which  it  cannot  efcape. 

Firji,  Let  them  be  both  overcharged,  A  containing 
the  quantity  r  of  redundant  fluid,  and  E  containing 
the  quantity  J,  and  let  r  be  greater  than  s. 

The  fluid  will  be  difpofed  in  the  following  manner : 

1.  There  will  be  two  ftrata,  A  ^  B  and  G  g  h  H, 
adjoining  to  the  remote  furfaces,  in  each  of  which 

the  quantity  — ^ —  will  be  crowded  together  as  clofe  as 

poffible. 

2.  Adjoining  to  the  interior  fiirface  (that  is,  the  fur- 
face  neareil  to  E)  of  the  plate  A,  there  will  be  a  flra- 
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plates. 


When  both 
arc  over¬ 
charged, 


crow’ded 


turn  Q  c  dT)y  containing  the  quantity  — 
together. 

3,  The  adjacent  fide  of  E  wu’ll  have  a  ftratum  E  efYy 

juft  fuflicient  for  containing  the  quantity - at  its 

ii»  2 

natural  denfity.  This  ftratum  will  be  entirely  exhaufted 
of  fluid. 

4.  The  fpaces  B  /  ^  C  and  F/^  G  will  be  in  their 
natural  ftate. 

For  a  particle  of  fluid  in  the  fpace  B  ^  C  is  urged 

r  -j- 

in  the  diredlion  ^  J  by  the  force  - -  3‘)> 


and  in  the  diredion  d  a  hy  the  force 


therefore 


it  is,  on  the  whole,  urged  in  the  direction  a  d  with  the 
force  .f,  which  will  balance  the  r^epulfion  of  the  redun¬ 
dant  fluid  in  the  other  plate.  A  particle  of  fluid  in 
the  fpace  Y  f  g  O  1%  repelled  in  the  diredlion  h  e  hy  z 

r  -f- 

force  — ^ —  by  the  fluid  in  G  g  h  H,  and  it  is  attraded 
in  the  fame  diredlion  by  the  redundant  matter  in  E  efY^ 


with  the  force 


Thefe  make  a  force  r  which  ba« 


lances  the  repulfion  r  of  the  other  plate.  No  other  dif- 
pofition  will  be  permanent  ;  for  if  a  particle  be  taken 
out  from  either  ftratum  AabY>  or  CedT)  into  the 
fpace  hetw^een  them,  the  repulfion  from  that  ftratum 
which  it  quitted  is  IclTeiied,  and  the  repulfion  of  the 
oppolite  ftratum,  joined  to  that  of  the  other  plate,  will 
drive  it  back  again.  The  fame  thing  holds  with  refpedl 
to  the  fluid  in  the  other  plate. 

Cor.  I.  If  the  two  plates  be  equally  overcharged,  all 
the  redundant  fluid  will  be  crowded  on  the  remote  fur- 
faces,  and  the  adjacent  furfaces  will  be  in  the  natural 
ftate. 

In  the  fecond  place,  let  the  plates  be  undercharged,  When  they 
and  let  r  be  the  fluid  wanting  in  A,  and  s  the  fluid  under¬ 
wanting  in  E,  and  let  s  be  greater  than  r;  then,  '  °  * 

1.  The  ftrata  adjoining  to  A  ^  and  H  will  be 
completely  exhaufted  of  fluid, ^  and  the  redundant  mat- 

r  -f-  X 

ter  in  each  will  be  fuch  as  would  be  faturated  by - . 

^  2 

2.  The  ftratum  C  ^  D  will  contain  redundant  fluid 
s  —  r 
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crowded  clofe. 

3.  The  ftratum  E  <? y*  F  will  be  deprived  of  fluid,  and 

s  — —  r 

the  quantity  abftrafted  is — — . 

4.  The  fpaces-  B  ^  C  and  Fy*^  G  are  in  the  natu- 
ral  ftate. 

The  demonftration  is  the  fame  as  in  the  former  cafe.  95 
Thirdly y  Let  A  be  overcharged,  and  E  underchar-  Whfn  they 
ged,  A  containing  the  redundant  fluid  r,  and  E  'vant- , 
ing  the  fluid  j  ;  and  let  r  be  greater  than  s.  Then,  ^ 

I.  Tiie  ftrata  A  B  and  G  g  b  H  contain  the  re¬ 


dundant  fluid 


,  crowded  clofe. 


9^. 


r  -j-*  J* 

2.  The  ftratum  Q  c  did  contains  the  quantity  — ^ — 1 
crowded  clofe. 

3.  The  ftratum  E  ^yF  is  exhaufted,  and  wants  the 
.  r  4*  J" 

quantity  — — . 

4.  The  reft  is  in  the  natural  ftate. 

Cor.  2.  If  the  redundant  fluid  in  A  be  juft  fufficient 

to  faturate  the  redundant  matter  in  E,  the  two  remote 
furfaces  will  be  in  their  natural  ftate,  all  tiie  redundant 
fluid  in  A  being  crowded  into  the  ftratum  QcdDy 
and  all  the  redundant  matter  being  in  E  ^ y*  F. 

This  difpofition  will  be  the  fame,  whatever  is  the 
diftance  or  thicknefs  of  the  plates,  unlefs  the  redundant 
fluid  in  A  he  more  than  can  be  contained  in  the  whole 
of  E  when  crowded  clofe. 

When  the  two  plates  are  overcharged,  the  fluid  Preffurc 
preffes  their  remote  furfaces  with  the  force  ,  and 

would  efcape  with  that  force  if  a  paflage  were  opened. 

It  would  enter  the  remote  furfaces  of  two  underchar¬ 
ged  plates  with  the  fame  force  ;  and,  in  either  cafe, 
it  would  run  from  the  inner  furface  of  one  to  the  ad¬ 
jacent  furface  of  the  other,  with  the  force 

4 

If  one  be  overcharged  and  the  other  undercharged^, 
fluid  would  efcape  from  the  remote  furface  with  the 

force 


5'82 


Mutual  ac¬ 
tions. 


^  98. 

Difpofiflon 
in  a  fphere, 
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force  - - and  would  run  through  a  canal  between 

4  2 

r  “r"  x 

them  with  the  force  - . 


They  repel  or  attra£l:  each  other  with  the  force  r  +  -f 
according  as  they  are  both  over  or  undercharged,  or  as 
one  Is  overcharged  and  the  other  undercharged. 

This  example  of  parallel  plates,  infinitely  extended, 
is  the  fimplell  that  can  be  fuppofed.  But  it  cannot 
obtain  under  our  obfervation  ;  and  in  all  cafes  which 
w'^c  can  obferve,  the  fluid  cannot  be  uniformly  fpread  in 
any  flratum,  bpt  mull  be  denfer  near  the  edges,  or  near 
the  centre,  as  they  are  overcharged  or  undercharged. 

Tet  ABD  {fig.  19*)  reprefent  a  fphere  of  perfedlly 
condudling  matter,  overcharged  with  eledlric  fluid, 
which  Is  perfeftly  moveable  in  its  pores,  but  cannot 
•efcape  from  the  fphere.  Let  it  be  furrounded  by  con- 
dudling  matter  faturated  with  moveable  fluid.  It  is  re¬ 
quired  to  determine  the  difpofitlon  of  the  fluid  within 
and  without  this  fphere. 

Sir  Lfaac  Newton  has  demonllrated  (Princ*  I.  70.) 
that  a  particle /,  placed  anywhere  within  this  fphere. 
Is  not  affedled  by  any  matter  that  is  without  the  con¬ 
centric  fpherical  furface  ^  5^  r  in  which  Itfelf  is  fituated, 
therefore  not  affedled  by  what  is  between  the  furfaces 
ABD  and  p  q  r  He  alfo  demonftrates,  that  the  mat¬ 
ter  within  the  furface  p  q  r  a£ls  on  the  particle  p  in  the 
Tame  manner  as  if  the  whole  of  it  were  colledted  in  the 
centre  C. 

Hence  it  follows,  that  the  redundant  fluid  wdll  be 
all  conftipated  as  clofe  as  poflible  within  the  external 
Turface  of  the  fphere,  forming  a  fliell  of  a  certain  mi¬ 
nute  thickpefs,  between  the  fpherical  furfaces  ABD 
'Zx\dL  ahd ;  and  all  that  is  within  this  (that  is,  nearer 
the  centre  C)  will  be  in  its  natural  ftate. 

With  refpefl  to  the  diflrlbution  of  the  fluid  in  the 
Surrounding  matter,  which  we  fuppofe  to  be  Infinitely 
extended,  we  muft  recolledl  that  this  (hell  of  conftipa¬ 
ted  redundant  fluid  repels  any  external  particle  of  fluid 
vin  the  fame  manner  as  if  all  were  Colle<51ed  at  C.  Hence 
it  is  evident,  that  the  fluid  in  the  furrounding  matter  will 
be  repelled,  and,  being  moveable,  it  w  ill  recede  from 
this  centre  ;  and  there  will  be  a  fpace  all  round  the 
fphere  ABD  which  is  undercharged,  forming  a  fliell 
between  the  concentric  furfaces  ABD  and  ct  (hS ^  This 
fliell  will  contain  fuch  a  quantity  of  redundant  matter, 
4hat  its  attra(5lion  for  a  particle  of  fluid  is  equal  to  the 
rcpulfion  of  the  fliell  of  fluid  crowded  internally  on  the 
furface  ABD.  /dl  beyoud  this  furface  «  i3<r  will  be  in 
its  natural  ftate  ;  for  this  redundant  matter  a£Is  on  a 
partiele  of  fluid,  fituated  farther  from  the  centre,  in  the 
fame  manner  as  if  all  this  redundant  matter  were  col- 
le^led  in  the  centre  C.  So  does  the  redundant  fluid 
in  the  conftipated  fhell.  Therefore  their  aft  ions  ba¬ 
lance  each  other,  and  there,  is  no  force  exerted  on  any 
particle  of  fluid  beyond  this  deficient  (hell.  This  de¬ 
ficient  fhell  wdll  not  alfeft  the  fluid  In  the  fphere  a  h  cl 
by  Newton’s  demonllratlon.  No  other  difpofitlon  will 
•be  permanent.  But  farther :  This  undercharged  fliell 
muft  be  completely  exhaufted :  for  a  particle  of  fluid 
placed  between  ABD  and  a/3<r  will  be  more  repelled 
by  the  fluid  in  the  crowded  fhell  within  the  furface 
ABD,  than  it  is  attrafted  by  the  redundant  matter  of 
its  own  fliell  that  is  lefs  remote  from  the  centre;  and 


it  Is  not  aflTefted  by  what  is  more  remote  from  the 
centre.  Therefore  the  fluid  without  the  fphere  ABD 
cannot  be  in  equilibrio,  unlefs  the  fliell  between  ABD 
and  »  cT  be  not  only  rarefied,  but  altogether  exhaufted 
of  fluid. 

If  the  fphere  be  undercharged,  the  fpace  between 
ABD  and  a  b  d  will  be  entirely  exhaufted  of  fluid,  and 
there  will  be  a  fhell  a  ^  of  redundant  matter  furround¬ 
ing  the  fphere.  All  within  a  b  dy  and  all  without 
will  be  in  its  natural  flate.  It  is  unneceflary  to  repeat 
the  fteps  of  the  fame  demonftration. 

This  valuable  propofition  is  by  the  Hon.  Mr  Caven- 
difh.  ...  9^ 

This  would  be  the  difpofition  in  and  about  a  glafs  Confequen. 
globe  filled  and  furrounded  with  an  ocean  of  water, 
and  having  redundant  fluid  within  it,  on  the  fuppofition 
that  glafs  is  imperv i  )us  to  the  eleftric  fluid.  But  it 
would  not  affeft  an  eleftrometer,  even  fuppofing  that 
the  movements  of  the  eledtrometer  could  be  effected 
under  water.  Suppofe  the  globe  of  w’ater  to  be  fur¬ 
rounded  with  air,  and  that  the  fluid  is  difpofed  in  both 
in  the  manner  here  deferibed  ;  it  will  be  perfeftly  neu¬ 
tral  in  its  aftion  on  any  eleftrometer  fituated  in  the  air. 

But,  by  reafon  of  the  almoft  total  immobility  of  the  fluid 
in  pure  dry  air,  this  ftate  cannot  foon  obtain;  and,  till  it 
obtain,  the  conftipated  fliell  within  the  glafs  muft  repel 
the  fluid  in  an  eleftrometer  more  than  the  partially  ra¬ 
refied  fhell  of  air,  which  furrounds  the  glafs,  attrafts  it. 

By  the  gradual  retiring  of  the  fluid  in  the  furrounding 
air  from  the  globe,  the  attraftion  of  the  deferted  mat¬ 
ter  will  come  nearer  to  equality  with  the  repulfion  of 
the  conftipated  fhell  within  the  glafs,  and  the  globe  will 
appear  to  have  loft  fluid.  Yet  it  may  retain  all  the  re¬ 
dundant  fluid  which  it  had  at  the  firft.  Therefore  v/e 
are  not  to  imagine  that  a  body  fimilar  to  this  globe  has 
no  redundant  eleftric  fluid,  or  only  a  fmali  quantity, 
becaufe  we  obferve  it  inaftive,  or  nearly  fo.  jqq 

Thus  we  fee,  as  we  proceed,  that  the  JEpinian  theo- Verified 
ry  is  adequate  to  the  explanation  of  the  phenomena. 

But  we  fee  it  much  more  remarkably  in  a  very  familiar 
and  amufing  experiment,  ufually  called  the  electric  Well  ex- 
WELL.  See  Elect.ucity,  EncycL  Seft.  x.  4.  plained. 

To  fee  it  in  perfeftion,  make  a  glafs  veffel  of  globu- 
'larfhape,  with  a  narrow  mouth,  fufficiently  wide,  how¬ 
ever,  to  admit  an  eleftrometer  fufpended  to  the  end  of 
a  glafs  ?od  of  a  crooked  form,  fo  that  the  eleftrometer 
can  be  prefented  to  any  part  of  the  infide.  5mear  the 
outfide  of  the  globe  with  fome  tranfparent  claimmy 
fluid,  fuch  as  fynip.  Set  it  on  an  infulfting  ftand  (a 
wine  glafs),  and  eleftrify  it  pofitively.  Hold  the  elec¬ 
trometer  near  it,  anywhere  without,  and  it  will  be. 
ftrongly  affefted.  Its  deviations  from  the  perpendicu- 
lair(if  the  ball  of  the  eleftrometer  has  alfo  been  eledtri- 
fied)  will  indicate  a  force  inverfely  as  the  fquare  of  the 
diftance  from  the  centre  of  the  globe,  pretty  exaftly, 
if  the  thread  of  the  eleftrometer  is  of  filk.  Now  let 
down  the  eleftrometer  into  the  infide  of  the  globe.  It 
will  not  be  affefted  in  any  fenfible  degree,  nor  approach 
or  avoid  any  body  that  is  lying  within  the  globe.  The 
eleftrometer  may  be  held  in  all  parts  of  the  globe,  and 
when  brought  out  again,  is  perfeftly  inaftive  and  neu¬ 
tral.  But  if  the  balls  of  the  eleftrometer  be  touched 
with  a  wire,  while  hanging  free  within  the  globe,  they 
will,  on  withdrawing  the  wire,  repel  each  other  ;  and 
when  taken  out,  they  will  be  found  negatively  eleftri-  ' 

fled. 
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fied.  The  experiment  fucceeds  as  well  with  a  metal 
globe  ;  nay,  even  although  the  mouth  be  pretty  wide  ; 
in  which  cafe,  there  is  not  a  perfedl  balance  of  a6lion 
in  every  diredion.  The  ele6lromet«r  may  be  made  to 
touch  the  bottom  of  the  globe,  or  anywhere  not  too 
near  the  mouth,  without  acquiring  any  fenfible  eledri- 
city  ;  but  if  we  touch  the  out  fide  with  the  eledrome. 
ter,  it  will  inftantly  be  cledrified  apd  ftrongly  repelled. 
Deep  cylinders,  and  all  round  vefTels  with  narrow 
mouths,  exhibit  the  fame  faintiiefs  of  eledricity  within, 
except  near  the  brims,  although  ftrongly  eledric  with¬ 
out  j  and  even  open  metal  cups  have  the  interior  elec¬ 
tricity  much  diminifhed. 

EleMc  Refleding  on  this  valuable  propofition  of  Mr  Caven- 
bodies  arc  clearly  why  an  overcharged  eledric  is  only 

only  fuper-  fuperficially  fo  ;  and  that  this  will  be  the  cafe  even  al- 
ficialiy  fo.  though,  we  attempt  to  accumulate  a  great  quantity  of 
eledricity  in  it,  by  melting  it  in  a  thin  glafs  globe,  and 
eledrifying  it  while  liquid,  and  keeping  up  the  accu¬ 
mulating  force  till  it  becomes  quite  cold.  The  prefent 
writer,  not  having  confidered  the  fubjed  with  that  ju¬ 
dicious  accuracy  that  Mr  Cavendifh  exerted,  had  hopes 
of  producing  a  powerful  and  permanent  eledric  in  this 
way,  and  was  mortified  and  puzzled  by  the  difappoint- 
ment,  till  he  faw  his  miftake  on  reading  Mr  Cavendifh’s 
di/fertation. 

Cautions  in  Thefe  obfervations  alfo  point  out  a  thing  which 
certain  ex-  fhould  be  attended  to  in  our  experiments  for  difeover- 
penments.  eledricity  excited  in  the  fpontaiieous  operations 

of  nature,  as  in  chemical  compofition  and  decompofi- 
tion,  congelation,  fufion,  evaporation,  8cc-  It  has  been 
ufual  to  put  the  fubftances  into  glafs,  or  other  non- 
conduding  veflels,  or  into  veflels  which  condud  very 
imperfedly.  In  this  laft  cafe  efpecially,  the  very  faint 
electricity  which  is  produced,  inftantly  forms  a  compen- 
fation  to  itfelf  in  the  fubftance  of  the  veffel,  and  the 
apparatus  becomes  almoft  neutral,  although  there  may 
have  been  a  great  deal  of  eledricity  excited.  It  will 
be  proper  to  conlider,  whether  the  nature  of  the  expe¬ 
riment  will  admit  of  metalline  vefTels.  In  the  experi¬ 
ments  on  metalline  folutions,  the  beft  method  feems  to 
be,  to  make  the  veffel  itfelf  the  fubftance  that  is  to  be 
diffolved. 

Kedricity  For  fimilar  reafons  we  may  colled,  without  a  more 
more  near- minute  examination,  that  bodies  of  all  fhapes,  when 
Jypropor-  overcharged,  will  have  the  redundant  fluid  much  deafer 
thefurface  furrace  than  in  the  interior  parts  ;  and  denter 

than  to  the  in  all  elevations,  bumps,  projedions,  angles,  and  near 
quantity  of  the  ends  of  oblong  bodies  *,  and  that,  in  general,  the 
matter.  quantity  of  redundant  fluid,  or  redundant  matter,  will 
be  much  more  nearly  proportional  to  the  furfaces  of 
bodies  than  to  their  quantities  of  matter.  All  this  is 
fully  proved  by  experience.  The  experiment  of  the 
cledrified  chain  is  a  very  beautiful  one.  L.ay  a  long 
metal  chain  in  an  infulated  metal  difh  furnifhed  with  an 
eledrometer.  Let  one  end  be  held  an  inch  or  two 
above  the  coil  by  a  filk  thread.  Eledrify  the  whole, 
and  obferve  the  divergency  of  the  eledrometer ;  then, 
gradually  drawing  up  the  chain  from  the  coil,  the  elec¬ 
trometer  will  gradually  fall  lower^  and  lowering  the 
chain  again  will  gradually  raife  it* 

*03.  uow  fee  with  how  little  reafon  Lord  Mahon  con¬ 

cluded  that  the  point  of  his  condudor,  obferved  to  be 
neutral,  correfponded  with  his  theory  ;  namely,  one  of 
the  media  of  a  harmonic  divifion.  We  fee  no  reafoa 


for  beginning  the  computation  at  the  extremity  of  the 
prime  condudor.  It  certainly  fhould  not  have  been 
from  the  extremity.  Had  the  prime  condudor  been  a 
Angle  globe,  it  ftiould  have  begun  from  the  centre  of 
this  globe.  If  it  was  of  the  iifual  form,  with  an  out- 
ftanding  wire,  terminated  by  a  large  ball,  the  adlion  of 
the  body  of  the  condudor  fliould  certainly  have  been 
taken  into  the  account.  In  fhort,  almoft  any  point  of 
the  long  condudor  might  have  been  accommodated  to 
his  Lordftiip’s  theory. 

We  might  now  proceed  to  inveftigate  the  diftribution  104, 
of  the  eledric  fluid  in  bodies  expofed  to  the  adion  of 
others,  and  particularly  in  the  oblong  condudors  made 
ufe  of  in  our  preparatory  propofitions.  The  problem 
is  determinate,  when  the  length  and  diameter  of  cylin- 
dric  condudors  are  given  ;  but  even  when  the  eledric 
employed  for  inducing  the  eledricity  is  in  the  form  of 
a  globe,  we  muft  employ  fundtions  of  the  diftances  that 
are  pretty  complex,  and  oblige  us  to  have  recourfe  to 
fecond  fluxions.  The  mutual  adions  of  two  oblong 
condudors,  of  confiderable  diameters,  give  a  problem 
that  will  occupy  the  firft  mathematicians;  but  which  is 
quite  improper  for  this  fcanty  abftrad.  Nor  is  a  minute 
knowledge  of  the  difpofition  of  the  fluid  of  veryJm- 
portant  fervice.  We  may  therefore  content  ourfelves 
with  a  general  reprefentation  of  the  ftate  of  the  fluid  in 
the  following  manner,  which  will  give  us  a  pretty  di- 
ftind  notion  how  it  will  ad  in  moft  cafes  : 

Let  A  (fig.  20.)  be  an  overcharged  fphere,  and  BC  Genfrat  rc> 
a  conduding  cylindric  or  prifmatic  body  ;  draw  be  pa- 
rallel  to  BC,  and  ered  perpendiculars  B  C  P 
&c.  to  rcprelcnt  the  equable  denfity  of  the  fluid,  when  [he  fluid- 
the  condudor  is  in  its  natural  ftate  ;  but  let  B  ^/,  C  r, 

P  j,  &c.  reprefent  the  unequal  denfities  in  its  different 
points,  while  in  the  vicinity  of  the  overcharged  fphere. 

Thefe  ordinates  muft  be  bounded  by  a  line  dn  which 
will  cut  the  line  b  c  in  the  point  n  of  the  perpendicular, 
drawn  from  the  neutral  point  N  of  the  condudor.  The 
whole  quantity  of  fluid  in  the  condudor  is  reprefented 
by  the  parallelogram  BC  c  b  ;  which  muft  therefore  be 
equal  to  the  fpace  BC  rnd:  the  redundant  fluid  in 
any  portion  CP  or  PN  is  reprefented  by  the  fpaces 
c  r  t ox  tpn;  and  the  redundant  matter,  or  deficient 
fluid,  ill  any  portion  BQ^  is  reprefented  by  b  d  v  q. 

The  adion  of  this  body  011  any  body  placed  near  it, 
depends  entirely  on  the  area  contained  between  this 
curve  line  and  its  axis  b  c.  The  only  circumllance  that 
we  can  afeertain  with  rtfped  to  this  curve  is,  that 
*Daruitwns  of  curvature  in  every  point  are  proportional 
to  the  forces  exerted  by  the  fphere  A  ;  and  are  there¬ 
fore  inverfely  as  the  fquares  of  the  diftances  from  A. 

This  property  will  be  demon ftrated  by  and  bye.  The 
place  of  «,  and  the  magnitude  cjf  the  ordinates,  will  va¬ 
ry  as  the  diameter  of  the  condudor  varies.  We  fliall 
coiifider  this  a  little  more  particularly  in  fome  cafes 
which  will  occur  afterwards.  We  may  confider  the 
Ample  ft  cafe  that  can  occur  ;  namely,  when  the  conduc- 
tor  is,  like  a  wire,  of  no  fenfible  diameter,  nay,  as  con¬ 
taining  only  one  row  of  particles. 

Let  AE  (fig.  21.)  be  fuch  a  Hinder  conduding  ca'-In  a  v&ry 
nal  ;  and  let  B  C  E  Cy  &o.  reprefent  the  deiifity 
of  the  fluid  which  occupies  it,  being  kept  in  this  H^te 
of  inequable  denfity  by  the  repulfion  for  fome  over- be  almoft 
charged  body.  A  particle  in  C  is  impelled  in  the  di- equally  d> 
redion  CE  by  all  the  fluid  on  the  fide  of  A,  and  in  the  knbuted. 

dirediosi 
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du’e^lion  CA  by  all  tbe  flu  id  on 
moving  force,  therefore,  arifea  from  the  difference  of 
thefe  repulfions.  When  the  diameter  of  the  canal  is 
conftant,  this  arlfes  only  from  the  difference  of  denfity. 
The  force  of  the  element  adjacent  to  E  may  therefore 
be  expreffed  by  the  excefs  of  D  d  above  C  and  the 
adion  at  the  diflance  CD  jointly.  Therefore,  draw¬ 
ing  /5  c  £  parallel  to  AE,  this  force  of  the  element  E 

will  be  expreffed  by  — -  repelling  the  particle  in  the 

dlredlion  CA.  If  CF  be  taken  equal  to  CD,  the  force 

of  the  element  at  F  will  be  expreffed  by  x,  or  x, 

alfo  impelling  the  particle  In  the  dlredllonC  A.  The 

joint  action  of  thefe  two  elements  therefore  Is  — —  x, 

\{h  c  e  were  a  llralght  line,  we  fhould  have  d  ^  +/p  al¬ 
ways  proportional  to  ^  ‘5'  ;  and  it  might  be  expreffed 
•  by  X  c  ^  ;  m  being  a  number  exprefiing  what  part  of 
c  ^  the  fum  oi  d  ^  and  f  ^  amounts  to  (perhaps  T-Vb>  oi" 
^‘^th,  or  y^th,  See,),  But  In  the  cafe  expreffed  in  the 
figure,  r/J'  does  not  increafe  fo  fafl  as  c  and /"  ^  in- 

creafes  fuller  than  c  However,  In  the  Immediate 
neighbourhood  of  any  point  C,  wc  may  exprefs  the 

m  c  ^  • 

accelerating  force  tending  towards  A  by  "JJF  with¬ 
out  any  fenfible  error  ;  that  is,  by  -i-  ;  that  is,  by 

X 

the  fluxion  of  the  area  of  a  hyberbola  HD'G,  having 
CC'  and  CK  for  its  affymptotes  ;  and  the  whole  ac¬ 
tion  of  the  fluid  between  F  and  D,  on  the  particle  C, 
will  be  expreffed  by  the  area  C'CDD'H.  Flence  it 
follows,  that  the  a£liori  of  the  finallefl  conceivable  por¬ 
tion  of  the  canal  immediately  adjoining  to  C  on  both 
fides,  or  the  difference  of  the  ad  ions  of  the  two  ad¬ 
joining  elements,  is  equal  to- the  adlon  of  all  beyond  It. 
This  fhews,  that  the  Hate  of  comprefiion  is  hardly  af- 
feded  by  any  thing  that  is  at  a  fenfible  diflance  from 
C  ;  and  that  the  denfity  of  the  fluid,  in  an  indefliilttly 
flender  canal,  is,  to  all  fenfc,  uniform.  The  geometer 
will  alfo  fee,  that  the  fecond  fluxion  of  D  ^  is  propor¬ 
tional  to  the  force  of  the  diflant  body.  We  learn, 
therefore^  fo  much  of  th?  nature  of  the  curve  h  c  e. — 
i^Coulomh),  ^ 

We  are  now  in  a  condition  to  examine  the  commu¬ 
nication  of  eledrlcity  by  means  of  condudling  canals 
(which  is  one  of  the  moil  important  articles  of  the  flu., 
dy,)  having  found  that  the  fluid,  in  a  very  flender  ca¬ 
nal,  is  very  nearly  of  uniform  denfity  throughout. 

There  can  be  no  doubt  but  that,  if  a  body  13  (fig. 
2  2.)  be  overcharged  or  underclup'gcd,  any  other  body 
C,  which  communicates  with  it  by  a  conduding  canal, 
will  alfo  be  overcharged  or  undercharged.  It  is  as  evi¬ 
dent,  that  if  a  body,  in  any  flate  of  elcdricity,  be  in 
the  neighbourhood  of  ah  overcharged  or  undercharged 
body  A,  while  it  communicates  with  C  by  a  canal  lead¬ 
ing  from  the  fide  mod  remote  from  A,  fluid  will  be 
driven  from  B  into  C,  or  abilraded  from  C  into  B. 

By  crooked  It  is  not,  however,  fo  clear,  that  when  the  canal 
canals.  leads  from  the  fide  nearefl  to  A  (as  in  fig.  23.),  fluid 
will  be  driven  from  B  into  C.  We  conceive  the  fluid 
to  be  moveable  in  the  body  and  in  this  canal,  but  not 
*to  efcape  from  it.  Its  motion,  therefore,  in  this  cafe, 
ihould,  in  the  opinion  of  Mr  Cavendifli,  rcfernble  the 
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the  fide  of  E.  The  running  of  water  in  a  fyphon  by  the  prefliive  of  the  air. 

While  the  repulfion  of  the  redundant  fluid  in  A  allow^j 
the  bend  of  the  fyphon  nearefl  to  A  to  retain  fluid,  a 
current  fliould  tak*  place  from  B  along  the  fliort  leg, 

In  confequence  of  the  fuperlor  adllon  on  the  fluid  in 
the  long  leg.  But  if  the  repulfion  of  A  can  drive  the 
fluid  out  of  the  bend  between  B  and  F,  Mr  Cavendifli 
thinks,  that  it  doe^  not  appear  that  fluid  will  come 
up  from  B  In  oppofition  to  the  repulfion  of  A,  and 
then  run  along  to  D.  But  fluid  does  not  move,  in  ei¬ 
ther  of  thefe  cafes,  on  the  principle  of  a  fyphon  ;  be- 
caufe  there  is  nothing  to  hinder  the  fluid  from  expand¬ 
ing  in  the  part  EDF.  And  we  are  rather  difpofed  to 
think,  that  it  will  alwmys  move  from  B,  over  the  bend, 
to  C  ;  For  even  if  the  fluid  can  be  completely  driven 
out  of  the  bend  EF,  It  mull  be  done  by  degrees,  and 
the  fluid  In  the  long  leg  wall,  from  the  very  hegliining 
of  the  adlion  of  A,  be  more  moved  from  its  place  than 
that  in  the  fliort  leg  ;  and  therefore  will  yield  to  the 
comprefiion,  wdiich  adls  tranfverfely,  and,  by  thus  yield¬ 
ing  more  toward  F  than  tow'-ard  E,  the  fluid  will  rufh 
through  the  contra6led  part,  and  go  into  C.  We  da 
not  fay  this  with  full  confidence  ;  but  are  thus  particu¬ 
lar,  on  account  of  an  important  ufe  that  may  be  made 
of  the  experiment.  For  if  the  body  A  be  underchar- 
ged,  fluid  will  certainly  be  attradled  from  C,  and  pafsfordifeover.* 
over  the  bend  into  B,  however  great  the  adlion  of  A  re  fan- 
may  be.  Perhaps  this  may  be  fo  contrived,  therefore, 
as  to  decide  the  long  agitated  queflion,  Whether  the  elec¬ 
tricity  of  excited  glafs  be  plus  or  minus  ?  If  it  be  found 
that  this  apparatus,  being  prefented  to  the  rubber  of 
an  eledlrlcal  machine,  dirninifhes  the  pofitive  electricity 
of  C,  and  increafes  that  of  B  ;  but  that,  prefeiiting  the 
fame  apparatus  to  the  prime  conductor,  makes  little 
change — we  may  conclude,  tliat  the  eleClrlcity  of  the 
prime  conductor  is  pofitive.  have  tried  tlie  ex’pe- 

riment,  paying  attention  to  every  cirenmiliuce  that 
feerned  likely  to  infure  fuccefs ;  but  we  have  aU’ciys 
found  hitherto,  that  the  apparatus  v/as  equally  affeCted 
by  both  eleClricItics, 

We  mull  now  confider  the  aClion  of  eleCtrified  bo¬ 
dies  on  the  canals  of  communication  ;  becaufe  this  will 
give  us  the  eafieft  method  of  afcertalning  the  proporr 
tion  In  which  the  expelling  fluid  is  dillributed  between 
them.  For  when  two  boaies  communicate  by  a  canal, 
and  have  attained  a  permanent  flate,  we  inufl  conceive 
that  their  oppolite  aClions  on  the  fluid  moveable  along 
this  canal  are  in  equilibrio,  or  are  equal.  This  will 
generally  be  a  much  eafier  problem  than  their  adlion  on 
each  other,  fince  we  have  feen  a  little  ago,  that  the 
fluid  in  a  flender  canal  Is  of  uniform  denfity  very  near¬ 
ly.  A  very  few  examples  of  the  moil  Important  of 
the  Ample  cafes  niufl  fuflice. 

Therefore  let  AC  a  (fig.  24.)  reprefent  the  edge  ofAClionofa 
a  thin  condudling  circular  plate,  to  which  the  flender  plate  on  a 
canal  CP  is  perpendicular  in  the  centre.  ,  It  is  required 
to  determine  the  adlion  of  the  matter  or  fluid,  uniform- 
iy  fpread  over  this  plate,  on  the  fluid  moveable  in  the 
canal  PC  I 

i.  Required  the  adllon  of  a  particle  in  A  on  the 
fluid  In  the  whole  canal  ?  Join  AP  ;  and  call  CP  .v, 

AP  y,  and  AC  r  ;  and  let y' exprefs  the  intenfity  of  ac¬ 
tion  at  the  diflartce  i,  or  the  unit  of  the  fcale  on  which 
>  the  lines  are  meafured. 

f 

The  adion  of  A  on  P,  in  the  diredion  AP,  is  ~ 

This, 
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This,  when  eftirnated  in  the  dire€lIon  CD,  is  reduced 

f  X  ,  f.  X 

to  ji-Xy;  and  is  therefore  =  / y.  Therefor^  the 
fluxion  of  the  a6iion,  in  the  diredion  CP,  on  the  whole 


s^s 


canal,  is  f  x  zz  f  iil  (becaufe  rr  y*X 

n  ^  ^ 

1^,  The  variable  part  of  the  fluent  is  =:/” 
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S-  To  find  the  adion  of  the  plate  on  the  whole  co-  Ui 
lumn  i  2.  Oti  fhe 

.  whole  ca- 
if  ^  •  nal. 

yJ 


or 


and 


the  complete  fluent  is  r:  /*  (C  — -l-V  where  C  is  a  con- 
_  .  ‘  JP/ 

tlant  quantity,  accommodated  to  the  nature  of  the  cafe. 
Now,  the  adioii  mud  vanifli  when  the  canal  vaniflies,  or 

when  K  o,  and  y  =  r.  Therefore  C  — “  =  o,  and 

I 

C  =  y ;  and  the  general  expreflion  of  the  adion  is  / 

(*7 - =y‘*^L_r,  expreOing  the  adion  of  a  par¬ 

ticle  in  the  circumference  of  the  plate  on  the  fluid  in 
the  whole  canal  CP.  . 

2.  Required  the  adion  of  the  plate,  whofe  diameter 
I  IQ  is  A  a,  on  the  particle  P  ? 

I.  On  a  fin-  Let  a  reprefent  the  area  of  a  circle,  whofe  diameter 
^  the  area  of  the  plate,  and  lar  'r 
is  the  fluxion  of  this  area:  becaufe  riy  =  y  larr 
is  ==  zay y.  Therefore  the  fluxion  of  the  adion  of 

the  plate  on  the  particle  Pis  fXz  ay  yX  ^  zz  2  fa 
X  X  The  fluent  of  this  has  for  its  variable  part 

2  fa  xX  TlJL(for  w^hen  the  particle  P  is  given,  x  does 

not  vary).  This  is  is  zf  a  X  ^  .  To  complete  this 

fluent,  we  mud  add  a  condant  quantity,  w^hich  fhall 
make  the  fluent  =:  o  when  the  particle  P  is  at  an  in¬ 
finite  didance  j  and  therefore  when  x  zz  y.  Therefore 

~  —  —  o,  or  I  —  rr  o,  or  C  zz  i  ;  and  the  com- 

y  y  y 

plete  fluent  for  the  wdiole  plate  is  zfa  (i _ 

The  meaning  of  this  expreflion  may  not  occur  to  the 

reader  :  For  i  —  ~  is  evidently  an  abdrad  number;  fo 

is  a.  Therefore  the  expreflion  appears  to  have  no  refe¬ 
rence  to  the  fize  of  the  plate.  But  this  agrees  with  the 
obieiwation  in  n^pi,  where  it  was  fliewii  that,  provided 
the  angle  of  the  cone  or  pyramid  remained  the  fame, 
the  magnitude  of  the  bafe  made  no  change  in  its  at- 
tradion  or  repulfion  for  a  particle  in  the  vertex. 

It  wu‘11  appear  by  and  bye,  that  i  —  —  is  a  meafure 

y 

or  fundion  of  a  certain  angle  of  a  cone. 

Ccr.  If  PC  be  very  fmall  in  proportion  to  AC,  the 
adion  is  nearly  the  fame  as  if  the  plate  were  infinite  ; 

For  when  the  plate  is  infinite,  ~  is  =  o,  and  the  ac- 

.  .  y 

lion  is  z=  I,  whatever  is  the  didance  (fee  — ^3.) 

Therefore,  when  ^  is  very  fmall  in  comparifon  of  r,  and 

confequently  of  y,  i  is  very  nearly  zz  1  * 
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The  fluxion  of  this  muft  be  zr  zf  a  X  {x 

2  f  a  (.V  —  — ax  2  f  aX  {^x  — y)  ;  becaufe  y  zz- 

The  fluent  of  this  has  for  its  variable  part  zf  a 

^  — -y)‘  A  condant  quantity  mud  be  added, 
which  fliall  make  it  zz  o  when  the  column  zr  o  ;  that 
is,  when  y  zz  /*,  md  x  zz  o  ;  that  is,  C  —  r  zr  o,  and 
C  z:  r.  Therefore  the  complete  fluent  is  z:  2/^  (a:  -f- 
r  — y. 

Thus  we  fiave  arrived  at  a,  mod  Ample  expreflion  ofGeometri- 
the  attradion  or  repulfion  of  a  plate  for  fuch  a  column,  cyl  expref- 
or  for  portions  of  fuch  a  column.  And  it  is  mod  ea- 
fily  condruded  geometrically,  fo  as  to  give  us  a  renfible^^^^^"^^-®* 
image  of  this  adion  of  eafy  conception  and  remem¬ 
brance.  It  is  as  follows;  Produce  PC  till  CK  z:  CA, 
and  about  the  centre  P  deferibe  the  arch  AI,  cutting 
CK  in  I.  Pheii  zf  aX  IK  is  evidently  the  geometri¬ 
cal  expreflion  of  the  attradion  or  repulfion.  This  is 
plainly  a  cylinder,  whofe  radius  is  a  unit  of  the  fcale, 
and  whofe  height  is  twice  IK. 

In  like  manner,  by  delcribing  the  arch  Ki  round  the 
centre  we  have  2  fa  X  /  K  for  the  adion  of  the  plate 
on  the  fmall  column  C/;  and  zfaX  li  is  the  adion 
of  the  plate  on  the  portion  P/>. 

The  general  meaning  of  the  expreflion  2/^  X  IK  is, 
that  the  adion  of  the  whole  plate  on  the  column  PC 
is  the  fame  as  if  all  the  fluid  in  the  cylinder  ^  X  2  IK, 
were  placed  at  the  didaiice  i  from  the  ading  par- 
tide.  '  .  ^  ^ 

From  this  propofition  may  be  eafily  deduced  fome 
very  ufeful  corollaries  by  the  help  of  the  geometrical 
conftrudiori. 

1.  If  PC  be  very  great  In  comparifon  with  'AC,  the  *14. 
adion  is  nearly  the  fame  as  if  the  column  were  infinite¬ 
ly  extended  5  for  in  this  cafe  IK  is  very  nearly  n  CK, 

the  difference  being  to  the  whole  nearly  as  AC  to  twice 
AP. 

2.  If,  m  addition  to  this  laft  conditioii,  another  co- rtnporfant 
lumn/C  be  very  fmall  in  comparifon  of  AC,  then  the  corollary, 
adion  on  PC  is  to  that  on  very  nearly  as  p  Q,  to 

AC.  For  it  will  appear  that  «  K  :  IK  zr  />  C  AC  very 
nearly.  It  is  exa6tly  fo  when  CP  :  CA  z:  CA  ;  C  /  ; 
and  it  will  always  be  in  a  greater  proportion  than  that 
of/C  to  IK. 

^  This  will  be  found  to  be  a  very  important  obferva- 
tion. 

The  redundant  fluid  has  hitherto  been  fuppofed  to 
be  uniformly  fpread  over  the  plate  :  but  this  cannot 
be;  becaufe  its  mutual  repulfion  will  caiife  it  to  be 
denfer  near  the  circumference.  We  have  not  determi¬ 
ned,  by  a  formula  of  eafy  application,  what  will  be  the 
variation  of  denfity.  Therefore  let  us  confider  the  re- 
fult  of  the  extreme  cafe,  and  fuppofe  the  whole  redun¬ 
dant  fluid  to  .be  crowded  into  the  circumference  of  the 
plate,  as  we  faw  that  it  muft  be  on  the  furface  of  a 
globe.  • 

In  this  cafe,  the  aftion  on  the  flui’d  in  the  canal  willAa”no£ 


be/a  ■ y)'  b'or 


r  ^  circum- 

the  area  of  the  plate  is  a  r*,  andfe  cnce  on 

.TP  'a  canal. 

4  ^  the 


86 


ELECT 


117. 


218. 


in  the  circumference  on  the 
There- 
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the  a£lion  of  a  particle 
whole  canal  was  fliewn  (n®  109.)  to  be 
fore  the  a6lion  of  the  whole  fluid  crowded  into  the  cir¬ 
cumference  is  f  a  y.  ^  f  ^  - - 

ry  y 

be  reprefented  as  follows:  Defcribe  the  quadrant  C^BE, 
cutting  AP  and  in  B  and  b*  Draw  BD  and  h  d 
parallel  to  PC.  Then  PB  =:  and  DC  =1  r 

y  ~L^  Therefore  the  adion  is  reprefented  by/mul- 

y 

tiplying  a  cylinder,  whofe  radius  is  i  and  height  is  DC. 
In  like  manner,  r/C  is  the  height  of  the  cylinder  corre- 
fponding  to  the  column  p  C,  and  D  d  the  height  corre- 
fponding  to  P p. 

Cor,  I.  When  CP  is  very  great  in  comparifon  with 
CA,  the  point  D  is  very  near  to  A,  and  I  is  very  near 
to  C,  and  CD  is  to  IK  nearly  in  the  ratio  of  equality. 
In  this  cafe  the  adion  of  the  fluid,  unifornaly  fpread 
over  the  plate,  is  nearly  double  of  the  adion  of  the 
fame  fluid  crowded  round  the  circumference  ;  for  they 
are  as  cylinders,  having  the  fame  bafes  and  heights  in 
the  ratio  of  2  IK  to  DC,  which  is  nearly  the  ratio  of 
2  to  f. 

2.  On  the  other  hand,  when  the  column  p  C  is  very 
fhort,  the  adlion  of  the  fluid  fpread  uniformly  over  the 
plate  is  to  its  adion,  when  crowded  round  the  circum¬ 
ference,  nearly  in  the  ratio  of  4  AC  to  y>C.  For  thefe 
adions  are  in  the  ratio  of  2^*^  X  i  K  to  \f  a  X  C,  or 
as  2  i  K  to  ^C,  or  nearly  as  2/>  C  to  d  C,  or  more 
nearly  2  b  d  to  dQ,  But  Q  d :  b  d  b  d  i  b  A.  A.dy. 
or  nearly  zz  h  d :  2  C  A.  Therefore  Q  d  i  2  b  d  :zz  p  0  i 
4  C A  nearly. 

Hence  we  fee  that  the  adion  on  fllort  columns  is 
much  more  diminlfhed  by  the  recefs  of  the  redundant 
fluid  toward  the  circumference  than  that,  on  long  co¬ 
lumns.  Therefore,  any  external  eledric  force  which 
tends  to  fend  fluid  along  this  canal,  and  from  thence  to 
fpread  it  over  the  plate,  will  lend  into  the  plate  a  great¬ 
er  quantity  of  fluid  than  if  the  fluid  remained  ultimate¬ 
ly  in  a  flate  of  uniform  dillribution  over  its  furface  ; 
and  that  the  odds  will  be  greater  when  the  canal  is 
fhort. 

Lqfily,  on  this  fubjed.  If  KL  be  taken  equal  to 
AP,  or  PL  be  equal  to  KI,  the  repnlfion  which  all  the 
fluid  in  the  plate,  colleded  in  K,  would  exert  on  the 
fluid  in  the  canal  CL,  is  equal  to  the  repuHion  which 
the  fame  fluid,  conftipated  in  the  circumference,  would 
exert  on  the  column  CP.  For  we  have  feen  that  the 
adion  of  a  particle  in  A,  on  the  whole  column  PC, 

when  eflimated  in  the  diiedion  PC,  is  and  it 

is  well  knoTvn  that  the  adion  of  a  particle  in  K  for  the 

column  CL  is  ,  or  1  ^ There- 

KC  KL  r  y  yr 
fore  the  adion  of  the  whole  fluid,  colleded  in  the  cir¬ 
cumference,  on  the  column  CP,  is  equal  to  that  of  the 
fame  fluid,  colleded  in  K,  on  the  columns  CL. 

Cor,  I.  If  the  column  CP  is  very  long  in  proportion 
to  AC  or  KC,  the  adions  of  the  fluids  ia  thefe  two 
different  (ituations  are  very  nearly  the  fame.  The  ac¬ 
tion  of  the  fluid  colleded  in  K  exceeds  its  adion  when 
colleded  in  A  only  by  its  adion  on  the  fmall  and  re¬ 
mote  column  LP.  The  adion  of  all  the  fluid  colkd- 
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ed  at  K  on  the  column  CP,  is  eafily  bad  by  taking 
C  /  =  KP.  It  is  equal  to  the  adion  of  the  fame  fluid 
placed  in  A  on  the  column  C  /. 

Cor,  2.  The  adion  of  all  the  fluid  uniformly  fpread, 
exerted  on  the  column  CP,  is  to  the  adion  of  the  fame 
fluid  colleded  in  K,  exerted  on  the  column  CL,  as 
2lKtoCD. 

If  the  column  CP  is  very  great  in  proportion  to  AC, 
the  half  breadth  of  the  plate,  the  adion  in  the  flrfl;  cafe 
is  very  nearly  double  of  the  adion  in  the  other  cafe, 
and  is  exadly  in  this  proportion  if  CP  is  of  infinite  ex¬ 
tent. 

Cor,  3.  If  CNO  be  a  fpherical  furface  or  fliell  of  the  Adion  of  \ 
fame  thicknefs  and  diameter  as  the  plate  Aa^  and 
taining  redundant  fluid  of  the  fame  uniform  denfity,  the  or  fa. 
adion  of  this  fluid  on  the  column  CL  is  double  of  the  lid,  on  the 
action  of  the  fluid  uniformly  fpread  over  the  plate  on  canaU 
the  column  CP,  and  quadruple  of  the  adion  of  the  fluid 
colleded  in  the  circumference  ;  for  the  adion  is  the 
fame  as  if  all  were  colleded  in  the  centre  K,  and  the 
furface  of  the  fphere  is  four  times  that  of  the  plate,  and 
therefore  they  are  as  IK  to  2  CD. 

Let  us  now  conflder  the  comparative  adions  of  dif¬ 
ferent  plates  or  fpheres  on  the  canals.  115 

If  two  circular  plates,  DE,  de  (flg.  25.),  or  two  Adion  of 
fpherical  fhells,  ABO,  ahoy  of  equal  diameters  and 
thicknefs  with  the  plates,  and  containing  rtdundant°^j^^^J^^^ 
fluid  of  equal  denfity,  communicate  with  infinitely  ex- their*dia- 
tended  ftraight  canals  OP,  0/,  pafling  through  their  meters, 
centres  perpendicular  to  their  furfaces,  alfo  containing  when  the 
fluid  uniformly  dillributed  and  of  equal  denfity — ^1^^ 
repiilfions  will  be  as  the  diameters.  For  the  repulfion 
of  the  fpherical  furfaces  is  the  fame  as  if  all  the  fluid 
were  colleded  at  their  centres  ;  and  the  repulfion  of 
the  fluid  uniformly  fpread  over  the  furfaces  of  the  plates 
is 'double  of  its  repulfion  if  colleded  at  the  centres  of 
thefe  fpheres  ;  it  followsj  that  the  repiilfions  of  the 
plates  are  proportional  to  thofe  of  the  fpheres.  But 
becaufe  the  repulfion  of  a  plate  whofe  radius  is  r  was- 

yy  and  when  the  column 
is  equal  to  y, 

it  follow's, 


Ihewii  to  be  =:  2  a  X  r  x 
is  infinitely  extended, 
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and  r  -f.  X  — y 
that  the  repulfions  of  the  plates  are  as 
2  X  R  and  2  ^  X  r,  or  proportional  to  their  diameters. 
Therefore  the  repiilfions  of  the  fpheres  are  in  the  fame 
proportion. 

Cor,  i.  If  the  canals  are  very  long  in  proportion  to 
the  diameters  of  the  plates  or  fpheres,  the  repulfions  are 
nearly  in  the  fame  proportion. 

Cor,  2,  But  as  the  lengths  of  the  canals  diminifh,  thexhe  pro- 
repulfions  approach  to  equality  ;  for  it  was  (hewn,  that  portion  of 
when  the  canal  was  very  fmall,  the  repulfion  was 
that  for  an  infinite  column  as  the  length  of  the  canal  to  jf 

the  radius  of  the  plate.  Therefore  if  the  radius  of  thetRg  canals 
greater  plate  be  (for  example)  double  of  that  of  theare  fhort. 
fmaller,  and  the  little  column  be  Visth  of  the  radius,  it 
will  be  -f^th  of  the  radius  of  the  fmaller  plate.  Now 
^‘^th  of  half  the  repulfion  is  equal  to  ^'^th  of  the  double 
repulfion.  Alfo,  in  the  cafe  of  the  fpheres,  the  repul¬ 
fion  of  a  particle  at  the  furface  is  as  the  quantity  of  fluid 
diredly,  and  as  the  fquare  of  the  radius  inverfely  ;  but 
when  the  denfity  is  the  fame  in  both  fliells,  the  quan¬ 
tity  is  as  the  furface,  or  as  the  fquare  of  the  radius. 
Therefore  the  repulfions  are  equal. 

Cor,  3.  If  the  denfity  of  the  fluid  in  two  fpherical 
fliells  be  inverfely  as  the  diameters,  the  repulfions  for  an 

infinitely 
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ttS  infinitely  extended  column  of  iluld  are  equal ;  for  each 
Atons  of  repels  as  if  all  the  fluid  was  collected  in  the  centre. 
Therefore,  if  the  denfity,  and  confequently  the  quan- 
the  denfity  titV)  be  varied  in  any  proportion,  the  repulfion  will  vary 
beinverfely  in  the  fame  proportion.  The  repulfions  will  now  be 
as  the  dia¬ 
meters  ; 
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as  CO  X  QQ  to  c  0  X  — ,  or  in  the  ratio  of  equality. 

Cor,  4.  When  the  quantities  of  redundant  fluid  in 
quantity  of  fpheres  are  proportional  to  their  diameters,  their 
fluid^eL  I’epuHions  for  an  infinitely  extended  canal  are  equal  : 
thediame-  redundant  fluid  is  conflipated  in  the  furfaces 

ters.  of  the  fpheres,  as  it  always  will  be  when  they  confift  of 
condudiing  matter,  the  denfities  are  as  the  diameters  iii- 
verfcly^,  becaufe  the  furfaces  are  as  the  fquares  of  the 
diameters.  Therefore,  by  the  lafl  corollary,  their  ac¬ 
tions  on  an  infinitely  extended  canal  are  equal.  But 
in  fpheres  of  noncondu<^ling  matter  it  may'’ be  different¬ 
ly  difpofed,  in  concentric  fhells  of  uniform  denfity'. 
This  makes  no  change  in  the  adlion  on  the  fluid  that 
is  without  the  fphere,  becaufe  each  fhtll  ads  on  it  as  if 
it  were  all  collcded  in  the  centre.  Therefore  the  re- 
pulfions  are  flill  equal. 

Cor,  5.  Two  overcharged  fpheres,  or  fpherical  fhells, 
OAB,  oab  (fig.  26. j,  communicating  by  an  infinitely 
extended  canal  of  conduding  matter,  contain  qiiaiiti- 
I  ties  of  redundant  fluid  proportional  to  their  diameters  ; 

are^^eciui-^®*^  adions  on  the  fluid  in  the  interjacent  canal 

librio  if  be  in  equilibriq,  and  therefore  equal.  This  wull 

communi-  be  the  cafe  only  when  the  quantities  of  fluid  are  in  the 
^  proportion  of  their  diameters. 

canal.^*  ^  When  the  canals  are  very  long  in  proportion  to  the 
diameters  of  the  fpheres,  the  proportion  of  the  quanti¬ 
ties  of  redundant  fluid  will  not  greatly  differ  from  that 
of  the  diameters. 

Cor,  6,  When  the  fpheres  of  conduding  matter  are 
thus  in  equilibrio,  the  pveffures  of  the  fluid  011  their 
furfaces  are  inverfely  as  their  diameters  ;  for  the  repul¬ 
fion  of  a  particle  at  the  furface  is  the  fame  with  the 
tendency  of  that  particle  from  the  centre  of  the  fphere, 
the  adions  being  mutual.  Now  this  is  proportional  to 
the  quantity  of  redundant  fluid  diredly,  and  to  the 
fqiiare  of  the  diftance  from  the  centre  inverfely,  that  is, 
to  the  diameter  diredly,  and  to  the  fquare  of  the  dia¬ 
meter  inverfely,  that  is,  to  the  diameter  inverfely. 

Hence  it  follow's,  that  the  tendency  to  efcape  from 
of  the  fluid  the  fpheres  is  inverfely  as  the  diameter,  all  other  cir- 
[®^^^^^^^f’^*®^cumflances  being  the  fame;  for  hi  as  far  as  the  efcape 
thldiL^  eledric  repulfion,  it,  mull  follow 

meter.  proportion.  But  there  are  evident  proofs  of  the 

co-operation  of  other  phyfical  caufes.  We  obferve  che¬ 
mical  compolitions  and  decompofitions  accompanying 
the  efcape  of  eledric  fluid,  and  its  influx  into  bodies  ; 
we  are  ignorant  how  far,  and  in  what  manner,  thefe 
operations  are  affeded  by  diftance.  Bofcovlch  ftiew's 
moft  convincingly,  that  the  adion  of  a  particle  (of 
w'hatever  order  of  compofition),  on  external  atoms  and 
particles,  is  furprifingly  changed  by  a  change  in  the 
diftance  and  arrangement  of  its  component  atoms.  A 
conftipation,  therefore,  to  a  certain  determined  degree 
and  lineal  magnitude,  may  be  ncceflary  for  giving  oc- 
cafion  to  fome  of  thofe  chemical  operations  that  accom¬ 
pany,  and  perhaps  occafion,  the  efcape  of  the  eledric 
fluid.  If  this  be  the  cafe  (and  it  is  demonjlrahle  to  be 
poftible,  if  the  operations  of  Nature  be  owing  to  attrac- 
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tions  and  repulfions),  the  efcape  mitjl  be  defultory.  It 
is  adually  fo  ;  and  this  confirms  the  opinion. 

The  public  is  indebted  to  Mr  Cavendifli  for  the  pre* 
ceding  theorems  on  the  adion  of  fpheres  and  circular 
plates.  He  has  given  them  in  a  more  abftrad  and  ge- 
rieral  form,  applicable  to  any  law'  of  eledric  adion 
w'hich  experience  may  warrant.  We  have  accommo¬ 
dated  them  to  the  inverfe  duplicate  ratio  of  the  dif- 
tances,  as  a  point  fufficiently  eftabliflied  ;  and  w^e  hope 
that  we  have, rendered  them  more  fimple  and  perfpicu- 
ous.  We  have  availed  ourfelves  of  Mr  Coulomb’s  de- 
monftration  of  the  uniform  denfity  in  the  canal,  with- 
out  which  the  theorems  could  not  have  been  demon- 
ftrated.  The  minute  quantity  of  the  fluid  in  the  ca¬ 
nal  can  have  no  fenfible  eft'ed  on  the  difpofition  or  pro¬ 
portion  of  the  fluid  in  the  plates  or  fpheres. 

It  may  be  thought  that  the  laft  corollary,  refpedingThbpropo- 
the  equilibrium  of  two  fpheres,  is  not  agreeable  to  hy- fitionagrees 
droftatical  principles,  which  require  the  equality  of  the''^'^^ 
two  forces  w'hich  balance  each  other  at  the  orifices 
the  flender  cyhiidric  canal  ;  w'hereas,  in  that  corollary, 
the  forces  at  the  extremities  of  the  canal  are  inverfely 
as  the  diameters  of  the  fpheres  or  plates.  This  would 
be  a  valid  objedion,  if  the  comprelling  forces  aded  on¬ 
ly  on  the  extremities  of  the  canals  ;  but  they  ad  on 
every  particle  through  their  whole  length.  It  is  not, 
therefore,  the  prelfure'  at  one  end  of  the  canal  that  is 
in  equilibrio  with  the  preflure  at  the  other  end,  by  the 
interpofition  of  the  fluid.  It  is  the  preflure  at  one 
end,  together  with  the  fum  of  all  the  intermediate  pref- 
fiires  in  that  diredion,  that  is  in  equilibrio  with  all  the 
preffure  in  the  oppofite  diredion.  The  preflures  at  the 
ends  are  only  pavts  of  the  w'hole  oppofite  prelfures  j 
they  are  the  firft  in  each  account.  In  this  manner 
a  flender  pipe,  having  a  ball  at  each  end,  may  be  kept 
filled  with  mercury,  while  lying  horizontal,  if  the  air 
in  each  ball  is  of  equal  denfity.  But  if  it  be  raifed  per¬ 
pendicular  to  the  horizon,  it  cannot  remain  filled  from 
end  to  end,  unlefs  the  air  of  the  ball  below  be  made  fo 
elaftic  by  condenfation,  that  its  preflure  on  the  low'er 
orifice  of  the  pipe  exceed  the  preflure  of  the  air  in  the 
upper  ball  on  the  other  orifice  by  a  force  equal  to  the 
w^eight  of  the  inercury,  that  is,  to  the  aggregate  of  the 
adion  of  gravity  on  each  particle  cf  mercury  in  the 
pipe.  Therefore  the  repulfions  of  the  fpheres  that  we 
are  fpeaking  of  are  in  equilibrio  by  the  intervention  of 
the  fluid  in  the  canal,  in  perfed  confiftcncy  with  the 
law's  of  hy  droftatical  preffure. 

Mr  Cavendifh  has  purfued  this  fubjed  much  farther, 
and  has  confidered  the  mutual  adion  of  more  than  two 
bodies,  communicating  with  each  other  by  canals  of 
moveable  fluid  uniformly  denfe.  But  as  we  have  not 
room  for  the  whole  of  his  valuable  propolitions,  w'e  fc- 
leded  thofe  wliicli  were  elementary  and  leading  theo- 
rems,  or  fuch  as  will  enable  us  to  explain  the  moft  im¬ 
portant  phenomena.  They  are  alfo  fuch,  as  that  the 
attentive  reader  will  find  no  difficulty  in  the  inveftiga- 
tion  of  thofe  which  we  have  omitted. 

Mr  Cavendirti’s  moft  general  propofiuon  is  as  follows:  General 

When  an  overcharged  body  communicates,  by  a  ca-propofuion 
nal  of  very  great  length,  ftraight  or  crooked,  with  two*^*'"'®- 
or  more  fimilar  bodies,  alfo  at  a  very  great  diftance!?''* ‘2 
from  each  other,  and  all  are  in  ekaric  equilibrium,  and  communi- 
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confequently  each  body  overcharged  in  a  certain  deter¬ 
mined  proportion,  depending  on  its  magnitude,  if  any 
two  of  thefe  bodies  are  made  to  communicate  in  the 
fame  manner,  their  degrees  of  eledlricity  are  fucb,  that 
no  fluid  will  pafs  from  one  to  the  other,  their  mutual 
adlions  on  the  fluid  in  this  canal  being  alfo  in  equilibrio. 
He  brings  out  this  by  indudlion  and  combination  of 
the  Angle  cafes,  each  of  which  he  demonftrates  by  means 
of  the  following  theorern  ; 

It  is  mdiF-  The  adion  of  an  overcharged  fphere  ACB  (fig.  25.) 
ferent  whe- on  the  fluid  in  the  whole  of  a  carial  df  V  that  is  ob- 
ther  the  tending  to  impel  the  fluids  in  the  direftlon  of 

that  canal,  is  equal  to  its  adion  on  the  fluid  in  the 
crooked  °  whole  of  the  redfilineal  canal  CP.  Let  h  i  be  a  mi¬ 
nute  portion  of  the  ftraight  canal,  and/  d  the  portion 
of  the  crooked  canal  which  is  equidiftant  from  the  cen¬ 
tre  C  of  the  fphere  ;  draw  the  radii  C/,  C  dy  and  the 
concentric  arches  y&/,  i  dy  cutting/ C  in  g  •,  and  draw 
g  e  perpendicular  to  fd  ;  the  force  ading  on  i  hy  impel¬ 
ling  it  toward  P,  may  be  reprefented  by  hi.  The 
fame  force  ading  on  d /,  in  the  diredion  c  fy  muft  there¬ 
fore  be  exprefled  byg/.  This,  wdien  eftimated  in  the 
diredion  of  the  canal  d  fy  is  reduced  to  e  fy  ,but  it  is 
exerted  on  each  particle  of V /.  Now  d figf-zz  gf: 
e  fy  and  dfXefzzg  /%  gfX  h  therefore  the 

whole  force  on  d fy  in  the  diredion  d fy  is  equal  to  the^ 
force  on  t  hy  in  the  diredion  i  h.  Hence  the  truth  of 
the  propofition  is  manifeil. 

We  beg  the  curious  reader  to  apply  this  to  the  cafe 
in  hand,  and  he  will  find  that  the  moil  complicated 
cafes  may  all  be  reduced  to  the  limple  ones  which  we 
have  demonllrated  to  be  flridly  true  when  the  bodies 
are  fpheres  or  plates,  dnd  the  canals  infinitely  long,  and 
which  are  very  nearly  true  when  the  canals  are  ^ery 
longy  and  the  bodies  fimilar  :  And  we  now  proceed  to 
one  compound  cafe  more,  wdiich  Includes  all  the  mofl: 

134  remarkable  phenomena  of  eledricity. 

Cunous  Let  HK,  AB,  DF,  and  LM  (fig.  27.),  be  four 
and  very  ec^ual  circular  plates,  two  of  which,  HK 

cTfe^of^four^*^^  communicate  by  a  canal  GC  of  indefinite  ex¬ 
piate?.  tent,  joining  their  centres,  and  perpendicular  to  their 
planes  ;  let  DF  and  LM  be  conneded  in  the  fame 
manner,  and  let  the  two  canals  be  in  one  ftraight  line  ; 
let  the  plate  HK  be  overcharged,  and  the  plate  LM 
juft  faturated.  It  is  required  to  determine' the  difpofi- 
tion  and  proportion  of  the  eledric  fluid  in  the  plates 
which  will  make  this  condition  of  HK  and  LM  pof* 
fible  and  permanent,  every  thing  being  in  equilibrio  ? 

The  plate  HK  being  overcharged,  and  communica¬ 
ting  with  AB,  AB  muft  be  overcharged  in  the  fame 
manner  ;  and  being  alfo  equal  to  HK,  it  muft  be  over¬ 
charged  in  the  fame  degree,  containing  an  equal  quan¬ 
tity  of  redundant  fluid  difpofed  in  the  fame  manner. 
To  fimplify  the  inveftigation,  we  fhall  firft  fuppofe  that 
the  redundant  fluid  is  uniformly  fpread  over  the  furfaces 
of  both.  , 

When  the  plates  HK  and  AB  are  in  this  ftate,  let 
the  plates  DF  and  LM  be  brought  near  them,  as  is  re¬ 
prefented  in  the  figure,  CE  being  the  diftance  of  the 
centres  of  AB  and  DF.  It  is  evident  that  the  redun¬ 
dant  fluid  in  AB  will  ad  on  the  natural  moveable  fluid 
in  DF,  and  drive  fome  of  It  along  the  canal  EN,  and 
render  LM  overcharged.  Take  off  this  redundant 
fluid  ill  LM.  This  will  diminifh  or  annihilate  the  re- 
pulfion  which  it  was  beginning  to  exert  on  the  canal 


EN ;  therefore  more  fluid  will  come  out  of  DF,  and 
again  render  LM  overcharged.  The  redundant  fluid 
in  LM  may  again  be  taken  off,  in  lefs  quantity  than 
before,  as  Is  plain.  Do  this  repeatedly  till  no  more  can 
be  taken  off.  But  this  will  undoubtedly  render  DF 
undercharged,  and  it  will  now  contain  redundant  mat¬ 
ter.  This  will  ad  on  the  fluid  in  the  canal  GC,  and 
abftrad  it  from  G  ;  therefore  fluid  wu’ll  come  out  of 
HK  into  AB.  FIK  wull  be  lefs  overcharged  than  be¬ 
fore,  and  AB  will  be  more  overcharged.  But  the  now 
increafed  quantity  of  redundant  fluid  in  AB  will  ad 
more  ftrongly  on  the  moveable  fluid  In  DF,  and  drive 
more  out  of  it.  This  will  leave  more  redundant  matter 
in  it  than  before,  and  this  will  ad  as  before  on  the 
fluid  in  the  canal  GC.  This  will  go  on,  by  repeated¬ 
ly  touching  LM,  till  at  laft  all  is  in  equilibrio.  Or 
this  ultimate  ftate  may  be  produced  at  once  by  al¬ 
lowing  LM  to  communicate  with  the  ground.  And- 
npw,  in  this  permanent  ftate  of  things,  HK  contains  a 
certain  quantity  of  redundant  fluid  ;  AB  contains  a 
greater  quantity  ;  DF  contains  redundant  matter ;  and. 
LM  contains  its  natural  quantity.  The  demand  of  the 
problem  therefore  is  to  determine  the  proportion  of  the 
redundant  fluid  in  HK  to  that  in  AB,  and  the  pro¬ 
portion  of  the  redundant  fluid  in  AB  to  the  deficiency 
of  fluid  in  DF.  The  dynamical  confiderations  which 
determine  thefe  proportions  are,  ify  The  repulfion  of 
the  redundant  fluid  in  AB,  for  the  fluid  in  the  canal 
EN,  muft  be  precifely  equal  to  the  attradlion  of  the  re¬ 
dundant  matter  in  DF  for  the  fame  fluid  in  the  canal 
for  LM,  being  faturated,  is  neutral.  2dy  The  repul¬ 
fion  of  the  redundant  fluid  in  HK,  for  the  whole  fluid 
in  the  canal  GC,  muft  balance  the  excefs  of  the  repul¬ 
fion  of  the  redundant  fluid  in  AB  above  the  attraction 
of  the  redundant  matter  in  DF  for  the  fame. 

Let  the  redundant  fluid  in  AB  be  =  /. 
the  redundant  matter  In  DF  =  m. 
the  redundant  fluid  in  HK  z=  F. 

Becaufe  HK  and  AB  are  equal,  there  can  be  no 
doubt  but  that  the  fluid  in  thofe  plates  would  be  fimi- 
larly  difpofed  ;  and  it  is  highly  probable,  that  if  AB 
be  very  near  DF,  the  redundant  fluid  in  AB,  and  the 
redundant  matter  in  DF,  will  alfo  be  difpofed  nearly 
in  the  fame  manner.  This  will  appear  plainly  when  vve 
confider  with  attention  the  forces  aCfing  between  a  very 
fmall  portion  of  AB  and  the  correfpoiiding  portion  of 
DF.  The  probability  that  this  is  the  cafe  is  fo  evi¬ 
dent,  that  we  apprehend  it  unnecefiary  to  detail  the 
proofs.  We  fhall  afterwards  confider  fome  circum- 
ftances  which  fhew  that  the  difpofition  in  the  three 
plates  will  (though  nearly  fimilar)  be  nearer  to  a  ftate 
of  uniform  diftribution  than  if  only  AB  and  HK  had 
been  in  aClion.  Affuming  therefore  this  fimilarity  of 
diftribution,  it  follows,  that  their  adtions  on  the  fluid 
in  the  canals  will  be  fimilar,  and  nearly  proportional  to 
their  quantities.  '  ^ 

Therefore  let  i  be  to  «  as  the  repulfion  of  the  fluid 
in  AB,  for  the  fluid  that  would  occupy  CE,  is  to  its 
repulfion  for  the  fluid  in  EN  or  CG. 

Then  the  aClion  of  AB  on  EN  is fXn —  i,  and 
.the  aCfion  of  DF  on  EN  is  m  n  *y  therefore,  becaufe 
the  plate  LM  is  inaClive,  the  adlions  of  AB  and  DF 
on  EN  muft  balance  each  other,  and fXn  —  l  zz:  mrty 

andm=:/X^^.  The 
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The  r'epulfiOR  of  /  for  the  fidcl  in  CG  is  / n.  The 
aUra£lioa  of  m 
n  —  I 

=  /x  — 


for  It  IS  m  X  «  —  I  ;  and  becaufe  m 
the  attra^Slion  of  m  for  the  fluid  in  CG 


is  jf  X  ^ - i  X  n  —  I.  Therefore  the  repulfion  of  f 


IS  to  the  attra^^ion  of  m  avS  fn  to  /X  or  as 


Call  the  repiil- 


fn^  to  fX  n  —  I  ,  or  as  to  «  —  i ' 
flon  oif  r,  and  the  attra6lion  of  m  a. 

We  have  r  i  a  =:  \  n  —  i 

and  nr  —  a'=.n^  xri^  —  (n  —  I  )*  n  n'^ :  2  n  —  i. 

Therefore,  becaufe  the  repulfion  of  F  is  equal  to  this 
excefs  of  r  above  a,  we  have  i  2  n  —  i  =  y' :  F,  and 
I  _ 


_  ^2  n  — 

F  =/ - 5- 


-,or/=F; 


Theiefore,  if is 


rr  '  2  ft  —  I 

much, greater  than  2n  —  i,  the  quantity  of  redundant 
fluid  in  AB  will  be  much  greater  than  the  quantity  in 

^3  5 

prodfgiou8  Now,  when  the  eledric  aftion  is'  inverfely  as  the 
Kcumula-  fquare  of  the  diilance,  and  EC  is  very  fmall  in  compa- 
tion  ofre-  nfon  with  AC,  we  have  feeii  (n°  115.)  that  i  :  n  near- 

ly  =:  C£  :  CA,  or  that  n  is  nearly  When  this  is 

the  cafe,  and  confequently  n  is  a  confiderable  number, 

ft*  ft* 

we  may  take  the  number -  or  - without  any 

'  2ft  2ft  —  I  ^ 


dundaiit 

luid 


2ft  - 


great  error.  In  this  cafe  f  is  equal  to  F  X  g  very 

nearly.  Suppofe  CA  to  be  fix  inches,  and  CE  to  be 
5*^th  of  an  inch  ;  this  will  give  ft  =:  120,  and /  z=  6q  F  ; 

r.1  r-  14i400  ^  ^ 

or,  more  exadly,  F  =  =  — —  -  ;  =  6o|. 

If,  inflead  of  the  plate  HK,  we  employ  a  globe  of  the 
fame  diameter,  f  will  be  but  half  of  this  quantity,  or  f 

=  F  X  j  (n"l23,  124.) 


13^ 

And  evacu-  It  alfo  appears,  that  when  the  plates  AB  and  DF 
acion:  are  very  near  to  each  other,  and  coni'equently  n  a  large 

number,  the  deficiency  in  DF  is  very  nearly  equal  to 
the  redundancy  in  AB.  In  the  example  now  given, 

.  59  .  - 

ft2  is  of  fy  being  zzfXn  —  1 . 

^etVo^very  Yet  this  great  deficiency  in  DF  does  not  make  it 
fenCble  aj.- eledlrical  on  the  fide  toward  LM.  It  is  juil  fo  much 
|)carance.  evacuated  that  a  particle  of  fluid  at  its  furface  has  no 
tendency  to  enter  or  to  quit  it. 

Laflly,  this  great  quantity  of  fluid  collefted  in  AB 
does  not  render  it  more  ele<fl:rical  than  HK. 

In  general,  things  are  in  the  condition  treated  of  in- 
Ti®  22,  23,  &c. 

The  attentive  reader  will  readily  fee,  that  this  account 
of  the  apparatus  of  four  plates  is  only  an  approxima¬ 
tion  to  the  condition  that  readily  obtains  under  our  ob- 
fervation.  Our  canals  are  not  of  indefinite  length,  nor 
occupied  by  fluid  that  is  dillributed  v/ith  perfedl  uni¬ 
formity;  nor  is  the  fluid  uniformly  fpread  over  the  fur- 
face  of  the  plates.  He  will  alfo  fee,  that  the  real  Hate 
of  things,  as  they  occur  in  our  experirnents,  tends  to 
diminifli  the  great  difproportion  which  this  imaginary 
ftatement  determines.  But  when  the  canals  ^re  very 
long  in  comparifon  with  the  diameters  of  the  plates, 
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and  AB  is^  very  near  to  DF,  the  difference  from  this 
determination  is  inconfiderable.  We  fhalLnote  thefe 
differences  when  we  confider  the  remarkable  phenomena 
that  are  explained  by  them. 

In  the  mean  time,  we  fhall  juft  mention  fome  fiinple 
confequences  of  the  prefent  combination  of  plates.  1^8 

Suppofe  AB  touched  by  a  body.  Eledfric  fluid  will  Method 
be  communicated  ;  but  by  no  means  all  the  redundant?^ 
fluid  contained  in  AB  :  only  as  mucli  will  quit  it  asl^.fat  ^ccu* 
will  reduce  it  to  a  .neutral  flate,  if  the  body  whichmulati  m  ; 
touches  it  communicates  with  the  ground  ;  that  is,  till  r.  By  de- 
the  attradlion  in  the  redundant  matter  in  DF  attradsS^^^®  ^ 
fluid  on  the  remote  fide  of  AB  as  much  as  the  redun¬ 
dant  fluid  left  in  AB  repels  it.  When  this  has  been 
done,  DF  Is  no  longer  neutral  ;  for  the  repulfion  of 
AB  for  the  fluid  in  EN  is  now  diminiflied,  and  there¬ 
fore  the  attradion  of  DF  will  prevail.  If  we  now 
touch  DF,  it  may  again  become  neutral  with  refpedf  to 
EN ;  but  AB  will  now  repel  again  the  fluid  in  CG^ 
and  again  be  ele6lric  on  that  fide  by  redundancy. 

Touching  AB  a  fecond  time  takes  more  fluid  from  it, 
and  DF  again  becomes  eledlric  by  deficiency,  and  at- 
tradfs  fluid  on  that  fide,—— And  thus,  by  repeatedly 
touching  AB  and  DF  alternately,  the  great  accumula¬ 
tion  of  fluid  in  AB  may  be  exhaufied,  and  the  nearly 
equal  deficiency  in  DF  may  be  made  up.  \ 

But  this  may  be  done  in  a  much  more  expeditious  2.  All  at 
way,  Suppofe  a  flender  condudting  canal  a  b  d  brought  once, 
very  near  to  the  outfides  of  the  plates,  the  end  a  being 
near  to  A,  and  the  end  to.  D.  The  vicinity  of  a 
to  A  caufes  the  fluid  in  ab  to  recede  a  little  from  tz 
by  the  repulfion  of  the  redundant. fluid  in  AB.  This 
will  leave  redundant  matter  ^n  which  will  firongly 
attiadf  the  redundant  fluid  from  A,  and  n  mav  receive 
a  fpark.  But  the  confequence,  cyen,  pf  a  nearer  ap¬ 
proach  of  the  fluid  to  the  oiit\Wr4  A, Will 

render  the  correfponding  part  ^pf.  DF  more  attraaive, 
and  the  retiring  of  fluid  ,frorn  a  along  ft  will  pufh 
fome  of  its  natural  fluid  toward  f/;  and  thus  A  becomes 
more  difpofed  to  givfe  out,  and  a  to  take,  it  in,  while  d 
is  difpofed  to  emit,  and  D  to  attradf.  Thu^.  every  clf- 
cumftance  favours  the  paflage  of  the  whole,  or  almoft 
the  whole,  redundant  fluid  to  quit  AB-  at  A.,  to  <ro 
along  a  b  d,  and  to  ciner  into  DF  at  D»  . 

It  is  plain  that  there  mufj:  be  a  flroiig  tendency  in  The  plates 
the  fluid  in  AB  to  go  into  .DF,.and  that  the  plates 
mull  ftrongly  attradf  each  other.  A  particle  of 
lituated  between  theni  tends  toward  DF  with  a 
which  Is  to  the  foie,  repulfion  of  AB  nearly  as  twice 
the  reejundant  fluid  in  it  to  what  it  would  contaiq^if 
cledlriiied  to  the  fame  degree  while  ftaudiiig  alone. 

With  this  parWula^  and  remarkable  cafe  of  ipdiicgd 
eledlricity,  we  fiiall  conclude  our  explanation  of  Mr 
^pinus^s  Theoyy  .of  pkdlric  Attfadlipn  and  Riipullion. 

The  reader  will  recolleA,  that  we  began  the  confide - 
^  ration  of  the  difpofition  of  thejoleflrio  fluid  in  bodies, , 
inorder  to  deduce  fuch  lsgitin(iate  confequences  of  the 
hypothetical  law  of  adlion  as  we  cpuld  compare  with 
the  phenomena.-  ^ 

Thefe  comparifons  are  abundantly  fupplied  by  the  Method  *or 
preceding  paragraphs,  particularly  by  yq,  y  c  ;  examining 
by  11^130,  and: by  134.  ^  ’thevalidi^. 

Let  a  fmooth  metal  fphere  be  eledrified  pofitively 
in  any  maimer  whatever,  and  then  touch  it  with  a  fmall 
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one  in  its  natural  Rate,  The  redundant  fluid  is  divided 
between  them  in  a  proportion  which  the  theory  deter¬ 
mines  with  accuracy.  By  the  theory  alfo  the  redun- 
dant  fluid  in  both  aas  as  if  colkaed  in  the  centre. 
Therefore  the  proportion  of  the  repulfions  is  determi¬ 
ned.  Thefe  can  be  examined  by  our  eledrometer. 
But  as  this  menfuration  may  be  faid  to  depend  on  the 
truth  of  the  theory,  we  may  examine  this  independent 
of  it^  Let  the  balls  be  equal.  Then  the  redundant 
fluid  is  divided  equally  between  the  bodies,  whatever  be 
the  law  of  adion.  Therefore  obferve  the  eledlrometer, 
as  it  is  affeAed  by  the  eledrified  body,  both  before  and 
after  the  communication.  This  will  give  the  pofitions 
of  the  eledrometer  which  correfpond  to  the  quantities 
2  and  I. 

Take  off  the  eleftricity  of  one  of  the  balls  by  touch¬ 
ing  it,  and  then  touch  the  other  ball  with  it.  This 
will  reduce  to  i  the  original  quantity  i,  and  therefore 
to  ^th  of  the  original  quantity.  This  will  determine 
the  value  of  another  polition  of  the  eledrometer.  In 
like  manner,  we  obtain  ^th,  Then,  by 

touching  a  ball  containing  i  with  a  ball  containing  L 
we  get  a  pofition  for  4,  &c.  Proceeding  in  this 
way,  we  graduate  our  eledlrometcr  independently  of  all 
theory,  and  can  now  examine  the  eledricity  of  bodies 
w  ith  confidence.  The  writer  of  this  article  took  this 
method  of  examii  ing  his  eledlrometer,  not  having  then 
feen  Mr  Caveiidifh’s  diflertation,  wdiich  gives  another 
mode  of  meafiiremeiit.  He  had  the  fatisfa6lion  of  ob- 
ferving,  in  the  flrft  place,  that  the  pofitions  of  the  in- 
ftrument,  which  unqueftionably  indicated  1,  L 
w^ere  precifely  thofe  which  fhould  indicate  them  if  elec¬ 
tric  repulfion  be  inverfely  as  the  fquares  of  the  diftances. 
Having  thus  examined  the  ele£lrometer,  it  was  eafy  to 
give  to  balls  any  propofed  degree  of  eledfricity,  and 
then  make  a  communication  between  balls  of  very  dif¬ 
ferent  diaixieters.  The  eledlrometer  informed  us  when 
the  repeated  abfiradtions  by  a  fmall  ball  reduced  the 
ele<5lricity  of  a  large  ball  to  I,  -J,  &c.  This  fhewed 
the  proportion  of  eledlricity  contained  in  balls  of  dif¬ 
ferent  diameters.  This  was  alfo  found  to  be  fuch  as 
refulted  from  an  adlion  in  the  inveife  duplicate  ratio  of 
the  diftances. 

Long  after  this,  Mr  Cavendifli's  iiiveftigation  point¬ 
ed  out  the  proportion  of  the  redundant  electric  fluid  in 
balk  of  different  fizes  joined  by  long  wires  ;  in  n^  130, 
6cc.  thefe  were  examined — and  found  to  be  fuch  as  were 
fo  indicated  by  the  eledrometer. 

And,  laftly,  tlie  mode  of  accumulating  great  quanti¬ 
ties  of  fluid  by  means  of  parallel  plates,  gave  a  third 
way  of  confronting  the  hypothetical  law  with  experi¬ 
ment.  The  argument  w^as  no  lefs  fatisfa6:ory  in  this 
cafe  ;  but  the  examination  required  attention  to  parti¬ 
culars  not  yet  mentioned,  which  made  the  proportions 
between  the  fluid  in  HK  and  AB  (fig  27.)  widely  dif¬ 
ferent  from  thofe  mentioned  in  the  preceding  para¬ 
graphs.  Thefe  circumftances  are  among  the  moll  curi¬ 
ous  and  important  in  the  whole  ftudy,  and  will  be  con- 
fidered  in  their  place. 

145  therefore  with  confidence  on  the  truth  of 

The  bwnfthe  law  of  electric  action,  affumed  by  us  as  a  principle 
ele^lric  ac-  of  expknatioii  and  iiiveftigation.  It  is  quite  needlefs 
tkn  is  unprofitable  to  give  any  detail  of  the  numerous 

.  experiments  in  which  w^e  confronted  it  with  the  pheno¬ 

mena.  The  fcrupulous  reader  will  get  ample  fatisfac- 
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tion  from  the  excellent  experiments  of  Mr  Coulomb 
with  his  delicate  ele^lrometer.  He  will  find  them  in  the 
Memoirs  of  the  Academy  of  Sciences  of  Paris  for  1  784, 

1785,  1786,  and  1787.  Some  of  them  are  of  the  fame 
l^ind  with  thofe  employed  by  the  writer  of  this  article  ; 
others  are  of  a  different  kind  ;  and  many  are  dircdlcd 
to  another  objedl,  extremely  curious  and  important  in 
this  ftudy,  namely,  to  difeover  how  the  ele(ftric  fluid  is 
difpofed  in  bodies  ;  and  a  third  fet  are  directed  to  an 
examination  of  the  manner  in  which  the  elecliic  fluid  is 
diflipated  along  imperfe<B:  condinSlors. 

But  we  have  already  drawn  this  article  to  a  great 
length,  and  muft  bring  it  to  an  end,  by  explaining  fome 
very  remarkable  phenomena,  namely,  the  operation  of 
the  Leyden  phial,  the  operation  of  the  ele^lrophorus, 
and  the  diflipation  of  eleiPricity  by  fiiarp  points  and  by 
impeife<Sl  condudlors.  14^ 

The  obfervations  of  Mr  Watfon  on  the  neceffity 
connecting  the  rubber  of  an  electrical  machine  with  the  ^ 
ground,  might  have  fuggefted  to  philofophers  the  doc¬ 
trine  of  plus  and  minus  electricity,  efpecially  after  the 
valuable  difeoveries  of  Mr  Syinmer  and  Cigna.  A  fe-  v 
rious  coniideration  of  thefe  general  facts  would  have 
led  to  the  theory  of  coated  glafs  ahnoft  at  its  firft  ap¬ 
pearance,  But  the  hiftorical  fadt  was  otherwife;  and  a 
confiderable  time  elapfed  betwen  the  firft  experiments 
with  charged  glafs  by  Kleift,  and  the  clear  and  fatif- 
fadtory  account  given  by  Dr  Franklin,  of  all  the  efteii- 
.tial  parts  of  the  apparatus,  and  the  probable  procedure 
of  nature  in  the  phenomenon.  The  impermeability  of 
glafs  by  the  eledlric  fluid,  and  the  confequent  abftrac- 
tion  of  it  from  the  one  fide  while  it  was  accumulated 
on  the  other,  fuggefted  to  his  acute  mind  the  leading 
principle  of  eledlrical  philofophy  ;  namely,  that  all  tlie 
phenomena  arife  from  the  redundancy  or  deficiency  of 
chdlric  fluid,  and  that  a  certain  quantity  of  it  rciides 
naturally  in  all  bodies  in  a  ftate  of  uniform  diftribu- 
tion,  and,  in  this  ftate,  produces  no  fenlible  effedb. 

This  was,  in  his  hands,  the  inlet  to  the  whole  fcieiict ; 
and  the  greateft  part  of  what  has  been  fince  added  is  a 
more  diftindt  explanation  how  the  redundancy  or  defi¬ 
ciency  of  eledlric  fluid  produces  the  obferved  pheno¬ 
mena.  Dr  Franklin  deduced  this  leading  principle 
from  obferving,  that  as  fail  as  one  fide  of  a  glafs  plate 
was  eledlrified  pofitively,  the  other  fide  appeared  nega¬ 
tive,  and  that,  urilefs  the  elcdlricity  of  that  fide  was 
communicated  to  other  bodies,  the  other  fide  could  be 
no  farther  eledlrified.  Having  formed  this  opinion,  the 
old  obfervations  of  Watfon,  Syinmer,  and  Cigna,  were 
explained  at  once,  and  the  explanation  of  the  Leyden 
phial  would  have  come  in  courfe.  It  is  for  thefe  rea- 
fons,  as  much  as  lor  the  important  difeovery  of  the 
famenefs  of  eledlricity  and  of  thunder,  that  Dr  Frank¬ 
lin  ftands  fo  high  in  the  rank  of  philofophers,  and  is 
jullly  coiifidered  as  the  author  of  this  department  of 
natural  fciencc.  Whatever  credit  may  be  due  to  the 
chemical  fpeculatioiis  of  De  Luc,  Wilcke,  Winkler, 
and  many  others,  who  have  attempted  to  affociate  elec¬ 
tricity  with  other  operations  of  nature,  by  refolving  the 
eledlric  fluid  into  its  conftituent  parts,  all  their  expla¬ 
nations  prefuppofe  a  mathematical  and  mechanical  doc¬ 
trine  concerning  the  mode  of  adtion  of  the  ingredients, 
which  will  either  account  for  th^  total  inadlivity  of  the 
compound,  or  which  will  explain,  in  the  very  fame 
manner,  the  adlion  of  the  compound  itfelf ;  yet  all  feem 

to 
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to  content  thenifelves  with  a  vague  and  indiilind  no¬ 
tion  of  this  preliminary  ftep,  and  have  allowed  them- 
felves  to  fpeak  of  eledrical  atmofpheres,  and  fpheres  of 
adivity,  and  fuch  other  creatures  of  the  mind,  without 
once  taking  the  trouble  of  confidering  whether  thofe 
affumptions  afforded  any  real  explanation.  How  dif¬ 
ferent  was  Newton’s  condud.  When  he  difeovered 
that  the  planets  attraded  each  other  in  the  inverfe  du¬ 
plicate  ratio  of  the  dillances,  and  that  terreflrial  gravity 
was  an  in  fiance  of  the  fame  force,  and  that  therefore 
the  deflcdion  of  the  earth  was  the  effed  of  the  accu¬ 
mulated  weight  of  all  its  parts  ;  he  did  not  rafhly  affirm 
this  of  the  planets,  till  he  examined  what  would  be  the 
efled  of  the  accumulated  attradion  in  the  abovemen- 
tioned  proportion. 

Mr  ^pinus  has  the  honour  of  firfl  treading  in  the 
lleps  of  our  illnflrious  countryman  ;  and  he  has  done 
it  with  fingular  fuccefs  in  the  explanation  of  the  phe¬ 
nomena  of  attradion  and  repulfion,  as  we  have  already 
feen.  In  no  part  of  the  ftiidy  has  his  fuccefs  been  fo 
confpicuous  as  in  the  explanation  of  the  curious  and 
important  phenomena  of  the  Leyden  phial.  It  only  re¬ 
mained  for  him  to  account  for  the  accumulation  of  fuch 
a  prodigious  quantity  of  this  agent  as  was  competent 
to  the  produdion  of  effeds  which  feemed  to  exceed  the 
fimilar  effeds  in  other  cafes,  out  of  all  proportion.  In- 
deed,  the  difproportion  is  fo  great,  as  to  make  them  ap¬ 
pear  to  be  of  a  different  and  incomparable  nature.  Dr 
VVilfon’s  experiments  in  the  pautlieon  are  therefore  pre¬ 
cious,  by  fhewiiig  that  nothing  was  wanted  for  the 
produdion  of  all  the  effeds  of  the  Leyden  phial  hut  a 
furface  fufficiently  extenfive  for  containing  a  vaft  quan¬ 
tity  of  fluid,  and  fo  perfedly  coridudirig  as  to  admit 
of  its  fimultaneous  and  rapid  transference.  Therefore 
we  affert  that  one  of  the  chief  merits  of  Mr  TEpinus’s 
theory  is  the  fatisfadory  explanation  of  the  accumula¬ 
tion  of  this  vaft  quantity  of  fluid  in  a  frnall  fpace.  We 
truft,  therefore,  that  our  readers  will  perufe  it  with 
pleafure.  But  we  mull  here  obferve,  that  Mr  iEpinus 
has  not  exprefsly  done  this  in  his  work  which  we  have 
already  made  fo  much  ufe  of,  nor  in  any  other  that 
we  know  of.  He  has  gone  no  farther  than  to  point 
out  to  the  mathematicians,  that  his  hypothefis  is  ade¬ 
quate  to  the  accounting  for  any  degree  of  accumulation 
whatever.  This  he  does  in  that  part  of  his  work  which 
contains  the  formulae  of  n'’  38,  39,  40,  41,  2cc.  And 
he  afterwards  ffiews,  that  all  the  phenomena  of  attrac¬ 
tion  and  repullion  which  are  ubleryed  in  the  charged 
jar  are  preeifely  fuch  as  ane  neceffary  confequences  of 
his  theory. 

It  is  to  the  Hon.  Mr  Cavenclirn  that  vve  are  indebt¬ 
ed  for  the  fatisfadory,  the  complete  (and  we  may  call 
F4cica  D  explanation  of  all  the  phenomena. 

Mr  Caven- himfelf  the  fame  notion  of  the  mechanical 
dilh.  properties  of  the  eledric  fluid  with  Mr  ^piniis,  he 
exammed,  with  the  patience,  and  much  of  the  addrefs, 
of  a  Newton,  the  adion  of  fuch  a  fluid  on  the  fluid  a- 
ronnd  It,  and  the  fenfible  effeds  on  the  bodies  in  which 
It  refided  ;  the  difpolition  of  it  in  a  confiderable  variety 
of  cafes;  and  particularly  its  adion  on  the  fluid  con- 
tallied  in  flender  canals  and  in  parallel  plates ; — till  he 
arrived  at  a  fituation  of  things  fimilar  to  the  Leyden 
phial.  And  he  then  pointed  out  the  precife  degree  of 
accumulation  that  was  attainable,  on  different  fuppofi- 
tions  concerning  the  law  of  eledric  adion  In  general. 
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We  have  given  an  abftrad  of  this  invefllgation  accom¬ 
modated  to  the  inverfe  duplicate  ratio  of  the  diftaiices. 

From  this  it  appears  135),  that  whatever  quan¬ 
tity  of  eledric  ftuid  we  can  put  Into  a  circular  plate 
12  inches  in  diameter,  by  fmiple  communication  with 
the  prime  condudor  of  an  eledrical  machine,  we  can  ac¬ 
cumulate  60  times  as  much  in  it  by  bringing  the  plate 
within  i^^th  of  an  inch  of  another  equal  plate  which 
communicates  with  the  ground  ;  and  it  appears  in  n® 
that  all  this  accumulated  fluid  may  be  transferred 
in  an  inftant  to  the  other  plate  (which  is  fhewn  to  be 
almoft  equally  deprived  of  fluid),  by  coimeding  the 
two  plates  by  a  fmall  wire. 

But  as  it  was  alfo  fhewm  in  that  paragraph,  that  the 
force  wdth  which  the  accumulated,  fluid  was  attraded 
by  the  redundant  matter  in  the  other  plate  was  exceed- 
ingly  great,  and  confequently  its  tendency  to  efcape 
was  propoitionably  incieafed;  this  accumulation  can- 
not  be  obtained  unlefs  we  can  prevent  this  fpontaneous 
transference. 

Here  the  non-conduding  power  of  idio-eledrics,  Tnexplica- 
witliout  any  diminution,  the  adion  of  the  eledric  fluid  by  rna- 
on  fluid  or  matter  on  the  other  fide  of  them,  comes  to 
owr  aid,  and  we  at  once  think  of  intcrpofliig  a  plate  of  ^  '*^*^^** 
glafs,  or  wax,  or  rofin,  or  any  other  eledric,  between 
our  conduding  plates.  Such  is  the  immediate  fiig- 
geftion  of  a  pei  fon’s  mind  who  entertains-  the  -dEpiniau 
notion  of  the  eledric  fluid  ;  and  fuch,  we  are  convin¬ 
ced,  is  the  thought  of  all  wdio  imagine  that  they  under- 
ftand  the  phenomena  of  the  Leyden  pliial.  But  thofe 
who  attempt  to  explain  eledric  adion  by  means  of 
what  they  call  eledric  atmofphere  of  variable  denfity: 
or  intenfity ,  are  not  intitled  to  make  any  fncli  inference, 
nor  to  exped  any  fuch  phenomena  as  the  Leyden  phial 
exhibits.  Eledricity,  they  fay,  ads  by  the  interven¬ 
tion  of  atmofpheres  :  Therefore,  whatever  allows  the 
propagation  of  this  adion  (conceive  it  in  any  manner 
w’liatever),  allow-s  the  propagation  of  lliefe  agents  ;  and 
whatever  docs  not  condud  eledric  adion,  does  not 
condud  the  agents.  Interpofed  glafs  fliould  therefore 
prevent  all  adlion  on  the  other  plate.  This  is  true, 
even  although  it  were  poffible  (which  we^ think  it  is 
not)  to  form  a  clear  notion  of  the  free  paffage  of  this 
material  atmofphere  in  an  inftant,  and  this  without 
any  diminution  of  its  quantity,  and  confequently  of  its. 
adion,  by  the  difplacemcnt  of  fo  much  of  it  by  the  fo- 
lid  matter  of  the  body  which  it  penetrates.  Yet  with¬ 
out  this  undiminiffied  adlou  of  the  cledrified  plate  on 
the  fluid,  and  on  the  matter,  beyond  the  gjafs,  and  on 
the  canal  by  which  its  fluid  may  be  driven  off  into  the 
general  mafs  ~  no  fuch  accumulation  can  take  place;, 
and  if  the  phenomena  of  the  Leyden  phial  are  agree¬ 
able  to  the  refults  of  the  .dLpinian  hypothefis,  all  ex- 
planation  by  atmofpheres  muff  be  abandoned.  Indeed 
when  the  partifans  of  the  atmofpheres  attempt  to  ex¬ 
plain  their  conceptions  of  them,  they  do  not  appear  to 
differ  from  what  are  called  fpheres  of  aBivity.  (a  phrafe 
firft  ufed  by  Dr  Gilbert  of  Colchefter,  in  his  celebrated 
work  De  Magnete  et  Corportbns  Magneticis J:  and  fpheres 
of  adivity  will  be  found  nothing  more  than  a  figurative 
expreffion  of  fome  indiftind  conception  of  aBion  in 
every  dtreBion.  When  we  ufe  the  words  attraBion  and 
repulfion^  vve  do  not  fpeak  a  whit  more  figuratively  than 
when  we  ufe  the  general  word  aBion.  Thefe  terms  are 
all  figurative;  only  attraBion  and  repuljion  have  the  ad¬ 
vantage. 
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vantage  of  fpecifying  the  dlr^Blon  in  which  we  conceive 
the  ai}icn  to  be  exerted. 

It  therefore  becomes  ftill  more  mterefling  to  the  phi- 
lofopher  to  compare  the  phenomena  of  charged  glass 
with  the  ^pinian  theory.  They  afford  an  experimenium 
151  crucis  in  the  quellion  about  elearic  atmofpheres. 

*jPhenoni<‘-  J^et  G  (hg.  28.)  reprefent  the  end  of  a  prime  con- 
furnifhed'with  Henley's  eledrometer.  Let  AB 
cxplSiicd  reprefent  a  round  plate  of  tinfoil,  palled  on  a  pane  of 
o-lafs  which  exceeds  the  tinfoil  about  two  inches  all 
round.  The  pane  is  fixed  in  a  wooden  foot,  that  it 
may  Hand  upright,  and  be  Ihifted  to  any  diftance  from 
tlie'  condudlor  DF  reprefents  another  plate  of  the 
“fame  dimenfions  as  AB,  in  the  centre  of  which  is  a 
wire  EN,  having  a  finall  ball  on  the  end  N,  to  which 
is  attaclied  a  Canton’s  cWdlromcter.  This  wire  paffes 
through  the  wooden  ball  O,  fattened  to  the  infulating 
Hand  P.  The  glafs  pane  mutt  be  very  clean,  dry,  and 
warm.  Conned  the  condudor  G  with  AB  by  a  wire 
reaching  to  the  centre  C.  Turn  the  cylinder  of  the 
dcdrical  machine  flowly,  till  the  elcdrometer  rife  to 
40^  and  n-ote  the  number  of  turns.  Take  off 
tlie  eledridty  ;  and  having  taken  away  the  conneding 
wire  GC,  turn  the  machine  again  till  the  eledrometer 
rife  to  the  fame  height.  The  difference  in  the  number 
of  turns  will  give  fome  notion  of  the  expenditure  of 
iluid  neceffary  for  eledrifying  the  plate  of  tinfoil  alone, 
Hu’s  will  be  found  to  be  very  trifling  when  the  eledri- 
city  is  in  fo  moderate  a  degree.  It  is  proper,  however, 
to  keep  to  thi«  moderate  degree  of  eledrification,  be- 
caiife  when  it  is  much  higher,  the  diflipation  from  the 
edges  of  the  plate  is  very  great.  Replace  the  wire,  and 
again  raife  the  eledrometer  to  30"^.  Now  bring  forward 
tlie  plate  DF,  keeping  it  duly  oppofite  and  parallel  to 
AB,  and  taking  care  not  to  touch  it.  It  will  produce 
no  fenfible  change  on  the  pofition  of  the  eledrometer 
till  it  come  within  four  or  three  inches  of  the  glafs  pane  j 
and  even  when  we  bring  it  much  nearer  (if  a  fpark  do 
not  fly  from  the  glafs  pane  to  DF),  the  eledrometer 
HG  will  fink  but  two  or  three  degrees,  and  the  eledro¬ 
meter  at  N  will  be  little  affeded.  Now  remove  the 
plate  DF  again  to  the  diftance  of  two  or  three  feet,  and 
attach  to  its  ball  N  a  bit  of  chain,  or  filyer  or  gold 
thread,  w-hich  will  trail  on  the  table.  Again,  raife  the 
eledrometer  to  30°,  and  bring  DF  gradually  forward 
to  AB.  The  eledrometer  HG  wull  gradually  fall 
dowm,  but  will  rife  to  its  former  height,  if  DF  be  with¬ 
drawn  to  its  firft  fituatioii.  It  is  fcarcely  neceffary  to 
fhew  the  conformity  of  this  to  the  theory  contained 
in  no  134,  135,  &;c.  As  the  plate  DF  approaches, 
the  redundant  fluid  in  AB  ads  on  the  fluid  in  DF, 
and  drives  it  to  the  remote  end  of  the  wire  EN,  as  was 
fhewn  by  the  divergency  of  the  balls  at  N;  and  then  an 
accumulation  begins  in  AB,  and  the  eledrometer  HG 
falls  in  the  fame  manner  as  if  part  of  the  fluid  in  the 
prime  condudor  were  communicated  to  AB.  When 
DF  communicates  with  the  ground,  the  eledrometer 
at  N  cannot  fhew  any  eledridty,  but  much  more  fluid 
is  now  driven  out  of  DF,  in  proportion  as  it  is  brought 
nearer  to  AB.  Inftead  of  conneding  AB  immediate¬ 
ly  with  the  prime  condudor,  let  the  wire  GC  have  a 
plate  at  the  end  G,  of  the  fame  dimenfions  as  AB,  ha¬ 
ving  an  eledrometer  attached  to  the  fide  next  to  AB. 
Let  this  apparatus  of  two  plates  be  eledrified  anyhow, 
and  note  the  divergency  of  the  eledrometer  at  H,  be¬ 


fore  DF,  communicating  with  the  ground,  la  brought 
near  it,  and  then  attend  to  the  changes.  We  flvall  find 
the  divergency  of  this  eledrometer  correfpond  with  the 
diftance  of  DF  very  nearly  as  the  theory  requires.  ly-j 

While  the  plates  AB  and  DF  are  near  each  other, State  of  the 
efpecially  when  DF  communicates  with  the  ground,  ifeoatings, 
we  hang  a  pith-ball  between  them  by  a  filk  thread,  it 
will  be  ttrongly  attraded  by^  the  plate  which  is  neareft 
to  it,  b^hether  DF  or  AB;  and  having  touched  it,  it 
will  be  briikly  repelled,  and  attraded  by  the  glafs  pane, 
which  w’iil  repel  it  after  contad,  to  be  agruhi  attracted 
and  repelled  by  DF  ;  and  thus  bandied  between  the 
plates  till  all  elcdricity  difappear  in  both,  the  eledro¬ 
meter  attached  to  H  defeending  gradually  all  the 
wbile. 

As  all  thefe  phenomena  are  more  remarkable  in  pro-  ^53* 
portion  as  the  plates  are  brought  nearer,  they  are  moft 
of  all  when  DF  is  applied  clofe  to  the  glafs  pane.  And 
if,  in  this  fituation,  w^e  take  any  accurate  method  for 
meafuring  the  intenfity  of  the  elcdricity  in  the  plate 
HG,  before  the  approach  of  DF,  we  fliaJl  find  the  di¬ 
minution,  occafioned  by  its  coming  into  full  contad 
with  the  pane,  coiifiderably  greater  than  what  is  point¬ 
ed  out  in  135.  When  w^e  employed  plates  of  12 
inches  diameter,  patted  on  a  pane  one  fortieth  of  an  inch 
in  thicknefs,  we  found  the  diminution  not  lefs  than 
199  parts  of  200  ;  and  we  found  that  it  required  at 
leaft  200  times  the  revolution,  of  the  cylinder  to  raife 
the  eledrometer  to  the  fame  height  as  before.  This 
comparifon  is  not  fufceptible  of  great  accuracy,  by  rea- 
fon  of  many  circumftaiices,  which  will  occur  to  an  elec¬ 
trician.  But  in  all  the  trials  we  have  made,  we  are  cer¬ 
tain  that  the  accumulation  greatly  exceeded  that  point¬ 
ed  out  by  the  iEpinian  theory  as  improved  by  Mr  Ca- 
vcndifli.  And  we  mutt  here  obferve,  that  we  found 
this  fuperiority  more  remarkable  in  fome  kinds  of  glafs 
than  others,  and  more  remarkable  in  fome  other  idio- 
eledrlcs.  We  think  that,  in  general,  it  was  mott  re¬ 
markable  in  the  coarfe  kinds  of  glafs,  provided  they 
were  uniformly  tranfparent.  We  found  it  moft  re¬ 
markable  in  fome  common  glafs  which  had  exfoliated 
greatly  by  the  weather  ;  but  we  alfo  found  that  fuch 
glaffes  were  very  apt  to  be  burft  by  the  charge.  The 
hardeft  and  beft  London  crowii-glafs  feemed  to  accu¬ 
mulate  lefs  than  any  other ;  and  a  coloured  glafs,  which 
wlien  viewed  by  refledion  feemed  quite  ppake,  but 
appeared  brown  by  tranfmitted  light,  admitted  an  ac¬ 
cumulation  greatly  exceeding  all  that  we  have  tried  ; 
but  it  could  not  be  charged  much  higher  without  the 
certainty  of  being  burft.  This  diverfity  in  the  accumu¬ 
lation,  which  may  be  made  in  different  kinds  of  glafs, 
hinders  us  from  comparing  the  abfolute  accumulations 
affigned  by  the  theory  with  thofe  which  experiment 
gives  Us.  But  though  we  cannot  make  this  comparifon, 
we  can  make  others  which  are  equally  fatisfadory.  We 
can  difeover  what  proportion  there  is  between  the  accu¬ 
mulation  in  glafs  of  the  fame  kind,  as  it  may  differ  in 
thicknefs  and  in  extent  of  furface.  Ufing  mirror  glafs, 
which  is  of  uniform  and  meafurable  thicknefs,  and  very 
flat  plates,  which  come  into  accurate  or  equable  con¬ 
tad — w^e  found  that  the  accumulation  is  inverfely  as  the 
thicknefs  of  the  plates ;  but  with  this  exception,  that 
when  two  plates  were  ufed  inftead  of  a  plate  of  double 
thicknefs,  the  diminution  by  the  increafe  of  thicknefs 
was  not  nearly  in  the  proportion  of  this  increafe.  In¬ 
ftead 
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flead  of  being  reduced  to  one  half,  it  was  more  than 
tvvo.tly’rds ;  and  in  the  kind  called  Dutch  plate,  the  di¬ 
minution  was  inconfiderable. 

The  experiments  with  the  Dutch  and  other  double 
'plates,  fu|;gefted  another  inllrudive  and  pretty  experi¬ 
ment.  Obferving  thefe  plates  to  cohere  with  contider- 
ahle  force,  it  was  thought  worth  while  to  mcarure  it ; 
which  was  attempted  in  this  manner  :  Two  very  flat 
brafs  plates  A  B,  DF  (fig.  29.)  furnifiicd  with  wires 
and  balls,  weie  fufpended,  about  three  inches  afunder, 
by  filk  threads,  as  reprefented  in  the  figure.  At  G 
\^as  attached  a  very  fine  filver  wire,  which  hung  very 
loofe  between  it  and  the  prime  coiidudor,  without  co¬ 
ining  near  the  table.  Another  was  attached  to  N, 
which  touched  the  table.  A  plate  of  mirror  glafs  was 
fet  between  them,  as  fhewn  by  QJ^.  AFhen  this  appa¬ 
ratus  was  cledlrified,  the  threads  of  fufpenfion  imme¬ 
diately  began  to  deviate  from  the  perpendicular,  and 
the  plates  to  approach  the  glafs  pane  and  each  other. 
The  pane  was  carefully  Ihifted,  fo  as  to  he  kept  in  the 
exaa  middle  between  them.  This  refiilt  fhewed  very 
plainly  the  preiTure^ol  the  fluid  on  one  of  the  plates, 
and  the  mutual  attradfion  of  the  redundant  matter  and 
reduiiclant  fluid.  Tin’s  increafed  as  the  accumulation 
iiicrealed  ;  and  it  was  attempted  to  compare  the  at- 
tradlion  with  the  accumulation,  by  comparing  the  devi¬ 
ation  of  the  fiifpending  threads  with  that  of  the  cleftro- 
meter  attached  to  the  prime  condudlor  ;  but  we  could 
not  leconcile  the  feries  (which,  however,  was  extremely 
regular)  with  the  law  of  eledric  aaion.  This  harmo- 
ny  was  probably  dillurbed  by  the  force  employed  in 
raifing  the  filver  wires.  When  more  flexible  filver  threads 
weie  ufed,  much  was  loft  by  difiipation  from  the  rough- 
nefs  of  the  thread.  We  did  not  think  of  employing  a 
line  flaxen  thread  moiftened  ;  but,  indeed,  an  agree¬ 
ment  was  hardly  to  be  expected;  becaufe  theory  teaches 
US,  that  the  diftrihiition  of  the  redundant  fluid  in  AB 
will  be  extremely  different  from  the  ciiftribution  of  the 
redundant  matter  in  DF,  till  the  plates  come  very  near 
each  other,  1  he  accumnlation  in  AB  depends  greatly 
on  the  law  of  diftribution,  being  lefs  (with  any  degree 
of  redundancy)  when  the  fluid  is  denfer  near  the  centre 
of  the  plate.  Other  circumftances  concurred  to  difturb 
this  trial ;  but  the  theory  was  abundantly  confirmed  by 
the  experiment,  which  fhewed  the  ftrong  attradlion  ari- 
fing  from  the  accumulation.  This  was  fo  great,  that  al¬ 
though  the  plates  were  only  three  inches  in  diameter,  and 
the  glafs  pane  was  of  an  inch  thick,  and  the  threads 

deviated  about  18  degrees  from  the  perpendicular _ it 

required  above  an  ounce  weight,  hung  on  the  wire  EN, 
to  feparate  the  plates  from  the  glafs. 

The  experienced  eledrician  need  not  be  told,  that  by 
bringing  the  two  ends  of  a  bent  wire  in  contact  with 
the  two  plates  (lirft  touching  DF  with  it)  difeharges 
the  apparatus,  and  caufes  the  plates  to  drop  off  from 
the  pane.  But  he  may  farther  obferve,  that  if  there 
be  attached  to  each  end  of  the  difeharging  wire  a 
downy  feather,  and  if  he  firfl  bring  the  end  near  the  plate 
DF,  and  obferve  the  feather  to  be  not  at  all,  or  but  a 
very  little,  afFedled,  and  if  he  then  bend  round  the  other 
end  toward  the  plate  AB,  lot/j  feathers  will  immediate¬ 
ly  ftretch  out  their  fibres  to  the  plates,  and  cling  faft  to 
them,  long  before  the  difeharging  fpark  is  feen.  This 
is  a  fine  proof  of  the  procefs  of  difeharge,  which  be- 
gins  by  the  indu6fion  of  ele(5lricitv  on  the  ends  of  the 
SuppL.  VoL.  L  Part  IT. 
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difeharging  wire  ;  firft,  negative  deftricity  on  the  end 
Uiat  approaches  A,  and,  in  the  fame  inftant,  oppofite 
etemiicitics  at  D  and  the  adjoining  end  ol  the  wire.  j 

"Hie  following  obfervation  of  Profeftbr  llichmann  oFSemifid 
ot  icteiibiirgh  (the  gentleman  who  fell  a  lacrifice  to  <iudinftruc- 
elcdrical  ftudics  by  a  thunder  ftroke  from  his  appa-a- 
tus)  IS  extremely  i.iftructive  and  anmiirg.  Ln  a  ghfs 
pane  be  coated  on  both  fides,  and  furnil'hed  With  a  imall  Richmann. 
electrometer  attached  to  the  coatings.  It  is  reprefeut- 
ed  as  if  feen  edgewife  in  fig.  Let  it  be  charecd  po. 

redundancy)  by  the  coating  AB, 
wdiile  DF  coniniiiiiicates  with  the  ground  The  elec¬ 
trometer  A  a  will  ftaiui  out  from  "the  plate,  and  D 
wall  hang  down  clofe  by  its  coating,  as  loti.r  as  DF 
communicates  with  the  ground.  But  as  the  eTedricity 
gradually  diffipates  by  communication  to  the  co  itiTu- 
our  air,  the  ball  «  will  gradually,  but  very  flowly,  fall 
down.  We  may  judge  of  the  intenfity  of  the  remain¬ 
ing  dedricity  by  the  deviation  of  the  eledrometer,  and 
we  may  conceive  this  deviation  divided  into  dej^rees, 
indicating  not  angles,  but  intenfities,  which  we^on- 
ceive  as  proportional  to  the  redundancy  or  deficiency 
which  occafioii  them.  ^ 

If  vve  take  away  tlie  communication  witli  tite  ground, 
vve  fhall  obferve  the  ball  a  fall  down  very  fpeedilv,  and 
then  more  dowly,  till  it  reaeh  about  half  of  its  fira  ele- 
vation.  1  he  ball  will  at  the  fame  time  rife  to  nearly 
t  le  fame  height  ;  the  angle  between  the  two  eleftrome- 
ters  continuing  nearly  the  fame  as  at  firlh  When  ,l  has 
ceaied  to  rile,  both  balls  will  very  flowly  defeend,  till 
the  charge  is  loll  by  diffipation.  If  we  touch  DF  dii- 
ring  tins  defeent,  cl  will  immediarcly  fall  down,  and  a 
will  as  fiiddeiily  rife  nearly  as  mueli  ;  the  angle  between 
tlie  electrometers  continuing  nearly  the  fame.  Re¬ 
move  the  finger  from  DF,  and  will  fall,  and  cl  will 
rile,  to  nearly  their  former  places  ;  and  the  flow  de- 
Icent  of  both  will  again  continue.  The  fame  thin- 
will  happen  ,f  we  toueh  AB  j  ^  will  fall  down  clofe  to 
pe  plate,  and  d  will  rife,  &c.  And  this  alterjiate 
touching  of  the  coatings  may  be  repeated  fome  hun¬ 
dreds  of  times  before  the  plate  be,  difeharged.  If  we 
lulpend  a  crooked  wire  si  m  v,  having  two  pith  balls  t- 
and  u  from  an  infulated  point  m  above  the  phte,  it  will 
vibrate  with  great  rapidity,  the  balls  llriking  the  coat¬ 
ings  alternately  ;  and  thus  rellorlng  the  equilibrium  by 
Heps.  Lach  ilroke  is  accompanied  by  a  Ipark 

.h  .1  courequeiices  ofTh^ry  of 

the  theory,  but  their  meafures  agree  prceifely  with  theh- 
computations  deduced  from  the  formulae  in  no  2j 
24,  accommodated  to  the  cafe  by  means  of  n“  1 1  r  and 
136,  as  we  have  verified  by  repeated  trials.  But  it 
would  occupy  much  room  to  trace  the  agreement  here, 
and  would  fatigue  fuch  readers  as  are  not  familiarly 
converfant  with  fluxionary  calculations.  The  inquifi- 
ti^  reader  will  get  full  conviftion  by  perufing  Epiiius’s 
Lflaj,  Appendix  i.  A  very  diftina;  notion  maybe 
conceived  of  the  whole  procefs,  by  fuppofing  that  in  a 

minute  AB  lofes  .r%th  of  the  unbalanced  rfdundancy 
aau^ly  in  it,  and  confequently  diminiflies  as  much  in 
Its  action.  It  will  be  proved  afterwards,  that  the  diffi 
pations  m  equal  times  are  really  in  proportion  to  the* 
fuperhcial  repulfions  then  exerted.  .We  may  alfo  fun- 
pofe,  that  the  adlion  of  the  redundant  fluid,  or  redun¬ 
dant  matter,  in  either  coating,  on  the  external  fluid  con- 
tiguous  to  It,  IS  to  Its  adion  on  the  fluid  contiguous  to 
^  F  the 
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the  other  coating  in  the  conftant  proportion  of  lo  to 
9.  We  ftlea  this  proportion  for  the  fimpiicity  of  the 
computation.  Then  the  diherence  of  thefe  adfions  is 
always  ^^ion  on  the  fluid  contiguous 

to  it.  This  is  alfo  an  exadl  fuppofition  in  fome  parti¬ 
cular  cafe,  depending  on  the  breadth  of  the  coating 
and  the  thicknefs  of  the  pane. 

Now,  let  the  primitive  unbalanced  repulfion  between 
AB  and  the  contiguous  fluid  of  the  eledrometer  be  100, 
while  DF  communicates  with  ,the  ground.  The  ball  a 
will  Hand  at  100;  the  ball  will  hang  touching  DF. 
Then  a,  by  lofing  V^th,  retains  only  90,  and  would 
fink  to  90"^:  But  as  this  deftroys  the  equilibrium  on 
the  other  fide,  fluid  will  enter  into  DF,  fo  as  to  reduce 
the  deficiency  -i-*^th.  Therefore  nine  degrees  of  fluid 
will  enter  ;  and  its  a^lioii  on  a  will  be  the  fame  as  if 
of  9,  or  8,1  had  been  reflored  to  AB.  There¬ 
fore  a  will  rife  from  90  to  98,1  ;  or  it  will  fink  in  one 
minute  from  100  to  98,1. 

But  if  we  have  cut  off  the  communication  of  DF 
with  the  ground,  this  quantity  of  fluid  cannot  come  into 
DF  ;  and  the  quantity  which  really  comes  into  it  from 
the  air  will  be  to  that  which  efcapes  from  A  as  the  at- 
tra6lion  on  the  fide  of  DF,  to  the  repulfion  on  the  fide 
of  AB.  By  the  diminution  of  the  repulfion  r^th,  and 
the  w^ant  of  9  degrees  of  fluid  in  DF  to  balance  it,  DF 
acquires  an  attra6lion  for  fluid  which  may  be  called  9. 
Therefore,  fince  Vs^h  of  the  primitive  repulfion  of  AB 
has  diflipated  10  meafures  of  fluid  in  the  minute, 
the  attra(!fl;ion  of  DF  wdll  caufe  it  to  acquire  To^k  of 
9,  or  0,9,  from  the  air  in  the  fame  minute.  At  the 
end  of  the  minute,  therefore,  there  remains  an  unba¬ 
lanced  attradlion  for  fluid  =  8,1  ;  and  confequently  an 
unbalanced  repulfion  between  the  redundant  matter  in 
DF,  and  that  in  the  ball  d.  Therefore  d  will  rife  to 

8.1.  But  a  cannot  now  be  at  98,1  ;  becaufe  DF  has 
not  acquired  9- meafures  of  fluid,  but  only  T^^ths  of  one 
meafure.  Therefore  inflead  of  rifmg  from  90  to 

98.1,  will  only  rife  to  90  +  T^o^bs  X  T^ths  j  that  is, 
to  90,81. 

At  the  clofe  of  the  minute,  therefore,  a  is  at  90,81, 
and  d  is  at  8,1,  and  their  diftance  is  98,91.  In  the 
next  minute,  AB  will  lofe  To^b  of  the  remaining  unba¬ 
lanced  ele^ricity  of  that  fide,  and  DF  will  now  acquire 
a  greater  proportion  than  before  ;  becaufe  its  former 
unbalanced  attradlion  gets  an  addition  equal  to  T^ths 
of  the  lofs  of  AB.  This  will  make  a  larger  compenfa- 
tion  in  the  ailion  on  and  a  will  not  fall  fo  much  as 
before.  And  becaufe  in  the  fucceeding  minutes  the  at- 
traclion  of  DF  for  fluid  is  increafing,  and  the  repul- 
fion  of  AB  is  diminifliing,  the  compenfation  in  the  ac¬ 
tion  on  Uf  by  the  increafed  attra61ion  of  DF,  conti¬ 
nues  to  increafe,  and  the  defeent  of  a  grows  continually 
flower  ;  confequently  a  time  mull  come,  when  the  re- 
pulfion  of  AB  for  fluid  is  to  the  attra(B.ion  of  DF  for 
it,  nearly  in  the  proportion  of  10  to  9.  When  this 
Itate  obtains,  d  will  rife  no  more  ;  becaufe  the  receipt 
of  fluid  by  DF,  being  now  T^^ths  of  the  lofs  by  AB, 
it  will  exadfly  compenfate  the  additional  attraAion  of 
DF  for  fluid,  occalioned  by  that  lofs.  The  next  lofs 
by  AB  not  being  fo  great,  and  tlfe  next  receipt  by 
DF  continuing  the  fame,  by  reafon  of  its  undimiiiiflied 
attraction,  there  will  be  a  greater  compenfation  in  the 
action  on  which  will  prevent  its  defeending  fo  fall ; 
and  there  will  be  more  than  a  compenfation  for  the  ad¬ 


ditional  attraction  of  DF  for  fluid  :  that  is,  the  fluid 
which  has  now  come  into  DF  will  render  it,  and  alfo 
the  ball  ^/,  lefs  negative  than  before  ;  and  therefore  they 
will  not  repel  fo  Itrongly.  Therefore  d  mull  now  de- 
feend.  It  is  evident,  that  fimilar  reafons  will  ftill  fub- 
filt  for  the  flow  defeent  of  a,  and  the  flower  defeent  of 
df  till  all  redundancy  and  deficiency  are  at  an  end. 

This  maximum  of  the  elevation  of  d  happens  when  a 
has  defeended  about  one  half  of  its  elevation  ;  that  is, 
when  the  unbalanced  repulfion  of  AB  is  reduced  to 
about  one-half.  For  if  one-half  of  the  unbalanced  fluid 
be  really  taken  out  of  AB,  and  if  DF  can  get  no  fup- 
ply  whatever,  it  mull  acquire  an  attraction  correfpond- 
ing  to  T^^ths  of  this  ;  and  if  the  fupply  by  the  air  be 
now  opened  to  it,  things  will  go  on  in  the  way  already 
deferibed,  till  all  is  difeharged.  j 

This  account  of  the  procefs  is  only  an  ^pproxima-  I 

tion  ;  becaufe  we  have  fuppofed  the  changes  to  happen 
in  a  defultory  manner,  as  in  the  popular  way  of  explain¬ 
ing  the  acceleration  of  gravity.  The  rife  of  d  is  not 
at  an  end  till  the  attradion  of  DF  for  fluid  is  to  the  '  ‘ 

repulfion  of  AB  as  19  to  20. 

But  if  we  interrupt  this  progrefs  in  any  period  of  it, 
by  touching  DF,  we  immediately  render  it  neutral, 
and  d  falls  quite  down,  in  confequence  of  receiving  a  ^ 

complete  fupply  of  fluid.  But  this  mull  change  the 
llate  of  AB,  and  caufe  it  to  rife  i%>ths  of  the  defeent  of 
d»  As  a  and  d  were  nearly  at  an  equal  height  before 
DF  was  touched,  it  is  plain  that  a  will  rife  to  nearly  ( 

twice  its  prefent  height  ;  after  which,  the  fame  feries 
of  phenomena  will  be  repeated  as  foon  as  the  finger  is 
removed  from  DF. 

If,  inllead  of  touching  DF,  we  touch  AB,  the  fame 
things  muH  happen  ;  a  mull  fall  down,  and  d  mull  rife 
to  nearly  twice  its  prefent  height,  and  all  will  go  on  as 
before,  after  removing  the  finger.  Daftly,  if  inllead  of 
allowing  either  fide  to  touch  the  ground  alternately, 
we  only  touch  it  with  a  fmall  bifulated  body^  fuch  as 
the  wire  with  the  balls  *0  and  u,  the  ball  attached  to 
the  fide  touched  finks,  till  the  eleClricity  is  fliared  be¬ 
tween  the  coating  and  the  wire  with  balls.  The  ball 
attached  to  the  other  coating  rifes  T^^ths  of  the  finking 
of  the  firft  ball.  The  crooked  wire  ball  is  now  repel-  | 

led  by  the  coating  which  it  touched,  and  the  other  ball 
is  brought  near  to  the  other  coating,  and  mull  be  at- 
trafted  by  it,  becaufe  the  electricities  are  oppofite. 

This  operation  evidently  tends  to  transfer  the  reduii-  I 

dant  fluid  by  degrees  to  the  fide  where  it  is  deficient.  ♦  '  ^ 

It  needs  no  explanation.  We  fhall  only  mention  a  thing 
which  we  have  always  obferved,  without  being  able  to 
account  for  it.  The  vibration  of  the  wire  acquires  a 
certain  rapidity,  which  continues  for  a  long  while,  and 
fuddenly  accelerates  greatly,  and  immediately  afterwards 
ceafes  altogether. 

This  pretty  experiment  of  Profeflbr  Richmann  will  <  ^ 

be  found  very  inftruClive.;  and  will  enable  us  to  under- 
ftand  the  operation  of  the  eleClrophorus,  and  to  fee  , 

the  great  miftake  of  tliofe  who  fay  that  it  is  perfectly  , 

fimilar  to  a  difeharged  glafs  plate.  I 

Thus,  then,  we  fee,  that  all  the  claffes  of  phenome-Eledric  ae 
na,  conneefted  with  attra6lion  and  repulfion,  are  precife-dontf(/i/?<3« 
ly  fuch  as  would  refult  from  the  aClion  of  a  fluid 
conftituted.  The  complete  undiminifhed  a6lion  of  the  ^ 
caufe  of  thofe  phenomena  on  the  other  fide  of  the  inter-  ’ 

pofed  non-condu6lor  of  that  caufe  is  demonftrated,  and 
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dl  explanation  by  the  raechanical  adllon  of  material 
elaftic  atmofpheres  of  variable  denfity  mull  be  aban- 
<ioned,^  and  tlie  infinitely  fimpler  explanation  by  the 
attradive  and  rcpulfive  forces  of  the  fluid  itfelf  muR 
be  preferred.  ? 

So  happily  does  the  Franklinian  theory  of  pofitive 
and  negative  yledricity  explain  the  phenomena,  wliefi 
a  fuitable  notion  is  formed  of  the  manner  of  adion  of 
this  fluid.  We  cannot  but  think  that  this  is  attained, 
when,  to  the  general  dodrine  of  -<Epfnus,  we  add  the 
fpecification  of  the  law  of  adion,  fo  fully  verified  by 
the  experiments  of  Mr  Coulomb,  which  are  in  the 
hands  of  the  public,  and  are  of  that  Ample  nature  that 
any  careful  experimenter  can  convince  himfelf  of  their 
accuracy  (Sec  11^144.)  We  may  therefore  proceed 
with  fome  confidence,  and  apply  this  dodrine  even  to 
cafes  where  experiment  does  not  offer  itfelf  for  proof. 

Franklin  affirms  that  eledric  fluid  cannot  be 
miftaken  in  thrown  into  one  fide  of  the  coated  pane  unlefs  it  be 
froni  the  other;  and  that  therefore  the  char¬ 
ged  plate  contains  no  more  than  it  did  before  charging, 

contains  its  indeed  find  that  w'e  cannot  charge  the  inlide,  if  the 
natural  outfide  do  not  communicate  with  the  ground.  He 
quantity  of  proves  it  alfo  by  faying,  thsrt  if  a  perfon,  when  iiifula- 
ted,  difcharges  a  glafs  through  his  own  body,  lie  is  not 
found  cledrified  :  And  he  infers,  as  a  neceffary  confe- 
quence  of  this,  that  a  feries  of  any  number  of  jars  may 
be  charged  by  the  fame  turns  of  a  machine,  if  we  make 
the  outfide  of  the  firll  communicate  with  the  infide  of 
the  fecond,  and  the  outfide  of  the  fecond  with  the  in- 
fide  of  the  third ;  and  fo  on  ;  and  the  outfide  of  the 
laft  communicate  with  the  ground.  Having  made  the 
trial,  and  having  found  that  more  turns  of  the  machine 
\vere  neceffary,  he  attributes  this  to  diflipation  into  the 
air  by  the  communication.  But  our  theory  teaches  us 
otherwife.  W^e  learn  from  it,  that  the  redundant  mat¬ 
ter  in  the  plate  DF  is  iefs  than  the  redundant  fluid  in 
AB,  in  the  proportion  of  n  — —  i  to  «;  and  therefore 
the  redundant  fluid  in  the  overcharged  fide  of  the  next 
plate  IS  no  greater.  The  charge  or  redundancy  in  the 
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Thus, 


if  «,  or  the  charge  of  the  firfl  jar,  be  60,  the  charge  of 
the  loth  jar  will  be  nearly  51.  Although  a  coated 
plate  cannot  be  charged  unlefs  one  of  the  coatings  com¬ 
municate  with  the  ground,  it  may  be  eledfrified  as  much 
as  one  of  the  coatings  can  be  alone.  And  tins  is  feen 
in  our  attempt  to  charge  it ;  For  as  fooii  as  we  attempt 
to  eledrify  one  fide,  the  other  is  Scarified  alfo  ;  for 
it  gives  a  fpark  which  no  iinelearified  body  will  do. 
Alfo,  when  we  difeharge  a  jar  by  an  infulated  difehar- 
ger,  we  always  leave  it  elearical  in  the  fame  way  with 
the  body  from  which  it  was  charged.  If  a  man  is  not 
found  elearified  after  having  diTcharged  a  jar  through 
his  own  body,  it  is  owing  to  the  great  fiirface  of  his 
body,  which  reduces  the  fimple  elearification  of  a  fide 
,  159  ^  bifignificant  and  infenfible  quantity. 

of  Wilcke  (and  we  believe  Franklin  before  him)  raain- 
j  llcke’s.  tains,  that  when  the  jar  has  been  charged,  by  connea- 
ing  one  fide  with  the  prime  coHdudor,  and  the  other 
with  the  rubber,  it  is  neutral  and  inaaive  on  both  fides. 
But  this  is  not  fo  ;  and  a  flight  rtfleaion  might  have 
convinced  them  that  it  cannot  be  fo :  if  it  were,  the 
jar  could  not  be  difeharged.  Each  fide,  while  con- 
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neaed  with  the  machine,  inufl  be  in  the  condition  of 
the  part  with  which  it  is  conneded,  and  in  a  difpofition 
to  take  or  give.  If  the  trial  be  carefully  made,  it  will 
be  found  to  be  equally  a&ive  on  both  fides;  and  the  dif- 
charging  rod,  having  dov/n  on  its  ends,  will  fiiew  this 
in  an  unequivocal  manner,  and  fhew  that  its  condition 
differs  in  this  refped  from  that  of  a  jar  charged  in  the 
ordinary  way.  It  is  in  the  maximum  Rate  of  Richmamds 
plate,  deferibed  in  n'’  156.  when  d  rifes  no  more.  ' 

In  difeharging  a  jar  A,  if  infiead  of  the  outfide  com-  Char^^e*^onc 
municating  with  the  infide  by  a  wu’re,  we  make  it  com-i^r  hy  die 
municate  with  the  infide  of  a  fecond  jar  B,  while  the 
outfide  of  B  is  made  to  communicate  with  the  infide 
A,  we  fhall  find  be  charged  by  the  difeharge  of  A  ; 
and  that  the  difeharge  of  A  is  not  complete,  the  charge 
2^  always  remaining,  whatever  may  have  been  the  mag¬ 
nitude  of  n,  ^ 

We  may  infer  from  this  experiment,  that  when  aimronant 
ihock  IS  given  to  a  number  of  perfons  a,  I,  c.  See.  we  inference, 
are  not  to  conclude,  that  the  fluid  which  comes  into 
the  deficient  fide  of  the  jar  is  tlic  fame  which  came  out 
of  the  redundant  fide.  I’he  whole,  or  perhaps  only  a 
part,  of  the  moveable  fluid  in  the  perfon  a  goes  into  l>, 
replacing  as  much  as  has  pafled  from  L  into  r.  See.  In¬ 
deed,  where  the  canal  is  a  llender  wire,  we  may  grant 
that  great  part  of  the  individual  particles  of  fluid  which 
were  accumulated  on  the  infide  of  the  jar  have  gone  in¬ 
to  the  outfide.  Perhaps  the  quantity  transferred,  even 
in  what  we  call  a  -very  great  difeharge,  may  be  but  a 
i^mall  proportion  of  what  naturally  belongs  to  a  btxiy. 

Phis  may  he  the  reafon  why  a  charge  will  not  melt 
more  than  a  certain  length  of  wire.  Mr  Cavendifh 
afenbes  tins  to  the  greater  obflrinEfion  in  a  longer  wire  ; 
but  this  does  not  appear  fo  probable.  A  greater  ob- 
Itruaion  would  occafion  a  longer  delay  of  the  tranf- 
ference  ;  and  therefore  the  adion  of  the  fame  quantity 
would  be  longer  continued.  He  proves,  that  a  metal 
wire  conduds  many  hundred  times  falter  than  water  ; 
yet,  when  water  is  diffipated  by  a  difeharge,  it  is  found 
to  have  adually  eondiidcd  a  much  greater  proportion  of 
the  whole  charge.  We  aferibe  it  chiefly  to  this,  that, 
in  a  fliort  wire,  the  quantity  transferred  exceeds  the 
whole  quantity  belonging  to  the  wire. 

It  is  furely  needlefs  to  prove  that  the  theory  of  the  Leyden 
Leyden  phial  is  the  fame  with  that  of  the  coated  pane. 

The  only  dificreiice  is,  that  we  are  not  fo  able  to  tell  ^ 
the  difpofition  of  the  accumulated  fluid,  and  the  evaciia- 
ted  matter,  in  every  figure.  When  the  phial  is  of  a 
globular  form,  and  of  uniform  thichnefs,  w-ith  an  ex¬ 
ceedingly  fmall  neck,  we  then  knew  the  difpofition 
more  accurately  than  in  a  plate.  The  redundant  fluid 
IS  then  uniformly  diftributed.  If  we  could  infurc  the 
uniformity  of  thicknefs,  fiich  a  phial  would  be  an  ex¬ 
cellent  UNIT  for  meafuriug  all  other  charges  by  ;  but 
we  can  neither  infure  this  (by  the  manner  of  working 
glafs),  nor  meafure  its  want  of  uniformity  :  whereat 
we  can  have  mirror  plate  made  of  precifely  equal  thick¬ 
nefs,  and  meafure  it.  This,  therefore  muil  be  taken  as 
our  unit. 

’rtl"'"  moflExcdll^, 

peifedt  of  all  methods  for  comparing  our  theory  with  ^^ethod  for 

experiment.  We  mufl:  take  two  plates,  of  the  fame 
glafs  and  the  fame  thicknefs,  but  of  different  diinen-'^" 
lions  of  coated  furface.  We  muft  charge  both  by  very 
long  conduding  wires  on  both  fides,  and  then  meafure 
4^2  how 
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how  often  the  charge  of  the  one  is  contained  in  the 
other.  Mr  Cavendilh  has  given  an  unexceptionable  me¬ 
thod  of  doing  this  independent  of  all  theory.  As  it 
applies  equally  to  jars,  however  irregular,  we  fliall  take 
it  altogether. 

Meafureof  When  a  jar  is  charged,  obferve  the  ele&ometer  con- 
u  charge,  nedled  with  it,  and  immediately  communicate  the  charge 
to  another  equal  jar  (the  perfedt  equality  being  previ- 
oufly  afeertained  by  the  methods,  wlueh  will  appear 
immediately).  Again  note  the  elcdrometer.  This  will 
give  the  elevation,  which  indicates  oiie-haif,  independent 
of  all  theory.  Now  eledrify  a  jar,  or  a  row  of  equal 
jars,  to  the  fame  degree  with  the  hrfl,  and  communi¬ 
cate  the  charge  to  a  coated  mirror  plate,  difeharging 
the  plate  after  each  communication,  till  the  elcdlrometer 
reaches  the  degree  which  indicates  one-half.  This  (hews 
how  often  the  charge  of  the  plate  is  contained  in  that 
of  the  jar  or  row  of  jars. 

L.et  the  charge  of  the  plate  be  to  that  of  the  jars  as 
.r  to  I.  Then,  by  each  communication,  the  cle<Sricity 
is  diminiflied  in  the  proportion  of  i  .y  to  i.  If  m 
communications  have  been  made,  it  will  be  reduced  in 
the  proportion  of  i  +  .v'”  to  i.  Therefore  i  -f  rc'” 
zr  2,  and  i  +  y  =  2,  and  x  =:  2  —  i. 

When  X  is  fmall  in  proportion  to  i,  we  fliall  be  very 
near  the  truth,  by  multiplying  the  number  of  communi¬ 
cations  by  1,444,  and  fiibtrading  0,5  from  the  pro- 
dud.  The  remainder  fliews  how  often  the  charge  of 

the  plate  is  contained  in  that  of  the  jars,  or 

Thus  may  the  perfedl  equality  of  two  jars  be  afeer¬ 
tained  ;  and  the  one  which  exceeds,  on  trial,  may  be 
reduced  to  equality  by  cutting  off  a  little  of  the  coat¬ 
ing.  An  eledrician  fliould  have  a  pair  of  fmall  jars  or 
phials  fo  adjuft^.  It  will  ferve  to  difeover  in  a  mi¬ 
nute  or  two  the  mark  of  one-half  eledricity  for  any 
cledrometer,  and  for  any  degree  ;  as  alfo  for  meafuring 
jars,  batteries,  fliocks,  &c.  much  more  accurately  than 
any  other  method  :  becaufe  fuch  phials,  conflruded  as 
we  fliall  deferibe  immediately,  may  be  made  fo  neutral, 
and  fo  retentive,  that  the  quantity  which  difljpates  du¬ 
ring  the  handling  becomes  quite  Infignificant  in  propor- 
^  tion  to  the  quantity  remaining  ;  whereas,  in  all  experi¬ 

ments  with  electrometers,  conftructed  with  the  moll  cu¬ 
rious  attention,  the  dillipatlons  are  great  in  proportion 
to  the  whole,  and  are  capricious. 

154,  It  was  chiefly  by  this  method  that  the  writer  of  this 
article,  having  read  Mr  Cavendifli’s  paper,  compared 
the  meafures  given  by  experiment  with  tliofe  which  re- 
fult  from  an  adion  in  the  iuverfe  duplicate  ratio  of  the 
dlilance.  When  the  cliarges  were  moderate,  the  coin- 
cidence  was  perfed  ;  when  the  cliaiges  were  great,  the 
large  plates  contained  a  little  more.  This  is  plainly 
owing  to  their  being  lefs  difpofed  to  difiipate  from  the 
,65 

Maxims  for  ^  We  may  now  follow  with  fome  confidence  the  prac- 
coi’.ftrua-  tlcal  maxims  deducible  from  the  theory  for  the  con- 
Imtides  accumulating  apparatus.  The  theory 

^c.  ^  preferibes  a  very  condudiiig  coating,  in  clofe  and  unin¬ 

terrupted  contad  :  It  preferibes  an  extciifive  furface, 
and  a  thin  plate  of  idio-eledric  fubftaiioe.  Accorcling- 
iy  all  tnefe  are  in  fad  attended  by  a  more  powerful  ef- 
ied.  Metal  is  found  to  be  far  preferable  to  water, 
which  was  firft  employed,  having  been  fuggelled  by  the 
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original  experiments  of  Gray,  Klcill,  and  Cunscus.  A 
continuous  plating  is  preferibed,  in  preference  to  fome 
methods  commonly  practifed  ;  fuch  as  filling  the  jar 
with  brafs  dull,  or  gold  leaf,  or  covering  its  furface 
with  filings  (luck  on  wdtb  gum  water,  or  coating  the 
iiifide  with  an  amalgam  of  mercury  and  tin.  This  lafl 
appears,  by  reflection  from  the  outfide,  to  give  a  very 
continuous  coating  ;  but  if  we  hold  the  jar  between 
the  eye  and  the  light,  we  may  perceive  that  it  is  only 
like  the  covering  with  a  cobweb.  Yet  there  are  cafes 
where  tliefe  imperfed  coatings  only  are  pradicable, 
and  fomc  rare  ones  where  they  are  preferable.  In  the  Hint  for 
medical  exhibition  of  eledricity,  where  the  purpofe  iu.medicai  ei. 
tended  is  fuppofed  to  require  the  transfufion  of  a 
quantity  of  the  eledric  fluid,  any  thing  that  can  dlmi-  ^  ‘ 

nifli  the  irritating  fmartnefs  of  the  fpark  is  defirable. 

This  is  greatly  effeded  by  thofe  imperfed  coatings. 

Small  fliocks,  which  convey  the  fame  quantity  of  fluid 
with ‘the  fharp  pungent  and  alarming  fpark  from  a  large 
furface,  are  quite  foft  and  inoffenlive,  greatly  refem- 
bliiig  the  fpafmodlc  quivering,  fomietlmes  felt  in  the  lip 
or  eye-lid,  and  will  not  alarm  the  moll  fearful  patient.  1^5 
Clofe  contad  of  the  metallic  coating  is  obferved  to  How  to  a 
increafe  the  effed  of  the  charge.  But  it  is  alfo  found  : 

that  it  greatly  increafes  the  rifl<  of  burftiiig  the 
by  fpontaneous  difeharge  through  its  fiibllance. 
experienced  cledrician  (we  think  it  is  Mr  Brookes  of 
Norwich)  fays,  that  fince  he  has  employed  paper  co¬ 
vered  with  tinfoil,  with  the  paper  next  the  glafs,  inftead 
of  the  foil  itfelf,  he  has  never  had  a  jar  biirll ;  whereas 
the  accident  had  been  very  frequent  before.  The  theo¬ 
ry’’ juftifies  this  obfervatlon.  Paper  is  an  imperfed  con- 
dudor,  even  when  foaked  with  flour  pafle  ;  and  the 
transfufion,  though  rapid,  is  not  inilantaneous  nor  de- 
fultory,  but  begins  faintly,  and  fwells  to  a  maximum. 

It  operates  on  the  glafs,  like  gradual  warming,  inftead 
of  the  fndden  application  of  great  heat.  1^7 

Mr  Cuthbertfon,  an  excellent  artift  in  all  eledriceil  ap- Very  curi- 
paratus,  and  Inventor  of  the  heft  air-pump,  has  made 
curious  obfervatlon  on  this  fubjed.  He  fays  that  be 
has  uniformly  ubferved,  that  jars  take  a  much  gi'caterbertlbiK 
charge  (nearly  one-third),  if  the  infide  be  confiderably 
damped,  by  blowing  into  it  with  a  tube  reaching  to  the 
bottom  (Ntcholjon' s^yoiirnaU  March  1799). — We  muft 
acknowledge,  that  we  can  form  no  dillindt  conception 
of  what  Mr  Cuthbertfon  calls  an  vnchlaUcn  of  the  elojltc 
atmofphere.  We  do  not  know  whether  he  means  that 
the  atmofphere  is  adually  undulating  as  water,  or  as- 
air  in  the  produdion  of  found,  as  its  parts  being  in  a  re¬ 
ciprocating  motion  ;  or  whether  he  only  means  that 
this  almolphere  confifts  of  qiiiefcent  flrata,  alternately 
denfer  and  rarer.  Nor  can  we  form  any  notion  how 
either  of  thefe  undulations  contributes  to  the  cxplofion, 
or  prevents  it.  We  are  really  but  very  imperfedly  ac¬ 
quainted  with  that  part  of  the  fcience  which  fhould  de-  ■ 

termine  the  preciTe  accumulation  that  produces  the  de-  I 

fultory  transference.  We  mentioned  one  neceflary  con- 
fequence  of  the  adion  inverfely  as  the  fqnare  of  the 
dlilance,  which  has  fame  relation  to  this  queftion, 
that  a  particle,  making  part  of  a  fpherical  furface,  is 
twice  as  much  repelled  when -it  lias  juft  quitted  the  fiir- 
face,  as  when  it  made  part  of  it,  provided  its  place  be 
immediately  fupplled.  And  another  circumftance  has 
been  frequently  mentioned,  that  a  greater,  and  per¬ 
haps  much  greater,  force  is  neceffary  for  enabling  a 

particle 
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p?.rticie  of  fluid  to  qu'*t  ti  e  lad  feries  of  particles  of  the 
folid  matter  than  for  producing  almoft  any  coidlipaticn. 
lint  we  are  not  certain  that  thefe  circum fiances  are  of 
ftifiicient  infiuence  to  exf  lain  the  whole  of  the  event. 
Valec.nt  quantum  n)alere  pq^put,  \  et  we  are  of  opinion 
I  that  Mr  Ciithbertfon  has  afiigned  the  truecaufe,  namc- 

;  ly,  the  imperfedt  coating  of  the  infide  of  tlie  glafs. 

^\^hen  we  come  to  the  explanation  of  the  efcape  of  elecr 
I  tricity  along  imperfedl  condiidlors,  we  liope  that  It  will 

:  appear,  that  tlie  difpofition  to  efcape  mull  be  greatly 

diminifhed  by  a  charge,  which  difpofes  the  fluid  io, 
that  in  no  place  the  conflipatioii  is  remarkably  greater 
than  In  another  part  very  near  It,  and  the  denfity  chan- 
i6S  everywhere  flowly. 

Bed  forms  With  refpedl  to  the  form  of  the  coated  glafs,  the 
for  jars,  &c.  theory  preferibes  that  which  will  occafion  fuch  a  diftri- 
bution  of  the  eledlric  fluid  as  fhall  make  its  repulflon 
for  the  fluid  in  the  canal  which  conne<!d;s  It  with  the 
prime  condudlor  as  little  as  polFible.  In  this  refpcdl 
it  would  feem  that  a  plate  Is  tlie  bed,  and  a  globe  the 
worfl :  but  if  both  are  very  thin,  the  difference  cannot 
be  confiderable.  Our  experience,  however,  feems  to  in¬ 
dicate  the  oppofite  maxim  as  the  moll  proper.  We 
have  uniformly  found  a  globe  to  be  tar  preferable  to  a 
plate  of  the  fame  tliicknefs,  and  that  a  plate  was  ge¬ 
nerally  the  weakefl  form.  It  miid  be  owned  that  we 
have  not  yet  been  able  to  afeertain  by  the  tlieory  what 
is  the  exadl  dlflrlbution  of  the  redundant  fluid  In  a 
plate.  In  a  fplicie  it  mull  be  uniformly  fpread  Over 
the  furface.  We  mufl  alfo  aferibe  part  of  the  inferio¬ 
rity  of  the  plate  to  its  greater  tendency  to  diflipation 
from  the  edges.  If  a  plate  be  coated  In  a  liar- like 
form,  wn'th  flender  projcdling  points,  e  fhall  obferve 
them  luminous  in  the  dark,  almofl  at  the  beginning  of 
the  accumulation  ;  and  the  plate  will  difeharge  itfelf  by 
ihefe  points,  over  the  uncoated  part,  before  it  has  at- 
*  tained  any  confiderable  ftrength.  Thofe  forms  are  leall 
expofed  to  this  deterioration  which  have  the  leafl  cir- 
cumrerence  to  the  fame  quantity  of  furface.  We  have 
always  found  that  a  fqiiare  coating  will  not  receive  a 
more  powerful  charge  without  exploding  than  a  circu¬ 
lar  one  of  the  fame  breadth,  although  it  contains  a 
fourth  more  furface;  and  this  although  any  viiible  efcape 
from  the  angles  be  prevented  by  covering  the  outline 
with  fealing  w^ax.  Of  all  forms,  therefore,  a  globe, 
with  a  very  narrow,  but  long  neck,  is  the  mofl:  reten¬ 
tive.  But  it  is  very  difficult  to  coat  the  infide  of  fuch  a 
veflel.  The  balloons  ufed  in  chemical  dlllillatlons  make 
excellent  jars,  and  can  be  eafily  coated  internally  when 
the  neck  will  admit  the  hand.  The  thinnefl  of  tinfoil 
may  be  ufed,  by  firfl:  pafling  it  on  paper,  and  then  ap¬ 
plying  it  either  with  the  foil  or  the  paper  next  tlie  glafs. 
It  ffiould  be  cut  into  guflets,  as  in  the  covering  of  tcr- 
reftrial  globes;  and  they  fliould  be  put  on  ovcrlajiping 
about  half  an  inch.  The  middle  of  the  bottom  is  then 
coated  with  a  circular  piece.  The  great  bottles  for 
bolding  the  mineral  acids  are  alfo  good  jars,  but  inferior 
to  tlie  balloons,  becaiife  they  are  very  thick  in  the  bot¬ 
tom,  and  for  fome  diftance  from  it.  A  box  of  balloons 
contains  more  effedlive  furface  than  an  equal  box  of  jars 
of  the  fame  diameter  and  height  of  coating. 

Compendi-  The  mofl:  compendious  battery  may  be  made  In  the 
o«s  battery,  following  manner:  Choofe  fome  very  flat  and  thin 
panes  of  the  beft  crown  glafs,  coat  a  circle  (<7^  ^  J), 
(fig.  31.)  in  the  middle  of  both  furfaces,  fo  as  to  leave 


a  fufficient  border  iincoated-  for  preventing  a  fponta’nc- 
ous  difeharge  ;  let  each  of  them  have  a  narrow  flip  of 
tinfoil  a  reaching  from  the  coating  to  the  edge  on  one 
fide,  and  a  limilar  flip  c  leading  to  the  oppo/ite  edge  on 
the  Ollier  fde.  L.ay  them  on  each  other,  fo  that  the 
flips  of  two  adjoining  plates  may  coincide.  Coiinedl 
fill  the  ends  of  thefe  flips  on  one  fide  together  by  a  flip 
ot  the  fame  foil,  or  a  wire  which  touches  them  all. 

Then,  conne£ling  one  of  thefe  colledling  flips  wnth  the 
prime  condinflor,  and  the  other  with  the  ground,  wc 
may  charge  and  difeharge  the  whole  together.  If  the 
panes  be  round,  or  cxadl  fqiiares,  we  may  employ  as 
few  of  them  together  as  we  pleafe,  by  fettiiig  the  whole 
in  an  open  frame,  like  an  old-fafliioiied  plate-warmer  ; 
and  then  turning  the  fet  which  we  would  employ  to¬ 
gether  at  right  angles  to  the  rell.  This  evidently  de¬ 
taches  the  two  parcels  from  each  other,  ddiis  battery 
may  be  varied  in  many  ways;  and  if  the  whole  is  always 
to  be  euiployed  together,  we  may  make  it  extremely 
retentive,  by  covering  the  iincoated  border  of  the  plate 
with  melted  pitch,  and,  while  it  is  foft,  preffing  down 
its  neighbour  on  it  till  the  metallic  coatings  touch. 

For  greater  variability  this  may  be  done  in  parcels  of 
the  whole. 

On  the  fame  principle,  a  mofl  compendious  battery  Anothf?. 
may  be  made  by  alternate  layers  of  tinfoil  and  hard  var- 
nifli,  or  by  coating  plates  of  very  clear  and  dry  Miif- 
covy  glafs.  But  thefe  mufl  be  iiled  with  caution,  lefl 
they  be  burfl  by  a  fpoiitaneous  difeharge  ;  in  whicli 
cafe  we  cannot  difeover  where  the  flaw  has  happened. 

They  make  a  furprifing  accumulation,  without  fhewing 
any  vivid  eledlricity. 

We  have  made  a  very  fine  eledlric  phial  for  carry- 
Ing  about,  by  forming  tin-plate  (iron  plate  tinned)  Intojar. 
fomewnat  of  a  phial  fliape,  with  a  long  neck.  We 
then  covered  this  with  a  coating  of  fine  fealing  wax, 
about  ..j-^th  of  an  inch  thick,  quite  to  the  end  of  the 
neck,  and  coated  the  fealing  wax,  all  but  the  neck,  with 
pnfoil.  It  is  plain  that  the  fealing  wax  is  the  coated 
jdio-eledric,  and  that  the  tin-plate  phial  ferves  for  an 
Inner  coating  and  wire.  The  diffi.pation  is  almoft  no¬ 
thing  if  the  neck  be  very  fmall  ;  and  It  oiilv  requires  a 
little  caution  to  avoid  burfting  by  too  high  a  charge. 

Even  this  may  be  prevented  by  coating  the  fealing  wax 
fo  near  to  the  end  of  the  neck,  that  :Hpontaneous  dif- 
charge  iniifl  happen  before  the  accumulation  is  too’ 
great. 

It  is  well  known  that  the  difeharge  happens  whenlmpcrtancff 
the  difeharging  balls  are  at  a  cour]deral)le  diftance  from clofe 
each  other  ;  therefore  only  as  much  is  difeharged 
correfponds  to  that  diftance.  This  is  one  canfc  of  the 
1  efiduuin  of  a  difeharge  which  fometimes  is  pretty  coii- 
liderable.  Some  experiments  require  the  very  iitmoll 
force  of  the  charge.  It  is  therefore  proper  to  make  the 
difeharge  as  clofe  and  abrupt  as  poffilde.  But  the  moll 
rapid  approach  that  we  can  make  of  the  difeharger  is 
nothing  in  comparifon  with  the  velocity  with  which  the 
fluid  feems  to  fly  off,  and  will  therefore  have  but  fmall 
influence  in  making  a  more  iriftantaneous  and  complete 
difeharge.  Theory  points  out  the  following  method  : 

Let  a  very  thick  plate  of  glafs  (half  an  Inch),  of  feveral 
inches  diameter,  be  put  between  the  difeharging  balls, 
v/hich  fliould,  in  this  cafe,  be  fmall,  and  let  theft  balls 
be  ftrongly  preffed  againft  it  by  a  fpring.  While  the 
charge  is  going  on,  a  very  fmall  part  of  tlie  glafs  plate, 
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round  the  points  of  conta^^:*  will  receive  a  weak  and 
ufelefs  charge ;  but  this  will  not  hinder  the  battery 
from  acquiring  the  fame  inteiifity  of  charge.  When  this 
is  completed,  let  the  intervening  glafs  plate  be  brifltly 
withdrawn.  The  difeharge  will  begin  with  an  intenfi- 
ty  which  i:;  unattainable  in  the  ordinary  manner  of  pro¬ 
ceeding. 

Much  has  been  faid  of  the  lateral  explofion.  It  ap¬ 
pears,  that  in  fome  of  the  prodigious  transferences  of 
fcdet^ricity  that  have  taken  place  in  the  difeharge  of  great 
furfaces  through  wires  barely  fufiicient  to  condudl  them, 
flalhes  of  light,  are  thrown  off  laterally ;  but  the  moft  de¬ 
licate  eledlrometcr,  it  is  faid,  is  not  affedled.  The  fa£I 
is  not  accurately  narrated  we  have  always  obferved  a 
very  delicate  elc6lrometer  to  be  aifedled.  The  paflage 
of  fuch  a  quantity  of  fluid  is  almofl:  equivalent  to  the 
CO  exiflence  of  it  in  any  given  fedlion  of  the  wire  ;  but 
it  remains  there  for  fo  fliort  a  time,  that,  a6iing  as  an 
accelerating  force,  it  cannot  produce  a  very  fenfible  mo¬ 
tion.  It  is  like  the  difeharging  a  piftol  ball  through  a 
fheet  of  paper  hanging  loofely.  It  goes  through  it  with¬ 
out  very  fenfibly  agitating  it. 

It  has  fometimes  appeared  to  us  probable  that,  by 
means  of  this  lateral  explofion,  the  direftion  of  the  cur¬ 
rent  may  be  difeovered.  Let  the  jar  ah  (flg.  32.)  be 
difeharged  by  a  wire  a  c  cl  e  h^  interrupted  at  c  d  by  the 
coating  of  a  very  thin  plate  of  talc;  let  the  coating  alfo 
he  very  thin.  There  mufl;  be  fome  obflrudlion  to  the 
motion,  w^hich  mufl  caufe  the  fluid  to  prefs  on  the  Tides 
or  furfaces  of  the  coating,  juft  as  the  obftrudlion  to  the 
motion  of  water  in  a  pipe  (arifing  from  fridlion,  or  even 
from  material  obftacles  in  the  pipe)  caufes  the  water 
to  prefs  on  the  Tides  of  the  pipe.  Therefore  if  a  wire 
X  e  connedl  the  other  coating  with  the  ground,  we 
fliould  expedi  that  fluid  will  be  expelled  along  this 
wire,  and  a  charge  be  given  to  the  plate  of  talc.  Now 
whether  the  courfe  in  this  apparatus  be  from  b  to  a,  or 
from  a  to  if  any  charge  be  acquired  by  c  it  will 
probably  be  pofltive  in  c  d^  and  negative  in  for  it  is* 
eledlric  fluid  that  is  fuppofed  to  pafs :  therefore  vve 
fhould  always  have  one  fpecies  of  eleftricity,  whether  a 
has  been  charged  by  glafs  or  by  fealing  wax  ;  and  thifi 
fpecies  will  indicate  which  is  pofltive.  We  have  faid 
probably^* — for  it  is  not  impoflible  that  it  may  be 
othervvife.  If  the  abftraftion  at  d  be  fuppofed  more 
powerful  than  the  fupplying  force  at  Cy  the  fame  ob- 
ftrudlion  may  perhaps  keep  the  plate  r  J  in  an  abforbing 
ftate,  juft  as  water  defeending  in  a  vertical  pipe,  into 
which  it  is  prefled  by  a  very  fmall  head  of  water  in  the 
ciftern,  inftead  of  prefling  the  fides  of  the  pipe,  rather 
■draws  them  inwards,  as  is  well  known.  This  feems,  at 
any  rate,  an  interefting  experiment  ;  for  we  muft  ac¬ 
knowledge,  that  there  ftill  hangs  a  myfterious  curtain 
before  a  theory  v/hich  deduces  fo  much  from  the  pre¬ 
fence  of  a  fubftance  which  we  have  never  been  able  to 
exhibit  alone,  and  where  we  do  not  know  when  it 
abounds  and  when  it  is  defleient.  It  is  like  the  phlo- 
gifton  of  Stahl,  or  the  caloric  of  Lavoifier.  It  will 
be  proper  to  ufe  the  thinneft  plate  of  talc  to  be 
charged,  and  to  connedl  it  with  another  coated  plate 
of  half  the  diameter,  or  lefs,  in  order  to  increafe 
the  accumulation.  It  feems  by  no  means  a  defperate 
cafe. 

Ihe  theory  of  coated  glafs  now  explained,  might 
have  been  treated  with  more  preciflon,  and  the  formulx 


deduced  in  the  beginning  of  this  article  m.ight  have 
been  employed  for  dating  the  fum  total  of  the  ading 
forces,  and  thus  demoiiftrating  with  preciflon  the  trutK 
of  the  general  refult ;  and  indeed  it  was  with  fuch  a 
view  that  they  were  premifed  :  but  they  would  have 
been  confiderably  complicated  in  the  prefen t  cafe  ;  for 
however  thin  vve  fuppofe  the  tinfoil  coatings  to  be,  it 
is  evident  from  n  92,  &c.  that  each  coating  will  con- 
fill  of  three  ftrata  ;  of  which  the  two  outermo^ft  are 
adive,  and  mull  have  their  forces  dated,  and  the  ftate- 
ment  of  the  force  of  each  ftratum  w-ould  have  confllled 
of  three  terms.  This  would  have  been  very  embarrafling 
to  fome  readers  ;  and  the  force  of  the  conoluflon  would 
not,  after  all,  have  been  much  more  convincing  than 
we  hope  the  above  more  loofe  and  popular  account  hat 
been. 

We  have  hitherto  confldered  the  non-eledric  coat- 
ings  only,  and  have  not  attended  to  what  may  chance  charge  re- 
to  obtain  in  the  fubllance  of  the  coated  eledncs  them- fide  m  the 
felves.  May  not  part,  at  lead,  of  the  redundant  fluid of 
be  lodged  in  one  fuperficial  ftratum  of  the  glafs?  or,  if**] 
it  do  not  penetrate  it,  may  it  not  adhere  to  the  furface,^  ^ 
and  drive  off  from  the  other  furface,  or  ftratum,  a  part 
of  what  naturally  adheres  to  it  ?  Till  Dr  Franklin’s 
notions  on  the  fubjed  became  prevalent,  no  perfon 
doubted  this.  The  eledric  was  fuppofed  to  contain  or 
to  accumulate  in  its  furface  all  the  eledricity  that  wc 
know.  But  the  firft  fuggeflion  of  Dr  Franklin’s  ex¬ 
periments  certainly  was,  that  the  eledric  plate  or  veffel 
aded  merely  as  an  obftacle,  preventing  the  fluid  from 
flying  from  the  body  where  it  was  redundant  to  that 
wkere  it  was  deficient.  It  is  therefore  an  important 
queftion  in  the  fcience,  whether  the  glafs  or  eledric . 
concerned  in  thefe  phenomena  ferve  any  other  purpofe 
befides  the  mere  prevention  of  the  redundant  fluid  from 
flying  to  the  negative  plate  ? 

Now  it  appears,  at  the  very  firft,  that  this  is  the  cafe.  ij. 

For  if  a  glafs  be  coated  only  on  one  fide,  and  be  elec- glafs. 
trifled  on  that  fide,  we  obtain  a  ftrong  fpark  from  the 
other  fide  by  bringing  the  knuckle  near  it ;  and  this 
may  be  obtained  for  fome  time  from  one  fpot  of  that 
furface ;  and  after  this  we  get  no  more  from  that  fpot, 
but  get  fparks,  with  the  fame  vivacity,  and  in  the  fame 
number,  from  any  other  fpot  that  is  oppolite  to  the 
coating  on  the  other  fide.  In  this  manner  we  can  ob¬ 
tain  a  fucceffion  of  fparks  from  every  inch  of  furface 
oppofite  to  the  coating,  and  from  no  other  part.  But 
what  puts  this  queftion  beyond  all  doubt  is,  that  if  w'e 
now  lay  a  metal  coating  on  the  furface  from  which  the 
fparks  have  been  drawn  in  this  manner,  and  make  a 
communication  between  the  tw^o  metallic  coatings,  by 
means  of  a  bent  wire,  we  obtain  a  perfed  difeharge. 

To  complete  the  proof,  we  need  only  obferve  that  this 
experiment  fiicceeds  whether  the  glafs  has  been  eledri- 
fied  by  excited  glafs  or  by  excited  fealing.  wax.  There¬ 
fore  the  coated  furface  may  receive  the  eledric  fluid 
by  the  coating,  as  we  fee  plainly  that  it  is  abftradedby 
the  coating.  The  ufe  of  the  coatings  may  be  nothing 
more  than  to  ad  as  condudors  to  every  part  of  the 
furface  of  the  eledric.  None  of  thefe  thoughts  efcaped 
the  penetrating  and  fagacious  mind  of  Dr  Franklin. 

He  immediately  put  it  to  the  teft  of  experiment ;  and, 
laying  a  moveable  metallic  coating  on  both  Surfaces,  he 
found  the  glafs  charge  perfedly  well.  He  lifted  off 
the  coatings ;  which  operation  was  accompanied  by 

flaflies 


tallies  of  light  between  the  metallic  coverings  and  the 
glafs  from  which  he  feparated  them.  Having  removed 
the  Coatings,  he  applied  others,  completed  the  circle, 
and  obtained  a  perfe<5l  difeharge,  not  diftinguifhable 
from  what  he  would  have  obtained  from  the  firfl  coat- 
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tion  followed  a  different  law.  Were  it  as  -rr’ the  coat  in  jr 

t> 

would  be  much  overcharged ;  and  were  it  as  — ,  i^ 
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Charged  Thus  it  was  demonflrated,  that  the  glafs  plate  itfelf 
glafs  ac-  acquired  by  charging  a  redundant  ftratum  on  one  fide, 
dund^r  ^  deficient  ftratum  on  the  other  fide  ;  and  we  now 
anddefici-  fee,  at  once,  the  reafon  why  the  accumulation  turns  out 
entflrata.  greater  than  what  is  determined  by  the  theory.  The 
diflance  between  the  redundant  and  deficient  flratum  is 
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lefs  than  the  thicknefs  of  the  glafs  ;  and  this,  perhaps, 
is  an  unknown  proportion. 

This  precious  experiment  of  Dr  Franklin  was  repeat¬ 
ed  by  every  eledrician,  and  varied  in  a  thoufand  ways. 
No  philofopher  has  carried  this  refearch  farther  than 
Beccaria  ;  and  he  has  given  ground  for  a  moft  impor¬ 
tant  difeovery  in  the  mechanical  theory,  namely,  that 
the  charged  glafs  has  feveral  flrata,  of  inconceivable 
thmnefs,  alternately  redundant  and  deficient  in  electric 
fluid  ;  and  that  by  continuing  the  eledlrification,  thefe 
ftrata  penetrate  deeper  into  the  glafs,  and  probably  in- 
creafe  in  number.  We  have  not  room  here  to  give  even 
an  account  of  his  experiments,  and  mufl  refer  the  phi- 
lofophical  and  curious  reader  to  that  part  of  his  valu¬ 
able  Treatife  where  he  treats  of  what  he  calls  vlndica- 
ting  or  recovering  eledricity  ;  as  alfo  to  a  paper  by  Mr 
Henly  in  Phil.  Tranf.  for  1766,  giving  account  of  ex¬ 
periments  on  Dutch  plates  by  Mr  Lane.  The  general 
form  of  the  experiment  is  this.  He  puts  two  plates  to¬ 
gether  ;  he  coats  the  outer  furfaces,  and  charges  and 
difeharges  them  as  one  thick  plate.  Their  inner  touch, 
ing  furfaces  are  found  flrongly  eledrical  after  the  dif¬ 
eharge,  having  oppofite  eleaWcities,  and  changing  thefe 
cledlricities,  by  repeated  feparations  and  replacings,  in 
a  way  feemingly  very  capricious  at  firft  fight,  but  which 
the  attentive  reader  will  find  to  be  according  to  fixed 
laws,  and  agreeably  to  the  fuppofition  that  the  ftrata 
gradually  fhift  their  places  within  the  glafs,  very  much 
refembling  what  we  obferve  on  a  long  glafs  rod  which 
we  would  render  eledric  by  induaion.  In  this  cafe,  as 
was  obferved  in  57.  there  are  obferved  more  than 
one  neutral  point,  &c. 

Mr  Cavendifh  endeavours  to  give  us  fome  notion  of 
the  difpofition  of  the  fluid  in  the  fubftance  of  the  glafs 
in  the  following  manner  :  Having  feparated  the  coated 
plate  from  the  machine  and  from  the  ground,  fuppofe 
a  little  of  the  redundant  fluid  in  B  J  D  (fig.  33.)  e- 
qual  to  the  fluid  wanting  in  L  ^  9  F.  we  now  fiippofe 
all  the  redundant  fluid  to  be  lodged  in  If  d,  and  e  ^  9  f 
to  hold  all  the  redundant  matter,  and  the  two  coatings 
to  be  in  their  natural  ftate,  a  particle  />,  placed  in  the 
middle  of  the  fiirface  If  dy  will  be  nearly  as  much  at- 
traded  by  t  e as  it  is  repelled  hy  d  (exadlly  fo 
if  the  plates  were  infinitely  extended)  ;  and  if  the  coat¬ 
ing  be  removed,  keeping  parallel  and  oppofite  to  the 
furface  that  it  quits,  there  will  be  very  little,  if  any, 
tendency  to  fly  from  the  glafs  to  the  coating:  there 
will  rather  be  fome  difpofition  in  the  fluid  to  quit  the 
coating  and  fly  to  the  glafs  ;  becaufe  the  repulfion  of 
d  is  more  diminifhed  than  the  attradion  of  ^  e /?>. 
(0*^42.)  But  the  difference  will  be  very  fmall  indeed. 
(A^.  B,  the  refult  would  be  very  difterent  if  eledric  ac¬ 


would  be  very  much  undercharged).  Now  the  fad  is, 
that  when  the  coating  is  carefully  removed,  it  is  pof- 
feffed  of  very  little  eledricity,  not  more  than  may  rea- 
fonably  be  fuppofed  to  run  into  it  by  bringing  away 
one  part  before  another.  It  is  impoffible  to  keep  it  ma¬ 
thematically  parallel. 

Hence  we  may  conclude  that  the  greateft  part  of 
the  redundant  fluid  is  lodged  in  the  glafs  if  the  plates 
be  thin,  and  the  redundant  fluid  bear  but  a  fmall  pro¬ 
portion  to  the  natural  quantity.  Similar  reafoning  fhews 
that  the  greateft  part  of  the  deficiency  is  in  the  other 
fide  of  the  glafs  ;  and  that  therefore  the  coatings  are 
very  nearly  in  their  natural  ftate,  and  merely  ferve  the 
purpofe  of  conduding. 

We  have  employed  coatings  of  confiderable  thick¬ 
nefs,  having  holes  through  them,  oppofite  to  which  was 
fome  gold  leaf  of  the  heavieft  fort,  and  almoft  free  of 
cracks.  ^  We  have  examined  the  ftate  of  the  bottom  of 
thofe  pits  in  Mr  Coulomb’s  manner,  and  always  found 
them  void  of  eledricity. 

I  hus  we  learn  that  glafs,  and  probably  all  other  e-Conje<£lure 
ledrics,  acquire  redundant  and  deficient  ftrata  as  well  as^^®^^^ 
the  mofl  perfed  condudors,  at  the  fame  time  that  they 
may  be  impervious  to  the  fluid;  and  we  get  fome  mode^^^’* 
of  conceiving  how  the  rupture  happens  by  a  ftrong 
charge.  This,  may  very  probably  happen  when  the 
ftrata  have  formed,  in  alternate  order,  fo  deep  in  the 
glafs,  that  a  ftratum,  in  which  the  fluid  is  crowded  clofc 
together,  may  become  contiguous  to  one  deprived  al¬ 
together  of  fluid.  We  cannot,  however,  fay  with  con¬ 
fidence,  what/jWi/  be  the  effed  of  this  ftate  of  things  ; 
or  of  one  conftipated  ftratum  coming  in  contad  with 
another. 

This  view  of  the  condition  of  charged  glafs  explains 
(we  think)  feveral  phenomena  which  feern  not  well  un- 
derftood  by  eledricians. 

The  refiduum  of  a  difeharge  is  frequently  owing  to  Several 
a  charge  extending  beyond  the  coating,  where  the 
tion  is  confiderably  irregular,  or  different  from  what  ft 
would  be  if  the  plates  were  infinitely  extended.  This 
oudhie^  charge  is  taken  up  by  the  coated  part  after  a 
very  little  while,  and  may  again  be  difeharged.  But 
it  alfo  frequently  arifes  from  another  ftratum  (much 
thinner,  as  it  will  always  be)  than  the  exterior  one,  co¬ 
ming  to  the  furface  fome  time  after  the  firft  difeharge, 
and  being  now  in  a  condition  fer  being  difeharged.  It 
explains  the  fparkling  that  is  perceived  in  'fucctjjion  be¬ 
tween  the  parts  of  ajar  that  is  coated  in  fpots,  during 
the  charge,  and  the  very  fenfible  refiduum  of  the  charge 
of  fuch  a  veffel.  It  explairrs  the  phenomena  of  Bec- 
cana’s  EleBricitas  Vindex  (fee  Electricity,  EncycL 

48.),  and  the  great  difference  that  may  be  found  in 
the  different  kinds  of  glafs  in  this  refped.  It  explains 
the  great  difference  between  the  fenfation  occafioned  by 
a  fpark  from  a  perfedly  conduaing  furface  of  corifi- 
derable  extent,  and  that  occafioned  by  a  fhock,  which 
conveys  the  fame  quantity  of  fluid  accumulated  in  a 
fmall  furface  of  glafs.  The  difeharge  of  the  fiift  is  al¬ 
moft  inftantaneous,  while  that  of  the  laft  requires  a 
fmall  moment  of  time,  and  is  therefore  lefs  defultory 
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and  abrupt*  The  one  Is  pungent  and  {Inrtling ;  but 
the  other  is  fofter  in  the  lirll  iiillant,  and  fwells  to  a 
maximum.  Therefore,  in  the  medical  employment  of 
electricity,  when  the  purpofe  is  to  be  aifeCted  by  the 
transfiifion  of  a  great  quantity  of  ekaric  fluid,  we 
flioiild  recommend  very  fmall  (hocks  from  a  very  large 
furface  of  coated  glafs,  very  faintly  eledrified,  in  place 
of  (iroiig  fparks.  Patients  of  irritable  conilitiitions  are 
frequently  alarmed  by  the  quickiiefs  and  pungency  of 
ftrong  fparks  :  but  if  the  balls  of  Lane’s  fliock>mea- 
furer^be  fet  fo  clofe  as  to  give  four  or  five  (hocks  in 
each  turn  of  a  feven  inch  cylinder,  the  (hocks  are  not 
even  difagrceablc.  ^  he  balls  (hould  be  made  of  fine 
cupelled  filver :  in  which  cafe,  the  furface  will  never  be 
hurt  by  the  greateft  difcliarge  ;  whereas  the  difeharge 
of  four  fqiiarc  feet  of  coated  gla(s  will  raife  fucli  a  rongh- 
nefs  on  the  furface  of  brafs  as  will  caufe  it  to  fputter, 
nnd  defiroy  entirely  the  regularity  of  the  expenditure 
of  fluid.  The  fame  confideration  (liould  make  us  prefer 
a  jar  coated  entirely  with  amalgam.  This  cob- web 
coating  gives  a  greater  foftiiefs  to  the  (liock.  ^  Laflly, 
we  fee  why  a  powerful  and  permanent  eledricity  was 
not  produced  in  the  tube  filled  with  melted  fealiug  wax, 
and  treated  as  mentioned  in  loi.  The  redundancy 
and  deficiency  intended  to  be  produced  could  only  be 
fuperficial.  And  becaufe  the  wax  cooled  by  degrees 
from  the  furface  to  the  axis,  and  the  wax  is  a  conduc¬ 
tor  while  liquid,  it  mull  have  taken  a  charge  at  laft  ; 
and  therefore  mull  appear  hut  faintly  eledncal. 

.  This  account  of  the  (late  (;f  charged  glafs  promifes 
us  fome  alfillance  in  our  attempts  to  couctivc  what 
palTes  in  the  excitation  of  gials  by  frittion.  It  ap¬ 
pears  from  Beccaria’s  experiments,  that  the  redundant 
fluid  is  lodged  in  the  fame  manner  in  both  cafes  ;  for 
bv  rubbing  one  lide  of  a  glais  tumbler,  while  points 
were  prefented  to  the  oppofite  furface,  and  were  con- 
ne6led  with  a  wore  that  communicated  with  the  ground, 
iSz  he  gave  it  a  powerful  charge.  ^ 

The  quan-  It  is  ohferved,  that  when  the  laminss  of  a  piece  of 
tity  rf  fluid leparated,  by  pulling  them  afurder 
withouM'nferting  any  inilrument  betvvcen  them,  they 
are  electrical  when  feparated  ^  one  being  pofitive,  and 
the  other  negative.  Mult  we  not  conclude  from  this, 
that  when  conjoined  they  were  in  the  (late  of  charged 
glafs  ?  If  w^e  take  this  view  of  it,  a  body  m  7  contain 
a  prodigious  quantity  of  eleCtric  fluid  without  exhibit¬ 
ing  any  appearance  of  it.  Mr  Nicholfon  found,  by  a 
very  fair  computation  from  his  experiments,  that  a  cubic 
inch  of  talc,  when  fplit  into  plates  of  0,0 1 1  of  an  inch 
in  thlcknefs,  and  coated  with  gold  leaf,  gave  a  (Itock 
equal  to  the  emptying  45  condudtt)rs,  each  feven  inches 
in  diameter  and  three  feet  long,  chClrified  fo  that  each 
gave  a  fpark  at  nine  inches  di (lance.  Now,  the  whole 
of  this  was  moveable  fluid,  and  no  more  than  w  hat  the 
talc  contains  when  uneleCtrlfied  :  for  no  more  comes  in¬ 
to  the  pofitive  fide  than  goes  out  of  the  negative  fide. 
Nay,  there  is  no  probability  that  the  quantity  'move- 
able  in  our  experiments  bears  a'confiderable  proportion 
to  the  natural  quantity.  The  quantity  of  moveable 
fluid  in  a  man’s  body  is  thei'efore  very  great  :  and  Lord 
Mahon  is  w^ell  authorifed  to  fay,  that  the  fiulden  dif- 
placing  of  this  quantity  in  a  returning Jlroke^  which  has 
been  occafioned  by  a  difeharge  of  a  cloud  in  a  very 
diftant  place,  is  fully  adequate  to  the  production  of  the 
mod  violent  effects.  But  his  Lordfliip  has  not  attend- 
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ed  to  the  circumftancc,  that  no  fuch  difplacemeut  ciu 
happen.  The  accumulation  that  can  be  made  in  the 
human  body  is  only  fupcrficiul  ;  and  therefore,  altho’ 
the  whole  fluid  of  a  man’s  body  may  charge  its  place, 
it  will  not  change  it  with  the  rapidity  that  feems  ne- 
cefTary  for  the  violent  eflt6ts  of  eledlricity,  except  in 
the  very  points  of  ccunmunlcatioM  w'ith  the  furrou'idiug 
bodies. 

We  have  now  feen  in  wdiat  fenfe  the  idlo-eltidrics 
may  be  faid  to  be  impervious  to  the  eleCtric  fluid,  it  is 
moved  in  them  only  to  very  fuvall  and  imperceptible 
dldances.  When  a  confiderable  (tratiim  is  difeharged, 
the  fluid  does  not  come  from  the  extremity  of  it  to  the 
point  of  difeharge  through  the  glafs,  but  through  the 
coating.  And  when  alternate  (Irata  of  redundant  fluid 
and  redundant  matter  are  formed,  tlie  particles  in  each 
(hlft  their  places  very  little,  moving  perpendicularly  to 
the  (Iratiim. 

Even  this  degree  of  ob(trii6tion  has  been 
fome  very  aCtivc  eleCtrieians,  who  liave  iTHilliplled 
periraents  to  prove  tliat  the  fluid  pafii  s  fieely  througlqjg^^.,^ 
glafs,  and  that  the  theory  of  coated  ele(^tri(;s  is  totally  fome. 
different  from  w  hat  Franklin  imagines.  Mr  Lyons  of 
Dover  has  publifhed  a  numerous  lift  of  lingular  experi¬ 
ments,  which  he  has  made  with  this  view,  with  much 
trouble,  and  no  fmall  expence.  They  may  all  be  re¬ 
duced  to  this  :  A  wire  is  brought  from  the  outfiJe  of 
a  phial,  charged  by  the  knob,  and  terminates  in  a  (liarp 
point  at  a  fmall  dlflance  from  a  thin  glafi  plate  (it  Is 
commonly  introduced  into  a  glafs  tube,  having  a  bait 
at  the  end,  and  the  point  of  the  wire  reaches  to  the 
centre  of  the  ball)  ;  and  another  wire  is  connected  with 
the  difeharging  red,  and  alfo  comes  very  near  (and  fre¬ 
quently  clofe)  to  the  other  fide  of  the  glafs,  ofipolite 
to  the  pointed  wire.  Witli  this  apparatus  lie  obtains  a 
difeharge  ;  and  therefore  fays  that  the  glafs  is  perme- 
alue  to  electricity.  But  he  does  not  narrate  all  the 
circumflanct^  of  the  experiment.  We  have  repeated 
all  of  them  that  have  any  leal  difl'erence  (for  inoit 
of  tl:cm  are  the  fame  faCt  iii  different  forms),  and  we 
have  obtained  difeharges  :  But  they  were  all  very  iin 
complete,  except  when  the  glafs  was  perforated,  which 
happened  very  frequently.  The  difeharge  was  never 
made  with  a  full,  bright,  undivided  fpark,  and  loud 
fnap  ;  but  witlv  fputtering,  and  trains  of  fparks,  conti¬ 
nued  for  a  very  fenfible  time  ;  and  the  phial  w  as  ne%er 
deprived  of  a  confiderable  part  of  its  charge  ;  and 
(which  Mr  Lyons  has  taken  no  notice  of)  the  glafs  is 
found  to  be  charged,  negative  on  the  fide  cormeCted 
with  the  pofitive  lide  of  the  phial,  and  pofitive  on  the 
other.  This  charge  was  communicated  to  the  glafs 
over  a  pretty  confiderable  furface  round  the  points  im¬ 
mediately  oppofite  to  the  wires.  This  is  quite  con¬ 
formable  to  the  experiments  of  Dr  Franklin  and  Bec- 
carla,  who  charged  a  tumbler  by  gralping  it  with  the 
hand,  and  prefen  ting  the  infide  to  a  point  electrified  by 
the  prime  conductor.  The  whole  experiment  is  ana¬ 
logous  to  the  one  narrated  in  n®  176.  iSj 

We  may  conclude  our  obfervations  on  coated  glafs  Bars  touci 
w'lth  mentioning  a  curious  experiment.  A  flat  (lick 
fine  fealing  wax,  warmed  till  it  bent  pretty  readily, 
rendered  permanently  eleCtrical,  with  a  pofitive  and  ne¬ 
gative  pole,  in  a  manner  analogous  to  the  double  touch 
of  magnets.  A  fmall  jar  was  taken,  having  a  hemi- 
fphere  on  the  end  of  its  inlide  wire,  and  another  on  the 

end 


elect: 

rnd  of  a  flifT  wire  projeding  from  the  outer  coating, 
and  then  turned  up  parallel  to  the  infide  wire  ;  fo  that 
tlic^two  heinifpheres  flood  equally  high,  and  about 
I  three  inches  afunder.  This  jar  was  eledrified  fo  weak¬ 

ly,  as  to  run  no  rifle  of  a  fpontaneoiis  difcharge.  The 
flat  faces  of  the  two  hemifpheres  were  now'  applied  to 
the  flat  fide  of  the  fealing  wax,  and  were  moved  to 
and  fro  along  it,  overpafling  both  ends  about  an  inch 
with  each  hemifphere.  The  experiment  v/as  very 
troublefome  ;  for  the  phial  often  difcharged  itfelf  along 
the  furface  of  the  fealing  wax,  and  all  was  to  begin 
again.  But,  by  continuing  this  operation  till  the  feal¬ 
ing  wax  grew  quite  cold  and  hard,  it  acquired  a  very 
fenfible^  eleftricifm,  which  lafted  feveral  Veeks  when 
kept  with  care  f  but  flill  it  was  not  much  more  fenfible 
than  that  of  the  fealing  wax,  which  congealed  between 
two  globes  oppofltely  eledlrifled. 

EleArl  application  of  the  theory  to  the  pheno- 

chorus.  ni^J^a  of  coated  glafs,  it  wdll  not  be  neceffary  to  employ 
i  much  time  in  its  application  to  the  eledrophorus.  The 

general  propofitions  from  n'^  14.  to  25.  and  their  com¬ 
panions  in  n^  38 — 43,  will  enable  us  to  {late  with  pre- 
,  cifion  (when  combined  with  the  law  of  eledlric  a6lion) 

I  the  adlions  of  every  part  of  this  apparatus  ;  and  confi- 

derable  afliftance  will  be  derived  from  a  careful  confide- 
ration  of  our  analyfis  of  ProfeflTor  Richmann\s  experi- 
raent  in  n"^  156.  But  we  muft  content  ourfelves  wdth 
a  general,  popular  view  of  thefe  particulars,  which 
I  may  be  fufEcient  for  making  us  underftand  what  will 

I  be  the  and  fomewhat  of  the  intenfity,  of  the  ac¬ 

tion  of  its  different  parts. 

The  elearophorus  confills  of  three  parts.  The  chief 
part  is  the  cake  ABCD  (fig.  34.)  of  fome  ekaric  ; 
iuch  as  gum  lac,  fealing  wax,  pitch,  or  other  refinous 
compofition.  This  is  melted  on  fome  conduaing  plate, 
DCF E,  and  allowed  to  congeal ;  in  which  flate  it  is 
found  to  be  negatively  ekaric.  Another  conduaing 
plate  GHBA  is  laid  on  it,  and  may  be  raifed  up  by 
lilk  lines,  or  any  infulating  handle.  We  fliall  call 
ABCD  the  cake,  DCFE  the  sole,  and  GHBA  the 

COVER. 

j  The  general  appearances  not  having  been  fo  feienti- 

fically  claflTed  in  the  article  Electricitv  as  could  be 
'  wifhed,  we  fliall  here  narrate  them,  very  briefly,  in  a 

way  more  fuited  to  our  purpofe.  In  comparing  the 
theory  with  obfervation,  it  will  be  proper  to  make  all 
the  three  parts  of  confiderabk  thicknefs,  and  of  no 
great  breadth.  Although  this  diminiflies  greatly  the 
moft  remarkable  of  the  aaions,  it  leaves  them  fufficient- 
ly  vivid,  and  it  greatly  iiiereafes  the  finalkr  changes 
which  are  inflrudivc  in  the  comparifon.  The  g-eneral 
fa^s  are, 

L  infiilated  during  the  congela- 

*  tion  of  the  ekaric,  till  all  is  cold  and  hard,  the  whole 
is  found  negatively  ekaric,  and  the  finger  draws  a  fpark 
from  any  part  of  it,  efpecially  from  the  fok.  If  allow- 
j  ed  to  remain  in  this  fituation,  its  ekaricity  grows  gra¬ 

dually  weaker,  and  at  lafl  difappears  :  but  it  may  be 
excited  again  by  rubbing  the  cake  with  dry  warm 
flannel,  or,  which  is  the  befl,  with  dry  and  warm  cat 
or  hare  fur.  If  the  cover  be  now  fet  on  the  cake  by 
its  infulating  handle,  but  without  touching  the  cover, 
and  again  feparated  from  the  cake,  no  ekaricity  what¬ 
ever  is  obferved  in  the  cover. 

2.  But  if  it  be  touched  while  on  the  cake,  a  fharp 
SuppL.  VoL.  I.  Part  IJ, 
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pungent  fpark  is  obtained  from  it  ;  and  if,  at  the  fame 
time,  the  fok  betouched  with  the  thumb,  a  very  fenfi- 
bk  fliock  is  felt  in  the  finger  and  thumb. 

3.  After  this,  the  ekSrophorus  appears  quite  in- 
aftive,  and  is  faid  to  be  dead ;  neither  fok  nor  cover  gi¬ 
ving  any  fign  of  ekdlricity.  But, 

4.  When  the  cover  is*  raifed  to  fome  diftance  from 
the  cake  (keeping  it  parallel  therewith),  if  it  be  touch, 
ed  wliik  in  this  fituation,  a  fmart  fpark  flies,  to  fome 
diftance,  between  it  and  the  finger,  more  remark¬ 
ably  from  the  upper  fide,  and  flill  more  from  its  edge, 
which  will  even  throw  off  fparks  'into  the  air,  if  it  be 
not  rounded  oif.  As  this  diminiflies  the  defired  effeds, 
it  is  proper  to  have  the  edge  fo  rounded.  This  fpark 
is  not  fo  fliarp  as  the  former,  and  refembks  that  from 
any  ekdlrified  condudor. 

5.  The  ekdricity  of  the  cover,  while  thus  raifed,  is 
of  the  oppofite  kind  to  that  of  the  cake,  or  is  pofitive. 

6.  The  ekdricity  of  the  cover  while  lying  on  the 
cake  is  the  fame  with  that  of  the  cake,  or  negative. 

7.  The  appearances  n^  2,  3,  4,  may  be  repeated  for 
a  very  long  time  without  any  fenfible  diminution  of 
their  vivacity.  The  inflrument  has  been  known  to  re. 
tain  its  power  undiminiflicd  even  for  months.  This 
makes  it  a  fort  of  magazine  of  ekdricity,  and  we  can 
take  off  the  ekdricity  of  the  cake  and  of  the  cover  as 
charges  for  feparate  jars,  the  cover,  when  raifed,  char¬ 
ging  like  the  prime  condudor  of  an  ordinary  ekdrical 
machine  ;  and,  when  fet  on  the  cake,  charging  it  like 
the  rubber.  This  caufed  the  inventor,  Mr  Volta,  to  give 
it  the  name  of  Electrophorus. 

H.  If  the  foie  be  infiilated  before  putting  on  the 
cover,  the  fpark  obtained  irom  the  cover  is  not  of  that 
cutting  kind  it  was. before  ;  but  the  fame  fhock  will  be 
felt  if  both  cake  and  cover  be  touched  together 

9.  If  the  cover  be  again  raifed  to  a  confiderabk  height, 
the  fok  will  be  found  ekdrical,  and  its  ekdricity  is 
that  of  the  cake,  and  oppofite  to  that  of  the  cover. 

lo*  After  touching  both  cover  and  fok,  if  the  cover 
be  raifed  and  again  fet  down,  without  touching  it  while 
aloft,  the  whole  is  again  inadive. 

1 1.  If  both  cover  and  fok  be  made  inadive  when 
joined,  they  {hew  oppofite  ekdricities  when  feparated, 
the  fok  having  the  ekdricity  of  the  cake. 

12.  If  both  cover  and  fok  be  made  inadive  when 
feparate,  they  both  (hew  the  oppofite  to  the  ekdricity 
of  the  cake  when  joined. 

Let  us  now  attend  to  the  difpofition  of  the  ekaHcal  DifuofUion 
fluid  in  the  diflterent  parts  of  the  inflrument  in  their  va-of  the  flui4 
ribus  fituations,  and  to  the  forces  which  operate  mutually 
between  them.  N.  B,  Experiments  for  examining  this 
inflrument  are  befl  made  by  fetting  the  three  plates 
vertically,  fupported  on  glafs  ftalks,  with  leaden  feet, 
to  fleady  them.  A  very  fmall  ekdrometer  may  be  at¬ 
tached  to  the  outer  furfaces  of  the  cover  and  fok. 

If  the  extent  of  the  plates  wer^  incomparably  greater 
than  their  thicknefs,  we  may  infer  from  ii*^  92,  &c.  that 
the  redundant  fluid  and  matter  would  be  difpofed  in 
parallel  flrata,  and  that  the  adions  would  be  the  fame 
at  all  diflances.  But  lince  this  is  not  the  cafe,  the  dif¬ 
pofition  of  the  fluid  will  be  fomewhat  different  ;  and 
whatiever  it -is,  the  adion  of  any  fliatiim  will  be  dimi- 
niflied  by  an  increak  of  diflance.  The  followinir  de- 
fcription  cannot  be  very  different  from  the  truth  : 

1.  T-he  cake  grows  negative  by  cooling  •  and  if  it 
4  veie 
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were  alone,  It  would  have  a  negative  fuperficial  ftratum 
on  both  Tides,  of  greater  thicknefs  near  the  edges  ;  and 
the  fluid  would  probably  grow  denfer  by  degrees  to  the 
middle,  where  it  would  have  Its  natural  denfity.  This 
dlfpofitlon  may  be  Inferred  from  n^^  92,  93,  and  98. 
But  It  cools  in  conjiiiidlon  with  the  foie,  and  the  at- 
traaion  of  the  redundant  matter  in  the  cake  ;  for  the 
moveable  fluid  in  the  foie  difturbs  Its  uniform  diffufion 
in  the  foie,  and  caufes  It  to  approach  the  cake.  And 
becaufe  this,  In  all  probability,  happens  while  the  cake 
is  ftlll  a  condudor,  the  dlfpofitlon  of  its  fluid  will  be 
different  from  that  defcribed  above,  and  the  final  dlfpo¬ 
fitlon  of  the  fluid  In  the  cake  and  foie  will  refemble  that 
defcribed  in  n‘^95,  where  the  plates  E  and  A  reprefent 
the  cake  and  foie.  But  becaufe  we  do  not  know  pre- 
clfely  the  gradation  of  denfity,  and  aim  only  at  general 
notions  at  prefent.  It  will  be  fufficient  to  confider  the 
cake  and  foie  as  divided  Into  two  flrata  only  ;  one  re¬ 
dundant  In  fluid,  and  the  other  deficient,  negledlng  the 
neutral  ftratum  that  Is  Interpofed  between  them  in  each. 
The  cake,  then,  confifls  of  a  flratum  AB^^A  contain¬ 
ing  redundant  matter,  and  a  ftratum  ^  containing 

redundant  fluid  :  and  the  foie  has  a  ftratum  DC  n  m 
containing  redundant  fluid,  namely,  all  that  belongs 
naturally  to  the  fpace  DCFE,  and  a  ftratum  mn¥E 
containing  redundant  matter.  This  may  be  called  the 
PRIMITIVE  STATE  of  the  cake  and  foie;  and  If  once 
changed  by  communication  with  uneledrified  bodies,  it 
can  never  be  recovered  again  without  fome  new  excite¬ 
ment. 

IL  If  the  foie  be  touched  by  any  body  communica¬ 
ting  with  the  ground,  fluid  will  come  in,  till  the  repul- 
fioti  of  the  redundant  fluid  in  the  foie  for  a  fiiperficlal 
particle  y  is  equal  to  the  attradion  of  the  redundant 
matter  In  the  cake  for  the  fame  particle.  What  has  been 
faid  concerning  infinitely  extended  plates  rendered  neu¬ 
tral  on  one  fide,  may  fuffice  to  give  us  a  notion  of  the 
prefent  difpofition  of  the  fluid  In  the  foie.  The  under 
furface  will  be  neutral,  and  the  fluid  will  increafe  In  den¬ 
fity  toward  the  furface  DC.  The  foie  contains  more 
than  its  natural  quantity  of  fluid,  but  is  neutral  by  the 
balance  of  oppofite  forces.  Let  It  now  be  infiilated. 
This  difpofition  of  fluid  may  be  called  the  common  Jute 
of  the  eledrophorus. 

III.  Let  the  cover  GHBA  be  laid  on  It.  The  par¬ 
ticle  z,  at  the  upper  furface  of  the  cover,  muft  be  more 
attrafted  by  the  redundant  matter  In  the  ftratum 
than  It  Is  repelled  by  the  redundant  fluid  In  the  remoter 
ftrata  ;  for  the  fluid  in  the  cake  Is  lefs  than  what  be¬ 
longs  to  it  in  .its  natural  ftate,  and  therefore  2;  Is  attrac¬ 
ted  by  the  cake.  The  redundant  fluid  which  has  come 
into  the  remote  fide  of  the  foie  is  lefs  than  what  would 
faturate  the  redundant  matter  of  the  cake,  becaufe  it 
only  balances  the  excefs  of  the  remote  aflion  of  this 
matter  above  the  nearer  adlon  of  the  compreffed  fluid 
in  the  foie  ;  and  this  fmaller  quantity  of  redundant  fluid 
a6fs  on  z  at  a  greater  diftance  than  that  of  the  redun¬ 
dant  matter  in  the  cake.  On  the  whole,  therefore,  the 
particle  z,  lying  immediately  within  the  furface  GH, 
is  attra^ed  ;  therefore  fome  will  move  toward  the  cake, 
and  its  natural  ftate  of  uniform  diffufion  through  the 
cover  wall  be  changed  into  a  violent  ftate,  In  which  It 
will  be  compreffed  on  the  furface  AB,  being  abftra(fted 
from  the  furface  GII.  It  will  now  have  a  ftratum 
.Qgpjii,  containing  redundant  matter,  and  another 


^^BA,  containing  redundant  fluid.  But  this  will  diu 
turb  the  arrrangement  which  had  taken  place  In  the 
foie,  and  had  rendered  It  neutral  on  the  under  furface.  ' 

We  do  not  attend  to  the  fluid  in  the  cake,  but  confider 
It  as  Immoveable  ;  for  any  motion  which  it  can  get  will 
be  fo  fmall,  that  the  variations  of  Its  adtion  will  be  al¬ 
together  infignificant.  The  particle  y,  fituated  in  that 
furface,  will  be  more  repelled  by  the  compreffed  fluid 
ill  the  ftratum  ^/>CA  than  it  Is  attradled  by  the  equi¬ 
valent,  but  more  remote  redundant  matter  in  GUpg* 

Fluid  Is  therefore  dlfpofed  to  quit  the  furface  EF, and  the 
foie  appears  pofitively  eledlric  ;  very  little  indeed,  if  the 
cover  be  thin.  All  this  may  be  obferved  by  attaching 
a  fmall  Canton’s  eledlromtter  to  the  lower  furface  of 
the  foie,  or  by  touching  the  foie  with  the  eledfrometer 
of  fig.  8.  and  then  trying  its  eledlricity  by  rubbed  wax 
or  glafs. 

IV.  A  particle  of  fluid  z,  placed  Immediately  with- 
out  the  furface  GH,  will  be  more  attradled  by  the  de¬ 
ficient  ftratum  GH^^  and  by  AElfu  than  It  Is  repel¬ 
led  by  the  redundant  ftrata  beyond  them,  and  the  cover 
muft  be  fenfibly  negative.  This  is  the  common  ftate  of 

the  whole  inftrument  after  fetting  on  the  cover.  It  Is  [ 

flightly  pofitive  on  the  lower  furface  of  the  foie,  and 
much  more  fenfibly  negative  on  the  upper  furface  of  the 
cover.  A  fmart  fpark  will  therefore  be  feen  between  | 

it  and  the  finger,  fluid  will  enter,  till  the  attradllon  of  i 

the  redundant  matter  In  AB^^?  is  balanced  by  the  re- 
pulfion  of  the  redundant  fluid  in  DCFE. 

V.  A  fpark  will  now  be  obtained  from  the  foie,  be-  Dead  fat: 
caufe  it  was  faintly  pofitive  before,  and  there  has  been 
added  the  a6lion  of  the  fluid  which  has  entered  into  the 
cover.  The  fluid  in  the  foie  Is  therefore  dlfpofed  to  fly 

to  any  body  prefented  to  It.  But  when  this  has  hap-  ' 

pened,  the  equilibrium  at  the  furface  GH  Is  deftroyed. 
and  that  furface  again  becomes  negative,  and  will  at¬ 
tract:  fluid,  although  the  cover  already  contains  more  , 

than  Its  natural  quantity.  A  fmall  fpark  will  therefore 
be  feen  between  the  cover  and  any  condiuftlng  body 
prefented  to  It.  By  touching  It,  tlie  neutrality  or  equi¬ 
librium  is  reftored  at  GH  ;  but  it  is  deftroyed  again  at 
EF,  which  will  again  give  a  pofitive  fpark,  which,  in 
its  turn,  again  leaves  GH  negative.  This  will  go  on 
for  ever,  in  a  feries  of  communications  continually  di- 
minlfliiiig,  fo  as  foon  to  become  infenfible,  if  the  three 
parts  of  the  eledlrophorus  be  thin.  This  makes  it  pro¬ 
per  to  make  them  otherwife,  if  the  inftrument  be  in¬ 
tended  for  illuftrating  the  theory. 

At  laft  the  equilibrium  Is  completed  at  the  furfaces 
GH  and  EF,  and  both  are  neutral  in  relation  to  fur- 
roundlng  bodies,  although  both  the  cover  and  foie  con¬ 
tain  more  than  their  natural  (hare  of  eleClrlc  fluid.  We  | 

may  call  this  the  neutral  or  dead  ftate  of  the  elec-  ^ 

trophorus.  ^ 

This  ftate  may  be  produced  at  once,  Inftead  of  doing 
It  by  tliefe  alternate  touches  of  GH  and  EF.  If  wcfate^  \ 
touch  at  once  both  thefe  furfaces,  we  have  a  bright, 
pungent  fpark,  and  a  fmall  fliock.  If  this  be  the  ob- 
jed  of  the  experiment,  the  ftate  N®  IV.  which  gives  oc- 
cafion  to  it,  may  be  called  the  charged  ftate  of  the 
eledrophorus. 

When  the  inftrument  has  thus  been  rendered  neutral 
in  relation  to  furrounding  bodies,  it  Is  plain  that  it  may 
continue  in  this  ftate  for  any  length  of  time  without 
any  diminution  of  its  capability  of  producing  the  other 

.phenomena^ 
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phenomena,  provided  only  that  no  fluid  pafs  from  the 
cover  to  the  cake.  We  do  not  fully  underhand  what 
prevents  this  communication,  nor  indeed  what  prevents 
the  rapid  efcape  from  an  overcharged  body  into  the  air. 
This  caufe,  whatever  it  be,  operates  here  ;  and  the  belt 
way  of  preventing  the  diflipation,  or  the  abforption  by 
the  cake,  is  to  keep  the  elc^lropliorus  with  its  cover  on. 
It  will  come  into  this  neutral  ilate  by  diffipation  from 
the  foie,  and  abforption  by  the  cover,  in  no  very  long 
time  ;  and  after  this,  will  remain  neutral,  retaining  its 
power  with  great  obftinacy,  efpecially  if  the  cake  and 
plates  are  very  thin. 

Chalgtngox  cover  be  now  removed  to  a  diftance,  both 

tSiiveJiate.  parts  of  the  apparatus  will  (hew  ftrong  marks  of  eleftri- 
city.  The  cover  contains  much  redundant  fluid,  and 
mult  appear  llrongly  pofltive,  and  will  give  a  bright 
fpark,  which  may  be  employed  for  any  purpofe.  It  may 
be  employed  for  charging  a  jar  pofitively  by  the  knob, 
if  we  juft  touch  the  cover  with  the  knob.  The  foie 
will  attract  fluid,  or  be  negative,  although  it  contain 
more  than  its  natural  quantity  of  fluid,  and  it  will  take 
a  fpark.  The  foie  therefore,  in  the  abftnce  of  the  co¬ 
ver,  may  be  employed  to  charge  ajar  negatively  by^  the 
knob.  By  touching  it  with  the  finger,  or  with  the  knob 
of  a  jar  held  in  the  hand,  it  is  reduced  to  the  common 
ftate  deferibed  in  IT.  ;  and  now  all  the  former  ex¬ 
periments  may  be  repeated.  We  may  call  this  the  ac¬ 
tive  or  the  CHARGING  ftate. 

Elfi<ftro-  This  ftate  of  the  apparatus  has  caufed  it  to  get  the 
phorus  not  name  Ele&rophorus,  Volta,  its  undoubted  inventor, 
called  it  Eledroforo  perpetuo  ;  for  it  appears^  as  has  been 
city^hii^'a  obferved,  to  contain  a  magazine  of  eleftricity. 

colleftlng  1'he  cover,  when  removed,  will  charge  a  jar  held  in  the 
machine,  hand  pofitively  ;  and  having  done  this  fervice,  it  will 
charge  a  jar  negatively  when  again  fet  on  the  cake. 
The  foie,  in  the  abfence  of  the  cover,  will  charge  a 
third  jar  negatively  ;  and  then,  when  the  cover,  after 
being  touched,  is  fet  down  again,  it  will  charge  a  fourth 
jar  pofitively.  It  will  not  be  difficult  to  contrive  a 
Ample  mechaiiifm,  conncdled  with  the  motion  of  the  co¬ 
ver,  which  (hall  connedl  the  joined  parts  with  two  jars, 
and  fhall  connedl  them,  when  feperated,  with  two 
others  ;  and  thus  charge  all  the  four  with  great  expe¬ 
dition.  All  this  is  done  without  any  new  excitation  of 
the  eleftrophorus-.  But  it  is  by  no  means  a  magazine 
of  eleftricity  which  it  gradually  expends  :  it  is  a  col¬ 
lector  of  eleftricity  from  the  furrounding  bodies, 
which  it  afterwards  imparts  to  others,  and  may  be  em¬ 
ployed  to  difeharge  jars  in  the  fame  gradual  manner  as 
to  charge  them. 

VII.  If  the  eleftrophorus  is  not  infulated,  a  fhock 
may  flill  be  obtained,  by  firft  touching  the  foie,  and 
then,  without  removing  the  finger,  touching  the  cover  ; 
but  this  will  not  be  fo  fmart  as  when  the  negative  cover 
is  touched  at  the  fame  time  that  we  touch  the  foie, 
more  highly  pofitive  than  when  it  communicates  with 
the  ground.  The  difference  muft,  however,  be  almoft 
imperceptible  when  the  pieces  are  thin. 

VII.  If  the  eleftrophorus  is  not  infulated,  the  cover, 
when  put  on,  will  give  a  fpark  in  the  manner  already 
mentioned,  and  it  will  be  fomewhat  ftrongerthan  when 
it  is  infulated  ;  becaufe  the  fluid  is  allowed  to  efcape 
from  the  foie,  and  does  not  obftruft  the  entry  into  the 
cover.  If  we  then,  without  removing  the  finger  from 
the  cover,  touch  the  foie,  nothing  is  felt ;  but  if  we  firft 


touch  the  foie,  arid,  without  removing  the  finger  from 
it,  touch  the  cover,  we  obtain  a  ffiock.  This  is  evi¬ 
dent  from  the  theory.  By  this  feries  of  alternate 
touches,  the  period  of  the  eledlrophorus  is  completed. 

The  eledfropliorus  is  charged,  or  rendered  neutral,  by 
touching  the  plates  \vhen  joined  ;  then,  by  touching 
both  when  feparated,  the  whole  is  reduced  to  the  com¬ 
mon  ftate.  When  feparated,  from  being  in  the  neutral 
ftate,  they  have  oppofite  eledlricities,  the  foie  (hewing 
that  of  the  cake  When  brought  together,  each  in 
the  common  ftate,  they  have  oppofite  eledfricities,  the 
cover  (Iiewing  that  of  the  cake.  rgy 

IX.  When,  by  long  expofure  to  the  air  without  its  How  it 
cover,  the  eledlrophorus  has  loft  its  virtue,  it  may 
brought  again  into  an  adlive  ftate  in  a  variety  of  ways. 

Its  furface  may  be  rendered  negative  by  fridtion  with 
dry  cat  6r  hare  Ikin,  or  warm  flannel.  It  may  be  ren¬ 
dered  negative  by  fetting  on  it  a  jar  charged  negatively 
on  the  infide,  and  then  touching  the  knob  with  any 
thing  communicating  with  the  ground.  This  is  the 
moft  expeditious  method,  and  will  give  it  a  high  degree 
of  excitation,  if  the  jar  be  of  fize,  and  if  the  eledtropho- 
rus  be  covered  with  a  plate  of  tinfoil  which  comes  into 
contadl  all  over  its  furface.  This  however  requires  the 
previous  charging  of  the  jar  ;  therefore  it  will  be  as  ex¬ 
peditious  and  effedlual  to  connedt  this  furface  with  the 
rubber  of  an  eledlrical  machine.  AVe  had  almoft  for¬ 
gotten  to  remark,  that  the  effedlsof  bringing  the  cover 
edgewife  to  the  cake  follow  clearly  from  the  theory,  as 
will  appear  to  the  attentive  reader  without  further  ex¬ 
planation.  . 

The  eledlrophorus  has  been  compared  to  a  charged  js  not  ll- 
plate  of  coated  glafs.  It  is  true  that  it  may  be  brought to  a 
into  an  external  ftate  which  very  much  refembles  a  char- charged 
ged  pane  ;  namely,  when  the  cover,  in  its  natural  ftate, 
is  fet  on  the  eledlrophorus  in  its  natural  ftate  :  and  ac¬ 
cordingly  it  gives  a  fhock,  and  the  two  exterior  furfaces 
become  neutral  ;  but  the  internal  conftitution,  and  the 
adfing  forces,  are  totally  and  tJfenUally  different.  The 
two  coatings  of  the  pane  would  not,  when  feparated, 
exhibit  the  appearances  of  the  eledli  o phorus  ;  nor,  when 
touched  in  their  disjoined  ftate,  will  they  produce  the 
fame  eftedls  when  joined.  In  the  operation  of  coated 
glafs,  the  conftant  or  invariable  part,  the  glafs  is  not  the  ^ 
agents  it  is  n.trcly  the  occajion  of  the  adlion,  by  alloauing 
the  accumulation.  In  the  eledfrophorus,  the  electric, 
wffiich  is  the  conftant  invariable  part,  is  the  agent  pro  clu- 
ctng  the  accumulation.  The  electrophorus  is  an  origin- 
nal,  and  a  very  ingenious  and  curious  eledtrical  ma¬ 
chine.  Nothing  has  fo  much  contributed  to  fpread 
fome  general,  though  flight,  acquaintance  with  the  me¬ 
chanical  principles  of  eledtricity.  The  numerous  dab¬ 
blers  in  natural  knowledge  had  been  diverted  from  fei- 
entific  purfuit  by  the  variety  of  the  Angular  and  amu- 
fing  effedts  of  eledlricity,  and  had  really  attained  very 
little  connedted  knowledge.  The  effedts  of  the  elec¬ 
trophorus  forced  this  knowledge  on  them  ;  becaufe  no 
ufe  can  be  made  of  it  without  a  pretty  clear  conception 
of  the  difpofition  of  the  eledtricity,  and  the  kind  and 
intenlity  of  the  adtions.  It  is  therefore  moft  ungrate¬ 
ful  in  the  experimenters  who  have  attained  better  view^s, 
to  attempt  to  rob  Mr  Volta  of  the  real  merit  of  difeove- 
ry,  by  ffiewdng  that  its  effedts  are  fimilarto  thofe  of  Mr 
Symmer’s  ftockings,  or  of  Cigna’s  plates,  or  of  Frank¬ 
lin’s  charged  or  difeharged  glafs  panes.  And  the  at- 
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tempt  <3eflroys  itfelf ;  for  it  Ihews  the  ig^norance  or  in¬ 
attention  of  its  author  ;  for  the  fimilanty  is  not  real, 
as  will  appear  clear  to  any  perfon  who  will  examine 
things  minutely  and  fcientifically,  proceeding  in  this 
examination  on  fiippolitions  fimilar  to  thofe  which  we 
employed  in  the  analyfis  of  Richrnann’s  experiment.  It 
was  indeed  in  fubfervicncy  to  this  examitiation  that  we 
entered  into  the  detail  of  that  experiment,  it  being  a 
fiinpler  cafe.  The  accurate  examination  of  Richmaim’s 
experiment  requires  the  fluxionary  calculus  in  its  relined 
form.  In  the  prefent  qiiellion  five  a£ling  ftrata  are  to 
be  confidered,  which  renders  the  formula;  very  compli¬ 
cated,  and  indeed  intradlable,  unlefs  we  make  the  plates 
extremely  thin  ;  which,  fortunately,  is  the  bell  form  ot 
the  inllrument.  We  have  completed  this  mathematical 
analyfis  ;  and  the  popular  view  here  given  is  the  refult 
of  that  computation. 

The  electricians  are  no  lefs  obliged  to  Mr  Volta  for 
another  machine,  or  iiillrument,  from  which  the  itudy 
of  Nature's  operations  has  derived,  or  may  derive,  im- 
menfe  advantages.  AVe  mean  the  condenser  or  cod- 
lector  of  eledlricity.  We  refer  to  the  article  Elec¬ 
tricity  in  the  EncycIop/tcJia  for  a  defeription  of  the 
^nflrument,  and  fome  aecount  of  its  effects  and  proper¬ 
ties.  The  general  elfecl  is  to  render  fenlible  an  accu¬ 
mulation  or  deficiency  of  ele6lric  fluid  fo  flight  that  it 
will  not  affect  the  moll  delicate  electrometer ;  and  it 
produces  (at  leall  in  the  opinion  of  Mr  Volta)  this  ef- 
fecSl,  by  employing  for  the  foie  of  an  ele£lrophorus  a 
body  which  is  an  imperfect  conductor,  fuch  as  a  plate 
of  well  dried  marble,  or  well  dried,  but  not  baked, 
wood  ;  or  even  a  conducting  body,  covered  with  a  bit 
of  dry  talfety  or  other  lilk.  Mr  Volta,  Cavallo,  and 
others,  who  have  written  a  great  deal  on  the  fubjedl, 
have  attempted  to  fliew  how  thefe  fubftances  are  pre¬ 
ferable  (and  they  certainly  are  preferable  in  a  high  de- 
gree)  to  more  perfect  infulators  :  but  riot  having  taken 
pains  to  form  precife  notions  of  the  difpofition  and  ac¬ 
tion  of  the  electric  fluid  in  the  fituatiofis  afforded  by 
the  inllrunient,  their  reafonings  have  not  been  very  clear. 
W^e  think  that  an  adequate  conception  of  the  eflentials 
of  the  propofed  inlirument  may  be  acquired  by  means 
of  the  following  con fl derations  : 

Furnifli  the  cover  of  an  electrophorus  with  a  gra¬ 
duated  electrometer,  which  indicates  the  proportional 
degrees  of  eleBricity  ;  eleClrify  it  pofitively  to  any  de¬ 
gree,  fiippofe  fix,  while  held  in  the  hand,  at  fome  di- 
flance,  right  over  a  metal  plate  lying  on  a  wine  glafs 
as  an  infulatiug  Hand,  but  communicating  with  the 
ground  by  a  wire.  Bring  it  gradually  down  toward 
the  plate.  Theory  teaches,  and  we  know  it  by  expe¬ 
riment,  that  the  eleClrometer  will  gradually  fubfide, 
and  perhaps  will  reach  to  2°  before  the  electricity  is 
communicated  in  a  fpark.  Stop  it  before  this' happens. 
In  this  Hate  the  attraction  of  the  lying  plate  produces 
a  compenfation  of  four  degrees  of  the  mutual  repulfion 
of  the  parts  of  the  cover,  by  conftipating  the  fluid  on 
Its  under  furface,  and  forming  a  deficient  Tlratiim  above. 
This  needs  no  farther  explanation  after  what  has  been 
£aid  on  the  charging  of  coated  glafs  plates.  Now  we 
can  fuppofe  that  the  efcape  of  the  fluid  from  this  body 
into  the  air  begins  as  foon  as  eleClrified  to  the  degree 
6,  and  that  it  will  fly  to  the  lying  plate  with  the  de¬ 
gree  2,  if  brought  nearer.  If  we  can  prevent  this 
cammunication  to  the  lying  plate,  by  interpofirg  an 


eleClric,  we  may  eleClrify  the  cover  again,  while  fo  near 
the  metal  plate,  to  the  degree  6,  before  it  will  ftream 
off  into  the  air.  If  it  be  now  removed  from  the  lying 
plate,  the  fluid  would  raife  the  eleeCtrometer  to  10,  dicl 
it  not  immediately  ftream  off ;  and  an  elecftric  excite¬ 
ment  of  any  kind  which  could  only  raife  this  body  to 
the  degree  6  by  its  iritenftty,  will,  by  this  apparatus, 
raife  it  to  the  degree  10,  if  only  copious  enough  in  ex¬ 
tent.  If  we  do  the  fame  thing  when  the  wire  is  taken 
away  which  connecSls  the  lying  plate  with  the  ground, 
we  know  that  the  fame  diminution  of  the  elecflricity  of 
the  other  plate  cannot  be  produced  by  bringing  it  down 
into  the  neighbourhood  of  the  lying  plate  (fee  134, 

&c.  151,  &c.) 

Here  we  fee  the  whole  theory  of  Mr  Volta’s  conden- Theory 
fer.  He  feems  to  have  obfeured  his  conceptions  of  it^hereotA 
by  having  his  thoughts  running  upon  the  elecflrophorus 
lately  invented  by  him,  and  is  led  into  fruitlefs  attempts 
to  explain  the  advantages  of  the  imperfec^l  c:onducStor 
above  the  perfe6l  infulator.  But  the  apparatus  is  alto¬ 
gether  different  from  an  eledirophorus,  and  is  more  ana¬ 
logous  in  its  operations  to  a  coated  plate  not  charged 
nor  infiilated  on  the  oppofite  fide  ;  and  fuch  a  coated 
plate  lying  on  a  table  is  a  complete  condenfer,  if  the* 
upper  coating  be  of  the  fame  fize  with  the  plate  of  the 
condenfer.  All  the  direeSlions  given  by  Mr  Volta  for 
the  preparation  of  the  imperfe6l  condiicSlors  fhew,  that 
the  effecSl  produced  is  to  make  them  as  perfect:  conduc¬ 
tors  as  poflible  for  any  degree  of  ele6lricity  that  exceeds 
a  certain  fmall  intenfity,  but  fuch  as  (hall  not  fuffer  thi§ 
very  weak  ele£lricity  to  clear  the  lirft  Hep  of  the  con-  ^ 
duit.  The  marble  muff  be  thoroughly  dried,  and  even 
heated  in  an  oven,  and  either  ufed  in  this  warm  ftate, 
or  varniftied,  fo  as  to  prevent  the  rcabforption  of  inoif- 
ture.  We  know  that  marble  of  flender  dimenfions,  fo 
as  to  be  completely  dried  throughout,  will  not  conduct 
till  it  has  again  become  moifl:.  A  thick  piece  of  marble, 
is  rendered  fo,  fuperficially  only,  and  ftill  condufts  in¬ 
ternally.  It  is  then  in  the  beft  poflible  ftate.  The 
fame  may  be  faid  of  dry  unbaked  wood.  Varnifhing 
the  upper  furface  of  a  piece  of  marble  or  wood  is  equi¬ 
valent  to  laying  a  thin  glafs  plate  on  it.  Now  this  me¬ 
thod,  or  covering  the  top  of  the  marble,  or  of  a  book,., 
or  even  the  table,  with  a  piece  of  clean  dry  filk,  makes 
them  all  the  moil  perfe6l  condenfators.  This  juft  view 
of  the  matter  has  great  advantages.  It  takes  away  the 
niyfterious  indillindlnefs  and  obfeurity  which  kept  the 
iiillrument  a  quackifh  tool,  incapable  of  improvement. 

We  can  now  make  one  incomparably  better  and  more 
Ample  than  any  propofed  by  the  very  ingenious  inven¬ 
tor.  We  need  only  the  Ample  moveable  plate.  Let 
this  be  varnifhed  on  the  under  fide  with  a  moderately 
thick  coat  of  the  pureft  and  hardell  vernis  de  Marthiy, 
or  coach-painters  varnifh ;  and  we  have  a  complete  con-  , 
denfator  by  laying  this  on  a  table.  If  it  be  connedlcd 
by  a  wire  with  the  fubftance  in  which  the  weak  and, 
‘imperceptible  ele(Slricity  is  excited,  it  will  be  raifed 
(provided  there  be  enough  of  it  of  that  fmall  intenfity ) 
in  the  proportion  of  the  thicknefs  of  the  varnifli  to  the 
fourth  part  of  the  diameter  of  the  plate.  This  degree 
of  condenfation  will  be  procured  by  detaching  the  con- 
nedling  wire  from  the  in  filiating  handle  of  the  conden^ 
fer,  and  then  railing  the  condenfer  from  the  table.  It 
will  then  give  fparks,  though  the  original  eledlricity 
could  not  fenfibly  affed  a  flaxen  fibre.. 
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Tt  muft  be  particularly  noted,  that  it  can  produce 
this  condenfation  only  when  there  is  fluid  to  condenfe  ; 
that  is,  only  when  the  weak  eledricity  is  diffufed  over 
a  greater  fpace  than  the  plate  of  the  condenfer.  In 
this  way  it  is  a  molt  excellent  cvdltdlor  of  the  weak  at- 
mofpheric  eleftricity,  and  of  all  diffufed  electricity.  But 
to  derive  the  fame  advantage  from  it  in  many  very  inte- 
rejling  cafes^  fuch  as  the  inquiry  into  the  eledfricity  ex¬ 
cited  in  many  operations  of  Nature  on  fmall  quantities 
of  matter,  we  muft  have  condenfers  of  various  fizes, 
fome  not  larger  than  a  filver  penny.  To  conftru61:  tliefe 
in  perfection,  we  muft  ufe  the  pureft  and  hardeft  var- 
nifli,  of  a  kind  not  apt  to  crack,  and  highly  coercive. 
This  requires  experiment  to  difcover  it.  Spirit  varniflies 
are  the  moft  coercive  ;  but  by  their  difference  of  con- 
tradion  by  cold  from  that  of  metals,  they  foon  appear 
frofty,  and  when  viewed  through  a  lens,  they  appear  all 
Ihivered  :  They  are  then  ufclefs.  Oil  varnifhes  have 
the  reqiiifite  toughnefs,'  but  are  much  inferior  in  coer¬ 
cion.  We  have  found  amber  varnifh  inferior  to  copal 
varnifli  in  this  refpeCl,  contrary  to  our  expeClation. 
On  the  whole,  we  fhould  prefer  the  fineft  coach-painters 
varnifh,  new  from  the  fhop,  into  which  a  pencil  has  ne¬ 
ver  been  dipped  :  and  we  muft  be  particularly  careful 
to  clear  our  pencils  of  moifture  and  all  conducting  mat¬ 
ter,  which  never  fails  to  taint  the  varnifli.  We  fcarccly 
need  remark,  that  the  coat  of  varnifh  on  tliefe  fmall  con¬ 
denfers  fhould  be  very  thin,  otherwife  we  lofe  all  the 
advantage  of  their  fmallnefs^ 

Mr  Cavallo  haa  ingenioufly  improved  Volta’s  con¬ 
denfer  by  connecting  the  moveable  plate,  after  removal, 
with  a  fmaller  condenfer.  The  effeCt  of  this  is  evident 
from  n^  130.  But  the  fame  thing  would  have  been 
generally  obtained  by  ufing  the  fmall  condenfer  at  firft, 
or  by  ufing  a  ftill  thinner  coat  of  varnifh. 

It  will  readily  occur  to  the  reader,  that  this  inftru- 
ment  is  nbt  inftantaneoiis  in  its  operation,  and  that  the 
application  muft  be  continued  for  dome  time,  in  order 
to  colleCl  the  minute  eleCfricity  which  may  be  excited 
in  the  operations  of  nature.  He  will  alfo  be  careful 
that  the  experiment  be  fo  conduCled  that  no  ufclefs  ac¬ 
cumulation  is  made  anywhere  elfe.  When  we  expect 
electricity  from  any  chemical  mixture,  it  never  fliould 
be  made  in  a  glafs  veflel,  for  this  will  take  a  charge, 
and  thus  may  abfoib  the  whole  excited  eleCtricity,  ac¬ 
cumulating  it  in  a  neutral  or  infenfible  ftate.  JLet  the 
mixture  be  made  in  veffels  of  a  conducting  fubftance,  in- 
fulated  with  as  little  contaCt  as  poflible  with  the  infula- 
ting  fupport ;  for  here  will  alfo  be  fometbing  like  a 
charge.  Sufpend  it  by  filk  threads,  or  let  it  reft  on 
the  tops  of  three  glafs  rods,  &c. 

After  this  account  of  the  Leyden  phial,  eleCtropho- 
rus,  and  condenfer,  it  is  furely  unneceflary  to  employ 
any  time  in  explaining  Mr  Bennet’s  moft  ingenious  and 
ufeful  inftrument  called  the  doubler  of  eleSiricity,  The 
explanation  offers  itfelf  fpontaneoufly  to  any  perfon  who 
iinderftands  what  has  been  faid  already.  Mr  Cavallo 
has  with  induftry  fcarclied  out  all  its  impcrfeClions,  and 
has  done  fomething  to  remove  them,  by  feveral  very 
ingenious  conftruClions,  minutely  deferihed  in  his  Trea- 
tife  on  Eledricity.  Mr  Bennet’s  original  inftrumenc 
may  be  freed,  we  imagine,  as  far  as  feems  poflible,  by 
ufing  a  plate  of  air  as  the  intermedium  between  the  three 
plates  of  the  doubler.  Stick  on  one  of  the  plates  three 
iFcry  fmall  fpherules  made  from  a  capillary  tube  of ‘glafs, 


or  from  a  thread  of  fealing  wax.  The  other  plate  be¬ 
ing  laid  on  them,  refts  on  mere  points,  and  can  fcarce- 
ly  receive  any  friClion  which  will  diftiirb  the  experi¬ 
ment.  Mr  Nicholfon’s  beautiful  mechanifm  for  expe¬ 
diting  the  multiplication,  has  the  inconveniency  of  bring¬ 
ing  the  plates  towards  each  other  edgewife,  which  will 
bring  on  a  fpark  or  communication  fooner  than  may 
be  defired  :  but  this  is  no  inconvenience  whatever  in 
any  philofophical  r^fearch  ;  becaufe,  before  this  liap- 
pens,  the  eleClricity  has  become  very  diftinguifhable  as 
to  its  kind,  and  the  degree  of  multiplication  is  little 
more  than  an  amufement.  The  fpark  may  even  ferve 
to  give  an  indication  of  the  original  iiitenfity,  by  means 
of  the  number  of  turns  necefiary  for  producing  it.  If 
the  fine  wires,  which  form  the  alternate  conncClions  in 
fo  ingenious  a  manner,  could  be  tipped  with  little  balls 
to  prevent  the  diflipation,  it  would  be  a  great  improve¬ 
ment  indeed.  An  alternate  motion,  like  that  of  a 
pump-handle,  might  be  adopted  with  advantage.  This 
would  allow  the  platts  to  approach  each  other  face  to 
face,  and  admit  a  greater  multiplication,  if  thought  ne- 
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One  of  the  moft  remarkable  fadl^  in  electricity  is  the  oifTipaticD 
rapid  diflipation  by  fharp  points,  and  the  impoffibility  of 
of  making  any  confiderablc  accumulation  in  a  body 
which  has  any  fuch,  projecting  beyond  other  parts 
its  furface.  The  diflipation  is  attended  with  many  re-^ 
markable  circiimftances,  which  have  greatly  the  appear¬ 
ance  of  the  actual  efcape  of  fome  material  fubltancc, 

A  ftream  of  wind  blows  from  fuch  a  point,  and  quick¬ 
ly  electrifies  the  air  of  a  room  to  fuch  a  degree,  that  an 
electrometer  in  the  fartheft  corner  of  the  room  is  afleCt- 
ed  by  it.  This  diflipation  in  a  dark  place  is,  in  many 
inftances,  accompanied  by  a  bright  train  of  light  di- 
verging  from,  the  point  like  a  firework.  Dr  Franklin 
therefore  was  very  anxious  to  reconcile  this  appearance 
with  his  theory  of  plus  and  minus  eleCtricity,  but  does 
not  exprefs  himfelf  well  fatisfied  with  any  explanation 
which. had  occurred  to  him.  From  the  beginning,  he 
faw  that  he  could  not  confidcr  the  ftrearn  of  wind  as  a 
proof  of  the  efcape  of  the  eleCtric  fluid,  becaufe  the 
lame  ftream.  is  obferved  to  ifliie  from  a  (harp  negative  , 
point  j  which,  according  to  his  theory,  is  not  difperfing, 
but  abforbing  it.  Mr  Cavendifli  has,  in  our  opinion,/ 
given  the  firft  fatisfactory  account  of  this  phenomenon. 

To  fee  this  in  its  full  force,  the  phenomenon  itfelf  aoy. 
muft  be  carefully  obferved.  The  ftream  of  wind  is 
plainly  produced  by  the  efcape  of  fomething.  from  the 
point  Itfelf,  which  hurries  the  air  along  with  it  and 
this  draws  along  with  it  a  great  deal  of  the  furround¬ 
ing  air,  efpecially  from  behind,  in  the  fame  manner  as 
the  very  flender  thread  of  air  from  a  blow-pipe  hurries 
along  with  it  the  furrounding-  air  and  flame  from  a  con- 
fiderable  furface  on  all  Tides.  It  is  in  this  manner  that 
it  gathers  the  whole  of  a  large  flame  into  one  maf), 
and,  at  laft,  into  a  very  point.  If  the.  fmoke  of  a  little 
rofin  thrown  on  a.  bit  of  live  coal  be  made  to  rife  quiet¬ 
ly  round  a  point  projeCling  from  an  eleCtrificd  body, 
continually,  fupplied'  from  an  ele&ical  machine,  the 
vortices  of  this  fmoke  may  be  obferved  to  curl  in  from 
all  Tides,  along  the  wire,  forming  a  current  of  which 
the  wire  is  the  axis,  and  it  goes  off  completely  by  the 
point.  But  if  the  wire  be  made  to  pafs  through  a 
cork  fixed  in  the  bottom  of  a  wide  glafs  tube,  and  if 
its  point  projed  not  beyond  the  mouth  of  the  tiibe^ 
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the  afflux  of  the  air  from  behind  is  prevented,  and  we 
have  no  ftream  ;  but  if  the  cork  be  removed,  and  the 
wire  ilill  occupy  the  axis  of  the  tube,  but  without 
touching  the  Tides,  we  have  the  ftream  very  diftindtly  ; 
and  fmoke  which  rifes  round  the  far  end  of  the  tube  is 
drawn  into  it,  and  goes  of  at  the  point  of  the  wire. 
Now  it  is  of  importance  to  obferve,  that  whatever  pre¬ 
vents  the  formation  of  this  ftream  of  wind  prevents 
the  diflipation  of  eledlricity  (for  we  fhall  not  fay  efcape 
of  eleiftric  fluid)  from  the  point.  If  the  point  projeft 
a  quarter  of  an  inch  beyond  the  tirbe,  or  if  the  tube  be 
open  behind,  the  ftream  is  ftroiig,  and  the  difiipation  fo 
rapid,  that  even  a  very  good  machine  is  not  able  to  raife 
\  a  Henly’s  eledlrometer,  ftanding  on  the  condui^Ior,  a 
very  few  degrees.  If  the  tube  be  flipped  forward,  fo  that 
the  point  is  juft  even  with  its  mouth,  the  difiipation  of 
electricity  is  next  to  nothing,  and  does  not  exceed  what 
might  be  produced  by  fuch  air  as  can  be  collected  by  a 
fuperficial  point.  If  the  tube  be  made  to  advance  half 
an  inch  beyond  the  point  which  it  furrounds,  the  diflipa- 
tion  becomes  infenfible.  All  thefe  faCts  put  it  beyond 
a  doubt  that  the  air  is  the  caufe,  or,  at  lead,  the  occa- 
fion  of  the  difiipation,  and  carries  the  eleCtricity  off  with 
it,  in  this  manner  rendering  eleCtrical  the  whole  air  of 
a  room.  The  problem  is  reduced  to  explain  how  the 
air  contiguous  to  a  fiiarp  eleClrifled  point  is  eleClrificd 
and  thrown  off. 

Theory  of  It  was  dernonftrated  in  n°  130,  that  two  fpheres, 
connected  by  an  infinitely  extended,  but  fieiider  con¬ 
ducting  canal,  are  in  eleCtrical  equilibrium,  if  their  inr- 
faces  contain  fluid  in  the  proportion  of  their  diameters. 
In  this  cafe,,  the  fuperficial  denfity  of  the  fluid  and  its 
tendency  to  efcape  are  inverfely  as  the  diameters  (n® 
J30).  Now  if,  in  imagination,  we  gradually  diminifh 
the  diameter  of  one  of  the  fpheres,  the  tendency  to 
efcape  will  increafe  in  a  greater  proportion  than  any 
that  we  can  name.  We  know,  that  when  the  prime  con¬ 
ductor  of  a  powerful  table-maclilne  has  a  wire  of  a  few 
inches  in  length  projecting  from  its  end,  and  termina¬ 
ting  in  a  ball  of  half  an  inch  in  diameter,  we  cannot 
electrify  it  beyond  a  certain  degree  ;  for  when  arrived  at 
this  degree,  the  eleCtricity  flies  off  in  fucceffive  burfts 
from  this  ball.  Being  much  more  overcharged  than  any 
other  part  of  the  body,  the  air  furrounding  the  ball  be¬ 
comes  more  overcharged  by  communication,  and  is  re¬ 
pelled,  and  its  place  fupplled  by  other  air,  not  fo  much 
overcharged,  which  furrounded  the  other  parts  of  the 
body,  and  is  preffed  forwards  into  this  fpace  by  the  ge¬ 
neral  repulfion  of  the  conductor  and  the  confining  pref- 
fure  of  the  atmofphere  ;  otlierwife,  being  alfo  overchar¬ 
ged,  it  would  have  no  tendency  to  come  to  this  place. 
Half  a  turn  of  the  cylinder  is  fufficient  to  accumulate 
to  a  degree  fuflicieut  for  producing  one  of  thefe  explo- 
fions,  and  we  have  two  of  them  for  every  turn  of  the 
cylinder,  A  point  rray  be  compared  to  an  incompa¬ 
rably  fmaller  ball.  The  conftipation  of  the  fluid,  and 
its  tendency  to  efcape,  muft  be  greater  in  the  fame  un- 
mcafurable  proportion.  This  denfity  and  mutual  re¬ 
pulfion  cannot  be  diminiflied,  and  mull  even  be  increa- 
fed,  by  the  matter  of  the  wire  forming  a  cone  of  which 
the  point  is  the  apex  ;  therefore,  if  there  were  no  other 
caufe,  w^e  muff  fee  that  it  is  almoft  impoffible  to  confine 
a  colledion  of  particles,  mutually  repelling,  and  confti- 
pated,  as  thefe  are  in  a  fine  point. 

But  the  chief  caufe  feems  to  be  a  certain  chemical 


union  which  takes  place  bctw'cen  the  cleAric  fluid  and 
a  correfponding  ingredient  of  the  air.  In  this  ftate  of '  ^ricity 
conftjpation,  almoft  completely  furrounded  by  the  air, 
the  little  mafs  of  fluid  muft  attrad  and  be  attradecl^^!i,^ha]r 
with  very  great  force,  and  more  readily  overcome  the 
force  which  keeps  tlie  eledrified  fluid  attached  to  the 
laft  feries  of  particles  of  the  wire.  It  unites- with  the 
air,  rendering  it  eledric  in  the  higlieft  degree  of  redun¬ 
dancy.  It  is  therefore  ftrongly  repelled  by  the  mafs  of 
conftipated  fluid  which  fuccetds  it  within  the  point. 

Thus  is  the  eledrified  air  continually  thrown  off,  in  a 
ftate  of  eledrification,  that  muft  rapidly  diminifh  the 
eledricity  of  the  coiidcdor.  Hence  the  uninterrupt¬ 
ed  flow,  without  noife  or  much  light,  when  the  point  is 
made  very  fine.  When  the  point  is  blunt,  a  little  ac¬ 
cumulation  is  iieceffary  before  it  attains  the  degree  ne- 
ceffary  for  even  this  minute  explofion  ;  but  this  is  foon 
done,  and  thefe  little  explofion s  fucceed  each  other  ra¬ 
pidly,  accompanied  by  a  fputteriiig  noife,  and  trains  of 
bright  fparks.  The  nolle  is  undoubtedly  owing  to  the 
atoms  of  the  highly  eledrified  fluid.  Thefe  are,  in  all 
probability,  rarefied  of  a  hidden,  in  the  ad  of  eledrifi¬ 
cation,  and  immediately  collapfe  again  in  the  ad  of 
chemical  union,  which  caufes  a  fonorous  agitation 
of  the  air.  This  eledrified  air  is  thus  thrown  off,  and 
its  place  is  immediately  fupplied  by  air  from  behind,  not 
yet  eledrified,  and  therefore  ftrongly  drawn  forward  to 
the  point,  from  which  they  are  thrown  oft*  in  their 
turn.  This  rapid  expanfion  and  fubfequent  collapfing 
of  the  air  is  verified  Jiy  the  experiments  of  Mr  Kiniier- 
fly,  related  by  Dr  Franklin,  and  is  feen  in  numberlefs 
experiments  made  with  other  views  in  later  times,  and 
not  attended  to.  Perhaps  it  is  produced  by  the  great 
heat  which  accompanies,  or  is  generated  in  the  transfer, 
ence  of  eledricity;  and  it  is  of  the  fame  kind  with  what 
occafions  the  burfting  of  llones,  fplitting  of  trees,  ex¬ 
ploding  of  metals,  &c.  by  eledricity.  Phe  expanfion 
is  either  inconfiderable,  or  it  is  fuccefiively  produced  in 
very  fmall  portions  of  the  fubllance  expanded;  for  when 
metal  is  exploded  in  clofe  vcffels,  or  under  water,  tlierc 
is  but  a  minute  portion  of  gazeous  matter  produced  , 
and  in  the  difiipation  by  a  very  line  point,  fuificiently 
great  to  give  full  employment  to  a  powerful  machine., 
the  ftream  of  wind  is  but  very  faint,  and  nine-tenths 
of  this  has  been  dragged  along  by  the  really  eledrified 
thread  of  wind  in  the  middle. 

From  a  collation  of  all  the  appearances  of  eledricity, 
we  muft  form  the  fame  conception  of  the  forces  which 
operate  round  a  point  that  is  negatively  eledrified,  not 
difperfing,  but  drawing  in  eledlric  fluid.  It  is  more 
completely  undercharged  than  any  other  part  of  a  body, 
and  attrads  the  fluid  in  the  fiirrounding  air,  and  the 
air  ill  which  it  is  retained,  with  incomparably  greater 
force.  It  therefore  deprives  the  contiguous  air  of  its 
fluid,  and  then  repels  it,  and  then  produces  a  ftream  like 
the  overcharged  point 

If  a  coiiduding  body  be  brought  near  to  any  part 
of  an  overcharged  body,  the  fronting  part  of  the  firft 
is  rendered  undercharged ;  and  this  increafes  the  charge 
of  the  oppolite  part  of  the  overcharged  body.  It  be¬ 
comes  more  overcharged  in  that  part,  and  fooner  at¬ 
tains  that  degree  of  conftipation  that  enables  the  fluid 
to  quit  the  fuperficial  feries  of  particles,  and  to  elednfy 
ftrongly  the  contiguous  air.  The  explofion  is  there¬ 
fore  made  in  this  part  in  preference  to  any  other  ;  and 
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the  ai*r  thus  exploded  is  ftrongly  attra6led  by  the  front¬ 
ing  part  of  the  other  body,  and  miift  fly  thither  in  pre- 
fercnce  to  any  other  point.  If,  moreover,  the  fronting 
part  of  A  be  prominent  or  pointed,  this  effedl  will  be 
produced  in  a  fuperior  degree  j  and  tlwi  current  of 
electrified  air,  which  will  begin  very  early,  will  incrcafe 
this  difpofition  to  transference  in  this  way  by  rarefying 
the  air ;  a  change  which  the  whole  courfe  of  eleclric 
phenomena  fliews  to  be  highly  favourable  to  this  trans¬ 
ference,  although  we  cannot  perhaps  form  any  very 
adequate  notion  how  it  contributes  to  this  effedt. 
This  feerns  to  be  the  reafon  why  a  great  explofion  and 
fnap,.  with  a  copious  transference  of  electricity,  is  ge¬ 
nerally  preceded  by  a  hilling  noife  like  the  rufiting  of 
wind,  which  fwells  to  a  maxim um  in  the  loud  fnap 
itfelf.  • 

If  two  prominences,  precifely  fimilar,  and  ele(^rified 
in  the  contrary  way  to  the  fame  degree,  are  prefented 
to  each  other,  we  cannot  fay  from  which  the  current 
fliould  take  its  commencement,  or  whether  it  fnould 
not  equally  begin  from  both,  and  a  general  difperfion 
of  air  laterally  be  the  effedt ;  but  fuch  a  fituation  is 
barely  poflible,  and  mult  be  infinitely  rare.  The  cur¬ 
rent  will  begin  from  the  fide  which  has  fome  fuperiority 
of  propelling  force.  We  are  difpofed  to  think  that  this 
current  of  material  ele^lrified  fubftance  mull  fuffer  great 
change  during  its  paflage,  by  mixing  with  the  current 
in  an  oppofite  eleClrical  Hate  coming  from  the  other 
body.  Any  little  mafs  of  the  one  current  mull  llrong- 
ly  attraiSl  a  contiguous  mafs  of  the  other,  and  certain 
changes  fhonld  furely  arife  from  this  mixture.  Thefe 
may,  in  their  turn,  make  a  great  change  in  the  mecha¬ 
nical  motions  of  the  air  ;  and,  inllead  of  producing  a 
quaqua  verfum  difperfion  of  air  from  between  the  bo¬ 
dies,  as  fhould  refult  from  the  meeting  of  oppofite 
Hreams,  it  may  even  produce  a  collapfing  of  the  air  by 
the  mutual  11  rong  attractions  of  the  little  mafles.  Many 
valuable  experiments-offer  themfelves  to  the  curious  in¬ 
quirer.  Two  little  balls  may  be  thus  prefented  to  each 
other,  and  a  fmoke  may  be  made  with  roiin  to  occupy 
the  interval  between  them.  Motions  may  be  obferved 
which  have  certain  analogies  that  would  afford  ufeful 
information  to  the  mechanical  inquirer.  There  mull  be 
fomething  of  this  mixture  of  currents  in  all  fuch  trans¬ 
ferences,  and  the  moll  minute  differences  in  the  condi¬ 
tion  of  a  little  parcel  of  the  air  may  greatly  affec^l  the 
future  motions.  The  moll  promifing  form  of  fuch  ex¬ 
periment  would  he  to  ufe  tw'o  points  of  the  fame  fub- 
llance,  lhape,  and  fize,  and  eleclrified  to  the  fame  dcr 
grec  in  oppofite  fenfes. 

After  all  care  has  been  taken  to  infwre  fimilarity,  there 
remains  one  effeiitial  difference,  that  the  one  current  is  re¬ 
dundant  in  electric  Jluid,  and  the  other  dejident.  This  cir- 
’cumllance  mujl  produce  chara6lerillic  differencCvS  of  ap¬ 
pearance.  And  are  there  not  fuch  differences?  Is  not  the 
pencil  and  the  liar  of  light  a  charadlerillic  difference  ? 
And  does  not  thiswell-fupported  faeff  greatly  corroborate 
the  opinion  of  Dr  Franklin,  that  the  eledlric  phenomena 
refult  from  the  redundancy  and  deficiency  of  one  fub- 
ilance,  and  not  from  two  dillindl  fubltanees  operating  in 
u  fimilar  manner  ?  For  the  dillindlion  in  appearance  is  a 
mechanical  dillindlion.  Motion,  diredlion,  velocity,  are 
perceivable  in  it.  Locomotive  forces  are  concerned  in 
it ;  but  they  are  fo  implicated  with  forces  which  proba¬ 
bly  rcfemble 'chemical  affinities,  hardly  operating  be- 
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yo'nd  conta£l,  that  to  extricate  their  efft(ffs  from  the 
complicated  phenomenon  feems  a  defperate  problem. 
*  There  is  fume  hitherto  inexplicable  chemical  compofitioii 
and  decompofition  taking  place  in  the  transference  of 
eledlricity.  Of  this  a  numerous  train  of  obfervations 
made  fince  the  dawn  of  the  pneumatic  chemillry  leaves 
us  no  room  to  doubt.  Tin;  emerfion  or  produdlion 
of  light  and  heat  is  a  remarkable  fign  and  proof.  Now 
this  takes  place  along  the  ojohole  path  of  transference  ; 
therefore  the  procefs  is  by  no  means  completed  at  the 
point  from  which  the  adlive  caufe  proceeds  ;  and  al¬ 
though  there  be  certain  appearances  that  are  pretty  re¬ 
gular,  they  are  Hill  mixed  with  others  of  the  moll  ca¬ 
pricious  anomaly.  The  zigzag  form  of  the  moll  con- 
denfed  fpark,  totally  unlike,  by  its  lharp  angles,  to  any 
motions  producible  by  accelerating  forces,  which  mo¬ 
tions  are,  without  exception,  curvilineal,  makes  us 
doubt  exceedingly  whether  the  luminous  lines  which  we 
oblerve  are  fuccelfive  appearances  of  the  fame  matter  in 
different  places,  or  whether  they  be  not  rather  fimulta- 
neous,  or  nearly  limultaneous,  corufeations  of  different 
parcels  of  .matter  in  different  places,  indicating  chemical 
compofitioiis  taking  place  almoft  at  once  ;  and  this  be¬ 
comes  more  probable,  when  we  refle(ff  on  what  has  been 
faid  already  of  the  jumbling  of  oppofite  currents  ;  fuch 
mixtures  Ihould  be  expelled.  We  have  feen  a  ^darted 
flafli  of  lightning  which  reached  (in  a  dlredlion  nearly 
parallel  to  the  horizon)  above  three  miles  from  right  to 
left  ;  and  it  feemed  to  us  to  be  co-exijlent  ;  we  could  not 
fay  at  which  end  it  began.  The  thunder  began  with 
a  loud  crack,  and  continued  with  a  moft  irregular 
rumbling  noife  about  15  feconds,  and  feemed  equal  on 
both  hands.  We  jmagiiie  that  it  was  really  a  fimulta- 
neous  fnap,  in  the  whole  extent  of  the  fpark,  but  of 
different  flrength  in  difivreiit  places;  different  portions 
of  the  fonorous  agitation  were  propagated  to  the  car  in 
fucceffion  by  the  foiiorcus  undulations  of  air,  caufing 
it  to  feem  a  lengthened  found.  Such  would  be  the 
appearance  to  a  perfon  ftanding  at  one  end  of  a  long 
line  of  foldiers  who  difeharge  their  firelocks  at  one  in- 
ilant.  It  will  feem  a  running  fire,  of  different  ftiength 
in  different  parts  of  the  line,  if  the  mufl<ets  have  been 
unequally  loaded.  It  is  inconceivable  that  this  long 
zigzag  fpark  can  mark  the  track  of  an  individual  mafs 
of  cleiffrified  air.  The  velocity  and  momentum  would 
be  enormous,  and  would  fvveep  off  every  thing  in  its 
way,  and  its  path  could  not  be  angular.  The  fame 
miiil  be  alTerted  of  the  flreams  of  light  in  our  experi¬ 
ments.  The  velocity  is  fo  unmeafurable  that  we  cannot 
tell  its  direftion.  There  may  be  very  little  local  mo¬ 
tion,  juft  as  in  the  propagation  of  found,  or  of  a  w^avc 
on  the  furfacc  of  water.  'Fhat  particular  change  of 
mutual  fituation  among  the  adjoining  atoms  which  oc- 
cafions  chemical  folutioii  or  precipitation  may  be  pro¬ 
duced  in  an  inftant,  over  a  great  extent,  as  we  know 
that  a  parcel  of  iron  filings,  lying  at  random  on  the 
furface  of  quickfilver,  will,  in  one  inftant,  be  arranged 
in  a  certain  manner  by  the  mere  neighbourhood  of  a 
magnet.  Is  not  this  like  the  limultaneous  precipitation 
of  water  along  the  whole  path  of  a  difeharge  ? 

But  Hill  there  muft  be  fome  caufe  which  gives- thefe 
fimiiltaneous  corufeations  a  fituation  wuth  refpedl  to 
each  other,  that  has  a  certain  regularity.  Now  the  lu¬ 
minous  trains  (for  they  are  not  uniform  lines  of  light) 
of  almoft  continuous  fparks  which  are  arranged  between 
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’a  pofilive  and  a  negative  point,  feem  to  us  to. indicate 
emanation  from  the  politive,  and  reception  by  the  ne# 
gative  point.  The  general  line  has  a  coniiderable  re- 
fcmblance  to  the  path  of  a  body  projefted  from  the  po- 
Titive  point,  repelled  by  it,  and  attrafted  by  the  nega¬ 
tive  point.  This  will  appear  to  the  mechanician  on  a 
Very  little  relleftion.  if. the  curve  were  completely  vi- 
iible,  it  would  fornewhat  refemble  thofe  drawn  between 
T  and  N  ill  35.  PABN  overpafTes  the  point  N, 
and  comes  to  it  from  behind;  lies  within  the 

other,  and  arrives  in  a  diredtion  nearly  perpendicular  to 
the  axis  ;  P  «  BN  defcribes  a  ftraight  line,  and  arrives 
in  the  diredlion  PN.  As  the  chemical  compohtion  ad¬ 
vances,  the  light  is  difengaged  or  produced,  and  there¬ 
fore  the  appearances  are  more  rare  as  vve  advance  far¬ 
ther  in  the  diredllon  in  which  they  are  produced  ;  and 
there  would  perhaps  be  no  appearance  at  all  at  the 
point  where  the  motion  ends,  were  it  not  that  the  few 
remaining  parcels,  where  the  compofitlons  or  decompo* 
fitlons  have  not  been  completed,  are  crowded  together 
at  the  negative  .point,  incomparably  more  than  in  any 
other  part  of  the  track*  We  think  that  thefe  confide* 
rations  offer  foitie  explanation  of  the  appearance  of  the 
pencil  and  ffar,  which  are  fo  uniformly  characferiftic  of 
the  pofitive  and  negative  eledlricities  ;  but  we  fee  many 
grounds  of  uncertainty  and  doubt,  and  offer  it  with 
due  diffidence. 

Xichten-  The  curious  figures  obferved  by  Mr  Lichtenberg, 
berg’s  p!ec- formed  by  the  duff  which  fettles  on  a  line  drawn  on 
^  mirror  by  the  pofitive  and  by  the  nega- 
tindive  knobs  ‘of  a  charged  jar,  are  alfo  uniformly  cliarac- 

marks  of  teriflic  of  the  two  eledlricities.  Thefe  are  mechanical 
and  —  diffindlions,  indicating  certain  differences  of  accelerating 
forces.  We  muff  refer  the  curious  reader  to  Lichten- 
berg’s  Differtations  in  the  Gottingen  Commentaries  ;  to 
the  Publication  of  the  Haarlem  Society  ;  to  the  Gotha 
Magazine ;  to  Differtations  by  Spath  at  Altdorff,  and 
Other  German  writers. 

Difiipation  It  only  remains  for  us  to  take  notice  of  the  general 
of  ekdlrici-laws  of  the  diffipation  of  eledlricity  into  the  air,  and 
ty  into  the  finperfedf  iiifulators.  On  this  fubjedf  we  have 

portLn'^  to  valuable  experiments  of  Mr  Coulomb,  publifhed 
t^denfity.  in  the  Memoirs  of  the- Academy  of  Sciences  of  Paris 
for  1785. 

Thefe  experiments  were  made  with  the  alfiftance  of 
an  ele£lrometer  of  a  particular  conllrut^ion,  which  fball 
be  deferibed  under  the  article  Electrometer. 

The  general  refult  of  Mr  Coulomb’s  experiments 
was,  that  the  momentary  diffipation  of  moderate  degrees 
of  ele6lricity  is  proportional  to  the  degree  of  eledlri- 
city  at  the  moment.  He  found  that  the  diffipation 
is  not  fenfibly  affe6led  by  the  ilate  of  the  barometer 
or  thermometer  ;  nor  is  there  any  fenfible  difference 
in  bodies  of  different  fixes  or  different  fubftances,  or 
even  different  figures,  provided  that  the  eledricity  is 
very  weak. 

AXt,  ^  But  he  found  the  diffipation  greatly  affefted  by  the 
different  ftates  of  humidity  of  the  air.  Sauffure’s  hy¬ 
grometer  has  its  fcale  diftindlly  related  to  the  quantity 
of  water  diffolved  in  a  cubic  foot  of  the  air.  The  fol¬ 
lowing  little  Table  fhews  an  evident  relation  to  this  in 
the  diffijpatioh  of  eledricity  ; 
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Hence,  at  a  medium 

y  tn  =z  3,40. 

We  fliould  have  obferved,  that  the  Ingenious  author 

took  care  to  feparate  this  difiipatibn  by  immediate  con¬ 
tact  with  the  air,  from  what  was  occafioned  by  the  im¬ 
perfect  infulation  aflbrded  by  the  fupports. 

It  muff  alfo  be  remarked  here,  that  the  immediate  Dlminuticj* 
objedl  of  obfervation  in  the  experiments  is  the  diminu-^f  rcj  ulfion 
tion  of  repulfion.  This  is  found  to  be,  in  any 
{fate  of  the  air,  a  certain  proportion  of  the  whole  re-^j^^^'  ^  * 
pulfion  at  the  moment  of  diminution;  but  this  is  double 
of  the  proportion  of  the  denfity  of  the  eleClric  fluid  i 
for  it  mull  be  recolleCted,  that  the  repulfions  by. which 
we  judge  of  the  diffipation  are  mutual,  exerted  by  every 
particle  of  fluid  in  the  ball  t  of  Coulomb’s  eleCfrometer, 
on  every  particle  in  the  ball  a.  It  is  therefore  propor¬ 
tional  to  the  eleCtrlc  denfity  of  each;  and  therefore,  du¬ 
ring  the  whole  diffipation,  the  denfities  retain  their  pri¬ 
mitive  proportion  ;  therefore,  the  diminution  of  the  re¬ 
pulfion  being  as  the  diminution  of  the  produCls  of  the 
denfities,  it  is  as  the  diminution  of  the  fquares  of  either* 

If  therefore  the  denfity  be  reprefen  ted  by  dy  the  mutual 
repulfion  is  reprefentable  by  <7%  and  its  momentary  di¬ 
minution  by  the  fluxion  o\  ;  that  is,  by  zd'd^  or  2'd 

Xd.  Now  2  <7  X^/ is  to  d^  as  2^/  is  to  d ;  and  there¬ 
fore  the  diminution  of  repulfion  obferved  in  our  experi¬ 
ment  bears  tef  the  whole  repulfion  twice  as  great  a  pro¬ 
portion  as  the  diminution  of  denfity,  or  the  quantity  of 
fluid  diffipated  bears  to  the  whole  quantity  at  the  mo¬ 
ment.  For  example,  if  we  obferve  the  repulfion  dimi- 
nifhed  we  conclude  that  ^lie  fluid  has  efcaped. 

Mr  Coulomb  has  not  examined  the  proportion  be-  2x4* 
tween  the  diflipations  from  bodies  of  different  fixes.  A 
great  and  a  fmall  fphere,  communicating  by  a  very  long 
canal,  have  fuperficial  denfities,  and  tendencies  to  efcape, 
inverfely  proportional  to  the  diameters.  A  body  of 
twice  the  diameter  has  four  times  the  furface  ;  and  tho* 
the  tendency  to  efcape  be  twice  as  fmall,  the  furface  is 
four  times  as  great.  Perhaps  the  greater  furface  may 
compenfate  for  the  fmaller  denfity,  and  the  quantity  of 
fluid  aClually  gone  off  may  be  greater  in  a  large  fphere. 

This  may  be  made  the  fubjeCt  of  trial. 

It  mull  be  kept  in  mind,  that  the  law  of  diffipation 
afeertained  by  thefe  experiments,  relates  to  one  given  depends  on 
(late  of  the  air,  and  that  it  does  not  follow  that  intbeftate*f 
another  ftate,  containing  perhaps  the  fame  quantity 
water,  the  diffipation  fhall  be  the  fame.  The  air  is  fuch 

a  hete- 
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a  heterogeneous  and  variable  compound,  that  it  may 
have  very  different  affinities  with  the  eledtric  fluid.  Mr 
Coulomb  thought  that  he  ffiould  infer  from  his  nume¬ 
rous  experiments,  that  the  diffipation  did  not  incrcafe  in 
the  ratio  of  the  cube  of  the  water  dilTolved  in  the  air, 
unlefs  it  was  nearlv  as  much  as  it  could  diffolve  in  that 
temperature.  This  indeed  is  conformable  to  general 
obfervation  :  for  air  is  thought  dry  when  it  dries  quick¬ 
ly  any  thing  expofed  to  it  ;  that  is,  when  not  nearly  fa- 
tiiratcd  with  moifture.  Now  it  is  well  known,  that  what 
is  thought  dry  air  is  favourable  to  cledricity. 

T  he  diffipation  along  imperfedf  infiilators  is  brought 
about  in  a  way  fomewhat  different  from  the  manner  of 
its  efcaping  by  eledlrifying  the  contiguous  air  and  go¬ 
ing  off  with  it.  It  feems  to  l)e  chiefly,  if  not  folely, 
along  the  furface  of  the  infulating  fupport  that  the  elec¬ 
tricity  is  diffufed,  and  that  the  diflufion  is  produced 
there  chiefly  by  the  moiilure  which  adheres  to  it.  It 
is  not  very  cafy  to  form  a  clear  notion  of  the  manner, 
but  Mr  Coulomb’s  explanation  feems  as  fatisfadlory  as 
any  we  have  feen. 

Water  adheres  to  all  bodies,  flicking  to  their  fiir- 
faces.^  ^  This  adlu-fion  prevents  it  from  going  off  when 
eledlrified  ;  and  it  is  therefore  fufccptible  of  a  higher 
degree  of  eledlrificatioii.  If  we  fuppofe  that  the  particles 
of  moiilure  arc  uniformly  difpofed  along  the  furface, 
leaving  fpaces  between  them,  the  eledlricity  comnuinica- 
ted  to  one  particle  mufl  attain  a  certain  denfity  befoie  it 
can  fly  acrofs  the  infulating  interval  to  the  next.  There¬ 
fore,  when  fuch  an  imperfect  condu6lor  is  eledlrified  at 
one  end,  the  eledricity,  in  paffing  to  the  other,  will  be 
weakened  at  every  flep.  If  we  take  three  adjacent  particles 
<2,  Cy  of  this  conduding  matter,  we  learn,  from  105, 
that  the  motion  of  b  is  fenfibly  affeded  only  by  the  dif¬ 
ference  of  a  and  c ;  and  therefore  that  the  paffage  of  elec¬ 
tricity  from  htoc  requires  that  this  difference  be  fuperior 
or  equal  to  the  force  neceffary  for  clearing  this  coercive 
interval.  Let  a  particle  pafs  over,  ’^l^iie  eledric  deii- 
fity  of  the  particle  i^of  coriduding  matter  is  diminiflicd, 
while  the  denfity  of  the  particle  on  the  other  fide  of  a  re¬ 
mains  as  before.  Therefore  fome  will  pafs  from  a  to  3,  and 
from  the  particle  preceding  ^toii;  and  fo  on,  till  we  come 
to  the  eledrified  end  of  this  imperfed  infulator.  It  is 
plain  from  this  confideration,  that  we  muff  arrive  atlaft 
at  a  particle  beyond  r,  where  the  whole  repullion  of  the 
preceding  particle  is  juft  fiifficient  to  clear  this  interval. 
Some  will  come  over,  whofe  repulfion,  now  adiiig  in  the 
oppofite  diredion,  will  hinder  any  fluid  from  fiipplying 
its  place  in  the  particle  which  it  has  quitted.  Here  the 
transference  will  flop,  and  beyond  this  the  infulation  is 
complete.  There  is  therefore  a  mathematical  relation 
between  the  infulating  power  and  the  length  of  the  ca¬ 
nal,  which  may  be  afeertained  by  our  theory  ;  and  thus 
another  opportunity  obtained  for  comparing  it  with  ob¬ 
fervation.  That  this  inveftigation  may  be  as  Ample  as 
poffible,  we  may  take  a  very  probable  cafe,  namely, 
where  the  infulating,  or,  to  name  it  more  graphically, 
the  coercive,  interval  is  equal  in  every  part  of  the  canal. 
Let  R  be  the  coercive  power  of  the  infulator  ,•  that 
IS,  let  R  be  the  force  neceffary  for  clearing  the  coercive 
interval.  Let  a  ball  C  (fig.  36.)  be  fufpended  by  a  filk 
thread  AB,  and  let  C  reprefent  the  quantity  of  its  re¬ 
dundant  fluid  ;  and  let  the  denfity  in  the  different  points 
of  the  canal  be  as  the  ordinates  AD,  P  d.  See,  of  fome 
curve  line  D  J  B,  which  cuts  the  axis  in  B  where  the 
Suppi,.  VoL.  L  Part  II. 
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thread  begins  to  infulate  completely.  Let  P/>  be  an 
element  of  the  axis.  Draw  the  ordinate  p /,  the  tan* 
gent  dfl'y  and  the  normal  ^/E,  and  perpendicular 
to  P  ^  Let  AC  be  =1  r,  AP  Then 

V p  zz  X,  and  de  z=  —  y.  We  have  feen  that  the 
only  fenflble  aaiorv  on  the  particle  of  fluid  in  P  is  ~ 
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-7-  (fee  n'’  105),  when  the  adion  of  the  redundant  fluid 

X 

in  the  globe  on  the  particle  P,  having  the  denfity  y,  is 
reprefented  by  - — Therefore  we  have 

R,  the  coercive  power  of  the  thread.  This  is  fuppo- 

fed  to  be  conftant.  Therefore  — —  is  equal  to 

fome  conftant  line  R.  But  F p,  or feide  zz  F d :  PE. 

Therefore  the  lubiiormal  PE  is  a  conftant  line.  But 
this  is  the  property  of  the  parabola  alone;  and  the  curve 
of  denfity  D  la!' B  is  a  parabola,  of  which  the  parameter 
IS  2  PE,  or  2  R. 

6or.  i.  The  denfities  in  different  points  of  an  irn- Variation 
pcrfedl  infulator  are  as  the  fqiiare  roots  of  their  diftanee 
from  the  point  of  complete  infulation  :  For  •  riD’ 

=  BP  :  BA.  * 

2.  The  length  of  canal  required  for  infulating  dif- Length  nc- 
ferent  deufuies  of  dciflricity  are  as  the  fquarcs  of  tlie^^^^^>  f®** 

irifulatlon 

denfities.  For  AB  =  ;  and  PE  has  been  fliewn  4  *• 

to  be  a  conftant  quantity.  Indeed  we  fee  in  the  de- 
monftration,  that  BP  would  infuhte  a  ball,  xvhofe  elec¬ 
tric  denfity  is  P  d,  and  BA  :  =  AD- ;  P 

^  3.  The  length  neceffary  for  mfulatioii  is’  iiiverfely  asAlfo  i 
tne  coercive  force  of  the  canal,  and  ir.av  be  reprefented  • 

..  .  DA*  n*  coercion, 

generally  by  For  AB  is  =  -jj-.-,  =  — 

Mr  Coulomb  has  verified  thefe  conclufions  bv  a  very 
latisfoaory  feries  of  experiments,  by  the  affiftance  of 
bis  delicate  elearometer,  which  is  admirably  fiiited  for 
this  trial.  The  fubjed  is  fo  interelling  to'  every  zea- 
Rus  ftudeiit  of  eledtricity,  that  Mr  Canton,  Dr  B.  Wi'l- 
fon,  Mr  Waitz,  Wilcke,  and  others,  have  made  experf- 
ments  for  elbhliftiing  fome  meafuie  of  the  conduttinir 
powers  of  different  lubllances.  It  was  one  of  the  hrlt 
things  that  niade  the  writer  of  this  article  fuppofe  that 
eledric  adion  was  in  the  inverfe  duplicate  ratio  of  the 
diffances  :  for,  as  early  as  1 763,  he  had  found  that 
the  lengths  of  capillary  tubes  neceffary  for  infulation 
were  as  the  fquares  of  the  repulfions  of  the  ball  which 
they  infulated.  1  he  mode  of  reafoning  offers  of  itfelf 
and  the  fluxionary  expreflion  of  the  infulating  powerj 

viz.  led  immediately  to  a  force  proportional  to  i. 

X 

Numerous  experiments  were  made,  which  we  do  not 

poirdfcd  of 

thole  or  Mr  Coulomb. 


This  difeuflion  explains,  in  a  fatisfadory  manner,  thep 
operation  of  the  condenftr  as  deferibed  by  Mr  Volta.  tiTorhe 
T^  weak  degrees  of  eledricity,  which  are  rendered  efficacy  of 
iulhciently  fenlihle  by  the  infulation  of  the  plate  of  dry "»* 
marble,  are  completely  infulated  by  the  perhaps  thin*">- 
Itratiim  that  has  been  fufficiently  dried,  while  the  reft; 
conduds  with  an  eIBcaey  fufficient  for  permitting  the 
accumulation.  ^ 
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When  we  refle£l  on  the  theory  now  delivered,  we 
fee  that  the  formulae  determine  the  diftribution  of  the 
fluid  along  an  imperfeft  coiidudlor  in  a  certain  manner, 
on  the  fiippofition  that  a  certain  determinate  dofe  has 
been  imparted  to  the  ball  :  Becaiife  this  dofe,  by  dd- 
fuiing  itfelf  from  particle  to  particle  of  the  conduaing 
matter,  will  diffufe  itfelf  all  the  way  to  B,  in  fuch  a 
manner  that  the  repulfion  ftiall  every  where  be  in  equili- 
brio  with  the  maximum  of  the  coercive  force  of  the  in- 
fulating  interval.  But  it  muft  be  farther  noticed,  that 
this  reflftaiice  is  not  adive^  but  coercitive,  and  we  may 
compare  it  to  fridion  or  vifcidity.  Any  repulfion  of 
elearic  fluid,  which  falls  fhort  of  this,  will  not  difturb 
the  liability  of  the  fluid  fpread  along  the  canal,  accord¬ 
ing  to  any  law  whatever.  Mo  that  if  AD  reprefent 
the  ekaric  denfity  of  the  globe,  and  remain  conflant, 

any  curve  of  denfity  will  anfwer,  if  be  everywhere 

X 

lefs  than  R.  It  is  therefore  an  indeterminate  problem  to 
aflign,  in  general,  the  difpolitioii  of  fluid  in  the  canal. 
The  denfity  is  as  the  ordinates  of  a  parabola  only  on 
the  fuppofition  that  the  maximum  of  R  is  everywheie 
the  fame.  And,  in  this  cafe,  the  diftances  AB  is  a 
minimum  ;  for,  in  other  cafes  of  denfity,  we  mull  have 

Angle  ele- 


^flefs 


than  R.  If,  therefore,  we  vary  a 


ment  of  the  curve  D  ^  B,  in  order  that  the  liability  of 
the  fluid  may  not  be  difturbed,  having  d  conllant,  we 

mull  nccelfarily  have  x  larger,  that  may  Hill  be  lefs 

X 

than  R  ;  that  is,  we  mull  lengthen  the  axis. 

We  fee  alfo,  that  to  afeertain  the  dillribution  in  a 
condinSling  canal  is  a  determinate  problem  ;  whereas,  m 
iniperfe£l  condudlors,  it  is  indeterminate,  but  limited 
by  the  Hate  of  the  fluid,  when  it  is  fo  difpofed  that  in 
every  point  the  a6lion  of  the  fluid  is  in  equilibrio  with 
the  maximum  of  refillance.  This  conlideration  will  be 
at!  applied  to  a  valuable  purpofe  in  the  article  Magn etism. 
Sxplana-  This  dodlrine  gives,  in  our  opinion,  a  very  fatisfac- 
tion  of  a  tory  explanation  of  the  curious  obfervations  of  ^Ir 
curious  and  and  Mr  Cuthbertfoii,  mentioned  in  no  167. 

-  ~  -  nameTv.  that  damoincT  the  inlide  of  a  coated  jar 

to  hold  a 


k  charge. 


fa<St;and  namely,  that  damping  the  infide  of  a  coated  jar  diml- 
xnechod  of  nilhes  the  rifle  of  exploflon,  and  enables  it  to  hold  a 
incrcafing  higher  charge.  We  learn  here,  that  there  is  no  den¬ 
fity  fo  great  but  that  the  lead  imperfedl  condudor 
will  infulate  it,  il  long  enougn  ;  and  that  the  coercive 
quality  of  an  imperfedl  condudor  may  be  conceived  fo 
conllituted  from  A  towards  B,  that  the  deiilities  fliall 
dimiiiifli  in  any  ratfo  that  we  pleafe,  fo  that  the  varia¬ 
tion  of  denfity  (the  caufe  of  motion)  may  everywhere, 
even  to  the  infulating  point  B,  be  very  imall.  How¬ 
ever  great  the  conllipaliori  at  the  edge  of  the  metallic 
coating  may  be,  an  imperfed  condudor  may  be  conti¬ 
nued  outward  from  that  edge,  and  may  be  fo  conllitu¬ 
ted,  that  the  conilipation  fhall  diminifh  by  fuch  gentle 
gradations,  that  an  exploflon  fhall  be  impollible.  An 
uniform  dampnefs  will  not  do  this,  but  it  will  dimi- 
nllh  the  abruptnefs  of  the  variation  of  denfity.  The 
date  of  denfity  beyond  the  edge  of  the  coating  of  a 
charged  jar,  very  clean  and  dry,  may  be  repreftnted  by 
the  parabolic  arch  D  i  a.  This  may  be  changed  by 
clamping,  or  properly  dirtying  (to  ufe  Mr  Brookes’s 
phrafe),  to  D/B  ^  v/hich  is  evidently  preferable^  We 
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think  It  by  no  means  difficult  to  contrive  fuch  a  conti¬ 
nuation  of  imperfedly  conduding  coating.  Thus,  if 
gold  leaf  can  be  ground  to  an  impalpable  pow^der,  it 
may  be  mixed  with  an  oil  varnifli  in  various  proportions. 

Zones  of  this  gold  varnifh  may  be  drawn  parallel  to  the 
edge  of  the  coating,  decreafiiig  in  metal  as  they  recede 
from  the  edge.  By  fuch  contrivances  it  may  be  pof- 
fible  to  increafe  the  retentive  power  to  a  great  degree, 

This  dodrine  farther  teaches  us,  that  many  precau- Cautions  la 
tions  mull  be  taken  when  we  are  making  experiments  deducing 
from  which  meafures  are  to  be  deduced  ;  and  it 
them  out  to  the  mathematician.  In  particular,  '^^en 
bodies,  fupported  by  infulators,  are  eledrified  to  a  high- 
degree,  the  fupports  may  receive  a  quantity  of  fluid, 
which  may  greatly  dillurb  the  refults  ;  and  this  quan¬ 
tity,  by  exerting  but  a  weak  adion  on  the  parts  of 
the  canal,  may  continue  for  a  very  long  time,  and  not 
be  removed  but  with  great  difficulty.  In  fuch  cafes,- 
it  will  be  necelTary  to  ufe  new  fupports  in  every  expe¬ 
riment.  Not  knowing,  or  not  attending  to  this  cir- 
cumllaiice,  many  erroneous  opinions  have  been  formed 
in  fome  delicate  departments  of  eledrical  refearch. 

Mr  Coulomb’s  experiments  on  this  fubjed  are  chiefly 
valuable  for  having  ilated  the  relation  between  the  in- 
ten  fity  of  the  eledricity,  or,  as  he  exprefles  it,  the  elec¬ 
tric  denfity,  and  the  lengths  of  fupport  necelTary  for 
the  complete  infulation.  But,  as  the  abfolute  intenfities 
have  all  been  meafured  by  his  eledrometer,  and  he  has 
not  given  its  particular  fcale,  w'e  cannot  make  much 
ufe  of  them  till  this  be  done  by  fome  eledrician. 

Mr  Coulomb  found  that  a  thread  of  gum  lac  was  Infulating 
the  moil  perfed  of  all  infulators,  and  is  not  lefs  than  powers  cf 
ten  times  better  than  a  filk  thread  as  dry  as  it  can  be 
made,  if  we  meafure  its  excellence  by  its  fhortnefs.  In 
a  confiderable  number  of  experiments,  he  found  that  a 
thread  of  gum  lac,  of  1,5  inches  long,  infulated  as  well 
as  a  fine  filk  thread  of  1 5  inches.  When  the  thread 
of  filk  was  dipped  in  fine  fealing-w^ax,  it  was  equal  to  the 
pure  lac,  if  fix  inches  long,  or  four  times  its  length.  If 
we  meafure  their  excellence  by  the  intenfities  w’ith  which 
they  infulate,  lac  is  three  times  better  than  the  dry  thread, 
and  twice  as  good  as  the  thread  dipped  in  fealiiig-wax 
fo  that  a  fibre  of  filk,  even  when  included  in  the  lac,, 
dimlnifhes  its  infulating  power.  We  alfo  learn  that  the 
diffipation  along  thefe  fubftances  is  not  entirely  owing' 
to  moiflure  condenfed  or  adherent  on  their  furfaces,  but 
to  a  fmall  degree  of  conducing  power.  We  have  re¬ 
peated  many  of  thefe  experiments,  and  find  that  the 
condiiding  powder  of  filk  thread  depends  greatly  on  its 
colour.  When  of  a  brilliant  white,  or  if  black,  its  con¬ 
ducing  power  feems  to  be  the  greatdl,  and  a  high 
golden  yellow,  or  a  nut  brown,  feemed  to  be  the  belh 
infulators  ;  doubtlefs  the  dyeing  drug  is  as  much  con¬ 
cerned  as  the  fibre. 

Glafs,  even  in  its  dryefl:  Rate,  and  in  fituations  where, 
raolflure  could  have  no  accefs  to  it,  vi%.  in  veflels  con¬ 
taining  cauflic  alkali  dried  by  red  heat,  or  holdirig^ 
frefli  made  quicklime,  appeared  in  our  experiments  to 
be  con tiderably  better  than  filk  ;  and  where  drawn  in* 
to  a  flender  thread,  and  covered  with  gum  lac  (melted), 
infulated  when  three  times  the  length  of  a  thread  of  lac; 
but  we  found  at  the  fame  time,  that  extreme  finenefs 
was  necefiary,.  and  that  it  diffipated  in  proportion  to 
the  fquare  of  its  diameter.  It  was  remarkably  hurt  by 
having  a  bore,  however  fine,  unlefs  the  bore  could  alfo 

be 
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l3-e  coated  with  lac.  Human  hair,  when  completely 
freed  from  every  thing  that  water  could  wafh  out  of  it, 
and  then  dried  by  lime,  and  coated  Vvdth  lac,  was  equal 
to  filh.  i’ir,  and  cedar,  and  larch,  and  the  rofe-tree, 
when  fplit  into  filaments,  and  firfl  dried  by  lime,  and 
afterwards  baked  in  an  oven  wliich  jiiil  made  paper  be- 
come  faintly  brow  n,  feemed  hardly  inferior  to  gum  lac. 

Tht  white  woods,  as  they  are  called,  and  mahogany, 
w^ere  much  inferior.  Fir  baked,  and  coated  with  melt¬ 
ed  lac,  feems  therefore  the  heft  fupport  when  fi:rength 
is  required.  The  lac  may  be  rendered  lefs  brittle  by  a 
minute  portion  of  pure  turpentine,  w^hich  ’  has  been 
cleared  of  water  by  a  little  boiling,  without  fenfibly  in- 
creafing  its  conducing  power.  Lac,  or  fealing  wax, 
diffolved  in  fpirits,  is  far  inferior  to  its  liquid  hate  by 
heat. 

Thefe  obfervations  may  be  of  ufe  for  the  conhruc- 
tion  of  eledlrical  machines  of  other  electrics  than  glafs. 


General  re-  We  have  now  given  a  comparifon  of  the  hypothefis 
ions.  Qf  j^pJniis  with  the  chief  fadfs  obferved  in  elec¬ 
tricity,  diverfified  by  every  circumilaiice  that  feemed 
likely  to  influence  the  refult,  or  which  is  of  importance 
to  be  known.^  We  trull  that  the  reader  will  agree 
with  us  in  faying  that  the  agreement  is  as  complete  as 
can  be  expeded  in  a  theory  of  this  kind;  and  that  the 
application  not  only  feems  to  explain  the  phenomena, 
but  is  pradlically  ufeful  for  direfting  us  to  the  proce¬ 
dures  which  are  likely  to  produce  the  effeifl  we  wulli, 
1  hus,  Ihould  our  phyfiological  opinions  fiiggefl  that  co¬ 
pious  transference  of  fluid  is  proper,  our  hypothefis 
points  out  the  moll  effedtual  and  the  moll  convenient 
methods  for  producing  it.  We  learn  how  to  conftipate 
the  fluid  in  a  quiefcent  flate,  or  how  to  abftraa  as 
much  of  it  as  poflible  from  any  part  of  a  patient ;  we 
I  can  do  this  even  in  the  internal  parts  of  the  body.  We 

I  l^d  once  an  opportunity  of  feeing  what  we  thought 

the  cure  of  a  paralylis  of  the  gullet.  Ele6lricity  was 
tried,  firft  in  the  way  of  fparks,  and  then  fmall  fliocks 
taken  acrofs  the  trachea.  Thefe  could  not  be  tolerated 
by  the  patient.  The  furgeon  wilhed  to  give  a  fliock 
to  the  oefophagus  without  affeding  the  trachea.  We 
recommended  a  leaden  pillol  bullet  at  the  end  of  a 
ftrong  wire,  the  whole  dipped  in  melted  fealing  wax. 

I  his  was  introduced  a  little  way,  we  think  not  more 
than  three  inches,  into  the  gullet,  which  the  palfy  per¬ 
mitted.  A  very  flight  charge  was  given  to  it  in  a  few 
fecoiids  ;  and  the  firfl;  Ihock  produced  a  convulfion  in 
the  mufcle,  and  the  fecond  removed  the  diforder  com¬ 
pletely.  Here  the  hall  formed  the  inner,  and  the  gul- 
Ti,  u  outer,  coating  of  the  Leyden  phial, 

“f^pinus^  1  the  flattering  tellimony  given  by 

h  only  a  great  conformity  of  this  do6lrine  with  the  pheno* 

hypothefis.  ilill  choofe  to  prefent  it  under  the  title  of  a 

hypothefis.  We  have  never  feen  the  eledlric  fluid  in  a 
feparate  (late;  nor  have  we  been  able  to  fay  in  what 
cafes  it  abounds,  or  when  it  is  deficient.  After  what 
we  have  feen  in  the  late  experiments  of  that  philanthro- 
pic  philofopher  Count  Rumford  on  the  produdion  of 
heat  by  fridlion,  we  think  that  we  cannot  be  too  cau¬ 
tious  on  what  grounds  we  admit  invifible  agents  to  per¬ 
form  the  operations  of  Nature.  We  think  that  all  mufl: 
acknowledge  that  thofe  experiments  tend  very  much 
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to  flagger  our  belief  in  the  cxiflence  of  a  fluid gens^ 
ns,  a  fire,  heat,  caloric,  or  what  we  pleafe  to  call  it  ; 
and  all  will  acknowledge,  that  no  better  proofs  can  be 
Urged  for  the  exiftence  of  an  eledlric  fluid. 

Accordingly,  many  acute  and  ingenious  perfons  have  The  reality 
rejedled  the  notion  of  the  exiftence  of  an  eleClric  fluid,  of  an  elec, 
and  have  attempted  to  fliew  that  the  pltenomena  pro-^ 
ceed,  not  from  the  prefence  of  a  peculiar  fuhftance,  but^^^*^^ 
from  peculiar  modes  ;  as  we  know  that  found,  and  fome 
concomitant  motions  and  other  mechanical  appearances, 
arc  the  refults  of  the  elaftic  undulations  of  air ;  and  as 
Lord  Bacon  and  others  have  explained  the  effedls  of 
fire  by  elaftic  undulations  of  the  integrant  particles  of 
tangible  matter. 

Wc  have  feen  nothing,  however,  of  this  kind  that  Requifites 
appears  to  give  any  explanation  of  the  motions,  pref- f"*' ^ 
fures,  and  other  mechanical  appearances  of  ele6lricity.^^^®‘5'‘ 

We  peremptorily  require,  that  every  dodlrine  which 
claims  the  name  of  an  explanation,  fhall  be  perfedly 
confiftent  with  the  acknowledged  laws  of  ineLhanifm  ; 
and  that  the  explanation  fhall  confift  in  pointing  out  tbofe 
mechanical  laws  of  which  the  fads  in  eledricily  are 
particular  inftances.  It  is  no  difficult  matter  to  pre- 
fent  an  intricate  or  complex  phenomenon  to  our  view, 
in  fuch  a  form  that  it  fliall  have  fome  refemblance  to 
fome  other  complex  phyfical  fad,  more  familiar,  per¬ 
haps,  but  not  better  underftof)d.  The  fpecioiis  appear¬ 
ance  of  fimilarity,  and  the  more  familiar  acquaintance 
with  the  other  phenomenon,  difpofe  us  to  confider  the 
comparifon  as  a  fort  of  explanation,  or,  at  leaft,  an  il- 
luftiation,  and  to  have  a  fort  of  indolent  acquiefeence 
in  it  as  a  theor)^ 

But  this  will  not  do  in  the  prefent  queftion  :  For  wc 
have  here  feleded  a  particular  circiimftance,  the  obferved 
motions  occafioned  by  eledricity,  and  called  attraaions 
and  rcpulfions^?^  circumilaiice  which  admits  of  the  moil 
accurate  examination  and  comparifon  with  any  expla¬ 
nation  that  IS  attempted.  In  lueh  a  cafe,  a  vague  pic¬ 
ture  would  fpeedily  vanifli  into  air,  and  prove  to  be 
nothing  but  figurative  expreffions. 

Many  philofophers,  and  among  them  fome  refped- No  advan- 
able  mathematicians,  have  fupported  the  dodriiie  of 
Du  I'ay,  Symmer,  Cigna,  &c.  who  employ  two  fluidsh^p^J-h^L 
as  agents  in  all  eledrical  operations.  It  mull  he  grant- of  two 
ed  that  there  are  fome  appearances,  where  the  ex  plan  a.  fluid?, 
tion  by  means  of  two  fluids  feems,  at  firft  fight,  more 
palpable  and  eafier  conceived.  But  whenever  we  at¬ 
tempt  to  obtain  meafnres,  and  to  fay  what  will  be  the 
precife  kind  and  degree  of  the  adion,  we  find  ourfelves 
obliged  to  affign  to  the  particles  of  thofe  fluids  adua- 
ting  mechanical  forces  precifely  equivalent  to  thofe  af- 
figned  by  jEpinus  to  his  fingle  fluid.  Then  we  have 
to  add  fome  myfterious  unexplained  connedions,  both 
with  each  other  and  with  the  other  particles  of  tangible 
matter.  If  we  except  Mr  Prevoll,  in  his  EJfaifur  les 
Forces  Magnetiqiies  et  Ekariques,  we  do  not  recoiled 
an  author  who  has  ventured  to  fubjed  his  fyftem  to 
ftrid  examination,  by  pointing  out  to  us  the  laws  of 
adion  according  to  which  he  conceives  the  particles 
influence  each  other.  We  fhall  have  a  proper  oppor¬ 
tunity,  in  the  article  Magnetism,  to  give  this  au¬ 
thor’s  theory  the  attention  it  really  merits.  We  ven¬ 
ture  to  fay,  that  all  the  chemical  theories  of  eledricity 
labour  under  thefe  inconveniences,  and  have  acquired 
their  influence  merely  from  the  inattention  of  their  par- 
^  ^  Z  tifanfe 
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tifans  to  the  laws  of  mechanical  motion,  and  require,  in 
order  to  reconcile  them  with  thofe  law  s,  the  adoption 
of  powers  fimilar  to  JEpinus’S  attractions  and  repul- 
fions.  Slight  refemblances  to  phenomena,  which  Hand 
equally  in  need  of  explanation,  have  contented  the  par- 
tifans  of  fuch  theories,  and  figurative  language  and  me¬ 
taphorical  conceptions  have  taken  place  of  precife  dif- 
127  cuflion.  It  would  be  endlefs  to  examine  them  all.  ^ 
Hypothefis  The  mod  fpecious  of  any  that  we  know  w'as  pub- 
of  Profeiror|-^|y  j-ead  in  the  univerfity  of  Edinburgh  by  the  late 
Ruflel.  2^^  James  Ruffel,  Profeflbr  of  natural  pliilofophy ;  a  per- 
fon  of  the  mod  acute  difcernment,  and  an  excellent  rea- 
foner.  It  was  delivered  to  his  pupils,  not  as  a  theory^ 
but  as  a  conjeBurcy  founded  on  Lord  Karnes’s  theory 
of  fpontaneous  evaporation,  which  had  obtained  a  very 
general  reception ;  a  conjeClure,  faid  the  Profeflbr, 
founded  on  fuch  refemblances  as  made  a  fimilarity  of 
operation  very  probable,  and  was  an  incitement  and  di¬ 
rection  to  the  plillofophcr  to  a  proper  train  of  experi¬ 
mental  difcufiion.  We  fay  this  on  the  authority  of  his 
pupils  in  the  years  1767,  1768,  and  1769,  and  of  fomc 
notes  in  his  own  hand-writing  now  in  our  pofleflion. 

Mr  Ruffel  confidered  the  eleClrical  phenomena  as  the 
refults  of  the  aClion  of  a  fubdance  w'hich  may  be  called 
the  eletlrical  Jluid^  which  is  conneCfed  with  bodies  by 
attractive  and  repulfive  forces  aCting  at  a  didance,  and 
diminifhing  as  the  didance  increafes. 

Mr  Ruflel  fpeaks  of  the  eleCtric  fluid  as  a  compound 
of  feveral  others ;  and,  particularly,  as  containing  ele¬ 
mentary  fire,  and  deriving  from  it  a  great  eladicity,  or 
mutual  repulfion  of  its  particles.  This,  how’ever,  is 
different  from  the  eladicity  or  mutual  repulf  on  of  the 
particles  of  air,  becaufe  it  aCts  at  a  didaiice  ;  whereas 
the  particles  of  air  aCl  only  on  the  adjoining  particles. 
By  this  conditiition,  bodies  containing  more  eleCtric 
fluid  than  the  fpaces  around  them  repel  each  other. 

The  particles  of  this  eleCtric  fluid  attraCt  the  particles 
of  other  bodies  with  a  force  which  diminifhes  by  didance. 

The  charaCteridic  ingredient  of  this  fluid  is  electri¬ 
city  properly  fo  called.  This  is  united  with  the  eladic 
fluid  by  chemical  affinity,  which  Mr  Ruflel  calls  eleilive 
attraBion^  a  term  introduced  into  chemidry  by  Dr  Cullen 
and  Dr  Black.  This  extends  to  all  didances,  but  not  pre- 
cifely  by  the  fame  law  as  the  mutual  repulfion  of  the  par¬ 
ticles  of  the  other  fluid,  and  in  general,  it  repreffes  the 
repulfions  of  that  fluid  while  in  this  date  of  compofition. 
This  eleBrtclty,  moreover,  actraCls  the  particles  of  other 
bodies,  but  with  certain  eleCtions.  Non-eleClric  or  con¬ 
ducting  bodies  are  attraCted  by  it  at  all  didances,  but 
eledrics  ad  on  it  only  at  very  fmall  and  infenfible  dif- 
tances.  At  fuch  didances  its  particles  alfo  attrad  each 
other.  ^ 

By  this  conditution,  the  compound  eledric  fluid 
repels  its  own  particles  at  all  confiderable  didances,  but 
attrads  at  very  fmall  didances.  It  attrads  conduding 
bodies  at  all  didances,  but  non-condtidors  only  at  very 
fmall  didances.  The  phenomena  of  light  and  heat  are 
confidered  as  marks  of  partial  decompofition,  and  as 
proofs  of  the  prefence  of  elementary  fire  in  the  com¬ 
pound  :  the  fmell  peculiar  to  eledricity,  and  the  effed 
on  the  organ  of  tade,  are  proofs  of  decompofition  and 
of  the  complex  nature  of  the  fluid. 

Bodies  (condudors)  containing  eledric  fluid,  repel 
each  other  at  confiderable  didances,  but,  if  forced  very 
near,  attrad  each  other.  Eledrics  can  contain  it  only 


in  confequence  of  the  eledricity  in  the  compound.  Part 
of  this  eledricity  mud  be  attached  to  the  furface  in  a 
non-eladic  date  ;  becaufe  when  it  is  brought  fo  near  as 
to  be  attraded,  its  particles  are  within  the  fpheres  of 
each  other’s  adion,  and  this  redoubled  attradion  over¬ 
comes  the  repulfion  occafioned  by  its  union  with  the 
other  ingredient ;  and  the  eledric  fluid  is  partly  de- 
compofed,  and  thti  eledricity^  properly  fo  called,-  adheres 
to  the  furface  of  the  eledric,  as  the  noater  of  damp  air 
adheres  to  a  cold  pane  of  glafs  in  our  <ivindo<ws,  Alfo, 
by  this  conditution,  eledric  fluid  may  appear  in  two 
dates;  eladic,  like  air,  when  entire;  and  uneladic,  like 
water,  when  partly  decompofed  by  the  attraction  of 
eledrics. 

Eledricity  may  be  forced  Into  this  uneladic  union  by 
various  means;  by  fridlon,  which  forces  the  eledric 
fluid  contained  in  the  air  Into  clofe  contad,  and  thus 
occafions  this  decompofition  of  the  fluid  and  the  union  of 
its  eledricity  with  the  furface.  This  operation  is  com- 
pared  by  Mr  Ruffel  to  the  forcible  wetting  of  fome 
powders,  fuch  as  lycoperdon,  which  cannot  be  wetted 
without  fome  difficulty  and  mechanical  compreffion  ; 
after  which  it  adheres  to  water  drongly.  It  may  be 
thus  united  in  fome  natural  operations,  as  is  obferved 
in  the  melting  and  freezing  of  fome  fubdances  in  con- 
tad  with  eledrics ;  and  it  may  be  thus  forced  into 
union  by  means  of  metallic  coatings,  into  which  the 
eledric  fluid  is  forced  by  an  artful  employment  of  Its 
mutual  repuldons.  This  operation  is  compared  to  Jfhe 
condeiifation  of  the  moidure  of  damp  air  by  a  cold  pane 
of  the  window;  and  the  evacuation  of  the  other  fide  of 
the  coated  pane  is  compared  to  the  evaporation  of  the 
moidure  from  the  other  fide  of  the  window,  pane  in 
confequence  of  the  heat  which  mud  emerge  from  the 
condenfed  vapour.  We  find  in  the  Profefibr’s  notes 
above-mentioned  many^  fuch  partial  analogies,  employed 
to  (hew  the  dudents  that  fuch  things  are  feen  in  the  ope¬ 
rations  of  Nature,  and  that  his  conjedure  merits  at¬ 
tention. 

The  intelligent  reader  will  fee  that  the  general  re-  ^ 
fults  of  this  conditution  of  the  eledric  fluid  will  tally 
pretty  well  with  the  ordinary  eledrical  phenomena  ; 
and,  accordingly,  this  conjedure  was  received  with  great 
fatisfadion.  We  remember  the  being  much  pleafed 
with  it,  as  we  heard  it  applied  by  Mr  Ruffel’s  pupils,, 
many  of  wliom  will  recoiled  what  is  here  put  on  re¬ 
cord.  But  the  attentive  reader  will  alfo  fee,  that  all 
this  intricate  combination  of  different  ^iinds  of  attrac¬ 
tion  and  repulfion  is  nothing  but  mere  accommodations, 
of  hypothetical  forces  to  the  phenomena.  How  in¬ 
comparably  more  beautiful  is  the  Ample  hypothefis  of 
^pinus,  which,  without  any  fuch  accommodations 
tallies  fo  precifely  with  all  the  phenomena  that  have  yet 
been  obferved  ?  Here  no  didindlon  of  adion  is  necef- 
fary,  and  all  the  varieties  are  confequences  of  a  circum- 
dance  perfedly  agreeable  to  general  laws;  namely,  that  > 
the  internal  drudure  of  fome  fubdances  may  be  fuch  as 
obdruds  the  motion  of  the  eledric  fluid  through  the 
pores — Nothing  is  more  likely.  _ 

Several  years  after  the  death  of  the  Scotch  Hypothelii 
feffor  in  1773,  a  theory  very  much  refembliiig  thIsofMrde 
acquired  great  authority,  being  propofed  to  the  phI-X.iUC. 
lofophers  by  the  celebrated  naturalid  Mr  de  Luc.  This 
gentleman  having  long  cultivated  the  dudy  of  me¬ 
teorology  with  unwearied  affiduity  and  great  fuccefs, 

and 
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«nd  having  been  fo  familiarly  converfant  with  expanfive 
fiuids,  and  the  affinities  of  their  compounds,  was  difpo- 
fed  to  fee  their  operations  In  almofl  all  the  changes  on 
the  furface  of  this  globe.  Eledlriclty  was  too  biify 
an  adfor  in  our  atmofphere  to  efcape  his  particular  no¬ 
tice.  While  the  mechanical  philufophers  endeavoured 
to  explain  its  effe(^l:s  by  accelerating  forces  attra^lng 
and  repelling,  Mr  de  Luc  endeavpured  to  explain  them 
by  means  of  the  expaiifive  properties  of  aeriform  fluids 
and  gafes,  and  by  their  chemical  affinities,  compofitions, 
and  decompofitions.  He  had  formed  to  himfelf  a  pe¬ 
culiar  opinion  concerning  the  conftitutlon  of  our  atmo¬ 
fphere,  and  had  explained  the  condenfatipn  of  moiflure, 
whether  of  fleam  or  of  damp  aeriform  fluids,  in  a  way 
much  more  refined  than  the  fimple  theory  of  Dr 
Hooke,  viz.  folution  in  air.  He  confiders  the  com¬ 
pound  of  air  and  fire  as  the  carrier  of  the  water  held  in 
folution  in  damp  air,  and  the  fire  as  the  general  carrier 
of  both  the  air  and  the  moiflure.  Even  Jire  is  confider- 
ed  by  him  as  a  vapour^  of  which  light  is  the  carrier. 
When  this  damp  air  or  fleam  is  applied  to  a  cold  furface, 
fuch  as  that  of  a  glafs  pane,  it  is  decompofed.  The  wa¬ 
ter  is  attra6led  by  the  pane  by  chemical  affinity,  and  at¬ 
taches  itfelf  to  the  furface.  The  fire,  thus  fet  at  liberty, 
a6ts  on  the  pane  in  another  way,  producing  the  equili¬ 
brium  of  temperature,  and  the  expanfion  of  the  pane. 
Adling  in  the  fame  manner  on  the  moiflure  which  chances 
to  adhere  to  the  other  fide,  in  a  proportion  fuited  to  its 
temperature,  it  deflroys  their  union,  enters  into  chemi¬ 
cal  combination  with  the  moiflure,  and  fits  it  for  uni. 
ting  with  the  air  on  the  other  fide,  or  carries  it  off. 
Having  read  Mr  Volta’s  theory  of  ele^ric  influences,  by 
which  that  philofopher  was  enabled  to  give  a  fcientific 
narration  and  arrangement  of  the  phenomena  of  tht.elec- 
trophorus  newly  invented  by  himfelf,  and  which  is  called 
an  explanation  of  thofe  phenomena,  Mr  de  Luc  ima¬ 
gined  that  he  faw  a  clofe  analogy  between  thofe  in- 
Jiuences  on  the  plates  of  the  eleClrophorus  and  the  hy- 
grofcopic  phenomena  of  the  condenfation  and  evapora¬ 
tion  ot  moiflure.  In  Ihort,  he  was  firiick  with  the  re- 
feniblance  between  the  condenfation  of  moiflure  on  one 
fide  of  a  glafs  pane,  and  its  evaporation  from  the  other; 
and  the  accumulation  of  ele6lric  fluid  on  one  fide  of  a 
coated  pane,  and  the  abflra^lion  of  it  from  the  other. 
Subfequent  examination  pointed  out  to  him  the  fame 
analogy  between  all  other  hygrofcopic  and  elcdric  pheno¬ 
mena. 

He  therefore  immediately  formed  a  fimilar  opinion 
concerning  the  elecflrlc  operations.  It  may  be  expreffed 
briefly  as  follows  : 

%%<).  The  ele<flrical  phenomena  are  the  operations  of  an 
expanfive  fubftance,  called  the  eleBric JLuid,  This  con- 
fifls  of  two  parts;  i,  Ekclric  matter,  which  Is  the  gra¬ 
vitating  part  of  the  compound  ;  and  ele8ric  deferent fluid, 
or  carrying  fluid,  by  v/hich  alone  the  electric  matter 
feems  to  be  carried  from  one  body  to  another.  The 
refemblance  between  the  hygrofcopic  and  eleflrical  phe- 

*  Sec  Idhs  nomena  are  affirmed  to  be 

fur  la  Me-  j  As  watery  vapour  or  fleam  is  compofed  of  fire, 

jTeaf&c.  deferent  fluid,  and  water,  the  gravitating  part,  fo 
e/eflric  fluid  is  compofed  of  the  ekBric  deferent  fluid,  and 
eletlric  matter, 

2.  As  vapours  are  partly  decompofed  when  too  denfe 
for  their  temperature,  and  then  their  deferent  fluid  be¬ 
comes  free,  and  /hews  itfelf  as  fire  \  fo  ekSric  fluid 
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that  is  too  denfe  is  decompofed,  and  its  deferent  fluid 
maiiifefls  itfelf  in  the  phofphoric  and  fiery  phenomena  of 
ele^ricity, 

3’  'l^^flre  quits  the  water  of  vapour,  to  unite  itfelf 
with  a  body  lefs  warm  ;  fo  the  electric  deferent  quits  the 
ekaric  matter,  in  part,  to  go  to  other  bodies  which  have 
proportionally  lefs  of  it. 

In  this  analogy,  however,  there  Is  a  dIftin6lIon.  Fire, 
in  quitting  the  water  in  vapour,  remains  adluated  by 
nothing  but  its  expaniive  force  ;  remains  free,  and  ex¬ 
tends  itfelf  till  the  equilibrium  of^temperature  is  reflo- 
red  ;  but  the  eleftric  deferent,  when  difengaged  from 
eledric  matter,  in  order  to  reflore  its  peculiar  equilibrium, 
is  adluated  by  tendencies  to  diftindl  bodies,  and  adls  by 
this  tendency  In  thus  reftoring  the  ekaric  equilibrium ; 
and  it  Is  only  in  confeqiience  of  this  tendency  that  it 
quitted  the  ekaric  matter.  This  tendency  is  then  dlredl- 
ed  to  fome  body  in  the  vicinity. 

4.  As  the^re  of  vapour  pervades  all  bodies,  to  re- 
ftore  the  equilibrium  of  temperature,  depofiting  the  water  ; 
fo  the  ekaric  deferent  quits  the  ekaric  matter,  to  reflore 
the  ekaric  equilibrium  in  an  inflant,  and  for  this  pur- 
pofe  pervades  all  bodies,  depofiting  on  them  the  ekaric 
matter  which  it  carried,  but  dfftcrently,  according  to 
their  natures. 

5*  ^^flre  and  water,  while  compofing  vapour,  retain 
their  tendencies  and  ajflnities  by  which  they  produce  the 
hygrofcopic  phenomena  ;  fo  the  ingredients  of  the  ekaric 
fluul,  even  in  their  flate  of  union,  retain  their  tendencies 
and  affinities,  which  produce  the  greateft  part  of  the 
ekaric  phenomena, 

6.  In  particular,  the  ekaric  matter  tendencies 

and  ajflnities  ;  and  farther,  the  ekaric  affinities  are,  like 
the  hygrofcopic,  without  any  choice. 

Here,  however,  there  is  a  farther  diflinaioii.  The 
affinities  of  water  relpea  only  hygrofcopic  fubflances  ; 
but  thofe  of  ekaric  matter  refptdt  all  iubftances,  and 
therefore  refpeft  the  common  atmofpheric  fluids. 

7.  Wheii/r^  quits  the  water  of  vapour,  to  form  the 
equilibrium  of  temperature,  it  remains  in  the  place  where 
vapour  moil  abounds,  but  is  partly  latent,  not  exerting 
its  powers  ;  fo  In  the  relloration  of  the  equilibrium  of 
the^  ekaric  deferent  among  neighbouring  bpdies,  thofe 
which  have  proportionally  moil  ekaric  matter  aifo  retain 
moil  deferent  fluid,  but  In  a  latent  flate. 

8.  As  two  maffes  of  vapour  may  be  in  expanfive  equi¬ 
librium  (which  others  call  balancing  each  others  elafti- 
city),  although  the  vapours  contain  very  different  pro¬ 
portions  oi fire  and  water  ;  fo  two  maffes  of  ekaric fluid 
may  be  in  expanfive  equilibrium,  although  one  contains 
much  more  ekaric  matter  in  the  fame  bulk,  provided 
that  the  ekaric  deferent  be  alfo  more  copious. 

^  The  chief  dlftindtion  that  mingles  with  thefe  analo¬ 
gies  is,  that  the  ajflnity  of  water  to  hygrofcopic  fub- 
ftances  operates  only  in  contad,  whereas  ekaric  matter 
tends  to  diflant  bodies  ;  and  thefe  diftances  are  very  dif¬ 
ferent  in  regard  to  different  bodies. 

Such  is  the  refemblance  which  has  appeared  fo  ftrong 
to  Mr  de  Luc.  It  is  evidently  the  fame  which  furnlfli- 
ed  the  conjeaure  to  Mr  Ruffel,  and  which  he  confider- 
ed  mechanically,  in  order  to  explain  the  phenomena  of 
eledric  motions  to  ftudents  of  mechanical  philofophy. 

The  only  refemblance  feems  to  us  to  appear  in  the  coni 
denfation  of  moiflure  contained  in  damp  air. 

Mr  de  Luc,  led  by  the  habits  of  Ijis  former  ftudies,. 

attempts’ 
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attempts  to  explain  every  thing  by  the  relations  which 
were  inoft  familiar  to  him,  affinities  and  expanfive  forces. 
Let  us  attend  a  little  to  the  manner  in  which  he  ex¬ 
plains  one  or  two  of  the  moft  general  fadls. 

I.  "The  conditions  of  conduBors  and  non-conduBors , 

33c.  This  diilimSlion  depends  on  the  differences  in  the  ten¬ 
dency  \.o  diflant  bodies:  theie  are  great  differences  In 
thefe  diftances  according  to  the  nature  of  the  bodies ; 
and  from  this  arife  great  differences  of  phenomena,  in^ 
dependent  of  infulation  or  non-infulation,  which  arc 
only  the  fenfible  di-ftindilons  of  thefe  claffes  of  bodies. 
FJeBric  matter  tends  to  conduBors  at  great  diftances  ; 
but  having  reached  them  it  does  not  adhere,  and  re¬ 
mains  free  to  move  round  them,  being  dragged  by  the 
deferent  jliiid  ;  but  its  tendency  to  non^conduBors  Is  only 
at  fmall  and  infenfible  diftances ;  and  having  come  Into 
contadl,  it  adheres,  and  can  no  longer  be  dragged  by 
the  deferent JluuL 

•Hence  the  operation  of  conduBors  and  non- conduBors  ; 
and  there  is  no  other  foundation  for  the  notion  of  idio- 
eleBi'ics  and  non-eleBrtcSi  or  eledfrics  by  communication. 
A  part  of  a  non-conduBor  takes  as  much  eleBric  matter 
as  It  can  from  the  fubftance  furniftiing  it  ;  but  cannot 
communicate  it  to  another  part,  except  very  flowly  ; 
therefore,  to  communicate  it  to  the  whole  furface,  we 
rnuft  cover  it  with  a  conductor  (Surely  this  is  a  dif- 
tindlon  in  the  body,  independent  of  the  diftance  of  mu¬ 
tual  tendency  ! ). 

Hence,  too,  the  property  of  non-conduBors  by  which 
the  electric  fluid  is  benumbed  {^engourdt)  or  cramped  ; 
therefore  we  can  accumulate  a  great  deal  in  them  ;  and 
it'W'ill  remain  long,  htmg  benumbed ;  and  if  it  be  deter¬ 
mined  to  quit  them  at  once,  the  current  will  be  much 
more  denfe  than  when  quitting  an  equal  condudfing 
furface. 

Since  conduBors  do  not  fix  the  eleBric  jiuidy  it  mujl 
circulate  round  them.  It  is  urged  to  this  motion  by  its 
expanfive  po<wery  by  which  it  would  difperfe  from  a  body 
with  inconceivable  velocity,  and  perhaps  the  rapidity  of 
its  motion  would  decompofe  it,  and  caufe  fome  light  to 
emerge  ;  but  it  is  at  the  fame  time  impelled  by  its  ten¬ 
dency  to  bodies.  Thus,  by  thefe  two  forces.  It  runs  to 
a  conduBing  l^odyy  and  muft  circulate  round  it  as  the 
planets  do  round  the  fun.  In  this  circulation,  if  it 
come  to  any  great  projedllon,  it  cannot  follow  the  out¬ 
line,  becaufe  fo  abrupt  ;  it  therefore  flies  off  at  all 
points  and  protuberances.  It  will  be  the  more  diffi¬ 
cult  to  keep  to  an  abrupt  outline  as  the  flratum  in  cir¬ 
culation  is  more  copious  or  deeper,  becaufe  a  greater 
mafs  is  with  greater  difficulty  turned  round  a  fharp  angle. 
It  is  more  inclined  to  efcape  if  another  body  be  near, 
and  it  immediately  becomes  a  fatellite  to  that  body. 

Thus  all  bodies  get  a  fhare  of  eledric  fluid,  circula¬ 
ting  round  conductors,  and  benumbed  ox  cramped  in  non- 
conduBors.  Bodies  of  this  lafl  clafs  receive  their  por¬ 
tion  by  the  air  as  hygrofcopic  fubjlances  receive  their 
water  by  the  fire. 

All  the  differences  in  the  tendencies  to  bodies  pro¬ 
ceed  from  the  eleBric  matter.  The  deferent  fluid  follows 
other  laws;  namely,  i.  Its  tendency  to  all  fiibftances 
is  greater  than  that  of  the  eleBric  matter  to  any  one, 

T.  he  tendency  (and  alfo  that  of  eleBric  matter^ 
is  always  from  the  body  which  contains  moft  of  it  to 
that  which  contains  leaft,  The  body  which  contains 


moft  of  the  one  alfo  contains  moft  of  the  other.  4. 
The  deferent  fluid  has  a  particular  affinity  (chemical) 
with  the  eleBric  matter,  5.  All  thefe  tendencies  are  lef- 
fened  by  an  increafe  of  diftance.  6.  The  eleBric  matter^ 
when  compofing  eleBric  fluid,  has  more  or  lefs  exparfive 
force  as  it  is  united  to  more  or  lefs  deferent fiuid. 

Explanation  of  Charged  Plates, 

Mr  de  Luc  fays  ( J  286.),  that  his  System  was  fug- 
gefted  by  Volta’s  Theory  of  EleBric  Influences,  Thefe 
(fays  he)  had  been  pretty  well  generalifed  before,  but 
wuth  little  improvement  to  the  fclence,  till  Mr  Volta  dif- 
covered  a  circnmftance  which.  In  bis  opinion,  corinedbed 
by  a  general  theory  many  phenomena  which  had  formerly 
no  obferved  relation  to  any  thing.  This  was,  that  nvhen 
a  body  eleBrified  pofifraely  brings  a  neighbouring  body  com¬ 
municating  <with  the  ground  into  the  negative  fiate,  its  onvn 
pofitive  eleBricity  is  weakened  while  it  remains  in  that  neigh¬ 
bourhood,  but  is  recovered  when  the  other  body  is  remo¬ 
ved,  “  Such  is  the  diftinguilhing  law  of  Mr  Volta’s 
theory,  which  brings  all  the  phenomena  of  eledlrlc  in¬ 
fluences  under  his  theory,  beginning  with  thofe  of  coat¬ 
ed  glafs,  which  were  formerly  fo  obfeure,  becaufe  they 
were  not  referred  to  their  true  caufe,  &c. 

“  My  System  (Mr  de  Luc  fays)  concerning  tho 
nature  of  the  eleBric  fiuid  explains  the  laws  of  Mr  Vol¬ 
ta’s  theory  ;  and  of  confequence  explains,  like  it,  all 
the  phenomena  which  it  comprehends  :  but  it  reaches 
much  farther,  feeing  that  more  general  laws  compre¬ 
hend  a  greater  number  of  phenomena. 

“In  the  phenomena  of  coated  glafs,  I  plainly  faw 
one  of  the  procedures  of  watery  vapour,  Suppofe  a 
glafs  pane,  moiftened  011  both  Tides,  and  having  the 
temperature  of  the  furrounding  bodies.  Suppofe  that 
warmer  vapour  comes  to  one  fide.  It  Is  condenfed  on 
the  furface  j  that  is,  it  is  decompofed,  the  water  ad¬ 
heres  to  the  furface,  and  the  fire  penetrates  the  glafs, 
heats  It,  and  increafes  the  evaporation  from  the  other 
fide,  by  entering  into  combination  with  the  water,  and 
carrying  it  off  with  it.  More  vapour  is  condenfed  on 
the  fide  A  ;  more  fire  reaches  the  fide  B,  and  carries 
off  more  water.  But  as  this  happens  only  becaufe  the 
fire  alfo  raifes  the  temperature  of  the  pane,  it  is  evident 
that  the  condenfation  on  the  fide  A,  and  the  evapora¬ 
tion  from  B,  muft  gradually  flacken,  and  the  maximum 
of  accumulation  in  A,  and  of  evaporation  from  B,  will 
take  place  when  the  temperature  of  the  pane  is  the 
fame  with  that  of  the  hot  vapour, 

“  The  electrical  phenomena  of  coated  glafs  are  per¬ 
fectly  fimllar.  The  eleBric  fiuid  reaches  the  fide  A,  Is 
decompofed,  and  the  eleBric  matter  is  there  benumbed 
and  fixed.  The  deferent  fiuid  penetrates  the  pane,  and 
carries  off  the  eleBric  matter  from  the  fide  B.  This 
goes  on,  but  flackens  ,*  and  the  maximum  of  accumula¬ 
tion  and  evacuation  obtains  when  the  fide  A  lias  ac¬ 
quired  the  fame  intenlity  of  eleCtrIcity  with  the  char¬ 
ing  machine.  More  is  accumulated  in  A  than  is  ab- 
raCted  from  B  ;  becaufe  B  Is  farther  from  the  fource 
(he  might  have  added,  that  part  of  the  fire  is  expend¬ 
ed  in  raifing  the  temperature  of  the  pane)  :  but  the 
accumulation  is  inaClIve,  becaufe  the  eleBric  matter  is 
benumbed  and  fixed.  Though  the  eleBric  matter  is 
much  diminifhed  In  B,  yet  the  eleBric  fiuid  in  its  coat- 
ing  has  as  much  expanfive  force  as  that  of  the  ground  ; 

becaulc 


ELECT 

becaure  it  has  a  furplus  of  defo-ent  fluid.  The  abfoldte 
quantity  of  eketric  matter  in  both  fides  is  foniewhat  aug- 
mented/’ 

332.  This  explanation  of  the  Leyden  phial  comprehends 
the  whole  of  Mrde  Luc's  theory;  and  the  conftitution 
of  the  eledric  fluid,  and  its  various  affinities,  expanfive 
powers  and  tendencies,  are  all  affigned  to  it  in  fubfer- 
viency  to  this  explanation,  or  deduced  from  thole  phe¬ 
nomena.  As  the  author,  in  all  his  writings,  claims  fome 
fuperiority  over  other  naturalifts  for  more  general  and 
comprehenfive  views,  and  for  more  fcrupulous  attention 
to  preciTion  and  meaiurement,  and  particularly  for  more 
folicitude  that  no  natural  agent  be  omn'tted  that  has  any 
ihare  in  the  procedure — he  furely  will  not  be  offended, 
although  we  fhould  (late  luch  difficulties  and  objedions 
as  occur  to  us  in  the  conlideration  of  this  System  (as 
he  choofes  to  call  it)  of  eledrlcity. 

We  wjfh  that  it  had  been  exprefled  in  the  plain  and 
precife  language  of  mechanical  and  chemical  fcience;  for 
he  reafons  enUrely  from  the  nature  of  expanfive  forces, 
tendencies,  and  affinities.  His  language  will  appear  to 
fome  readers,  as  it  does  to  us,  rather  to  exprefs  the  con- 
dud  of  intelligent  beings,  ading  with  choice,  and  for  a 
purpofe,  than  the  laws  of  lifelefs  matter.  His  account 
would  have  been  lefs  agreeable,  it  is  true,  but  more  in- 
ftrudive,  and  lefs  apt  to  be  miftaken.  Metaphorical 
language  is  feldom  ufed  without  the  rifk  of  metaphori¬ 
cal  conceptions  ;  and  the  reader  is  very  apt  to  think 
that  he  has  acquired  a  notion  of  the  fubjeft,  while  he 
is  really  thinking  of  a  thing  of  a  different  nature.  We 
apprehend  that  a  great  deal  of  this  happens  in  this  in- 
ftance,  and  that  when  the  narration  is  llripped  of  its  fi¬ 
gurative  language,  it  will  be  found  without  that  con- 
nedion  and  analogy  which  it  feems  to  pofiefs. 

AVe  alfo  wifh  that  the  explanation  had  been  derived 
from  fome  well-eftabliflied  principle.  The  whole  of  it 
is  profejfedly  founded  on  a  refemblance  between  the 
phenomena  of  eledricity,  and  fome  things  faid  of  wa¬ 
tery  vapour ;  but  tliefe  are  not  the  phenomena  of  wa¬ 
tery  vapour,  but  Mr  de  Luc's  hypothefis  (he  will  par¬ 
don  us  the  term,  which  we  prefer  to  fyjlem)  concern- 
ing  ^watery  vapours,  AVe  do  not  think  it  philofophi- 
cal  to  explain  one  hypothefis  by  another.  Our  illuf- 
trious  countrymen,  llacon  and  Newton,  difapproved  of 
this  pradice;  and  their  rules  of  philofophifing  have  ftill 
currency  among  philofophers.  Explanation,  in  our  opi¬ 
nion,  is  the  pointliig  out  fome  acknowledged  general 
fad;  in  nature,  and  fhewing  that  the  particular  pheno¬ 
menon  is  an  example  of  it.  We  do  not  fee  this  in  Mr 
de  Luc's  explanation  ;  becaufe  we  do  not  fee  the  fa6ls^ 
m  the  cafe  of  watery  vapours  to  which  the  phenomena 
of  eledricity  are  faid  to  have  a  refemblance.  The  phe¬ 
nomena  we  mean  are  chiefly  the  motions,  and  the  transfer 
rences  the  powers  producing  fuch  motions;  vve  do 
not  fpeak  of  the  light,  and  fome  other  phenomena,  be¬ 
caufe  Mr  de  Luc  does  not  fpeak  of  them  in  this  ex¬ 
planation.  AVe  fhall  even  admit  the  transference  as  a 
phenomenon,  although  we  do  not  fee  any  fubllance  trans¬ 
ferred :  but  we  fee  a  power  of  producing  certain-mo¬ 
tions  where  that  power  did  not  formerly  appear ;  and 
the  appearance  of  this  power  Ismail  the  authority  addu¬ 
ced,  even  by  Mr  de  Luc,  for  the  transference.  We  mufi 


(a)  We  may  here  afle.  How  comes- there  to  be  fuch  a 
benumbed?  or  in  what  Hate  is  it? 
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now  add,  that  the  eledric  phenomena,  which  Mr  cle  Luc 
calls  like  the  phenomena  of  watery  vapour,  are  all  fup- 
pofttions;  and  that  therefore  the  explanation  is  a  fyftem 
of  fuppofitions,  framed  fo  as  to  be  like  the  fyftem  oF 
watery  vapour.  For  Mr  de  Luc  will  grant,  that,  on 
the  one  hand,  we  fee  nothing  like  the  water  in  the  elec¬ 
tric  phenomena  ;  and,  on  the  other  hand,  there  is  no¬ 
thing  in  watery  vapour  like  the  motions  of  the  elcdro- 
meters,  which  are  the  only  phenomena  from  which  Mr 
de  Luc  profeftes  to  reafon. 

AVe  alfo  fear  that  the  very  curious  experiments  of 
Count  Rumford  on  the  melting  of  ice,  and  the  propa¬ 
gation  of  heat  through  liquids,  will  oblige  Mr  de  Lac 
to  change  the  talks  of  the  ingredients,  both  of  vapour 
and  eledric  fluid.  Water,  and  not  feems  to  be 
the  carrier  or  deferent  fluid;  and  we  think  that  Frank¬ 
lin  and  iEpinus  have  made  it  higlily  probable  that  elec¬ 
tricity,  and  not  air,  is  the  carrier. 

We  have  alfo  great  difficulty  in  conceiving  (indeed 
we  cannot  conceive)  how  the  deferent  fluid,  from  which 
the  ekafic  matter  Las  been  detached  by  its  fuperior  af 
Jinity  with  the  fide  A,  can  overcome  the  fame  fupcriar 
affinity  of  the  eledric  matter 'with  the  fide  B(a),  and  car. 
ry  it  off;  how  the  deferent  fluid  penetrates  the  iion-con- 
dudting  pane,  in  order  to  carry  off  the  eledric  matter  in 
the  form  fluid ;  and  how  it  cannot  do  this,  except 
by  means  of  a  conduding  canal,  into  which  it  is  expreff 
ly  faid  that  it  does  not  penetrate.  It  muft  not  be  faid  that 
it  runs  along  the  furface  of  this  canal ;  for  the  fmallefl: 
wire  will  be  a  fufficient  conduftor,  covered  a  foot  thick 
with  fealing  wax.  This  indeed,  according  to  Mr  de 
Luc,  allows  the  deferent^/V/ to  pafs;  but  it  muft  alfo, 
according  to  him,  ftrain  it  pretty  clear  of  all  eledric  mat¬ 
ter,  For  we  cannot  help  thinking,  that  the  procefs 
(although  purely  idealj  has  a  clofer  refemblance  to  what 
we  fhould  obferve  in  a  ftream  of  muddy  water  poured' 
on  a  ftrainer,  both  fides  of  which  are  previoufly  foul. 

If  we  were  difpofed  to  amufe  ourfelves  with  a  figura¬ 
tive  hypothefis,  we  could  give-  one  on  the  principle  of 
filtration  that  is  very  pretty,  and  pat  to  the  purpofe,  of 
glafs  coated,  and  charged  and  difdiarged  by  conducing- 
canals.  ® 

With  refped  to  the  fuggeftion  of  this  theory  by  Vol- 
ta's  theory  of  eledric  influences,  and  the  ignorance  of 
naturalifts  before  that  time  of  the  true  ftate  of  tljings,^ 
we  muft  obferve,  that  Mr  Ruffel  propofed  the  fame- 
analogy  to  the  corifideration  of  his  hearers  many  years 
before  ;  and  it  was  ver-y  generally  known.  The  elec¬ 
tric  influences  had  been  fully  detailed  by  Alpinus  and’ 
Wilcke  in  1759,  applied  with  peculiar  addrefs  and 
force  of  evidence  by  Mr  Cavendilh  before  1771  ;  and 
they  were  deferibed  nearly  in  the  fame  way  by  Lane,, 
Lichtenberg,  and  others,. 

And  with  refped  to  Mr  Volta'S  general  principle,, 
which  Mr  de  Luc  prizes  fo  highly,  and  by  which  he 
explains  every  thing,  we  muft  obferve,  that  it  is  not  true 
as  a  phenomenon  in  eledricity  ;  but,  on  the  contrary,  the 
pojitive  Jlate  of  a  body  is  rendered Jironger,  or  more  remark¬ 
able,  by  inducing  the  negative  fate  on  a  neighbouring  body. 

See  n*'  32-.  and  66,— Mr  Volta  was  mifled  by  the  appear¬ 
ances  of  the  cledrophorus,  wffiich  had  engaged  all  his 
attention,,  and  modelled  all  his  notions  on  thefe  fubjedts*. 
_ _  His^ 

quantity  of  ekaric  matter  already  lodged  in  B  ? _ 
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His  obfervations  had  been  confined  to  diOcs ;  and  though 
thefe  are  excellent  inftruments  for  producing  very  fen- 
fible  effetts,  they  are  quite  unfit  for  examining  the  ge¬ 
neral  nature  of  eledric  influences.  Even  without  much 
knowledge  of  dynamics,  a  perfon  inuil  perceive  that  the 
adion  of  their  different  parts  on  the  eledrometer  may 
be  very  different,  by  reafon  of  their  different  pofitions 
and  diftaaces  from  it.  Befidcs,  the  eleftrometers  of  the 
apparatus  defcribed  by  Mr  de  Luc  in  fe<5i:.  440.  &c.  did 
not  indicate  the  real  condition  of  the  dilks  to  which  they 
were  attached,  but  the  condition  of  the  remote  ends  of 
overcharged  condu^fors  of  confiderable  length.  There¬ 
fore,  although  all  the  eledrometers  fell  lower  vv^hen  the 
other  group  of  difks  was  brought  near,  the  pofitive 
Hate  of  the  nearefl  diil<  was  greatly  augmented.  The 
moil  unexceptionable  apparatus  for  this  purpofe  would 
be  a  row  of  poliflied  balls  on  infulating  Hands,  placed 
in  contad,  the  whole  charged  pofitive  ;  and  when  ano¬ 
ther  fuch  group,  or  a  long  body,  is  brought  near,  let 
the  balls  be  feparated  at  once,  and  examined  apart  by 
a  very  fmall  eledrometer,  made  in  the  form  of  our  fi¬ 
gure  8.  We  prefume  to  fay  that,  if  the  other  group 
is  properly  managed,  and  made  to  communicate  tho¬ 
roughly  with  the  ground,  the  pofitive  eledricity  of  the 
balls  nearefl  to  it  will  be  found  greatly  augmented,  and 
that  every  one  of  them  will  be  found  in  that  precife 
Hate  of  eledrification  that  is  pointed  out  by  the  .^pi- 
mian  theory.  Mi  de  Luc  has  made  and  narrated  the 
experiments  with  the  difks,  and  the  curious  figures  ob- 
ferved  by  Liclitenbergh,  with  great  judgment  and  fi¬ 
delity  ;  and  they  are  claffical  and  valuable  experiments 
for  the  examination  of  the  theory.  We  may  here  men¬ 
tion  a  very  neat  way  of  executing  the  apparatus  of  balls, 
which  was  pradifed  by  a  young  friend,  who  was  fo 
kind  as  to  make  the  experiments  for  us,  when  our 
thoughts  w’ere  turned  to  Mr  de  Luc’s  tlieo’*y.  Erich 
ball  was  mounted  on  a  flender  glafs  rod  varmTned,  The 
lower  end  of  the  llalk  w'as  fixed  in  a  little  block  of 
wood  which  had  a  fquare  hoh  ttirough  it,  by  which  it 
flided  fleadily  along  a  horizontal  bar  of  mahogany,  1  up- 
ported  at  the  ends  about  an  inch  from  the  table.  The 
balls  w^ere  made  to  feparate  at  once,  and  equally,  from 
each  other,  by  a  chequer-jointed  frame,  fuch  as  is  feen 
in  the  toy  (hops,  carrying  a  company  of  foot  loldiers, 
who  open  and  clofe  their  ranks  and  files  by  pulling  or 
pufhing  the  ends  of  the  frame.  Taking  out  the  pins  of 
the  middle  joints  of  this  chequered  frame-work,  and 
widening  the  holes  for  receiving  the  glafs  flalks,  it  is 
plain  that  all  the  balls  will  feparate  at  once,  in  the  very 
Hate  of  eleftricity  in  which  they  were  when  in  the 
neighbourhood  of  the  non-infulated  group.  This  ap¬ 
paratus  conlifled  of,  fix  balls.  We  found  the  ball  next 
the  other  group  much  more  Hrongly  pofitive  than  be¬ 
fore  bringing  that  group  near;  and  it  was  generally  the 
third  ball  which  feemed  equally  eleiHric  in  both  litua- 
tions.  We  added  nine  balls  more,  connecling  the  w  hole 
by  a  fimilar  contrivance  ;  and  found  it  a  moil  inHruc- 
tive  apparatus  for  the  theory  of  the  dlHribution  of  the 
cle^lric  fluid.  We  wifh  that  it  had  occurred  to  us  when 
the  n®  62,  &c.  were  under  confideration. 

With  refpeiH  to  the  condition  in  wdiich  the  eledlric 
matter  is  faid  to  be  lodged  in  the  fide  A  of  the  coated 
pane,  where  Mr  de  I.,uc  fays  that  it  is  fixed,  engourdi, 
in  the  non -conducing  furface  (which  condition  Mr  de  Luc 
confiders  as  charaiHeriHic  of  fuch  fubflances),  we  muH 


fay  that  the  defeription  of  its  Hate  is  by  no  means  agree* 
able  to  what  we  have  obierved.  The  powers  of  this 
eleBric  matter  are  no  more  benumbed  or  enervated  (it  is  a 
very  unphilofophical  phrafe),  than  if  it  were  in  a 
duiiing  body  at  the  fame  diflance  from  the  oppofite  coat¬ 
ing.  If  coatings  be  applied  to  a  block  of  glafs  of  two 
or  three  inches  in  thicknefs,  and  if  the  ele6lrificatian  be 
fo  moderate  that  it  would  not  fly  from  the  one  co>  ing 
to  the  other  when  the  glafs  is  removed-— no  feiifible  dif¬ 
ference  will  be  found  between  the  eledricity  of  the 
tw'o  coatings  with  or  without  the  glafs.  The  eledric 
matter  in  the  fide  A  has  not  its  pow^ers  engourdi;  they 
are  balanced  by  the  powers  of  the  fide  B. 

But  how  will  Mr  de  Luc  explain  the  charging  a  pane 
negatively?  How  will  bring  off  a  quantity  of  eledric 
matter^  greater  (according  to  his  owoi  account)  than 
what  will  be  benumbed  on  the  other  fide  ?  Nay,  we  muH 
afl<,  wdiere  does  he  find  it  ?  Is  there  a  quantity  already 
benumbed  there  ?  What  is  to  revive  it  ? 

Let  us  now  confider  a  little  the  conffitution  of  the 
ingredients  of  this  eledric  fluid,  by  which  all  thefe 
things  lire  brought  about.  And  in  doing  this,  let 
us  banifh,  when  poffible,  all  figurative  language  ;  and, 
in  the  precife  and  dry  plirafeology  of  dynamics,  let  us 
Ipeak  of  the  motion  of  fiiigle  particles  of  the  eledric 
Jlutd^  deferent  Jluld^  and  eledric  matter.  By  expanfive 
power ^  muH  certainly  be  meant  fuch  a  power  as  that  by 
which  air,  gafes,  inflamed  gunpowder,  fleam,  and  the 
like,  enlarge  their  bulk,  and  which  is  clearly  manifefted 
as  a  mechanical  preffure,  by  burffing  veffcls,  impelling 
bullets  or  piflons,  &c.  as  well  as  by  the  adual  enlarge¬ 
ment  of  the  bulk  of  the  fluid.  We  have  no  other  in¬ 
dications  of  its  being  a  force;  and  therefore  our  notions 
of  its  mode  of  ading  inuH  be  derived  folely  from  what 
W'C  miderjiand  of  this  pow'er  in  air  or  the  other  fluids. 
Newton^s  Principia  are  our  authority  for  faying  that  all 
that  we  know  of  it  is,  that  it  ads  as  a  number  of  cor- 
pulcles  would  ad,  wdiich  repel  each  other  with  a  force 
invcrlely  proportional  to  their  diftances;  this  adioii  nut 
extending  beyond  the  adjoining  corpufcle,  not  even  to 
the  fecond.  We  know  a  good  deal  of  the  propagation 
of  preffure  and  progreflivc  motion  through  fueh  a  fluid, 
when  it  is  confined  in  a  veffel,  or  fyflem  of  veffels,  of 
any  form,  and  fome  few  Ample  circumftancts  which 
take  place  in  the  elaflic  undulations  wnich  may  be  ex¬ 
cited  and  propagated  through  it.  We  have  but  a  -very 
indifiind  notion  of  the  motions  which  one  mafs  of  fuch 
a  fluid  will  produce  in  another  mafs,  when  both  are  at 
liberty  to  expand.  This  is  very  iudiflind ;  but  we  are 
certain  that  it  will  be  like  the  motion  of  two  maffes  of 
air  blown  or  driven  agaiufl  each  other.  Now  thefe 
eledric  fluids,  by  their  expanfive  powers,  mull  ad  like 
thofe  others  with  wdiich  we  are  more  familiarly  ac¬ 
quainted.  x\.nd  here  we  venture  to  fay,  that  the  appear¬ 
ances  in  eledricity  are  fo  far  from  being  like  thefe, 
that  we  cannot  imagine  any  thing  more  remarkably  dif¬ 
ferent.  We  fliall  mention  but  one  thing.  Every  mark 
that  we  have  for  the  prefence  of  eledric  fluid  obliges  ns 
to  grant,  that  in  an  overcharged  body  it  is  crowded  in¬ 
to  the  external  furface,  fo  that  the  quantity  has  little 
or  no  relation  to  the  quantity  of  matter  in  any  body, 
but  merely  to  its  furface.  This  is  quite  unlike  air,  or 
any  other  expanfive  fluid,  which  is  uniformly  diffribu- 
ted  through  the  whole  fpace  comprehended  by  the 
furface  which  bounds  it.  We  never  faw  any  thing 
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like  ftrcams  of  tins  ek^rU JluiJ^  impelling  or  any  way  a£l. 
ingon  each  other,  except  in  the  transference  by  fparks; 
and  there  it  was  indeed  like  the  motions  of  air,  for  it  was 
not  electric  Jluid,  nor  eleclrtc  mattery  but  ele8rified  air, 
i-et  us  next  confider  the  tendencies  by  which  the  re¬ 
lations  of  thefe  expanfive  fluids  to  other  bodies  are  pro¬ 
duced,  and  theeletftric  motions  are  faid  to  be  explained. 
We  obferve  that  Mr  de  Luc  avoids  the  ufe  of  the  words 
attraSlon  and  repulfioiiy  fo  much  employed  "by  the  Bri- 
tifh  philofophers.  He  confiders  thefe  tendencies  as  de¬ 
terminate  impulfions,  and  adopts  the  dodrine  of  Le 
Sapie  of  Genevay  who  has  not  only  laid  Newton  under 
great  obligations,  by  a  mechanical  explanation  of  gra¬ 
vity,  but  has  alfo  exjilained  expanfion,  elafticity,  che¬ 
mical  afflnity,  and  all  fpecific  tendencies,  to  the  fatif- 
fa£lioii  of  the  moil  eminent  mathematicians.  To  fuch 
only  Mr  de  Luc  profefles  to  addrefs  himfelf.  who  are 
not  contented  with  a  doctrine  which  fuppofes  bodies  to 
ad  where  they  are  not.  But,  unfortunately,  Mr  le 
Sage  has  never  obliged  the  world  with  this  explanation. 
We  are  not  moil  eminent  mathematicians  ;  but  we  are' 
able  to  prove,  that  Mr  le  Sage^s  favourite  theorem,' men¬ 
tioned  by  Mr  de  Luc  in  §  157,  158,  as  demontlrated 
by  Mr  Prevofl,  the  editor  of  Lucrece  Neutonieny  is  a 
complete  derelidion  of  the  firfl:  principles  of  Mr  le 
Sage,  and  is  alfo  incompatible  with  mechanical  laws. 
Mr  de  Luc  fhould  have  given  a  demon ftration  of  the 
theorem  on  which  all  his  f^dem  refled  ;  othervvife  it  is 
only  reviving  “  dixit  philofophusy  ergo  verumP^ 

But  let  us  fee  what  thefe  tendencies  perform.  Mr 
de  Luc  fays,  that  the  fluid,  fetting  out  from  a  body  by 
its  expanfive  power,  would  move  in  a  flraight  line  with 
'inconceivable  velocity,  and  would  immediately  defert 
even  this  globe,  were  it  not  defleded  by  its  tendency  to 
other  bodies.  We  do  not  fee  whence, this  immenfe  ve¬ 
locity  is  derived.  But  let  it  go  off ;  it  is  defleded  from 
its  redilineal  courfe  by  its  tendency  to  fome  conduding 
body,  which  it  reaches,  but  cannot,  nor  does  not  enter; 
and  therefore  muji  continually  circulate  round  ity  as  the 
planets  circulate  round  the  fuuy  following  its  outline,  if 
not  too  abrupt,  but  flying  off  from  all  points  in  the  di- 
redion  of  the  axis  of  the  point,  &c.  Here  we  are  at 
home  ;  for  this  is  a  plain  dynamical  problem  of  central 
forces.  All  that  wt  fliall  fay  on  this  head  is,  that  Mr  de 
Liic  has  certainly  not  confidered  the  planetary  motions 
w'ith  attention,  when  he  hazarded  this  very  comprehen- 
fjve  propofition.  If  he  will  take  the  trouble  to  do  this, 
he  wnll  fee  that  every  part  of  it  is  inconfiftent  with  the 
acknowledged  laws  of  mechanifm,  and  that  the  motions 
are  abfolutely  impofiible.  Befides,  we  know  that  it 
will  not  fly  oflf  from  a  hundred  points  placed  together, 
which  is  a  ftill  more  abrupt  line,  if  they  do  not  projed 
beyond  the  brim  of  a  pit  in  which  they  ftand  ;  yet  this 
pit  only  makes  the  outline  more  abrupt.  We  farther 
believe,  that  no  perfon  can  form  to  himfelf  any  diftiud 
notion  of  fuch  circulations  round  every  conduding  bo¬ 
dy  ;  they  wn‘11  be  more  numerous,  and  infinitely  more 
confufed  and  jarring,  than  all  the  vortices  of  Des  Cartes. 
How  can  fuch  motions  take  place  round  a  bunch  of 
brafs  wire  buried  in  fealing  wax  ?  Yet  he  mufl:  grant 
that  they  really  happen  there  ;  or  what  prevents  the 
eleSric  fluid  from  h^mgjlrained  clear  of  all  eledric  mat¬ 
ter  in  pafiing  through  the  air  ? 

We  would  alfo  afl<,  why  the  tendency  is  always  from 
the  body  containing  mojl  of  the  fluid  to  that  containing  leqfl  > 
SuppL.  VoL,  1.  PartTI. 


It  is  not  enough  to  fay  that  it  Is  fo  ;  this  would  only 
be  contriving  a  thing  to  fuit  a  purpofe  ;  a  rerfon  fhould 
be  given  if  w^e  pretend  to  explain.  Now  the  tendency 
to  a  dillant  body  is  to  the  matter  in  that  body,  without 
any  relation  to  the  fluid  in  it,  or  in  the  body  from 
which  it  came. 

On  the  whole,  we  cannot  think  this  theory  is  any 
thing  hilt  telling  a  flory  of  ideal  beings,  in  very  flgura- 
tivc  language,  which  gives  it  fome  animation  and  inte- 
reft.  The  different  affinities,  tendencies,  and  powers, 
are  only  ways  of  expreffing  certain  fuppofed  events,  and 
fuited  to  thofe  events  :  but  it  gives  no  explanation  of 
the  ohferved  mechanical  phenomena  of  eledricity,  (hewing 
from  acknowledged  principles  tlrat  they  inuft  be  fo. 

What  a  difference  between  this  laboured  and  intri- 
cate  mechanifm,  and  the  fimple,  perfpicuous,  and  dif- 
tind  theory  of  ^pinus  !  Even  Mr  Ruffel’s  explana- 
tion  is  more  intelligible,  and  more  applicable  to  thew^- 
tions  which  are  really  obferved.  That  gentleman  faw 
the  neceffity  of  confideiing  them  as  the  fubjeds  of  me^ 
chanical  dlfcufftony  and  that  all  that  was  wanted  was  to 
find  out  what  law  of  dillant  adion  would  tally  with  the 
phenornena.  The  Scotch  philofopher  was  careful  to 
warn  his  hearers  that  he  only  propofed  a  conjeaure.  The 
Swede  calls  his  performance  Tentamen  TheorUy  See.  and 
begins  and  concludes  it  with  exprefsly  faying,  that  it  is 
only  a  hypothefis.  The  Englifh  nobleman  calls  his  dif- 
fertatron  an  Attempt  to  explain  fome  of  the  phenomena, 
&c.  None  of  thefe  philofophers  call  their  works  a  sys¬ 
tem,  which  comprehends  all  theories,  whether  that  of 
Volta  or  of  any  otlier  fuccefsful  inquirer. 

We  hope  to  be  excufed  for  treating  fo  largely  of  thi.'j 
fubjed.  It  ftruck  us  as  a  very  proper  example  of  the 
bad  confequences  of  indulging  in  figurative  language. 
It  muft  be  very  feduciug,  when  fo  fcrupulous  and'^fo 
eminent  a  pjhilofopher  as  Mr  de  Luc  is  led  aftr*ay  by  it. 

We  conclude  this  long  article  by  obferving,  that 
whatever  may  be  the  fate  of  Mr  ^pinus’s  hypothetical 
theoryy  his  claffification  of  the  fads,  and  his  precife  de- 
termination  of  the  mechanical  phenomena  to  be  expeded 
from  any  prqpofed  fituation  and  condition  of  the  fub- 
ftances,  wdll  ever  remain,  and  be  an  unerring  diredion 
in  future  experiments;  and  the  whole  is  anjlluflrious 
fpecimen  of  ingenuity,  addrefs,  and  good  reafoning. 
Wc  hope  to  make  this  ftill  more  evident,  when  we  ap¬ 
ply  it  to  the  quiet  and  manageable  phenomena  of  Mag¬ 
netism 

Pondere  et  menfurd, 

APPENDIX; 

CONTAINING  AN  ABSTRACT  OF  MR  COULOMB’s 
EXPERIMENTS. 

Mr  Coulomb  in  the  Mem.  de  V Acad,  de  Paris  for 
1786,  relates  feveral  experiments  made  for  afeertaining 
the  difpofition  or  diftribution  of  the  eledric  fluid  in  an 
overcharged  body.  Their  general  refults  were, 

I.  That  the  fluid  is  diftributed  among  bodies  accord¬ 
ing  to  their  figure,  without  any  eledive  affinity  to  any 
kind  offubftance.  X 

For  when  a  ball,  or  body  of  conduding  matter,  and 
of  any  (hapCi  is  eledrified  to  any  particular  degree,  av 
4  I  indicated 


ELECTRICITY. 


indicated  by  bis  electrometer,  if  it  be  touched  by  ano¬ 
ther  equal  and  fimilar  body,  firnilarly  fitiiated  in  refpeit 
of  the  touching  points,  the  electricity  is  always  reduced 

to  4. 

2.  In  an  overcharged  conduCcing  body,  the  fluid  dif- 
fufes  itfelf  entirely  along  the  furface,  without  penetra¬ 
ting  into  the  interior  parts. 

The  conducting  body  AB  (fig.  37.)  had  pits  h, 
&c.  made  in  various  parts  of  its  furface.  They  were 
lialf  an  inch  in  diameter,  and  feme  of  them  Tc^fi>  others 
Toths,  others  -f^ths,  &c.  in  depth,  c  reprefents  the 
edge  of  a  fmall  circle  of  gilt  paper,  ~th  of  an  inch  in 
diameter,  lixed  perpendicularly  on  the  end  of  a  fine 
thread  of  gum  lac.  The  body  was  electrified  and 
touched  with  this  little  eledtrofeope,  by  fetting  it  flat 
down  on  the  furface.  The  circle  c  was  then  prefented 
to  an  electrometer  which  moved  90  degrees  by  a  force 
not  exceeding  -g^^Vo^b  ^  French  grain.  When  this 
contact  was  made  with  the  even  furface  of  the  con- 
dudtor,  it  was  flrongly  electrified,  and  particularly  when 
it  touciied  any  eminence,  or  the  ends  of  long  cylinders, 
&c.  The  paper  being  exceedingly  thin,  and  placed  in 
full  contact,  it  may  be  fuppofed  to  bring  off  with  it 
the  quantity  of  fluid  coirerponding  to  that  part  of  the 
furface,  or  rather  a  greater  quantity.  But  when  it  v/as 
made  to  touch  the  bottom,  even  of  the  ihallowefl;  of  thefe 
pits,  it  did  not  affedf  the  cledlrometer  in  the  leaft. 

He  demoiiflrates  the  following  elementary  theorem  ; 

The  attradfion  or  repulfion  being  fuppofed  to  he  pro¬ 
portional  to  the  inverfe  of  any  power  m  of  the  diflance; 

that  is,  being  avS  —  ;  if  m  be  greater  than  3,  the  adfion 

of  all  the  mafles  of  fluid  which  are  at  a  finite  diftance  is 
nothing  in  comparifon  with  the  adfion  in  contadl  ;  and 
therefore  the  fluid  muft  be  uniformly  diffufed,  in  the 
fame  way  as  if  each  particle  adted  only  on  the  adjoining 
particles. 

But  if  m  be  lefs  than  3,  for  example,  if  m  be  2,  as 
feeUiS  to  be  the  cafe  in  eledlricity,  the  adtion  of  all  the 
mafles  at  a  finite  diftance  is  not  infinitely  fmall  in  com- 
pavifon  with  the  adfion  in  contadt,  and  the  redundant 
fluid  muft  go  tow^ard  the  furface,  and  no  redundant  fluid 
will  be  retained  in  the  interior  parts.  The  demonftra- 
tion  is  to  this  effsdl. 

Let  A<z  BF  (fig.  38.)  be  a  perfedliy  condudling  bo¬ 
dy  of  any  ftiape,  and  let  dae  be  a  thin  flice  feparated 
from  the  reft  by  the  plane  de  ;  let  dee  be  precifely 
equal  and  fimilar  to  d ae^  and  let  ahcht  perpendicular 
to  the  feparating  plane  ;  then  the  adtion  of  all  the  par¬ 
ticles  in  the  thin  flice  dae  (when  eftimated  in  the  di- 
redtion  ah^  on  the  particle  muft  balance  the  adtion 
of  all  the  reft  of  the  fluid  in  the  body  ;  for  h  is  fuppo¬ 
fed  to  be  at  reft.  Now,  as  the  law  of  continuity  will 
be  obferved  in  any  diftribution  of  the  fluid,  through  the 
nvholelodyy  it  is  plain  that,  by  taking  ah  fufficiently 
fmall,  the  difference  of  denfity  at  a  and  at  c  may  be  infi¬ 
nitely  fmall ;  therefore  the  adlion  of  the  fluid  in  ^<^^will 
be  infinitely^  near  to  an  equilibrium  with  the  adtion  of 
dee  ;  and  the  adtion  of  the  fluid  in  the  reft  of  the  body 
on  the  particle  h  will  be  infinitely  fmall.  This  cannot 
be,  when  the  adtion  of  a  mafs  of  fluid  at  a  finite  diftance 
is  not  infinitely  fmall  in  comparifon  with  the  adtion  in 
contadl,  unleis  we  fuppofe  that  the  quantity  of  fluid  at  a 
finite  diftance  is  alfo  infinitely  fmall,  or  nothing  ;  that 
is,  uiilefs  tlie  whole  redundant  fluid  is  conflipated  on  the 
furface,  and  the  interior  parts  are  merely  faturated. 


The  preceding  propofitions  arc  quite  analogous  to 
propofitions  ia  Mr  Cavendifh’s  diflertatioii  in  the  Phi- 
lofophical  Tranfadtions  for  1771. 

In  the  Memoirs  of  the  fame  Academy  for  1787,  Mr 
Coulomb  endeavours  to  afeertain  the  denfity  of  the  fluid 
in  different  bodies  which  touch  each  other.  When  the 
bodies  do  not  differ  extremely  in  magnitude,  he  deter¬ 
mines  this  by  the  immediate  application  of  them  to  the 
eledlrometer  ;  but  w  hen  one  is  extremely  fmall  in  com- 
parifon  wdth  tlie  other,  he  firft  determines  the  force  of 
the  large  body,  and  tlien  touches  it  20  or  40  times 
with  the  fmall  one,  till  the  force  of  the  large  body  is 
reduced  to  4)  y)  T>  general  refult  was,  that 

when  the  furfaces  of  the  fpheres  had  the  proportion  ex- 
prefted  in  the  firft  column  of  the  following  Table,  then 
the  denfity  hi  the  fmall  one  had  the  proportion  expref- 
fed  by  the  numbers  of  the  fecond  column,  and  never  at¬ 


tained  the  magnitude  2. 

1  .  . . I 

4 . 1,08 

16 . 1,3 

64 . 1,65 


Infinite  . . 2 

This  is  extremely  different  from  the  proportions 
which  obtain  when  the  two  fpheres  commuiiicate  by 
very  long  fiender  canals,  which  he  found  exadtly  con¬ 
formable  to  the  determinations  of  the  theory  :  but  in 
Mr  Coulomb’s  experiments  the  fpheres  touched  each 
other,  and  had  no  other  communication. 

He  then  endeavours  to  afeertain  the  denfity  of  the 
fluid  in  the  different  parts  of  the  furface  of  tlicfe  touch¬ 
ing  fpheres,  in  order  to  obtain  fome  experimental  know¬ 
ledge  of  the  diftribntioii.  He  touched  them  (while  in 
mutual  contad)  with  the  little  paper  circle,  and  exami¬ 
ned  its  eledlricity  by  his  eledirometcr,  and  made  his  cf- 
timation  on  the  fuppofition  that  it  brought  off  one-half 
of  the  eleftricity  of  the  touched  part. 

When  the  globes  were  equal,  he  found  the  denfity^ 
to  be  o  in  the  point  of  conta<fl:,  and  fcarcely  fenfible 
till  he  took  the  paper  30  degrees  from  the  point  of 
contad.  From  this  it  increafed  rapidly  to  60P ;  flow- 
]y  from  thence  to  90°;  and  from  thence  to  180*^  it  was, 
almoft  uniform.  The  deiifitics  were  nearly 

o  ....  at  ...  . 

I  30 

4  .  .  .  .  —  ....  60 

5  90 

6  .  .  .  .  —  ....  180 

He  alfo  found,  that  the  more  the  globes  differed  in 
bulk,  tlie  more  is  the  denfity  changed  in  the  fnmll  globe, 
and  it  is  the  more  uniform  in  the  great  one,  increafing 
rapidly  from  o,  at  the  point  of  contadl,  to  about  7^,  and 
beyond  this  being  fenfibly^  uniform. 

Hence  we  may  conclude,  that  the  elcdlricity  is  dif- 
fufed  wuth  almoft  perfedl  uniformity  in  a  globe  com¬ 
municating  with  another  at  a  great  diftance  by  a  fleii- 
der  canal  (as  Mr  Cavendifh  has  demonftrated)  ;  while, 
from  the  rcafoiiing  employed  before,  it  is  probable  that 
it  is  alfo  uniformly' diffufed  all  along  the  canal  ;  and 
therefore,  that  the  quantities  in  tw^o  fuch  globes  are  very 
nearly  as  the  diameters,  and  the  denfuies  inverfelyas  the 
diameters,  as  Mr  Cavendilh  demonftrated,  on  the  fup¬ 
pofition  that  the  fluid  in  the  canal  is  incompreflible. 

He  found  that  a  fmall  globe,  placed  between  two 
equally  large  ones,  ftiewed  eleclricities  of  the  fame  kind 
with  that  of  the  other  twO;  when  the  radius  of  the 
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ELECT 

great  one  was  not  more  than  five  times  that  of  the  mid¬ 
dle  one,  but  (hewed  no  eledricity  when  the  dif^ropor- 
tion  was  greater. 

When  three  equal  globes  were  in  contafl,  the  denfi- 

ty  of  fluid  in  the  middle  globe  was - of  that  of  the 

^  »3  4 

other  two.  A  fmall  globe  being  removed  to  a  very 
fmall  difiance  from  an  overcharged  great  one,  after  ha- 
ving  been  in  conta&j  fliewed  oppofite  eledlricity  in  the 
fronting  point ;  when  a  little  farther  off,  it  was  neutral ; 
and  beyond  this,  it  was  overcharged- 

The  diameters  being  ii  and  8,  the  fronting  point  of 
the  fmall  one  was  negative  till  the  diftance  was  i  ; 
here  it  was  neutral,  and  when  it  was  removed  farther,  it 
was  pofitive.  When  the  diameters  were  1 1  and  4,  the 
fmall  globe  was  negative  till  their  diftance  was  2,  where 
it  was  neutral.  When  the  diameters  were  ii  and  2,  the 
diftance  which  rendered  the  fmall  globe  neutral  in  the 
fronting  point  was  24-. 

All  tliefe  fa6ls  are  perfedlly  conformable  to  a  mathe¬ 
matical  dedudioii,  from  the  fuppofition  that  the  redun¬ 
dant  fluid  is  fpread  over  the  furface,  and  that  the  in¬ 
terior  points  are  neutral.  If  any  fort  of  doubt  fhould 
remain  in  the  minds  of  thofe  who  are  not  converfant  in 
fiich  difcuflions,  it  muft  be  greatly  removed  by  the  fadl', 
that  it  is  quite  indifferent  whether  one  or  both  globes 
be  folid,  or  be  an  extremely  thin  Ihcll. 

When  an  eleftrified  body  is  touched  with  a  long 
wu're,  and  by  another  of  equal  diameter  and  length, 
coated  to  any  thicknefs  with  lac  or  fealiiig  wax,  the 
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two  wures  take  off  precifely  the  fame  quantity  of  elec¬ 
tricity.  This  was  demonftrated  by  touching  a  globe  re¬ 
peatedly  till  the  eledricity  was  reduced  to  4 

Hence  we  muff  conclude,  that  the  eleftric  fxuid  does 
not  form  a(^ive  atmofpheres  around  bodies,  by  the 
a6lioa  of  whofe  particles  in  contad  (mathematical  or 
phyfical)  the  phenomena  of  attradion  and  repulfion  are 
produced,  but  by  the  adlion  of  the  fluid  in  tue  bodv> 
agreeable  to  the  theory  of  iEpiniis. 

Such  are  the  obfervations  of  Mr  Coulomb.  They 
are  extremely  valuable,  becaufe  they  confirm  in  the 
completeft  manner  the  legitimate  confequences  of  the 
theory. 

We  think  that  the  materiality  of  that  which  is 
transferred  from  place  to  place  in  the  exhibition  of 
eledtric  phenomena,  is  greatly  confirmed  by  feme  obfer¬ 
vations  of  Mr  Wilfon's  in  the  Pantheon.  When  a 
fpark  was  taken  from  the  w  hole  of  the  long  wire  ex¬ 
tended  in  that  vaft  theatre,  the  ieiifation  w^as  fo  different 
from  a  fpark  wdiich  conveyed  even  a  much  greater 
quantity  of  fluid  from  a  pretty  large,  but  compad,  fur- 
face,  that  they  could  hardly  be  compared.  The  lail  was 
like  the  abrupt  twu'tch  with  the  point  of  a  hooked  pin, 
as  if  pulling  off  a  point  of  the  f]<in  ;  the  fpark  from  the 
long  wire  w^as  more  like  the  forcible  piercing  with  a 
needle,  not  very  fliarp,  breaking  the  fidn,  an/pufiiing 
it  inward.  We  had  this  account  from  the  Doctor  in 
converfation.  He  aferibed  it,  wfith  feeming  jufiice,  to 
the  momentum  acquired  by  the  fluid  accelerated  alomr 
that  great  extent  of  wu're.  ^ 
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Skarlcity,  Animal  EiBCTRicirr.  See  Galvanism,  in  this  Sup- 

Siedrome-  plement. 

^  ELECTROMETER,  is  an  infirument  which  mea* 

fures  the  quantity  of  eledricity  in  any  eledrified  body. 
The  mofi  common  eledrometers  are  deferibed  in  the 
article  Electricity  (EncycL),  27,  and  182—233. 
A  very  valuable  one  is  likewife  deferibed  in  85.  of 
the  article  Electricity  in  this  volume  ;  but  there  are 
ftill  two  eledrometers,  of  which  we  have  hitherto  given 
no  account,  though  they  are  of  fuch  value,  that  to  pafs 
them  unnoticed  would  be  unpardonable.  Tlie  firft,  which 
is  incomparably  the  mofi  accurate  and  delicate  iuftrii- 
ment  of  the  kind  that  we  have  feen,  was  invented  by  Mr 
Coulomb,  and  is  adapted  to  afeertain  the  fmallefl  quan¬ 
tity  of  redundant  eledricity,  ,  The  fecond  is  a  late  in¬ 
vention  of  Mr  Cuthbertfon,  the  ingenious  improver  of 
the  air-pump,  and  is  employed  only  to  meafure  the 
charge  of  large  jars  and  batteries. 

Elec  PROM  ETEK,  by  Air  Coulomb  oi  the  Royal  A- 
cademy  of  Sciences  at  Paris,  deferibed  in  the  Memoirs 
for  1785. 

Mr  Coulomb  had  made  fome  experiments  in  exami¬ 
nation  of  Dr  Hook’s  theory  of  fprings  “  ut  teifio  fic 
*vts  and  found,  that  it  was  furprifingly  exad,  in  re- 

fard^  to  the  force  neceffary  for  tvvifting  elaftic  wires, 
laving  fufpended  a  nicely  turned  metal  cylinder  by  a 
fine  wire  in  the  diredion  ot  its  axis,  and  having  given 
it  feveral  turns,  and  left  it  to  regain  its  natural  pofition, 
he  obferved,  that  it  performed  all  its  revolutions  of  u*n- 
twifting  and  twifting  in  times  precifely  equal,  whether 
thefe  ofcillations  were  of  a  few  degrees,  or  conflfted  of 
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feveral  revolutions.  He  thenqe  concluded,  that  the  p,  ^ 
force  with  which  the  wire  endeavoured  to  regain  Its 
natural  pofition  w'as  exadly  proportional  to  its  diftance  v"!— J 

from  it.  ^Engaged,  foon  after,  by  order  from  the  Mi- 
nifter  of  Marine,  in  an  examination  of  the  phenomena 
of  the  mariner's  compafs,  he  took  this  method  of  fuf- 
pending  his  needles,  in  order  to  obtain  exad  meafures 
of  the  forces  which  caufed  them  to  deviate  from  the 
magnetic  meridian.  He  made  fome  obfervations  with 
needles  fo  fufpended  ;  which  are  highly  valuable  to  the 
philofopher  engaged  in  that  ftiidy.  When  his  fuccefs 
in  this  refearch  had  fully  gratified  his  wiflies,  he  turned 
his  thoughts  to  the  examination  of  the  law  of  eledric 
adion  by  the  help  of  an  eledrometer  fufpended  in  the 
fam.e  manner.  It  is  conftruded  as  lollows  ; 

,  ABDC  (fig.  1.)  reprelents  a  glals  cylinder, 
inches  in  diameter  and  in  height.  This  is  covered  by^^^^h 
a  glafg. plate  fitted  to  it  by  a  projedJug  fillet  on  the  un¬ 
der  furface.  This  cover  is  pierced  with  two  round 
holes  ot  ilth  inches  in  diameter.  One  of  them  /is  in. 
the  centre,  ^nd  it  receives  the  lower  end  of  tlie  ixlai's 
tuht  fh,  of  24  inches  height,  which  is  fixed  in  thelioie 
with  a  cement  made  of  fealing  wax,  or  other  eledric 
fubftance.  The  top  of  tins  tube  receives  the  brais 
collar  H  (fig.  2.  n"  3.),  bored  truly  cylindrical,  and 
having  a  fmall  ftioulder,  which  refts  on  the  top  of  the 
tube.  Thiscollar  is  faftened  with  cement,  and  receives  th^ 
hollow  cylinder  <•  (fig.  2.  2.),  to  which  is  joined  the 

circular  plate  divided  on  the  edge  into  360  degrees. 

It  is  alfo  pierced  with  a  round  hole  G  in  the  centre, 
which  receives  the  cylindrical  pin  i  (fig.  2.  n""  i having 
^  1  z 
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tlcdlron'x-  a  milled  head  and  an  index  #  0,  whofe  point  is  bent 
down,  fo  as  to  mark  the  divifions  oil  the  circle  a  b.  This 

- ^pin  turns  ftiffly  in  the  hole  G,  and  the  cylinder 

turns  tteadily  in  the  collar  H.  To  the  lower  end  of  the 
centre  pin  is  faftened  a  little  pincer  g,  formed  like  the 
end  of  a  port-crayon,  and  tightened  by  the  ring  g,  fo 
as  to  hold  fall  the  fufpenfion  wire,  the  lower  end  of 
which  is  grafped  by  a  fimilar  pincer  P  6  (fig.  tighten¬ 
ed  by  the  ring  The  lower  end  f  0  is  cylindrical,  and  it 
is  of  fuch  weight  as  to  drain  the  wire  perfeaiy  draight, 
but  without  any  rilk  of  breaking  it.  It  may  be  made 
half  of  the  weight  that  will  juft  break  it. 

This  pincer  is  enlarged  at  C,  and  pierced  with  a  hole, 
which  receives  tightly  the  arm  ^  C  y  of  the  eledlroriie- 
ter.  This  is  eight  inches  long,  and  confifts  of  a  dry 
filk  thread,  or  (lender  draw  of  fome  grafs  completely 
dried,  and  dipped  in  melted  gum  lac  or  fine  fealing 
wax,  and  held  upright  before  a  clear  fire,  till  it  form 
a  flendcr  cylinder  of  about  inch  in  diameter. 

This  occupies  fix  of  the  eight  inches,  from  ^  to  ^  : 
the  remaining  two  inches  is  a  fine  thread  of  the  lac  or 
fealing’ wax,  as  it  drains  off  in  forming  the  arm.  At  a 
is  a  ball  of  pith  of  elder  or  fine  cork,  one-fourth  01*  one- 
half  of  an  inch  in  diameter,  made  very  fmooth,  and  gilded. 
It  is  balanced  by  a  vertical  circle^  of  paper,  of  large  di- 
menfions,  ftiffened  with  varnifh.  The  refiftance  of  the 
air  to  this  plane  foon  checks  the  ofcillations  of  the  arm. 

The  whole  is  feen  in  its  place  in  fig.  i .  where  the 
arm  hangs  horizontally  about  the  middle  of  the  height 
of  the  great  cylinder.  In  its  ofcillations  the  ball  a 
moves  round  in  a  circle,  whofe  centre  is  in  the  axis  of 
the  whole  iiiftrument.  Its  fituation  is  indicated  by  a 
graduated  circle  Z  O  drawn  on  a  flip  of  paper,  and 
adhering  to  the  glafs  with  varnifh.  The  eleftrified  bo¬ 
dy,  whofe  adion  is  to  be  obferved,  is  another  fniall  ball 
of  cork  /,  alfo  gilt,  or  a  bVafs  ball  well  polifhed.  This 
is  carried  by  a  ftalk  of  gum  lac  tn  f,  inclofing  a  dry  filk 
thread.  This  ftalk  is  grafped  by  a  clamp  of  cleft  deal, 
or  any  fimilar  contrivance  which  lies  firm  on  the  glafs 
cover.  When  this  ball  is  let  down  through  the  hole 
m,  it  ftands  fo  as  to  touch  the  ball  a  on  the  arm  when 
that  ball  is  oppofite  0  on  the  graduated  circle. 

To  eledrify  the  b^ll  /,  we  employ  the  infulating 
handle,  fig.  4.  which  is  a  flender  ftick  of  fealing  w'ax  or 
lac,  holding  a  metal  wire  that  carries  a  fmall  polifhed 
metal  ball.  We  touch  with  it  fome  ekdrified  body, 
fuch  as  the  prime  condudor  of  a  machine,  the  knob  of 
ajar,  See.  Introduce  this  eledrified  ball  cautioufly  in¬ 
to  the  hole  w,  and  touch  the  ball  t  with  it.  The  ball  a 
Is  immediately  repelled,  and  goes  to  a  diftance,  twilling 
the  fufpenfioii-vvire,  till  the  force  of  twift  exerted  by  the 
wire  balances  the  mutual  repulfion  of  the  balls  i  and  a. 

Such  is  the  procefs  for  examining  the  law  of  elec¬ 
tric  adion.  But  when  we  would  examine  the  adieu  of 
different  bodies  in  different  Hates,  another  apparatus  is 
wanted.  This  is  reprefented  by  the  piece  c  ^  d  (fig. 
5.),  confining  of  a  plug  of  fealing  wax  A,  which  fits 
tight  into  the  hole  w,  and  is  pierced  by  the  wire  c  //, 
hooked  at  r,  to  receive  a  wire  conne Sting  it  occafionally 
with  an  eledrified  body,  and  having  below  a  polifhed 
metal  ball  d. 

The  inftrument  is  fitted  for  obfervation  in  the  follow¬ 
ing  manner:  Turn  the  milled  button  b  at  top,  till  the 
twift-Index  i  0  is  on  the  mark  0  of  the  twift  circle.  Then 
turn  the  whole  in  the  collar  H,  till  the  ball  a  ftands 


oppofite  to  the  mark  0  of  the  paper  circle  %  OQ^and  at  Eleeiromc, 
the  fame  time  touches  the  ball  t  or  d,  ter. 

The  obfervation  Is  made  thus  :  The  ball  t  is  elec- 
trified  as  already  fald,  and  a  is  repelled,  and  retires 
from  t,  twifting  the  wire,  and,  after  a  few  ofcillations, 
fettles  at  a  diftance  correfponding  to  the  repulfion.  Now 
turn  the  twift-index,  fo  as  to  force  the  ball  a  nearer  to 

We  eftimate  the  force  of  this  new  repulfion  by  add¬ 
ing  the  motion  of  the  twift-index  to  the  angle  at  which 
the  ball  firft  refted.  By  turning  the  tvviil-index  ftill 
more,  we  bring  the  balls  ftill  nearer,  and  have  a  mea-  , 

fiire  of  another  repulfion.  — And  thus  may  we  obtain 
a<s  many  meafures  as  we  pleafe. 

In  this  way  Coulomb  afcertalned  the  relation  be¬ 
tween  the  repulfion  and  the  diftance  to  be  the  Inverfe  du¬ 
plicate  ratio  of  the  diftances.  He  difeovered  the  law 
of  diflipatioii  by  air  in  contadl,  and  the  relation  which 
this  hears  to  the  primitive  repulfion,  by  obferving  the 
gradual  approach  of  a  to  t  as  the  electricity  diflipates 
from  both,  and  by  flackening  the  twift-index  till  the 
ball  a  retires  to  its  primitive  diftance.  He  afcertalned 
the  diffipation  along  iniperfed  condiuSlors  and  the 
length  neceffary  for  infulation,  by  completely  infulating 
the  ball  /,  and  obferving  the  lofs  by^  air  in  contaCl  with 
it,  and  then  Aiding  a  metal  rod  down  the  infulating 
ftalk,  till  the  diffipation  began  to  exceed  what  took 
place  by  the  air  alone.  He  examined  the  proportion 
of  redundant  fluid  in  communicating  bodies,  by  con¬ 
necting  them  alternately  with  the  piece,  fig.  5,  ;  as  alfo 
by  eledrifyingone  ball,  and  obferving  its  repulfive  force, 
and  then  fharlhg  Its  eleClricity  with  another,  and  ob¬ 
ferving  the  diminution.  He  examined  the  graduation 
of  his  electrometer,  by  fharing  the  eleClrlcity  of  one 
ball  with  an  equal  ball,  which  gave  him  the  poiition 
that  Indicated  one-half;  and,  by  repeating  this,  for  one- 
fourth,  &c.  in  the  fame  manner  as  we  praClifed  and  re¬ 
lated  in  Electricity  [Suppl.)^  n®  141,  See, 

An  example  of  one  or  two  of  tliofe  trials  will  give  a 
clear  conception  of  the  conclufions  deduced  from  thefe 
obfervations. 

The  ball  t  was  introduced  and  eledrified  ;  a  was  re¬ 
pelled,  and  fettled  at  40"^ ;  the  Index  was  twilled  140'', 
which  brought  ^  to  20  ;  and  the  time  was  noted.  The 
eledricity  gradually  diffipated,  and  a  came  nearer  to  /. 

The  Index  was  untwilled  30*^,  and  a  retired  a  little  be¬ 
yond  20*^ ;  but  on  waiting  a  few  feconds,  it  flood  ex- 
adly  at  20^,  The  time  was  again  noted.  The  inter¬ 
val  was  exaCtly  three  minutes.  The  coiiclufion  from  the 
experiment  was  as  follows  ; 

When  the  ball  was  brought  to  20°,  the  repulfion  was 
evidently  140  -b  20,  or  160.  Three  minutes  after¬ 
wards  it  was  210  +  20,  or  130  ;  and  30°  were  loft  in 
three  minutes,  or  10^  per  minute.  The  mean  force  was 
145.  Therefore  the  mean  lofs  per  minute  was  tVt* 

Obferve  alfo,  that  the  primitive  force  correfponding  to 
the  diftance  was  40  ;  and  the  force  correfponding  to 
20  was  160,  or  inverfely  as  20*  to  40^. 

But  obferve,  that  the  diftances  were  not  meafured 
by  the  angles,  but  by  the  chord  of  the  angles. «  The 
obliquity  of  adion  mull  alfo  be  accounted  for  ;  and  the 
real  lever  is  Icfs  than  the  arm,  in  the  proportion  of  ra¬ 
dius  to  the  cofine  of  4-  the  angle. 

The  wire  ufed  by  Coulomb  in  his  firft  experiments- 
on  the  law  of  adion  was  of  fi>ch  ftrength,  that 
of  a  French  grain,  applied  at  the  point  a,  held  it  fail 

till 
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T7ie(5lrome*tIll  the  twift  index  was  turned  360'’^;  To  that  one  de- 
ter,  jrree  correfponded  to  7-1  of  a  grain.  A  foot  of 

this  wire  vveighed  of  a  grain.  Experience  having 
fhewn  that  this  was  a  fenfibility  far  exceeding  what  was 
ncceffary  for  tlie  meafures  that  he  had  in  view,  and 
made  the  inftrument  too  delicate  for  common  ufes,  he 
fnbftituted  much  ftronger  and  fliorter  wires,  and  recom¬ 
mends  much  fmaller  dimenfions  for  the  whole  inlhiiment. 
We  have  made  two  of  only  five  inches  in  diameter  and 
14  inches  high  ;  the  arm  a  g  being  2t  inches,  and  the 
fufpenfion  a  fingle  fibre  of  filk,  carrying  30  grains, 
it  is  far  more  fenfible  than  Benntt’s  gold  leaf  elec¬ 
trometer,  The  fame  Inftrument,  with  a  lilver  wire  fuf- 
penfion,  and  a  thread  of  lac  projediing  from  the  end  gy 
as  an  Index  to  coincide  more  clofely  with  the  fcalc,  is 
fafiiciently  nice  lor  all  experiments  of  meafurement.  It 
is  always  proper  to  have  the  diameter  of  the  cylinder 
double  the  length  of  the  arm,  that  the  adtion  of  the 
glafs  may  not  difturb  the  polition  of  the  arm.  .  It  is 
greatly  improved  by  having  a  round  hole  in  the  bottom 
of  the  inflrument,  in  which  the  cylinder  C  0  of  the 
lower  pincer  may  hang  freely  :  this  prevents  much  tedi¬ 
ous  ofcillation.  For  ordinary  experiments,  for  meafur- 
ing  charges  of  batteries,  and  the  like,  a  much  lefs  deli¬ 
cate  Inflrument,  with  a  fufpenfion- wire  flrained  at  both 
ends,  is  abundantly  delicate,  and  vallly  more  manage¬ 
able.  The  wire  fhould  extend  as  far  below  the  arm  as 
above  It,  and  fhould  be  grafped  below,  by  a  pincer  turn¬ 
ing  by  a  milled  head  in  a  hole  at  the  end  of  a  flender 
fpring.  This  enables  us  to  adjufl  the  inflrument  fpeedl- 
ly.  Having  placed  the  twifl-index  at  o,  turn  this  lower 
button  gently  till  the  ball  a  points  exaftly  to  o  on  the 
paper  circle.  Even  In  tins  coarfefl  (late  we  have  found 
it  more  delicate,  and  much  more  exadt,  than  the  eleClro- 
meter  deferibed  in  ElilCtricity  [SuppL),  85.  which 
was  much  more  codly,  and  liable  to  accidents.  Cou¬ 
lomb’s  eledlrometer  has  the  great  advantage  of  walling 
very  little  eledlrlcity  ;  whereas  Henly’s,  or  Brookes’s, 
or  de  Euc’s,  walle  it  very  fall  when  it  is  intenfe. 

We  improved  it  greatly  by  taking  away  the  appara¬ 
tus  with  the  ball  /,  and  fubllituting  the  piece,  fig.  5. 
for  it,  after  changing  its  conllrudlion  a  little.  Inllead 
of  the  wire  c  dy  we  ufed  the  fmallell  glafs  tube  that  we 
could  varnifh  on  the  infide,  by  drawing  through  it  a 
filk  thread  dipped  in  varnifh.  Having  varniflied  It  with 
lac  both  within  and  without,  a  brafs  ball  d  was  fixed 
on  its  lower  end,  and  a  fine  wire,  with  a  ball  at  top, 
was  put  down  into  the  tube,  fo  as  to  touch  the  ball  be¬ 
low.  When  the  plug  was  fitted  into  the  hole  m  once 
for  all,  the  fituation  of  the  ball  ^  fuffered  no  alteration. 
When  delicate  ‘experiments  arc  to  be  made,  the  upper 
ball  c  is  touched  by  the  charger,  fig.  4.  which  eledtrifies 
d,  C  is  immediately  drawn  out  with  a  glafs  forceps  ; 
and  thus  is  left  completely  infulated.  When  external 
dedlricity,  fnch  as  the  faint  eledlrlcity  of  the  atmo- 
fphere  is  to  be  examined,  the  wire  is  allowed  to  re¬ 
main  In  the  tube. — N»  B,  A  fcriipulous  experimenter, 
who  may  objedf  to  the  flraining  fpring  recommended 
above,  may  fubflitute  a  fmall  weight,  which  will  be  con- 
ilaut  I»  its  adtion. 

I'he  reader  will  obferve,  that  this  eledlrometer,  as 
hitherto  managed,  meafures  only  repulfions.  It  is  not 
fo  eafy  to  meafure  attradlions  with  it  ;  and  Mr  Cou¬ 
lomb  was  obliged  to  take  a  very  circuitous  method,  du¬ 
ring  which  a  great  deal  of  eledlrlcity  was  diflipated. 
2n  this  refpedl,  the  eledlrometer  deferibed  in  the  article 


Electricitv  [SuppIJ)  has  the  advantage  ;  but  in  every 
other  refpedl,  Mr  Coulomb’s  is  the  finell  eledlrometer 
that  has  yet  been  publifhed,  givi.ag  abjolute  rieafiires,  and 
this  with  great  accuracy.  Hie  Hon.  Mr  Cavendilh 
has  employed  the  conflrudlion  in  his  moll  valuable  ex¬ 
periments  on  the  force  of  gravity  {Ph'tL  Tranf,  1798, 
Part  II.)  ;  an  experiment  which  Newton  would  have 
been  delighted  with  obferviiig. 

Cuthhertfoids  ELF.c‘rROMETF.R  Is  thus  deferibed  by 
himfelf  in  the  lall  number  of  the  fecond  volume  of  N't- 
cholfotds  Philofophical  youmaL  GH  (fig*  6.)  is  an 
oblong  piece  of  wood,  about  1  8  inches  In  length  and  fix 
In  breadth.  In  which  are  fixed  three  glafs  fupporters, 
D,  E,  F,  mounted  with  bi*afs  balls,  ay  r,  b.  Of  thefc 
fupporters  E  and  F  are  txadlly  of  the  lame  length  ; 
but  D  is  four  inches  fliorter.  Under  the  brafs  ball  a 
is  a  long  brafs  hook  j  the  ball  c  is  made  of  two  hemi- 
fpberes,  the  under  one  being  fixed  to  the  orafs  mount¬ 
ing,  and  the  upper  turned  with  a  groove  to  fhut  upon 
it,  fo  that  it  can  be  taken  ofl'  at  plealure.  The  ball  b 
has  a  brafs  tube  fixed  to  it,  about  three  inches  long*, 
cemented  on  the  top  of  F,  and  the  fame  ball  has  a  hole 
at  the  top,  of  about  one-half  inch  diamater,  correfpond- 
ing  with  the  infide  of  the  tube.  AB  Is  a  flralght  brafs 
wire,  with  a  knife-edged  centre  in  the  middle,  placed  a 
little  below  the  centre  of  gravity,  and  equally  balanced 
with  a  hollow  brafs  ball  at  each  end,  the  centre,  or 
axis,  refling  upon  a  proper  fliapcd  piece  of  brafs  fixed 
ill  the  infide  of  the  ball  c ;  that  fide  of  the  hemlfphere 
towards  c  is, cut  open,  to  permit  the  end  r  A  of  the  ba¬ 
lance  to  defeend  till  it  touches  the  bail  and  the  upper 
hemifphere  C  is  alfo  cut  open  to  permit  the  end  r  B  to 
afceiid  ;  i  is  a  weight,  weighing  a  certain  number  of 
grains,  and  made  in  the  /orm  of  a  pin  with  a  broad 
head  ;  the  ball  B  has  two  holes,  one  at  the  top,  and  the 
other  at  the  bottom  ;  the  upper  hole  is  fo  wide,  as  to 
let  the  head  cf  the  pin  pafs  through  it,  but  to  flop  at 
the  under  one,  with  its  fiiank  hanging  freely  in  ^  ;  i  is 
a  common  Henley’s  quadrant  electrometer;  and  when  hi 
ufe  it  is  ferewed  upon  the  top  of  c. 

It  is  evident,  from  the  conllruCtion,  that  If  the  foot 
(land  horizontal,  and  the  ball  B  be  made  to  touch  by  it 
will  remain  in  that  pofition  without  the  help  of  the 
weight  i ;  and  if  it  fhould  by  any  means  receive  a  very 
low  charge  of  ele6lric  fluid,  the  two  balls  by  B,  will  re¬ 
pel  each  other  ;  B  will  begin  to  afeend,  and,  on  account 
of  the  centre  of  gravity  being  above  the  centre  of  mo¬ 
tion,  the  afcenfioii  will  continue  till  A  reft  upon  a.  If 
the  balance  be  fet  again  horizontal,  and  the  pin  i  be 
put  into  its  place  in  B,  it  will  caufe  B  to  reft  upon  by 
with  a  prefiiire  equal  to  that  weight,  fo  that  more  elec¬ 
tric  fluid  muft  be  communicated  than  formerly  before 
the  balls  will  feparate  ;  ar-d  as  the  weight  in  B  is  increa- 
fed  or  dimiuifhed,  a  greater  or  lefs  quantity  of  eleClric 
fluid  will  be  required  to  efteCl  a  feparation. 

When  this  inflrument  Is  to  be  applied  to  a  jar,  or 
battery,  one  end  of  a  wire  L  muft  be  Inferted  into  a 
hole  in  by  and  the  other  end  into  a  hole  of  any  ball  pro¬ 
ceeding  from  the  Infide  of  a  battery,  as  M.  A  chain,, 
or  wire,  or  any  body  through  which  the  charge  Is  to 
-pafs,  muft  be  himg  to  the  hook  at  and  carried  from 
thence  to  the  outfide  of  the  battery,  as  is  reprefeated 
by  the  line  N.  k  muft  be  ferewed  upon  r,  with  its  In¬ 
dex  towards  A.  The  reafon  of  this  inflrument  being 
added,  is  to  fliew,  by- the  index  continuing  to  rife,  that 
the  charge  of  the  battery  is  increafing,  becaufe  the 

other 
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HltxHirome-  other  part  of  the  inflrumeiit  does  not  acl  till  the  battery 
has  received  its  required  charge. 

It  is  almoil  needlefs  to  obferve  that  this  inftrument 
confilts  of  three  ele6lrometers,  viz.  Henley's  ele^rorne- 
ter,  Lane’s  difcliarging  eledrometer  confiderably  im¬ 
proved,  and  Brookcvs's  ileelyard  electrometer  improved 
likewife.  By  this  combination  and  thefe  improvements, 
we  poficis  all  that  can  be  required  in  an  eleClrometer 
for  batteries  and  large  jars  ;  for,  by  /*,  we  fee  the  pro- 
grefs  of  the  charge  ;  by  the  feparation  of  B  we  have 
the  repiilfive  power  in  weight ;  -and  by  the  ball  A,  the 
difeharge  is  caufed  wLen  the  charge  has  acquired  the 
Ilrength  propofed. 

In  the  journal  from  which  this  abftraCl  is  taken,  the 
reader  will  find  fome  curious  experiments  made  with 
batteries  by  means  of  this  eleClrometer  ;  but  one  will 
be  fumcieut  to  explain  its  ufe.  Prepare  the  eledro- 
meter  ill  the  m.:^nner  fiiewn  in  the  figure,  with  the  jar 
M  annexed,  which  contains  about  16H  fquare  inches  of 
coating.  Bake  out  the  pin  in  B,  and  obferve  whether 
the  ball  B  will  remain  at  reft  upon  h;  if  not,  turn 
the  adjufting  ferew  at  C  till  it  juft  remains  upon  A^ 
Put  into  B  the  pin,  marked/,  weighing  grains ; 
take  two  inches  of  watch-pendulum  wire,  fix  to  each 
end  a  pair  of  fpriiig  tongs,  as  is  reprefented  at  G 
liook  one  end  to  w,  and  the  other  to  the  wire  N,  com¬ 
municating  with  the  outfide  of  the  jar;  let  the  uncoat- 
cd  part  of  the  jar  be  made  very  clean  and  dry  ;  and  let 
■the  prime  condu6lor  of  an  eleCtrical  machine,  or  a  wire 
proceeding  from  it,  touch  the  wire  L  ;  then,  if  the  ma¬ 
chine  be  put  in  motion,  the  jar  and  eleClrometer  will 
charge,  as  will  be  feen  by  the  rifing  of  the  index  of  k  \ 
and  when  charged  high  enough,  B.  will  be  repelled  by 
by  and  A  will  defeend  and  difeharge  the  jar  through 
the  wire  which  was  confined  in  the  tongs,  and  the  wire 
will  be  fufed  and  run  into  balls.  The  ingenious  author, 
by  breathing  through  a  glafs  pipe  into  the  jar,  damped 
ft  a  little  in  the  iniide.  Then  loading  B  with  a  pin  of 
30  grains,  he  obtained  fuch  a  charge  as  fufed  eight 
inches  of  watch  pendulum  wire,  difpofed  exadtly  as  the 
two  inches  were  difpofed  in  the  former  experiment.  By 
repeating  and  varying  his  experiments,  he  found  that 
double  quantities  of  eledrical  fluid,  in  the  form  of  a 
difeharge,  will  melt  four  times  the  length  of  wire  of  a 
certain  diameter, 

ELECT.  ROPHORUS.  See  Electricity  in  this 
Supplement. 

ELEPHAS,  the  Elephant.  Sec  Eneyehp/tdia ; 
where  the  natural  hiftory  of  this  huge  and  fagacious 
animal  is  detailed  at  confiderable  length.  Since  that 
article  was  pubhfhed,  w’’e  have  feen  the  third  volume  of 
the  Afiatic  Refearches,  in  which  fome  important  qUef- 
tions,  wdiich  we  were  then  obliged  to  leave  in  uncer¬ 
tainty,  feem  to  be  decided  by  John  Corfe,  Efq.  They 
relate,  \Jly  To  the  mode  in  which  elephants  copulate  ; 
which  Biiffon  afterts  (and  in  proof  of  his  aflertion  ad¬ 
duces  the  ftruaure  and  pofition  of  the  generative  organ 
in  the  female)  to  be  performed  while  that  female  re¬ 
mains  recumbent  on  the  back  ;  but  which  Mr  Corfe  in- 
fifts  from  ocular  evidences  takes  place  after  the  manner 
m  wdiich  the  horfe  copulates  with  the  mare.  2^/,  To 
the  method  of  receiving  nourifliment  from  the  mother  ; 
which  IS  not,  as  Buffon  avers,  by  the  trunk,  but  by  the 
mouth,  which  fucks  the  dug,  while  the  trunk  of  the 
young  animal  grafps  it  round  to  prefs  out  the  milk, 

34  To  the  period  of  their  going  with  young ;  which 
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Mr  Corfe  conceives  cannot  be  lefs  than  two  years ; 
whereas  Butrou  and  Pennant  ailign  only  nine  months 
for  the  geftation  of  their  young.  His  reafoiis  for  this 
fuppofition  are  unanfwerable,  and  ihall  be  given  in  his 
own  words. 

“  As  far  as  I  know,  the  exad  time  an  elephant  goes 
with  young  lias  not  yet  been  afeertained  ;  but  it  cimnot 
be  lefs  than  two  years,  as  one  of  the  elephants  brciiglit 
forth  a  young  one,  twenty  one  months  and  three  days 
after  fhe  was  taken.  She  was  obferved  to  be  with 
young  in  April  or  May  1788,  and  fhe  was  only  taken 
in  January  preceding  ;  fo  that  it  is  very  likely  ftie  miiil 
have  had  conne(ftioii  with  the  male  lome  months  before 
fhe  was  fecured,  otherwile  they  could  not  have  difeo- 
yered  that  fhe  was  with  young,  as  a  foetus  of  lefs  than 
fix  months  cannot  well  be  fuppofed  to  make  any  alte¬ 
ration  in  the  fize  or  fhape  of  fo  large  an  animal.  The 
young  one,  a  male,  was  produced  0<ftober  « 6,  1789, 
and  a])peared  in  every  refped  to  have  arrived  at  its  full 
time.  The  gentleman  to  whom  it  belongs  examined 
its  month  a  few  days  after  it  was  brought  forth,  and 
found  that  one  of  its  grinders  on  each  fide  had  partly 
cut  the  gum.” 

When  Mr  Corfe  VTote  his  memoir,  the  young  ele¬ 
phant  was  adive  and  well,  and  beginning  to  eat  a  little 
grafs.  In  Africa  the  Hottentots  feed  on  the  elephant  ; 
and  M.  Vailant  declares,  that  an  elephant’s  foot,  when 
baked  in  their  manner,  is  a  moft  delicious  morfel. 

ELEPHANTIASIS  (fee  Medicine,  n®  352.  En^ 
cycl.)  is  one  of  the  moft  dreadful  maladies  with  which 
the  human  race  is  anywhere  afflided.  It  is  not  indeed 
common,  if  it  be  found  at  all, 'in  the  temperate  climates 
of  Europe  ;  but  it  is  frequent  in  the  Eaft  and  Weft  In¬ 
dies,  where  it  too  often  baffles  the  fliill  of  the  ableft 
phylicians.  In  the  fecond  volume  of  the  Afiatic  Re¬ 
fearches  we  have  the  following  prefeription  for  its  cure  : 

‘‘  Take  of  fine  frefh  white  arfenic  one  tola,  or  io<j 
grains  ;  of  picked  black  pepper  fix  times  as  much  :  let 
both  be  well  beaten  at  intervals  for  four  days  fiiccelfix  e-' 
ly  in  an  iron  mortar,  and  then  reduced  to  an  impalpa¬ 
ble  powder  in  one  of  ftune  with  a  ftone  peftle,  and  thus 
completely  levigated,  a  little  water  being  mixed  with 
them.  Make  pills  of  them  as  large  as  tares  or  fmall 
pulfe,  and  keep  them  dry  in  a  fhady  place.  One  of 
thofe  pills  muft  be  fwallowed  morning  and  evening  with 
fome  betel  leaf,  or  in  countries  where  betel  is  not  at 
hand,  with  cold  water  :  if  the  body  be  cleaiifed  from 
foulnefs  and  obftriidions  by  gentle  cathartics  and  bleed¬ 
ing  before  the  medicine  is  adminiftered,  the  remedy  will 
be  fpeedier.” 

This  prefeription,  we  are  told,  is  an  old  fecret  of  the 
Hindoo  phyficians,  which  they  confider  as  a  powerful 
remedy  aga,inft  all  corruptions  of  the  blood,  whether 
occafioned  by  the  elepliantiafis  or  the  venereal  difeafe, 
which  they  call  the  Perfian  fire,  and  which  they  apply 
likewife  to  the  cure  of  cold  and  moift  diftempers,  or 
palfy,  diftortlons  of  the  face,  relaxation  of  the  nerves, 
and  fimllar  difeafes.  As  the  Hindoos  are  an  ingenious 
and  fcientific  people,  it  might  be  worth  forne  European 
phyfician’s  v/hile  to  make  trial  of  this  ancient  medicine 
in  the  Weft  Indies,  where  the  elephantlafis  or  kindred 
difeafes  prove  fo  frequently  fatal. 

ELEVATION,  in  architedlure,  denotes  a  draught 
or  description  of  the  principal  face  or  lide  of  a  building  ; 
called  alio  its  upright  or  orthography* 

ELLIPSE,  or  Ellipsis,  is  one  of  the  conic  fec- 

tions, 
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tions,  popularly  called  an  oval ;  being  called  an  elllpfe 
or  ellipjts  by  Apollonius,  the  firft  and  principal  author 
on  the  eonic  fe^lions,  becaufe  in  this  figure  the  fquares 
^  of  the  ordinates  are  lefs  than,  or  defeBive  of,  the  rec- 
tang;les  under  the  parameters  and  abfcifies.  See  Conic 
SeBlonSy  Eneycl. 

ELLIPSOID,  is  an  elliptical  fpheroid,  being  the 
folid  generated  by  the  revolution  of  an  ellipfe  about 
cither  axis. 

ELLIPTOIDE,  an  infinite  or  indefinite  ellipfis,  de¬ 
fined  by  the  indefinite  equation 

when  m  or  n  are  greater  than  i  :  for  when  they  are 
each  z=  i,  it  denotes  the  common  ellipfe. 

There  are  feveral  kinds  or  degrees  of  elliptoides,  de¬ 
nominated  from  the  exponent  w  4-  «  of  the  ordinate  y. 

As  the  cubical  elhptoide,  expreffed  by  ay^  b  x* 

—  X  ;  the  biquadratic,  or  furfolid  ay^  zz  hx^.a  —  x^ \ 

EMINENTIAL  EQUATION,  a  term  ufed  by  fome 
algebraifts,  in  the  inveftigation  of  the  areas  of  curvili- 
neal  figures,  for  a  kind  of  afiiimed  equation  that  con¬ 
tains  another  equation  eminently,  the  latter  being  a  par¬ 
ticular  cafe  of  the  former. 

ENAMELLING  of  Vessels  for  the  Kitchen. 

In  the  year  1779  the  Society  of  Emulation  in  Paris 
propofed  as  a  prize  queftion,  ”  To  difcover  a  compofi- 
tion  fit  for  making  kitchen  iitenfils  which  fliould  be 
free  from  the  difadvantages  attending  copper,  lead,  tin¬ 
ned  veffels,  glazed  earthen-ware,  &c.  which  fhould  be 
as  ftrong  as  pofiible,  lefs  coftly  than  the  veflels  ufed  at 
prefent,  and  w^hich  Ihould  be  able  to  bear  the  higheft 
degree  of  kitchen  fire,  and  the  moft  fudden  ehaiiges 
from  heat  to  cold.’^ 

In  confequence  of  this  propofal,  Mr  Sven  Rinman  ©f 
the  Royal  Academy  of  Stockholm,  without  any  inten¬ 
tion  ot  being  a  candidate  for  the  premium  offered  by 
the  Society  of  Emulation,  inflituted  a  fet  of  experi¬ 
ments  on  fmall  veffels  of  copper  and  hammered  iron, 
with  the  view  of  giving  to  them  a  coating  of  w'hat 
may  properly  be  called  enamely  which  fhould  not  have 
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fully  flirred.  The  veffel  which  he  intended  to  coat, 
having  firfl  been  wetted  by  dipping  it  in  water,  had  as 
much  of  the  aforefaid  powder  applied  to  its  infide,  by 
means  of  a  very  fine  filk  fievc,  as  would  adhere  to  it  of 
itfelf,  or  could  be  made  to  do  fo  by  prefling  it  with 
the  finger.  After  this  veffel  had  been  dried  and  gra¬ 
dually  heated,  it  was  expofed  to  a  fudden  and  violent 
heat,  partly  in  a  coal-fire,  kept  up  by  a  pair  of  bellows 
(the  veffel  being  at  the  fame  time  covered,  fo  that  no 
coals  or  afhes  could  fall  into  it),  and  partly  in  an  affay- 
ing  furnace. 

In  the  coal- fire,  and  with  a  heat  as  violent  as  is  com¬ 
monly  ufed  to  make  copper-folder  run,  the  mixture  was 
melted,  in  about  the  fpace  of  a  minute,  into  an  opaque 
white  enamel,  which  evenly  covered  the  furface  of  the 
copper,  and  fixed  itfelf  pretty  firmly  to  the  metal  ;  it 
alfo  bore  hard  blows  without  breaking,  and  refilled  the 
trials  made  by  boiling  things  In  it,  and  by  applying 
acids  to  it.  The  forementioned  mixture  was  alfo  redu¬ 
ced  into  a  fine  powder  in  a  glafs  mortar,  and  made  into 
a  fort  of  thin  pafte  with  water ;  it  was  then  applied  to 
the  veffel  with  a  fmall  brufh,  an  operation  as  eafy  as 
that  of  applying  any  other  wet  eoloiTrlng  matter.  He 
likewife  tried  this  pafte,  by  covering  veffels  with  it  in 
the  fame  way  the  potters  apply  their  common  glazing 
for  ftone-ware.  By  both  the  above-mentioned  proeeffes 
he  obtained  a  very  fmooth  coating,  particularly  by  the 
latter,  which  is  more  quickly  performed.  When  the  pafte 
is  applied,  the  veffel  fnould  be  made  a  little  warm,  fo» 
alfo  fhould  the  pafte  itfelf. 

If  the  conftitueiit  parts  of  thefe  two  fiibftances  be  con-- 
fidered  (that  is  to  fay,  that  gypfum  is  eompofed  of  calca¬ 
reous  earth  faturated  with  vitriolic  (fulphiiric)  aeid,  and 
fliior  fpar  of  a  particular  acid  united  to  filiceous  earth  ; 
alfo,  that  the  whole,  when  put  into  the  fire  without  the 
addition  of  any  other  fubftance,  is,  of  all  earthy  or  ftony 
mixtures,  that  which  the  moft  eafily  melts  into  an  o- 
paque  white  glafs,  not  very  brittle),  and  if,  on  the 
other  hand,  the  adlon  of  acids  be  attended  to— we  fhall 
eafily  conceive  thefe  fuhflances  muft  attach  themfelves 
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the  defedls  of  tinning,  and  which,  when  applied  to  iron,  ftrongly  to  copper,  and  that  the  vaniifh  formed  by  them 
fhould  take  from  it  the  inconvenlency  of  ruiliiig,  and  cannot  afterwards  be  diffolved  or  aded  upon  by  adds,- 
of  blackening  many  forts  of  viduals^  when  they  are  The  greateft  difficulty  attending  on  this  fimple'  mix- 
dreffedin  it.  Thefe  experiments  he  fubmitted'  to  the  ture  is,  the  ftrong  and  fudden  heat  neceffary  to  apply  it 


academy,  of  which  he  was  a  member  ;  and  as  we  think 
them  Important,  we  fiiall  lay  the  fubftance  of  them  be¬ 
fore  our  readers.' 

The  moft  common,  and  the  cheapeft,  kind  of  white 
enamel  that  is  to  be  met  with  in  the  (hops  (which  is  an 
opaque  white  glafs,  eompofed  of  powdered  quartz,  of 
glafs  of  lead,  and  of  calx  of  tin),  was  tried  for  coat¬ 
ing  kitchen. Iitenfils  ;  and  he  found  that  it  was  excellent 
for  the  purpofe,  as  it  produced  a  coating,  which  wa& 
not  only  clean  arid  agreeable  in  its  appeartnee,  but  pof- 
feffed  likewife  all  the  power  of  refifting  the  adlion  of 
fire  and  of  acids  that  could  be  defired.  But,  as  it  is 
very  dlfiiciilt  to  apply,  is  very  dear  for  common  ufe, 
and  is  befides  confidered  as  nut  being  capable  of  refill¬ 
ing  violent  blows  or  falls,  he  made  various  experiments 
with  fubftanees  of  lefs  price;  of  which  the  following  are 
certainly  w^orthy  of  being  related. 

I.  The  white  femi-tranfparent  finor  fpar  was  reduced 
into  a  fine  powder*,  with  an  equal  quantity  of  iinburnt 
gypfum,  and  afterwards  calcined  in  a  ftrong  fire  with  a 
white  heat ;  the  whole  being,  from  time  to  time,  care. 


with  elfedt,  that  heat  l\ing  greater  than  is  commonly 
to  be  obtained  in  an  alfaying  furnace.  On  that  ac¬ 
count,  M.  Riiiman  endeavoured  to  render  it  more  fu- 
fible  by  the  addition  of  fome  other  fubftance. 

Of  his  experiments  made  with  this  view,  fome  failed, 
and  others  fucceeded.  We  fiiall  record  only  fuch  as  were 
fuceefsful,  and  at  fame  time  attended  with  fuch  mode¬ 
rate  expence  as  not  to  preclude  them  from  common  ufe.. 

2.  With  the  fubftanees  employed  in  his  firft  experi¬ 
ment,  which,  with  the  author,  we  fh<’ll  henceforth  call 
n"^  I.  he  mixed  an  equal  quantity  of  what  is  called  /w- 
fible  glafs  (vitrum  fufhtlef  eompofed  of. fix  parts  of 
lime,  four  of  fiiior  fpar,  two  of  quartz  reduced  into  a 
fine  powder,  and  one  tenth  of  a  part  of  manganefe  ; 
the  whole  having  been .  calcined,  and  ground  with  wa¬ 
ter  in  the  manner  colours  are  ground,  he  fpread  it  on 
the  veffel  with  a  brufh.  This  mixture  ran  pretty  well 
upon  the  copper  in  the  coal  fire  ;  it  alfo  attached  itfelf 
very  ftrongly  to  it,  and  produced  an  enamel  which  was 
firm  and  hard,  and  fceined  likely  to  bear  wear  ;  but 
it  was  of  a  dark  grey  colour,  and  without  any  brillian¬ 
cy  > 
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cy.  The  mixture  did  not  melt  more  readily  in  the  af-  in  enamelling)  ta  remove  the  veflel  from  the  fire  as  fuon  Ffiamcl. 
faying  furnace.  as  it  had  acquired  a  brilliant  appearance  therein,  or  as 

Two  parts  of  i.  with  one  part  of  the  fufible  glafs,  foon  as  the  enamel  was  completely  melted. 
and  a  quarter  of  a  part  ot  manganefe,  had  nearly  the  8.  Twelve  parts  of  glafs  of  lead,  or  of  litharge,  with 
fame  effedf.  This  lad  mixture^  indeed,  was  rather  more  eight  parts  of  dint  glafs,  and  two  of  flowers  of  zinc, 
eafily  melted,  but  it  had  a  darker  colour.  were  melted,  in  the  (pace  of  feven  minutes,  into  a  clear 

3;  Eight  parts  of  n®  1.  with  one  half  of  a  part  of  yellow  glafs,  which,  when  ufed  for  enamelling,  w^as  dif. 
borax,  one  quarter  of  a  part  of  nitre,  and  half  a  part  pofed  to  form  bubbles;  but,  by  continuing  the  heat  for 
of  manganefe,  were  melted,  in  the  fpace  of  ten  minutes,  a  longer  time,  the  bubbles  were  difperfed,'  and  he  ob- 
into  a  browm  liver-coloured  glafs  ;  which,  in  the  af-  tained  a  pretty  good  enamel,  of  a  yellow  brown  colour 
faying  furnace,  produced  upon  the  copper  veflel  a  black  wu'th  a  greeniih  call,  very  hard  aiid  firm.  It  refifled 
enamel,  which  had  a  dull  furface.  In  other  refpedls  it  the  adion  of  the  vegetable  acids,  like  the  enamels  al- 
was  firm,  even,  and  hard;  but  it  did  noj  fufficiently  co-  ready  fpoken  of,  but  it  was  a  little  attacked  by  the  mi« 
ver  the  veflel  by  a  Angle  appheation,  nor  w^as  it  capable  neral  acids. 

of  refifting  the  aftion  of  acids.  9.  He  powdered  and  mixed  together  five  parts  of  flour 

4.  One  part  of  the  brown  glafs  mentioned  in  the  laft  fpar,  five  parts  of  gypfum,  two  parts  of  minium,  one 

experiment,  wuth  three  parts  of  n'^  1.  became  in  the  half  of  a  part  of  borax,  two  parts  of  flint  glafs,  one  half 
affaying  furnace  with  a  red  heat,  almofl:  as  fluid  as  the  of  a  part  of  calx  of  tin,  and  only  one  twenty-fifth  of  a 
laft,  and  held  an  even  and  fmooth  furface;  but  it  was  of  part  of  calx  of  cobalt.  This  mixture  was  melted  in  a 
a  dark  colour,  and  had  not  any  brilliancy.  It  was  not  crucible  in  fix  minutes,  by  help  of  the  bellows,  and  pro- 
fenfibly  a6led  upon  by  vitriolic  (fulphuric)  acid.  duced  an  opaque  glafs  of  a  pearl  colour,  a  little  incli- 

5.  Four  parts  of  n*^  i.  mixed  with  one  half  of  a  part  nirig  to  blue,  on  account  of  the  calx  of  cobalt.  It 

of  litharge,  were  melted  in  a  crucible,  with  the  help  of  was  pretty  hard,  and,  after  being  ground  with  water 
the  bellows,  in  five  minutes, To  as  to  become  as  fluid  as  in  the  ufual  way,  it  became  of  a  very  good  confiftence, 
water.  This  mixture,  during  the  fufion,  emitted  a  fo  as  to  be  very  fit  for  fpreading  over  veflels,  to  which 
fmell  of  fulphureous  acid,  and  formed  an  opaque  glafs  !t  adhered  very  ftrongly.  If  any  bubbles  formed  on 
of  a  ftraw  colour  ;  which,  after  being  ground,  as  ufual,  the  veflel  during  its  drying,  they  might  be  rubbed  down 
and  fpread  upon  a  copper  veflel,  produced  an  enamel  with  the  finger,  and  the  whole  furface  rendered  fmooth 
which  covered  the  veflel  very  evenly,  and  was  with-  and  even.  After  being  warmed,  and  gradually  heated, 
out  bubbles.  It  was  likewife,  perhaps,  the  hardeft  of  it  was  put  into  an  aflaying  furnace  made  very  hot  with 
all,  but  could  not  be  melted  in  the  aflaying  furnace,  birch  charcoal,  whidh  had  been  juft  kindled  under  the 
requiring  a  ftronger  fire  kept  up  by  the  bellows.  It  muflle.  After  a  minute  it  melted,  and  began  to  appear 
preferved  its  ftraw  colour,  but  without  any  luftre,  and  brilliant ;  fo  that.be  found  it  neceflary  to  take  out  the 
refifted  the  adlion  of  acids  better  than  the  common  gla-  veflel  very  quickly,  which  was  already  very  evenly  coat- 
zing  of  the  potters.  ed  with  a  thick,  and  fufficiently  bard,  enamel,  the  fur- 

6.  Mr  Rinnian  mixed  together  equal  quantities  of  face  of  which,  however,  had  no  brilliancy. 

gypfum,  fluor  fpar,  and  what  the  potters  call  •zif/jife  The  colour  remained  always  inchning  to  green,  be- 
/eaci  {A),  and  which  ftrves  for  the  bafis  of  their  glazing,  caufe  the  copper  had  been  a  little  attacked  by  the  acids 
This  mixture,  after  being  calcined,  melted  in  five  mi-  of  the  gypfum  and  flour  fpar  duriog  the  fufion  ;  but 
nutes,  wdth  the  affiftance  of  a  pair  of  bellowrs,  into  a  in  other  refpe£ls  this  enamel  was  very  firm,  was  very 
very  white,  hard,  and  opaque  enamel,  which  was  very  little  hurt  by  flight  blow^s,  and  bore  very  well  fuddeu 
eafily  poured  out  of  the  crucible.  This  enamel,  treat-  changes  of  heat  and  cold.  Weak  acids  had  no  d^ion 
ed  like  the  others,  ran  very  freely,  equally,  and  with-  upon  it;  but  he  had  fome  reafon  to  think  that  it  would, 
out  bubbles,  by  the  heat  of  the  aflaying  furnace.  It  in  length  of  time,  have  been  a6led  upon,  to  a  certain 
was  alfo  pretty  hard  and  ftroiig,  but  w’ithout  any  luftre,  degree,  by  vitriolic  (fulphuric)  acid.  Its  colour,  ex- 
and  had  green  and  yellow^  fpots,  occafioned  by  the  acids  cept  the  foremeiitioned  fhade  of  green,  was  white,  with 
of  the  gypfum  and  flour  fpar,  which  had  aded  upon  a  dull,  and  rather  changeable  furface. 
the  copper  during  the  fufion  of  the  enamT.  It,  how-  The  calx  of  cobalt  which  has  been  juft  mentioned, 
ever,  bore  melting  two  or  three  times,  and  then  ap-  and  wffiich  Mr  Rinman  made  ufe  of  merely  with  the  in- 
peared  of  a  white  colour;  it  was  but  very  little  affeded  tention  of  obtaining  a  fine  colour,  was  prepared  by  fa- 
by  other  acids.  ^  tiirating  a  folution  of  cobalt  in  aquafortis  (nitric  acid) 

7.  E*qual  parts  of  fluor  fpar,  of  gypfum,  oi  litharge,  with  common  fait,  and  evaporating  to  drynefs ;  by 
and  of  pure  flint  glafs,  powdered  and  mixed  together,  which  means  he  obtained  a  fine  rofc- coloured  calx.  A 
melted  in  five  minutes,  by  the  help  of  a  pair  of  bellows,  very  fmall  quantity  of  this  calx,  when  mixed  with  any 
and  produced  a  white  and  hard  glafs,  very  like  that  of  fufible  glafs,  gives  it  a  beautiful  blue  colour. 

the  laft  experiment,  but  rather  harder.  After  being  Of  the  various  fpecies  of  enamel,  which  had  been 
applied  on  the  veflel  in  the  ufual  manner,  it  formed,  deferibed  in  the  courfe  of  thefe  experiments,  and  which 
with  the  greateft^  heat  of  an  aflaying  furnace,  an  ena-  may  be  all  applied,  with  more  or  lefs  advantage,  to 

mcl  of  a  yellowifli  white  colour,  firm  and  hard,  but  kitchen  utenlils,  the  leaft  expenfive  are  n°®  ij  2,  and 

without  luftre.  In  order  to  avoid  the  formation  of  y  ;  but  they  are  alfo  thofe  which  require  the  greatell 

bubbles,  care  was  taken  (as  ought  always  to  be  done  heat.  On  the  other  hand,  n°  9.  may  be  recommended 

as 


(a)  This  fubftance  is  itfelf  a  mixture,  being  compofed  of  four  parts  of  lead  and  one  of  tin. 
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Enamel,  as  the  mofl  cafy  of  fnfion,  and,  at  the  fame  time,  very 
.  durable  when  iifed  for  coating  veffcls  in  which  vidiials 
are  to  be  drelTcd,  which  is  here  the  principal  objeft,  and 
is  of  far  greater  importance  than  the  brilliant  appear¬ 
ance  refiilting  from  the  enamel  generally  ufed  by  artifts, 
which  however  may  be  employed  when  the  faving  of 
expence  is  not  regarded. 

The  enamels  hitherto  deferibed  are  not  applicable  to 
veffcls  made  of  iron,  though  they  may  be  employed  to 
cover  copper  with  great  advantage.  Iron  will  not  in¬ 
deed  bear  the  common  praaice  of  enamcllers,  namely, 
to  be  put  into  the  fire  and  taken  out  again  feveral  times  ; 
for  the  fparks  which  fly  from  iron,  when  in  a  Lot 
fire,  detach  and  carry  off  the  enamel  from  the  parts 
contiguous  to  thofe  where  the  fparks  are  formed.  The 
acids,  too,  of  the  gypfum  and  fluor  fpar,  made  ufe  of 
in  the  enamels  already  mentioned,  aaed  upon  the  iron 
during  the  fufioii  of  the  enamel,  from  which  refulted 
bubbles  and  bare  fpots,  which  entirely  fpoiled  the  ap- 
pearance  of  the  work.  Our  author  therefore  continu¬ 
ed  his  experiments  with  a  view  to  difeover  a  proper 
enamel  for  veffels  made  of  this  metal. 

lo.  He  reduced  into  a  very  fine  powder,  and  ground 
together,  nine  parts  of  minium  (red  oxide  of  lead), 
fix  parts  of  fiint  glafs,  two  parts  of  pure  potafh,  two 
parts  of  purified  nitre,  and  one  part  of  borax.  This 
mixture  was  put  into  a  large  crucible,  which  it  only 
half  filled  ;  he  covered  the  crucible  fo  that  no  coals 
could  fall  into  it,  and  gradually  increafed  the  fire  under 
it.  When  the  efFervefcenc,e  had  entirely  ceafed,  he 
caufed  the  mixture  to  melt,  by  ufing  the  bellows  for 
four  or  five  minutes  ;  by  thefe  means  he  obtained  a 
clear  and  compad  glafs,  which  he  poured  out  of  the 
crucible  upon  a  piece  of  marble.  Having  quenched  it 
in  water,  and  redu(j.ed  it  to  a  very  fine  powder  in  a 
glafs  mortar,  he  ground  it  with  water  to  the  confidence 
of  a  very  thin  pade.  He  then  covered  an  iron  vedel 
with  it  on  both  fides,  which,  after  having  dried  and 
heated  it  by  degrees,  he  put  under  a  muffle  well  heated 
in  an  affaying  furnace.  The  enamel  melted  very  readily 
in  the  fpace  of  half  a  minute,  and  with  a  very  brilliant 
appearance.  ^  He  immediately  withdrew  the  vefftl,  and 
let  it  cool  ;  it  was  found  to  be  entirely  coated  with  a 
beautiful  enamel  of  a  black  colour  j  which  colour  ap¬ 
peared  to  be  caufed  by  a  thin  layer  of  calcined  iron, 
which  might  be  feen  through  the  tranfparency  of  the 
enamel. 

A  copper  veffel  having  been  covered  with  the  fame 
enamel,  the  fine  colour  of  the  copper  was  vifihle  through 
the  thin  coat  of  glafs  ;  and  it  was  as  well  defended  from 
rud  by  this  coating  as  it  would  have  been  by  an  enamel 
of  a  dronger  kind. 

II.  To  hinder  the  colour  of  the  metal  from  being 
feen  through  the  coating,  he  added  to  the  mixture,  ufed 
in  the  preceding  experiment;  only  one  hundredth  part 
of  the  calx  of  cobalt  deferibed  in  n""  9.  The  whole 
was  melted  into  a  beautiful  blue  glafs  ;•  it  was  prepa¬ 
red  for  enamelling,  and  applied  in  the  manner  before 
deferibed,  upon  another  iron  veffel.  The  enamel  pro¬ 
ved  to  be  fmooth,  thick,  and  brilliant,  like  the  prece- 
cling,  but  it  covered  the  veffel  more  perfe6lly  ;  it  was 
of  a  fine  blue  colour,  with  fome  black  fpots  in  thofe 
parts  wha*e  it  had  been  mod  thinly  applied, 

12.  The  glafs  of  n°  10.  reduced  into  powder,  and 
ground  with  potters  white  lead,  of  which  mention  has 
SuppL,  VoL.  I.  Part  II. 
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already  been  made,  melted  with  the  fame  facility  ;  it 
produced  a  very  fmooth  enamel,  of  a  grey  colour,  but 
more  firm  and  hard  than  the  former,  and,  on  account  of 
the  addition  made  to  it,  of  a  dill  lefs  price.  By  mixing  t 
with  the  fame  glafs  a  fmall  quantity  of  crocus  rnartis,  he 
obtained  a  very  fine  enamel,  of  a  dark  red  colour,  not 
to  mention  other  colours  in  it  dill  more  beautiful.  The 
(irocus  rnartis  he  ufed  in  this  experiment  was  prepared 
from  a  folution  of  iron  in  aqua  regia  (nitro  muriatic 
acid),  which  was  evaporated  to  drynefs,  and  the  matter 
thus  edulcorated  and  calcined. 

13.  In  order  to  rer4der  the  forementioned  enamel 
more  folid,  and  to  give  it  what  is  called  hody^  he  melt¬ 
ed  together  a  mixture  of  twelve  parts  of  flint  glafs, 
eighteen  parts  of  minium,  four  parts  of  potafli,  four 
parts  of  nitre,  tvvovparts  of  borax,  three  parts  of  calx 
of  tin,  and  one  eightli  part  of  calx  of  cobalt,  obferving 
always  the  ufual  precautions.  He  ob^^ined  a  glafs  of 
a  light  blue  colour,  wdiich,  after  having  been  ground 
with  water,  and  fpread  upon  fmall  iron  bafins,  or  tea 
cups,  produced,  by  means  of  a  brifle  fire  in  an  affaying 
furnace,  an  enamel  which  v/as  fmooth  and  even,  and  of 
a  pearl  colour.  The  coating  was  of  a  proper  thick nef:;, 
to  obtain  which  requires  a  certain  degree  of  dexterity’* 
and  practice.  He  alfo  tried  to  paint  upon  this  enamel 
with  what  is  called  mineral  purple  (purpura  mineralts 
which  lie  ufed  with  a  little  powdered  quartz,  nitre,  and 
borax  ;  it  produced  a  very  beautiful  red  colour. 

^  "riiough  this  lafi  mentioned  compofition  is  more  beau¬ 
tiful  when  applied  upon  iron,  and  more  even  than  the 
preceding,  it  has  the  difad  vantage,^  on  account  of  the 
falts  which  it  contains,  of  not  refilling  the  adlion  of  the 
ftrongcr  vegetable  acids,  and  Hill  lefs  that  of  the  mine¬ 
ral  ones.  But  as  a  veflll  when  coated  with  this  ena¬ 
mel  bears,  without  any  injury,  fudden  changes  of  heat 
and  cold,  and  alfo  to  have  any  greafy  mixtures  baked 
or  boiled  in  it  (even  thofe  wliicli  are  of  a  cauflic  alka¬ 
line  natuie,  or  thofe  which  contain  the  ufual  weak  acids 
which  are  ufed  in  the  preparation  of  our  food),  it  may 
be  applied  to  veffels  of  various  kinds,  among  others,  to 
tea  cups  ;  particularly  as  it  is  neither  brittle  nor  fub- 
jea  to  crack,  provided  it  is  not  expofed  to  violent 
blows.  It  is  hardly  neceffary  to  fay,  that  this  enamel 
can  only  be  applied  upon  vefl'els  made  of  hammered 
iron,  and  not  upon  thofe  of  call  iron,  thefe  lail  being 
always  too  thick  to  be  heated  with  fiilficient  quicknefs; 
for  the  greater  is  the  fpace  of  time  neceffary  to  make 
the  veffels  red  hot,  the  greater  is  the  quantity  of  fcalcs 
formiccl  upon  them,  and,  of  courfe,  the  enamel  becomes 
more  injured. 

Our  author  makes  fome  other  judicious  obfervations 
on  the  enamel  for  iron,  of  which  he  has  deferibed  the 
compofition,  and  fays,  that,  independent  of  its  ufe  for 
coating  kitchen  u tennis,  it  might  be  made  to  ferve 
many  other  purpofes,  fuch  as  preferving  things  made 
of  that  metal,  not  only  from  riifl,  but  alfo,  as  he  proved 
by  experiment,  to  a  certain  degree,  from  calcination. 

ENCAUSTIC  Painting.  See  Painting  in  this 
Supplement, 

ENFIELD  (William,  L.  L.  D.),  well  known  in 
the  learned  world  by  feveral  ufeful  and  elegant  publi- 
cations,  w’as  born  at  Sudbury,  on  March  29.  Q.  S 
1741,  of  parents  in  a  humble  walk  of  life,  but  of  vcvv 
refpeaable  charaders.  His  amiable  difpofition  and 
promifing  talents  early  recommended  him  to  the  Rev 
4  Mr 
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Enfield  Mr  Hextair,  the  dlfienting  mimfter  of  that  plaqe,  who 
'  '  *  took  great  care  of  his  education,  and  infufed  into  his 
young  mind  that  taile  for  elegance  in  conapolition  which 
ever  afterwards  diilinguifhed  him. 

In  his  I7tli  year  he  was  fent  to  the  academy  at  Da- 
ventry,  then  under  the  diredion  of  tbe  Rev.  Dr  Afh- 
vvorth,  where  he  palfed  through  the  iifual  courfe  of  in- 
ftrudlon  preparatory  to  the  office  of  the  miiiiftry  ;  and 
with  fi’ch  fuccefs  did  he  cultivate  the  talents  of  a 
preacher,  and  of  an  amiable  man  in  fociety,  that,  on 
leaving  the  academy,  he  w^as  at  once  chofen,  in  1763, 
miiKler  of  the  very  refpedable  congregation  of  Beiin's 
Garden  in  Liverpool. 

In  that  agreeable  town  he  pafied  feven  of  the  happieft 
years  of  his  life,  very  generally  beloved  and  efteemed. 
He  married,  in  1767,  tbe  daughter  of  Mr  Holland  dra¬ 
per  in  Liverpool,  with  whom  he  palfed  all  the  reft  of 
his  days  in  moft  cordial  union.  His  literary  reputation 
v/as  extended,  during  his  refidence  in  this  place,  by  the 
publication  of  two  volumes  of  fermons,  which  were  very 
well  received,  and  have  ferved  to  grace  many  pulpits 
befides  that  in  which  they  were  originally  preached.  A 
colledioR  of  hymns  and  of  family  prayers,  which  he 
alfo  publilhed  at  Liverpool,  did  credit  to  his  tafte  and 
judgment. 

About  1770,  he  was  invited  to  take  a  lhare  in  the 
condiuft  of  the  academy  at  Warrington,  and  alfo  to  oc¬ 
cupy  the  place  of  minifter  to  the  dilfenting  congrega¬ 
tion  there,  both  vacant  by  the  death  of  the  Rev.  Mr 
Seddon.  His  acceptance  of  this  honourable  invitation 
was  a  fource  of  variety  of  mixed  fenfations  and  events 
to  him,  of  which  anxiety  and  vexation  compofed  too 
large  a  lhare  for  his  happinefs.  No  alfiduity  on  his 
part  was  wanting  in  the  performance  of  his  various  du¬ 
ties  ;  but  the  difeafes  of  the  inftitution  were  radical  and 
incurable  ;  and  perhaps  his  gentlenefs  of  temper  was  ill 
adapted  to  contend  with  the  difficulties,  in  matter  of 
difeipline,  which  feem  entailed  on  all  dilfenting  acade¬ 
mies,  and  which,  in  that  fituation,  fell  upon  him,  as  the 
domeftic  refident,  with  peculiar  weight.  He  always, 
however,  polfelfed  the  refpedl  and  arfedlion  of  the  bell 
difpofed  of  the  ftudents ;  and  there  was  no  reafon  to 
fuppofe  that  any  other  perfon,  in  his  place,  could  have 
prevented  that  dilfolution  which  the  academy  under¬ 
went  in  1783. 

During  the  period  of  his  engagement  there,  his 
indefatigable  induftry  was  exerted  in  the  compofi- 
tion  of  a  number  of  works,  moftly,  indeed,  of  the 
elafs  of  ufeful  compilations,  but  containing  valuable  dif- 
plays  of  his  powers  of  thinking  and  writing.  The  moft 
confiderabie  was  his  “  Inftitutes  of  Natural  Philofo- 
phy’’  (quarto,  Johnfon,  1783)  ;  a  clear  and  well-arran¬ 
ged  compendium  of  the  leading  principles,  theoretical 
and  experimental,  of  the  fciences  comprifed  under  that 
head.  And  it  may  be  mentioned,  as  an  extraordinary 
proof  of  his  diligence  and  power  of  comprehenfion, 
that,  on  a  vacancy  in  the  mathematical  department  of 
the  academy,  which  the  ftate  of  the  Inftitution  render¬ 
ed  it  impolfible  to  fupply  by  a  new  tutor,  he  prepared 
himfelf,  at  a  Ihort  warning,  to  fill  it  up  ;  and  did  fill  it 
wdth  credit  and  utility,  though  this  abftrufe  branch  of 
fcience  had  never  before  been  a  particular  object  of  his 
ftudy.  He  continued  at  Warrington  two  years  after  tire 
academy  had  broken  up,  taking  a  few  private  pupils. 

In  1785,  receiving  an  invitation  from  the  principal 


dilfenting  congregation  at  Norwich,  he  accepted  it,  Enfield, 
and  firft  fixed  his  refidence  at  Thorpe,  a  pleafant  vil- 
lage*  near  the  city,  where  he  purfued  his  plan  of  taking 
a' limited  number  of  pupils  to  board  in  his  houfe\  He 
afterwards  removed  to  Norwich  itfelf ;  and,  at  length, 
fatigued  with  the  long  cares  of  education,  entirely  cea- 
fed  to  receive  boarders,  and  only  gave  private  inftruc- 
tions  to  two  or  three  feledl  pupils  a  few'  hours  in  the 
morning.  This  too  he  at  laft  difcontiniied,  and  devo¬ 
ted  himfelf  folely  to  the  duties  of  his  congregation,  and 
the  retired  and  independent  occupations  of  literature.^ 

Yet,  in  a  private  way  and  fmall  circle,  few  men  had 
been  more  fuccefsful  in  education,  of  which  many  ftri- 
kiiig  examples  might  be  mentioned,  and  none  more  fo 
than  the  members  of  his  own  family.  Never,  indeed, 
was  a  father  more  defervedly  happy  in  his  children  ;  but 
the  eldeft,  whom  he  had  trained  with  uncommon  care> 
and  who  had  already,  when  juft  of  age,  advanced  in  his 
profellional  career  fo  far  as  to  be  chofen  towm- clerk  of 
Nottingham,  was  moft  unfortunately  fnatched  a\vay  by 
a  fever  a  few  years  fince. 

This  fatal  event  produced  effeds  on  the  doctor’s 
health  which  alarmed  his  friends.  The  fy^mptoms  were 
thofe  of  angina petJ oris and  they  continued  till  the  iifual. 
ferenity  of  his  mind  was  reftored  by  time  and  employ¬ 
ment.  Some  of  the  laft  years  of  his  life  were  the  moft 
comfortable  :  employed  only  in  occupations  which  were 
agreeable  to  him,  and  which  left  him  mafter  of  his  own 
time  ;  witnefling  the  happy  fettlement  of  two  of  his 
daughters  ;  contrafted  in  his  living  within  the  domeftic 
privacy  which  he  loved  ;  and  coniie6led  with  foine  of 
the  moft  agreeable  literary  companions,  and  with  a  fet 
of  the  moft  cordial  and  kind-hearted  friends  that  per¬ 
haps  this  iflaiid  affords,  he  feemed  fully  to  enjoy  life  as 
it  flowed,  and  indulged  himfelf  in  pleafing  profpeds  for 
futurity.  Alas  !  an  unfufpedled  and  incurable  diieafe 
was  preparing  a  fad  and  fudden  change  ;  a  fchirrous 
contraction  of  the  tedium,  the  fymptems.  of  which  were 
miftaken  by  himfelf  for  a  common  laxity  of  the  bowels, 
brought  on  a  total  ftoppage,  which,  after  a  week’s 
ftruggle,  ended  in  death.  Its  gradual  approach  gave 
him  an  opportunity  to  difplay  all  the  tendernefs,  and 
riiore  than  the  ufual  firmnefs  of  his  nature.  He  died 
November  3.  1797,  amidft  the  kind  oftices  of  mourn¬ 
ing  friends,  and  his  laft  hours  were  peace  ! 

Befides  the  literary  performances  already  mentioned. 

Dr  Enfield  completed,  in  1791,  the  laborious '  af]{  of 
an  abridgment  of  “  Brucker’s  Hillory  of  Philofophy,’* 
which  he  comprifed  in  two  volumes  quarto.  It  may 
be  truly  faid,  that  the  tenets  of  philofophy  and  the 
lives  of  its  profeflbrs  were  never  before  difplayed  in  fo 
pleafing  a  form,  and  with  fuch  clearnefs  and  elegance 
of  language.  Indeed  it  was  his  peculiar  excellence  to 
arrange  and  exprefs  other  mens  ideas  to  the  utmoft  ad¬ 
vantage.  Perhaps,  at  the  time  of  his  deceafe,  there 
was  not  in  England  a  more  perfeCt  mafter  of  what  is 
called  the  middle  ftyle  in  writing,  combining  the  qua¬ 
lities  of  eafe,  elegance,  perfpicuity,  and  correClnefs,  en¬ 
tirely  free  from  affeClatlon  and  fingularity,  and  fitted  for 
any  fubjeCl.  If  his  call  of  thought  was  not  original, 
yet  it  was  free,  enlarged,  and  manly.  What  he  was  in 
the  capacity  of  a  teacher  of  religion,  his  feveral  congre¬ 
gations  will  teftify  with  grateful  and  affeClionate  re¬ 
membrance.  Few  minifters  have  paid  fuch  unremit¬ 
ting  attention  to  the  perfeClion  of  their  pulpit  compo- 
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EnfleM  fitionB ;  nor  was  it  only  by  detached  difcourfes  that  he 
inculcated  the  truths  of  morality  and  religion,  but  by 
methodical  plans  of  inftru£lion,  drawn  up  with  great 
.^care  and  comprehenfion.  The  valuable  dores  of  this 
kind  which  he  left  behind  him  will  not  be  configned 
to  oblivion  ;  but,  it  is  hoped,  will  inform  and  improve 
numbers  to  whom  the  voice  of  the  preacher  could  never 
have  extended.  In  delivery,  his  manner  was  grave  and 
imprelTive,  depending  rather  on  the  weight  of  juft  enun¬ 
ciation  than  on  the  arts  of  oratory.  Little  need  be 
added  to  this  ilcetch  of  the  moral  qualities  of  the  excel¬ 
lent  man  above  commemorated.  If  moderation,  com- 
pliancy,  and  gentlenels  were  ever  prevalent  in  him  to  a 
degree  of  excefs,  who  that  knew  him  will  blame  an  ex¬ 
cels  wdiich  opened  his  foul  to  every  emotion  and  office 
of  afFe£Iion  and  friendfhip  ? 

This  account  of  Dr  Enfield,  which  is  taken  frona  the 
Monthly  Magazine,  is  acknowledged  by  its  author  to 
be  the  effufion  of  friendffiip  ;  but  we  believe  that  the 
panegyric,  though  high,  is  in  general  juft.  It  is  our 
duty,  how’ever,  to  warn  our  readers  againft  placing  iin-^ 
plicit  confidence  in  th,e  Do<3:or^s  reprefentation  of  an¬ 
cient  philofophy;  for  though  we  have  frequently  found 
him  corredl,  and  have  therefore  quoted  him  with  ap¬ 
probation  ourfelves,  we  have  likewife  found  him  fome- 
times  miftaking  the  fenfe  of  his  authors.  In  a  work 
like  his,  miftakes  were  indeed  unavoidable  ;  for  when 
he  refolved  to  comprefs  the  fiibftance  of  Brucker’s  five 
volumes  within  the  compafs  of  two,  he  could  not  avoid 
fometimes  giving  what  he  thought  the  fenfe  of  the  an¬ 
cients,  when  accuracy  required  their  very  <words  to  be 
given.  This  we  believe  to  be  the  fource  of  thofe  errors 
in  his  elegant  hiftory,  which  we  have  heard  others  un- 
juftly  attribute  to  dcfign  ;  for  had  it  been  his  defign  to 
deceive,  he  would  not  furely  have  ftored  his  margin 
with  references  to  enable  every  reader  to  detedl  the  de¬ 
ceit. 

ENGINEER,  is  the  appellation  of  him  whofe  pro- 
feffion  it  is  to  contrive  or  make  any  kind  of  ufeful  en¬ 
gine  or  machine.  He  is  denominated  either  a  civil  or 
military  engineer,  according  as  the  obj-^ds  of  his  pro- 
feffion  refped  civil  or  military  purpofes.  See  Forti- 
.FiCATiON,  EficycL  and  Machine  in  this  Supplement, 
ENGONASIS,  in  aftronomy,  the  fame  as  Hercules, 
one  of  the  northern  coiiftellations 

ENGRAFTING.  See  Grafting,  EncycL  where 
it  is  faid  that  there  is  litcle  hope  of  producing  mixed 
fruits  by  engrafting  one  tree  upon  another  of  the  fame 
clafs.  We  coiifefs  ourfelves  to  be  unwilling  to  relinquiffi 
this  opinion  ;  but  it  would  be  very* unfair  to  withhold 
from  the  public  any  fail  which  feems  to  militate  againft 
it,  and  has  come  to  our  knowledge.  We  fhall  therefore 
tranferibe  from  the  Philofophical  Magazine  tht  following 
communication  from  Dr  Thornton,  lecturer  on  medical 
botany  at  Guy^s  Hofpital,  refpeding  a  fuppofed  lufus 
naturay  which  he  confiders  as  the  confequence  of  en- 
grafting. 

In  the  firft  volume  of  the  Philofophical  TranfaaionSy 
N®  29.  publiffied  November  1667,  you  have  the  follow¬ 
ing  communication,  intitled, 

Some  Hortulan  Experiments  about  the  engrafting 
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of  Oranges  and  Lemons  or  Citrons,  whereby  is  produ*  Enneadeca- 
ced  an  individual  Fruit,  half  Orang£  and  half  Lemon, 
growing  together  as  one  Body  upon  the  fame  Treed* 

Wc  have  here  orange  trees  (faith  the  intelligence 
from  Florence)  that  bear  a  fruit  which  is  citron  on  one 
fide  and  orange  on  the  other.  They  have  been  brought 
hither  out  of  other  countries,  and  they  are  now  much 
propagated  by  engrafting.  This  was  confirmed  to  us 
(fays  the  editor  of  the  Trarifadlions  of  the  Royal  So¬ 
ciety)  by  a  very  ingenious  Engliffi  gentleman,  who  af- 
ferted,  that  himfelt  not  only  had  feen,  but  bought  of 
them,  anno  1660,  in  Paris,  whither  they  had  been  fent 
by  Genoa  merchants  ;  and  that  on  fome  trees  he  had 
found  an  orange  on  one  branch  and  a  lemon  on  ano¬ 
ther  branch  (which  is  not  fo  remarkable  as  what  fol¬ 
lows)  ;  as  alfo,  one  of  the  fame  fruit,  half  orange  and  half 
lemon  ;  and  fometimes  three  quarters  of  one  and  a  quar¬ 
ter  of  the  other. 

In  the  third  part  of  the  Reports  of  the  Board  of 
Agriculture,  among  the  foreign  communicatioiivS,  we 
fee,  with  equal  pleafure  and  aftonifhment,  an  account  of 
the  American  apple,  which,  by  a  peculiar  mode  of  bud¬ 
ding  (a),  is  half  fweet  and  half  four,  half  white  and 
half  red,  without  the  leaft  confufion  of  the  refpcclive 
halves. 

At  Mr  -Mafon’s,  florift,  Fleet-ftreet,  oppofite  the 
Bolt  and  Tun,  there  is  a  prodiiftion  now,  September 
1798,  to  be  fecn  half  peach  and  half  nc^larine.  It  has 
all  the  foftnefs  and  yellow  down  of  the  peach,  and  the 
(leek  red  fmuothnefs  of  the  ne(Elarine  ;  fuppofed  to  be 
a  lufus  naturdEy  but  probably  is  rather  the  fportings  of 
art  than  of  nature,  and  which  perhaps  will  be  the  caufc 
v/hy  we  ffiall  in  future  fee  many  other  fuch  vegetable 
wonders,  which,  as  we  fee,  were  known  to  our  aii- 
ceftors. 

ENNE  ADECATERIS,  in  chronology,  a  cycle  or 
period  of  19  ffilar  years,  being  the  fame  as  tlfe  golden 
number  and  lunar  cycle,  or  cycle  of  the  moon. 

ENSETE.  See  Musa,  EncycL 
EOLIPII^E.  See  .^Solipile,  EncycL 

EPAULE,'or*EsPAULE,  in  fortification,  the  fnoul- 
der  of  the  baftion,  or  the  angle  made  by  the  face  and 
flank,  otherwife  called  the  angle  of  the  epaule. 

EPISCOPACY,  the  government  of  the  church  by 
diocefen  biffiops.  See  EncycL 

Scotch  EPISCOPAL! ANS,  are  a  focictyof  Chriu 
tlans,  certainly  as  refpedlable,  if  not  fo  numerous,  as 
any  other  in  the  kingdom  wdiich  diffents  from  the  wor- 
fhip  and  difeipline  of  the  eftabliflied  church.  For  many 
years,  however,  the  public  worfliip  of  that  fociety  was 
proferibed  by  the  legiflature  ;  and  there  is  reafon  to 
fiifpe6l  that  its  real  principles  are  not  yet  univerfally 
underftood.  If  this  be  fo,  it  furely  becomes  the  editors 
of  a  work  in  which  fome  account  is  given  of  almoft  eve¬ 
ry  denomination  of  Chriftians  down  to  the  novel  fe<ft 
which  ftyles  its  members  Bereans,  to  do  juilice  to  the 
venerable  remains  of  what  w^as  once  the  eftabliffied  church 
of  their  native  country. 

That  the  reformation  from  popery  was,  in  Scotland,  EftabUOi- 
tumultuons  and  irregular,  is  known  to  all  Europe;  and^^^ntof  E. 
very  few  of  our  readers  can  be  ignorant  that  there  was 
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(a)  the  manner  in  which  the  extraordinary  neftarine-peach  firft  produced  in  this  country  was  effeaed,  was 
by  jnferting  the  bud  of  one  fruit  upon  the  ftock  bearing  a  different  fort.  * 
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neither  or^er  in  the  reformed  church,  nor  decency  in 
her  worfhip,  till  Jame&  Vl  -^  w  ith  much  add  refs,  accom- 
piliflied  the  eltabliihment  of  a  very  moderate  epiicopac}^ 
To  this  form  of  church'^ovcrnment  the  better  part  of 
the  nation  was  fiifliciently  attached  ;  and  it  continued  to 
be  the  ecckTi aft ical  polity-y  fu p ported  by  the  ftate,  till 
the  grand  rebellion,  when  it  was  overthrown  by  the  par- 
tizans  of  the  national  co'Dcnant,  It  was  rtftored,  how¬ 
ever,  in  1662;  and  again  abolifned  in  16S9  by  that  con¬ 
vention  which  placed  the  Prince  and  Princcfs  of  Orange 
on  the  ancient  throne  of  the  Scottifii  monarclis- 

Thcfe  events  are  fo  univerfally  known,  that  it.  is  fuf- 
ficient  in  this  place  barely  to  mention  them  ;  but  there 
are  probably  many  of  our  readers  who  do  not  know 
that,  during- the  whole  period  of  her  legal  eftabliftimcnt, 
the  Jicotch  epifcopal  church  had  no  public  litlKgy.»  It 
appears  indeed,  that  the  lirft  reformers  :made  uie  of  the 
Englifh'  book  of  common  prayer  ;  and  there  is  on  re¬ 
cord  fufik'iciU  evidence  that  John  ICnox  himftlf,  though 
he  difapproved  cif  fonie  things  in  that  book,  had  no  ob- 
jedlion  either  to  ftated  forms  of  prayer  i.n  general,  or 
to  a  fubordination  among  the  minifters  of  the  gorpel  ; 
but  >liis  fuGceftbr.  Andrew  Melvil,  who  pofltfted  neither 
his  learning mor  his  w^orth,  had  influence  ciiougli  to  in¬ 
troduce  into  the  church  a  perfect  parity  of  minifters, 
and  to  excite  among  the  people  a  very  general  abhor¬ 
rence  of  liturgical  worfhip.  So  rooted  indeed  was  that 
abhorrei>Ce,  that,  as  every  one  kiiow^s,  an  attempt  to  in¬ 
troduce  into  the  chu'i'ch  'of  Scotland  a  book  of  common 
prayer,  copied  with  fome  alterations  from  that  of  Eng¬ 
land, ’produced  the  kaguei  arid  co%'eT2arJ^  which  in¬ 

volved  in  one  common  ruin  the  unfortunate  Charles  and 
his  darling  Epifcopacy.  At  the  reftoration  of  the  mo¬ 
narchy,  the  Epifcopal  conftitution  of  the  church  was 
reftored,  but  no  new  attempt- was  made  to  eftablifti  the 
ufe  of  a  public  liturgy  ;  and  except  at  the  ordinations 
‘of  the  clergy,  when  the  Englifh  forms  w^ere  ufed,  no 
fervice  book  was  feen  in  a  Scottifh  church. 

For  fome  years  after  Epifcopacy  had  ceafed  to  be  the 
religloo  of  the  ftate,  the  deprived  clergy  made  no  al¬ 
teration  in  their  modes  of  focial  w^orfhip.  Having  re- 
fufed  to  transfer  to  King  William  that  allegiance  which 
they  had  fworn  to  King  James,  they  w^ere  treated,  du¬ 
ring  his  reign,  with  fucli  feverity,  that  on  the  Lord’s 
day  they  durft  not  venture  further  than  to  officiate  “  in 
their  own  hired  houfes,  where  they  received  fucb  friends 
as  chofe  to  come  in  unto  them  and  in  thofe  fmall 
congregations,  if  congregations  they  may  be  called, 
they  continued  to  pray,  if  not  extempore,  at  leaft  with¬ 
out  book,  till  the  acceffion  of  Anne  to  the  throne  of 
her  anceftors.  The  attachment  “of  that  Princefs,  not 
only  to  the  conftitution,  but  alfo  to  the  worfhip  of  the 
church  of  England,  was  w^ell  known  to  them;  and  they 
very  reafonably  thought,  that  they  could  not  more  ef¬ 
fectually  recommend  tliemfelves  to  her  proteClion  than 
by  adopting  the  ufe-of  J he  Englifh  liturgy,  which  the 
moft  enlightened  ^mong  them  had  long  profefled  to  ad¬ 
mire.  It  was  accordingly  introduced  by  degrees  into 
Scotland;  and  an  aCl  of  parliament  being  pafled  on  the 
3d  of  March’  1  y-ia,  “to  prevent  the  difturbing  of  thofe 
of  the  Epifcopal  communion  ill  that  part  of  Great  Bri¬ 
tain  called  Scotland,  in  the  exercife  of  their  religious 
worfhip,  and  in  the^  ti.fe_^of  the  liturgy  pf  the  church  of 
England,;’  that  liturgy  was  univerfally  adopted  by  the 
Scotch  i^pi^capahans  ;  and  public  ;;chapels,  which  had 
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hitlicrto  been  prohibited,. were  everywhere  built,  and  Scotch 
well  frequented.  -  ,  u 

That  thofe  who  had  refufed  allegiance  to  King  Wil-  u— 
liam  and  Qjaeeii  Anne  fhould  fcruple  to  pay  it  to  a 
new  family,  clogged  as  it  was  by  fo  many  oaths,  can  ^ 
excite  no  wonder;  nor  is  ft  at  all  wonderful  that,  for 
their  attachment  to  the  abdicated  family,  the  .public 
worfhip  of  the  Scotch  Epifcopalians  was,  after  the  iur 
furredtion  of  1715  and  1716,  laid  under  fyme  reftralnts. 

Thefe,.  however,  were  neither  rigoroufly  fevere,  nor  of 
long., duration  ;  and  by  the  year  1720,  their  congrega¬ 
tions  were  as  numerous  as  formerly,  coidifting,  efpecial- 
ly  in.  the  northern  counties,  of  men  of  all  ranks,  even 
fuch  as  held  offices.of  truft  under  the  eftabiifhed  govern- 
ment,  who  fn  quented  the  Epifcopal  chapels  in  prefe¬ 
rence  to  the  parilh  churches. 

Hitherto  ihe  Epifcopalians  had  been  fafely  condu6I- 
cd  through  all, dangers  and  difficulties  by  the  prudence 
of  Dr  Rofe,  the  deprived  bifhop  of  Edinburgh;  but  foon 
after  his  death,  which  happened  on  the  2  0tli  of  March 
1720,  dlvifions  broke  out  among  them,  which  threaten? 
ed  to  prove  more  fatal  to  their  church  than  any  perfe- 
cution  to  which  they  had  yet  been  fubjedled.  For  rea- 
fons  which  will  be  feen  afterwards,  it  is  proper  to  trace 
thofe  d  I  villous  from  their  fource.  5 

No  native  of  Britain,  who  knows  any  thing  of  the  Sources  of 
hiftory  of  his  country,  can  be  ignorant  tlrat  Dr.  San- 
croft,  the  archbifhop  of  Canterbury,  and  five  other  hi- 
(hops,  were  at  the  Revolution  deprived  of  their  fees  by  pifcopaii- 
an  aCl  of  parliament  ;  becaufe,  like  the  Scotch  bifliops,ans. 
they  could  not  bring  themfelves  to  transfer  to  King 
William  and  Queen  Mary  that  allegiance  wdiich  they 
had  fo  lately  fworn  to  King  Jarnes.  As  thofe  prelates 
were  extremely  popular  for  the  vigorous  oppolition 
which  they  had  given  to  fome  of  the  Popifh  projeds  of 
the  late  king,  and  as  a  number  of  inferior  clergymen, 
of  great  eminence  for  piety  and  learning,  were  involved 
in  the  fame  fate  with  them — it  need  not  excite  great 
furprife,  that  a  fweeping  deprivation,  which,  in  all  its 
circumftances,  was  perhaps  without  a  precedent  in  eo 
cleflaftical  hiftory,  produced  a  fchifin  in  the  church  of 
England.  The  deprived  clergy,  confiderlng  the  bilhops 
who  were  placed  in  the  fees  thus  vacated  as  intruders, 
and  all  who  adhered  to  them  as  fchlfmatics,  opened  fe- 
parate  chapels  under  the  authority  of  the  primate  and 
his  nonjuring  fuffragans;  and  contended,  that  they  and 
their  adherents  conftituted  the  qHy  orthodox  and  ca¬ 
tholic  branch  of  the  church  in  England, 

Both  churches,  however,  made  ufe  of  the  fame  litur¬ 
gy;  and  during  the  lives  of  the  deprived  prelates,  there 
was  no  other  apparent  difference  in  their  worfhip  than 
what  neceffarily  refiilted  from  their  paying  allegiance  to 
different  foverelgiis.  But  this  uniformity  was  not  of 
long  duration.  The  bifhops,  who  had  been  poffeffed  of 
fees  before  the  Revolution,  were  fcarcely  dead,  vyhen 
their  fucceftbrs,  being  under  no  civil  reftraint,  found,. 
the  principles  which  they  had  brought,  with  them  from 
the  eftabllftiment,  the  means,  not  only  of.di^^i^ing  thqir 
own  little  church,  but  likewife  of  fowing  the  feeds  of 
diffenfion  among  their  brethren  in  Scotland. 

It  has  been  obferved  elfewhere  that  in  the  chirrch^  Suppek 
of  England  there  are  three  opinions  refjiedling 
ture  and  end  of  the  Lord’s  Supper,  which,  in 
tion  to  each  other,  have  been  all  patronifed  by^men  of 
great  eminence  for  theological  learning.  It  appeals, 

indeedj 
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Scotch  indeed,  from  the  firfl  liturgy  fet  forth  by  authority  in  wife  to  the  moft.  ancient  liturgies 


I 


the  reign  of  King  Edward  VI.  that  the*  reformers  of 
^  that  church  from  the  errors  of  popery  unanimoiiHy 

facrilice 


- - extant,  as  well  as  to 

what  the  fathers  of  the  hrft  three  centuries  have  taught 
concerning  the  nature  of  the  Lord’s  Supper.  The  con- 1 
feqiience  was,  that  fuch  of  them  as  were  fcholars  foon 
difeovered,  that  the  Scotch  communion  (»flice  approach¬ 
ed  much  nearer  to  the  moft  ancient  offices  than  the 
Engliffi  ;  and  a  powerful  party  was  formed  for  reviving 
the  life  of  it  in  Scotland. 

Had  tliofe  men  aimed  at  nothing  farther,  it  is  pro¬ 
bable  they  would  have  met  with  very  little  oppofition. 
Their  opponents,  who,  in  general,  were  lefs  learned 
than  they,  were  fo  ftrongly  attached  to  the  houfe  of 
Stuart,  that  they  would  have  adopted  almoil  any  thing 
fanftioned  by  the  royal  martyr’s  authority  ;  but  the 
advocates  for  the  Scotch  office  knew  not  where  to  ftop. 
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held  the  Lord’s  Supper  to  be  a  eucharillical 
and  this  opinion,  which  has  been  adopted  by  great 
numbers  in  every  age  fincc, Teems  to  have  been  the  moll 
prevalent  of  the  three  among  thofe  clergy  who  were 
deprived  of  their  livings  at  the  Revolution.  It  is  in¬ 
deed  countenanced  by  feveral  pafTages  in  the  prefent  or¬ 
der  for  the  adminiilration  of  the  Lord’s  Supper  ;  and 
therefore,  though  there  are  other  things  in  that  order 
which  cannot  be  cafily  reconciled  to  it,  arclibilhop  San- 
croft  arid  his  fuffragans,  whatever  their  own  opinions, 
might  be,  chofe  not  to  widen  the  breach  between  tliem- 

felves  and  the  edabliffiment,  by  deviating  in  the  fmallell  _ _ _ 

degree  from  the  form  in  which  they  had  been  accuftom-  They  wifhed  to  introduce  fome  other  ufages  of  the  pn.  Revival  of 
ed  to  celebrate  that  facrament.  Their  fiiccefibrs,  how-  mitive  church  ;  fuch  as  the  commemoration  of  the  faith-  ^ 

departed,  and  the  mixture  of  the  cuchariflic' cup 
(See  Supper  of  the  Lord,  n^  2.  and  3.  EncycL)  ;  and 


ever,  in  office,  were  men  of  different  difpolitions 
fidering  themfelves  as  totally  uncoiincded  with  the 
Hate,  and  no  longer  bound  by  the  a^:  of  uniformity, 
one  party,  at  the  head  of  which  was  bifliop  Collier, 
the  celebrated  eccleliaftical  hiftorian  (a).  Judged  it  pro¬ 
per  to  make  fuch  alterations  in  the  communion  office 
as  might  render  it  more  fuitable  to  their  own  notions 
of  the  Lord’s  Supper,  and  bring  it  nearer,  both  in  mat¬ 
ter  and  form,  to  the  nioft  ancient  liturgies  of  the  Chrif- 
tian  church. 

Of  the  propofed  alterations,  fome  were  perhaps  pro¬ 
per  in  their  circumftances  ;  whilft  others,  to  fay  the 
bell  of  them,  werC  certainly  needlefs,  if  not  inexpedient. 
They  were  accordingly  all  oppofed  by  another  power¬ 
ful  party  of  nonjurors;  and  the  queftions  in  difpute 
were  referred,  ffrffjto  Dr  Rofe,  the  deprived  bilhop  of 
Edinburgh,  and  afterwards  to  Dr  Atterbury  and  Dr 
Potter,  the  binibps  of  Rochefter  and  Oxford.  What 
judgment  the  two  Englifh  prelates  gave  in  this  contro- 
verfy  we  know  not ;  but  that  of  bilhop  Rofe  did  him 
much  honour.  Declining  the  office  of  umpire  between 
the  parties,  he  recommended  mutual  forbearance  and 
occafional  communion  with  each  other,  according  to 
either  form  ;  and  employed  a  gentleman,  well  verfed  in 
eccleliaftical  literature,  to  prove  that  fuch  a  compliance 
of  biftiop’s  with  each  others  innocent  prejudices  was 
hot  uncommon  in  the  pureft  times. 

Thef#  difputes  among  the  Engliffi  nonjurors,  and  the 
appeal  which  was  n^ide  to  Dr  Rofe,  drew,  more  clofe^- 
ly  than  hitherto  it  had  been  drawn,  the  attention  of  the 
v>cotch  Epifcopal  clc'*gy,  not  only  to  their  own  liturgy, 
which  had  been  authorifed  by  King  Charles  I.  b\it  like- 


_  ,  2.  ^ - 

their  brethern,  perceiving  no  authority  from  Charles  I. 
for  thefe  things,  and  being  accuftomed  to  confider  them 
as  Popiffi  practices,  a  violent  controverfy  was  ready  to 
burft  forth  about  what  every  enlightened  mind  muff 
confider  as  matters  of  very  little  importance. 

That  the  eucliariftic  cup  was  in  the  primitive  church 
mixed  with  a  little  water,  is  a  faft  incontrovertible  ; 
that  the  pradlice  was  harmlefs  and  decent,  it  is  wonder¬ 
ful  that  any  man  lliould  deny  :  but  that  fuch  3  mix¬ 
ture  is  ejfential  to  the  facrament,  we  cannot  believe,  for 
the  reafons  affigned  in  the  article  referred  to  ;  and 
therefore  it  ought  furely  to  have  been  no  objea  of  con¬ 
tention. 

That  the  faithful  departed  were  commemorated  in 
the  primitive  church  long  before  the  invention  of  pur- 
gatory,  is  knov\m  to  every  fcholar  ;  that  in  thofe  days 
fuch  a  commemoration  tended  to  invigorate  the  faith 
and  the  charity  of  Cliriftiaiis,  it  would,  in  our  opinion, 
be  very  eafy  to  prove  p  and  that  at  prefent  every  Chrif- 
tian  prays  in  private  for  his  deceafed  friends,  we  have 
proved  elfewhere  by  arguments,  of  the  confutation  of 
which  we  are  under  no  apprehenlion  (See  GkRFK-church 
in  t\\i%  Supplement)  :  but  we' fee  hot  the'  necejfily  of  in¬ 
troducing  fuch  prayers  iiito'public  wbrffiip  at  any  pe¬ 
riod  ;  and  we  perceive  iinpi'Opi  iety  in  doing  it  at  a’  pe¬ 
riod  when,  from  various  circiiiTillances,  they  may  caiife 
weak  brethren  to  err.  But  thofe  who  ^pleaded  for  the 
revival  of  this  pradfice  in  the  beginning  of  the  current 
century,  were  blinded  by  thch  very  erudition  (b);  rind 
thofe  who  oppofed  it  feem  not  to  have  been  acquainted 
_  ■  _ _  ■  with 


‘  learned,  though  violent  man,'  of  Whom  the  reader  will  fiiid  Tome  account  in  the  Eric ^dotee din 

was,  wnth  Dr  Hickcs  and  others,  corifecrated  by  the  deprived  prelates^  for  the  pnrpofc  of  prefervine  the  Eoif' 
copal  ruccellioii  in  what  they  confidered  as  the  true  church  of  England.  '  '  ^  ^ 

(bV  Paradoxical  as  this  affert ion  may  at  firft' fight  appear,  nothing- i^  mOre- certain  than  that  erudition  rind 
even  icience,  if  cultivated,  ik  as  likely  to  blind  as  to  enlighten  hn.derftandirig..  When  a  man  de¬ 

votes  all  bis  time,  and  all  his  attention,  to  purfuit,  he  contraaLfucH  a  foridnefs  for  it;  as- gradually  to  confu . 
der  it  as  the  only  valuable  purTuit,  which  will  inFallibly  lead  to  triitli,,and  to  ripthing  but  truth  ;  and  in  -  this  difi 
pohtioh  0-.  he  is  ready  to  embrace  the  moft  extravagant  abfufdity  to  Which  it  may  condubl  him  Of  thi^ 

the  read^  will  find  one  very  ftriking  inftance  in  page  547  oP  thW  volume,  iv]icre>  the.;  celebrated  Euler -appears 
r  darling  analyfis,  as  to  place  implicit  confidence  in  it>  even  when  he  himfelf  feems  fenfible  that- 

It  had  led  him  to  a  conclufion  contrary  to  common  fenfe,  and  the  nathre  of  things.-  That  Dr  Bentlev  wa<;  li¬ 
very  eminent  philologift,  is  univerfally  known  ;  that-  his  emendatory  criticifms  on  the  Claffics  are  often ^auDV* 
no  man  will  deny  ;  and  yet,  milled  by  liis  favourite  piirfuits,  he  never  pronounces  more  dogmatically  than  whJu 
he  dogma  which  he  utters  15  untenable.  W.e  appeal  to  his  critidfms  on  Milton, ,  Perhaps  there  is  »ot  a  mau 
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with  the  workings  of  a  benevolent  and  devout  mind|  or 
indeed  to  have  known  in  what  the  elfence  of  a  prayer 
^  con  fills. 

The  ancient  ufagcs,  however,  were  not  the  only  fiib- 
jeds  which,  on  the  death  of  bifliop  Rofe,  furnifhed 
matter  for  controverfy  among  the  Scotch  Epifcopalians. 
That  excellent  prelate,  together  with  the  deprived  arch- 
blfhup  of  Glafgow,  and  the  deprived  bilhop  of  Dun- 
blaln,  had,  from  time  to  time,  as  they  faw  occafion, 
ralfed  to  the  Epifcopal  dignity  fome  of  the  moil  defer- 
ving  Preibyters  of  the  church ;  but  it  was  refolved,  for 
what  reafon  we  do  not  very  well  know,  that  none  of 
the  new  bifhops  fliould  be  appointed  to  vacant  diocefes 
during  the  life  of  any  one  prelate  who  bad  poffeired  a 
legal  cftablifhment  ;  fo^that  blihop  Rofe,  who  furvived 
all  his  brethren,  was  for  feveral  years  the  ecclefiaflical 
governor  of  the  whole  Epifcopal  church  In  Scotland. 
On  his  death,  therefore,  though  there  were  four  bifhops 
in  Scotland,  and  two  Scotch  bifhops  refiding  in  Lon¬ 
don,  there  was  not  one  of  thofe  prelates  who  could 
claim  to  himfelf  the  authority  of  a  diocefan  over  any 
portion  of  the  Catholic  church.  This  they  at  firfl  una- 
nimoufly  acknowledged  ;  and  one  of  them,  in  the  name 
of  himfelf  and  his  brethren,  recommended  to  the  clergy 
of  the  diocefe  of  Edinburgh  to  eledl,  after  the  primitive 
plan,  a  fucceffor  to  their  late  venerable  diocefan.  The 
advice  was  followed  ;  the  eledlion  was  made,  and  ap¬ 
proved  by  the  bifhops  ;  and  Dr  Fiillarton,  the  bifhop 
chofen,  became  bifhop  of  Edinburgh,  by  tlie  fame  means 
and  the  fame  authority  as,  in  the  primitive  church,  St 
Cyprian  became  bifliop  of  Carthage,  or  Cornelius  bi¬ 
fhop  of  Rome, 

The  clergy  in  other  diflrl^ls,  following  the  example 
of  thofe  in  Edinburgh,  diocefan  Epifeopacy  was  about 
to  be  revived  throughout  all  Scotland  upon  principles 
purely  ecclefiaflical,  when  fome  of  the  bifnops,  whom 
Dr  RoL  bad  left  behind  him  merely  for  preferving  the 
Epifcopal  fucceffion,  conceived  a  new  and  very  extra- 
y  ordinary  conflltution  for  the  Scotch  Epifcopal  church. 
College  of  Whether  they  were  envious  of  their  colleagues,  and  of- 
bilhops.  fended  that  none  of  the  eledliona  had  fallen  upon  them; 

whether  they  were  fo  Ignorant  as  not  to  know  that  di¬ 
ocefan  Epifeopacy  had  fubfifled  long  before  the  con- 
verfion  of  the  Roman  empire,  in  abfolute  independence 
on  the  flate  ;  or  that  they  were  aCluated,  as  there  is 
reafon  to  fufpe<?l,  by  fome  political  principle  which 
they  could  not  with  fafety  avow  ; — fo  it  was,  that  they 
oppgfed  diocefan  Epifeopacy  of  every  kind,  and  pro- 
pofed  to  govern  the  whole  Scotch  church  by  a  college 


So  tvh 
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of  bifhops.  Againfl  this  unprecedented  fcheme  the 
more  learned  bifliops  oppofed  all  their  influence  ;  and 
being  exceedingly  difagreeable  to  the  inferior  clergy, 
it  was  very  foon  abandoned  by  its  authors  themfelves,  '' 
who,  after  fome  acrimonious  controverfy,  were  ghd  to 
'tome  to  an  agreement  with  their  diocefan  brethren.  j 

Of  this  agreement,  or  evneordate  as  it  was  called,' the  Thofe  dlvl. 
following  were  the  principal  articles:  i.  “That  the^onsheal. 
Scotch  or  Englifh  liturgy,  and  no  other,  might 
Indifferently  ui’ed  in  the  public  fervice  ;  and  that  the 
peace  of  the  church  fhould  not  be  diflurbed  by  the  in- 
trodu6lion  of  any  of  the  ancient  ufages  which  had  late¬ 
ly  ex-cited  fuch  diffenfions.  2.  That  no  man  fhculd 
thenceforward  be  confecrated  a  bifliop  of  the  Scotch 
church  without  the  confent  and  approbation  of  the  ma¬ 
jority  of  the  bifhops.  3.  That  the  bifliops,  by  a  ma¬ 
jority  of  voices,  fliould  choofe  one  of  their  number  to 
prefide  in  the  meetings  of  his  brethren,  and  to  convo- 
cate  fnch  meetings  when  he  judged  them  neceffary  : 
that  this  prefident  fhould  be  fly  led  Primus  Epifeopus^ 
or  more  fhortly  Primus  ;  but  that  he  fhould  not  pof- 
fefs  metropolitical  power,  or  claim  any  kind  of  jurifdic- 
tion  without  the  bounds  of  his  own  diocefe  or  diflrldl, 

4,  That  upon  the  vacancy  of  any  diocefe  or  diflridl, 
the  prefbyters  fliould  neither  ele<fi,  nor  fubmit  to,  ano¬ 
ther  bifhop,  without  receiving  a  mandate  by  the  Pri¬ 
mus,  iffued  with  the  confent  of  the  majority  of  his  col¬ 
leagues.” 

This  concordate  was  in  1731-2  fubferibed  by  all  the 
bifhops  then  in  Scotland,  who  immediately  became  dlo- 
cefans,  and  thought  no  more  of  the  college  fyftem.  It 
was  afterwards,  with  a  few  additions,  for  afcertalning 
more  precifely  the  prerogatives  of  the  Primus;  for  re¬ 
gulating  the  condin^  of  fynods;  for  exempting  bifhops 
from  the  jui  ifdidion  of  other  bifhops,  in  whofe  dlflridts 
they  might  chance  to  refide  ;  and  for  preventing  infe¬ 
rior  clergymen  from  deferting  their  congregations,  or 
removing  from  one  dillridl  to  another,  without  the  con¬ 
fent  of  the  bifhops  of  both — thrown  into  the  form  of 
canons  ;  and  tliefe  canons  have  continued  to  be  the 
code  of  the  Scotch  Epifcopal  church  down  to  the  pie- 
fent  day. 

The  members,  and  more  efpeeially  the  clergymen  of  polltfcal 
this  church,  had  always  been  confidered  as  unduly  at  opinioiiSo 
tached  to  the  family  of  Stuart  ;  and  though  there  was 
undoubtedly  at  firfl  fome  ground  for  that  fufpicion, 
the  writer  of  this  article  knows,  from  the  raofl  incon¬ 
trovertible  evidence,  that  it  was  continued  too  long, 
and  carried  by  much  too  far.  Jacobitifm  was  impu¬ 
ted 


alive  wdio  will  refufe  to  Dr  VVarburton  the  praife  of  learning  and  Ingenuity.  The  addrefs  with  which  he  de- 
tefts  the  double  do^rines  of  the  ancient  philofophers,  Is  fometimes  almofl  aflonlfhlng;  yet,  mifled  by  his  owm 
ardour  In  this  purfult,  he  difeovers  hidden  meanings  everywhere,  aUd  has  found  a  rational  fyflem  of  religion  Iq 
fome  of  the  ancient  myflerics,  wdiere  there  is  every  reafon  to  believe  that  nothing  in  reality  was  to  be  found  but 
athelfm  and  vice.  Juil  fo  it  is  with  the  ardent  reader  of  the  Chriftian  fathers.  If  he  devote  all  his  time  tp 
the  fludy  of  their  writings,  he  not  only  becomes  enamoured  of  his  employment,  but  acquires  gradually  fuch  a 
veneration  for  the  charadler  of  his  maflers  (and  venerable  they  undoubtedly  are)  as  renders  him  afraid  to  quef- 
tlon  any  thing  wdiich  they  advance,  and  unable  to  diflinguifh  between  their  teftimony,  which  is  deferving  of  all 
credit,  and  their  reafonings,  wLich  are  often  inconclufive.  We  trufl  it  Is  needlefs  to  difclalm  any  wifh  to  dif- 
courage,  by  this  note,  the  fludy  either  of  the  Chriftian  fathers,  the  Greek  philofophers,  philological  criticifm, 
or  the  modern  analyfis;  w'e  only  wlfti  to  diffuade  men  of  letters  from  devoting  their  whole  time  to  any  one  pur- 
fuit  whatever  ;  for  they  may  depend  upon  It,  that  fuch  partial  ftudies  contradl  the  mind.  One  of  the  moft  emi* 
nent  mathematicians  at  prefent  in  England  is  reported  to  have  .declared  his  contempt  of  the  Paradife  Lojl^  be- 
caufe  he  found  in  it  nothing  demonjl rated ! 
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Scotch  ted  to  the  fociety  as  its  dinftinguifhing  tenet ;  but  the 

IEpifcop?.-  iriembers  of  that  fociety  have  at  aii  times  contended,  that 
4  their  diftinguifhing  tenets  were  the  apoftolical  inilitution 

i  of  Epifcopacy,  and  in  the  exercife  of  thofe  powers  which 

•are  purely  fpiritiial,  the  independency  of  the  church  upon 
the  ftate.  In  politics,  indeed,  they  have  iinanimoufly 
main  tamed,  that  the  only  ruler  of  princes  or  legi/lahires 

!is  God,  and  not^the  people.  They  are,  of  cou rfe,  no 
friends  to  the  fafhionablc  dodlrine  of  refiftance,  which 
^  they  believe  to  be  not  only  condemned  in  exprefs  terms 
by  Chrift  and  two  of  his  apoftles,  but  to  be  alfo  the 
fource  of  that  anarchical  tyranny  which  lately  de¬ 
luged  Europe  with  blood.  They  confidcr  a  limited 

9  monarchy,  like  that  of  Britain,  as  the  moft  perfebt  form 

of  civil  government  which  the  world  has  everfesn;  and 
hereditary  monarchy  is  intinitely  preferable  to  one  that  is 
elcdive  :  and  with  refpedl  to  the  title  of  the  monarch, 
when  they  take  a  retrofpedlive  view  of  the  origin  of  all 
civil  governments,  they  cannot  but  look  upon  a  per> 
nianeut  and  unqueftioned  eilablifhment  as  an  indication 
of  the  plan  and  determination  of  Providence  furnifriing 
the  beft  right  to  a  crown  v^liich  any  modern  fovereign 
jQ  can  claim. 

Peifecution  Surely  thefe  are  harmlefs  opinions;  and  yet  the  worfliip 

of  thofe  who  held  them  was,  in  1746  and  1748,  laid  un¬ 
der  fucli  reftraints  as  were  calculated  to  produce  difaffec- 
tion  where  it  did  not  previoufly  exift.  Two  laws  were 
then  enacted  againft  the  Scotch  Epifcopalians  ;  which, 
under  the  pretence  of  eradicating  their  attachment  to  the 
hciife  of  Stuart,  were  fo  contrived  as  to  preclude  fucli 
of  their  clergy  as  were  willing  to  pay  allegiance  to  the 
reigning  fovereign,  and  to  pray  for  the  royal  family  by 
name,  from  reaping  the  fmalled  benefit  from  their  loyal¬ 
ty.  The  experiment  was  tried  by  feme  of  them  ;  of 
whom  one  venerable  perfon,  who  was  never  fufpe^led  of 
undue  attachment  to  the  hoiife  of  Stuart,  is  kill  alive ;  hut 
5  he,  and  his  complying  brethren,  had  their  chapels  burnt, 

and  were  themfclves  imprlforied,  as  if  they  had  been 
the  niok  incorrigible  Jacobites.  This  was  a  kind  of 
perfeention  which,  knee  the  Reformation,  has  had  no 
precedent  in  the  annals  of  Britain.  A  priek  of  the 
church  of  Rome,  by  renouncing  the  errors  of  Popery, 
has  at  all  times  been  quallncd  to  hold  a  living  in  Eng¬ 
land  ;  a  diflenting  miniker,  of  whatever  denomination, 
might  at  any  time  be  admitted  into  orders,  and  rife  to 
the  highek  dignities  of  the  Englifh  church; — but  while 
the  laws  of  1746  and  1748  remained  in  force,  there 
was  nothing  in  the  power  of  a  Scotch  Epifcojfdl  cler¬ 
gyman  to  do  from  which  he  could  reap  the  fmallek  be¬ 
nefit.  By  taking  the  oaths  to  government,  he  was  not 
qualified  to  hold  a  living  in  England,  or  even  to  enjoy 
a  toleration  in  Scotland  ;  and  bis  clerical  charader  be¬ 
ing  acknowledged  by  the  EnghTn  Bifliops,  he  could  not 
by  thofe  prelates  be  canonically  reOrdained. 

Upon  the  clergy,  however,  thofe  laws  of  uncommon 
rigour  were  not  long  rigoroiifiy  executed.  After  a  few 
years,  the  burning  of  chapels,  and  the  impnToning  of 
j  II  minifters,  were  occurrences  far  from  frequent ;  but  the 
|roleration.  laws  to  which  we  allude  affedled  likewife  the  political 
,  privileges  of  fuch  laymen  as  frequented  the  Epifcopal 

I  chapels:  and  in  that  part  of  their  operation,  thofe  laws 

were  never  relaxed  till  1792,  when  they  were  wholly 
repealed,  and  the  Epifcopalians  in  Scotland  tolerated 
like  other  well  affeaed  diffenters  from  the  national  efta. 
blifhment. 
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While  Epifcopacy  w^as  the  ekablifiied  form  of  church  Scotch 
goyerrimciit  in  Scotland,  the  clergy  of  that  chuicli  fub- 
feribed  a  confdlion  of  faith  fumintd  up  in  twenty  five » 
articles,  which  the  reader  will  find  in  the  hikory  attri- 
billed  to  John  Knox.  It' is  fiifficieiit  to  obferve  in  this  of 
place,  that  in  efTciitials  it  dilfers  little  from  the  articles 
of  mok  other  reformed  churches;  and  in  every  thing 
which  does  not  immediately  relate  to  papjjlry,  it  is  mo¬ 
derate  and  unexceptionable  ;  perhaps  more  fo  than  the 
prefent  confeffioii  of  either  of  the  Britifli  cliurclies. 

During  the  period  which  intervened  betw^een  the  Re¬ 
volution  and  the  year  1792,  no  fubfcnptlon  was  in¬ 
deed  required  from  Scotch  Epifcopalian  clergymen  to 
any  fummary  of  Cliriiliaii  dodiine  ;  but  at  their  ordi¬ 
nations,  thofe  clergy  folemnly  profektd  their  belief  of 
all  the  canonical  bocks  of  the  Old  and  New  Teka- 
ments  ;  declared  their  perfuafion  that  thofe  books  con¬ 
tain  fiifficiently  all  doctrines  neceffary  to  falvation, 
tlirough  faith  in  Jefus  Chrlk ;  and  were  obliged  to 
read  daily  in  their  chapels  the  Engliki  book  of  Com¬ 
mon  Prayer,  which  contains  the  Apokles,  Nicane,  and 
Athanaiian  creeds.  But  now  thofe  clergymen  are  en¬ 
joined  by  acl  of  parliament  to  fiibfcribe  the  39  ar¬ 
ticles  of  the  church  of  England  ;  fo  that  the  princi¬ 
ples  of  their  faith  are  well  known.  No  doubt  there 
are  differences  of  opinion  among  them  about  the  fenfe 
of  fome  of  thofe  articles  ;  and  it  is  well  known  that 
there  are  fimiiar  differences  among  the  Englifh  clergy 
themfelves:  but  there  is  every  reafon  to  believe,  that 
tlie  faith  of  the  Scotch  Epifcopalians  has,  in  every 
important  point,  been  at  all  times  orthodox. 

We  arc  aware,  that  they  have  been  reprefented  as 
unfriendly  to  the  Engliru  fervice  ;  but  fuch  a  reprefen- 
tation  appears  to  be  either  a  wilful  falfehood,  or  the 
offspring  of  ignorance.  The  only  reformed  liturgy 
that  ever  had  the  famStiori  of  a  civil  eilablifhment  in  j, 
Scotland,  is  the  Bock  of  Common  Prayer,  and  Admlni  Their 'woi> 
Jlratton  of  the  Sacraments,  and  other  parts  of  Divine  fhip. 
vice  authorifed  by  King  Charles  1.  In  that  book,  the 
order  of  adininiflration  of  the  Lord’s  Supper  differs  in 
fome  particulars  from  the  Englifh  order,  and  is  iinquef- 
tionably  better  adapted  to  the  opinions  of  thofe  who 
confider  that  holy  ordinance  either  as  an  eucharikical  fa- 
crifice,  or  as  a  feak  upon  a  facrifice.  In  the  one  or 
other  of  thefe  lights,  the  Lord’s  Supper  is  viewed  by  a 
great  majority  of  the  Scotch  Epifcopalians  ;  and  of 
conrfe  the  Scotch  communion  office  is  ufed  in  a  great 
majority  of  their  chapels  :  but  it  is  not  ufed  in  them 
all.  T.  heir  bifliops,  who,  when  in  England,  communi¬ 
cate  with  the  ekablifhed  church,  leave  the  inferior  cler¬ 
gy  at  liberty  to  ufe  either  the  Englifli  or  the  Scotch 
form,  as  is  mok  agreeable  to  themfelves  and  to  the 
people  among  whom  they  miniker;  and  to  filence  the 
clamour  of  fymbolizing  with  the  church  of  Rome, 
which  was  fome  years 'ago  either  ignorantly  or  malici- 
oufly  raifed  againk  them,  they  altered  the  arrangement^ 
of  the  Scotch  prayer  of  confecration,  fo  as  not  only  to 
bring  it  nearer  to  the  mok:  primitive  forms,  but  alfo  to 
make  it  abfolutely  inconfikent  with  the  real  prefence 
as  taught  either  by  the  church  of  Rome  or  by  the  Lu¬ 
theran  churches.  On  this  fubjed,  kt  Greeks  Church 
n®  17.  in  this  Supplement  * 

^  Thus  have  we,  given  a  ffiort  view  of  the  diklnguiki- EnelUh 
mg  principles  of  what  muft  furely  be  confidefed  as  a  clergymen, 
very  refpeaable  fociety  of  Chriftians,  and  the*  only  re- Scotland; 
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iorwtA  Epifcopal  {ocitij  in  that  part  of  Great  Britain 
called  Scotland.  There  are,  indeed,  chapels  in  Scotland 
,  dillindl  from  the  church  of  which^we  have  been  treat¬ 
ing,  where  the  Englifh  liturgy  ds  read  by  clergymen 
Avho  have  received  Epifcopal  ordination  either  hi  Eng¬ 
land  or  in  Ireland  ;  but  thofe  chapels  being  all  inde¬ 
pendent  of  each  other,  and  undel"  the  hifpeition  of  no 
biihop,  the  perfons  who  frequent  them  feeln  to  be  ra¬ 
ther  Congregationalifls  than  Epifcopalians,  and  certain¬ 
ly  do  not  conilitute  what  can,  with  any^propriety,  be 
called  an  Epifcopal  church, 

EQUAlN^'r,  in  allfonomy,  a  fanciful  circle,  intro¬ 
duced  into  fcience  to  remove  fome  of  the  defects  of  the 
Ptolemaic  fyllem  of  the  uiiiverfe.  In  this  artificial 
fyllem  of  epicycles  and  eccentric  circles,  the  idea  of  cir¬ 
cular  and  equable  motion  was  by  no  means  abandoned  ; 
but  while  each  of  the  heavenly  bodies  revolved  in  its 
own  orb,  the  centre  of  that  orb  was  fuppofed  to  be  car¬ 
ried  at  the  fame  time  round  the  circumference  of  ano¬ 
ther  circle.  The  more  obvious  inequalities  were  thus 
explained  with  a  geometrical  precifion.  With  all  its 
nice  combination,  however,  of  circles,  the  fyflem  was 
foon  found  to  have  defeats  ;  to  remove  which,  the  fine 
contrivance  of  the  equant  was  introduced.  Though 
the  angular  motion  of  a  planet  viewed  from  the  earth 
was  confeffed  to  be  unequal,  a  point  could  be  conceived 
from  which  it  would  be  feen  to  move  with  perfe^I  uni¬ 
formity.  That  point  was  made  the  centre  of'  the  e- 
quaiit,  and  lay  at  the  fame  diflance  from  the  centre  of 
the  eccentricity  on  the  one  fide,  as  the  earth  was  re¬ 
moved  on  the  other.  “  Nothing  (fays  Dr  Smith, 
from  whom  this  account  of  the  equant  is  taken)  can 
more  evidently  fhew  how  much  the  repofe  and  tranquil¬ 
lity  of  the  imagination  is  the  ultimate  end  of  philofo- 
phy,  than  the  invention  of  this  equalizing  circle.” 

EQIJATION  OF  A  CURVE.  See  Algebra  (Ea- 
cjfc/.)  Part  III.  chap.  ii. 

Secular  Eeip  AT  ION  ^  in  aflronomy.  See  Astronomy 
ill  x\\\%  Supplement y  n®  25 — 38. 

EQUICURVE  Circle,  the  fame  with  Circle  of 
Curvature^  which  fee  in  this  Supplement. 

Two  Abyflinian  fhriibs  of 
the  genus  Mimosa,  which 
fee  EncycL 

ERKOOM,  an  Abyffinian  bird,  part  of  a  large  tribe, 

in  which  (fays  Mr  Bruce)  the  great efl  variety  lies  in 
his  beak  and  horn.  The  horn  he  wears  fometimes  upon 
the  beak  and  fometimes  upon  the  forehead  above  the 
root  of  the  beak.”  This  bird  is  by  naturalills  called  the 
Indian  crow  or  raven ;  and  our  author,  though  he 
feenis  to  think  this  claflification  improper,  admits  that 
lie  has  one  chare6leriftic  of  the  raven  ;  he  walks,  and 
does  not  hop  or  jump  in  the  manner  that  many  others 
of  that  kind  do  ;  but  then  he  at  times  runs  with  very 
great  velocity,  and,  in  running,  very  much  refembles 
the  turkey  or  buftard  when  his  head  is  turned  from 
you. 

The  colour  of  the  eye  of  this  bird  is  of  a  dark  brown, 
or  rather  reddifli,  cad,  but  darker  dill  as  it  approaches 
the  pupil ;  he  has  very  large  eyelaflies,  both  upper  and 
lower,  but  efpecially  his  upper.  From  the  piint  of 
the  beak  to  the  extremity  of  the  tail  is  three  feet  ten 
inches ;  the  breadth,  from  one  point  of  the  wing  to 
the  other  extended,  is  fix  feet,  and  the  length  twenty- 
two  inches  ;  the  length  of  the  neck  ten  inches,  and  its 
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tliicknefs  three  inches  and  a  half;  the  length  of  the 
beak,  meafuring  the  opening  near  the  head  ilraight  to  ' 
the  point,  ten  inches ;  and  from  the  point  of  the  beak 
to  the  root  of  the  horn,  feven  inches  and  three  eighths. 
The  whole  length  of  the  horn  is  three  inches  and  a  half. 
The  Jength  of  the  horn,  from  the  foot  to  the  extre¬ 
mity  where  it  joins  the  beak,  is  four  inches.  The 
thicknels  of  the  beak  in  front  of  the  opening  is  one 
inch  and  feven  eighths.  The  thick nefs  of  the  born  in 
front  is  one  inch  and  five-eighths.  The  horn  in  height, 
taken  from  the  upper  part  of  the  point  to  the  beak, 
two  inches.  The  length  of  the  thighs  feven  inches, 
and  that  of  the  legs  fix  inches  and  five  eighths.  The 
th'ckncrs  in  profile  feven  lines,  and  in  front  four  lines 
and  a  half.  It  has  three  toes  before  and  one  behind, 
but  they  are  not  very  ftrong,  nor  feemingly  made  to 
tear  up  carcafes.  The  length  of  the  foot  to  the  hinder 
toe  is  one  inch  fix  lines,  the  innermoft  is  one  inch 
feven  lines,  the  middle  two  inches  two  lines,  and  the 
lad  outer  one  two  inches  one  line.  This  bird  is  all  of 
a  black,  or  rather  black  mixed  with  foot-colour  ;  the 
large  feathers  of  the  wing  are  ten  in  number,  milk- 
white  both  without  and  within.  The  tip  of  his  wings 
reaches  very  nearly  to  his  tail  ;  his  beak  and  head  mea- 
fured  together  are  eleven  inches  and  a  half,  and  his 
head  three  inches  and  a  quarter.  At  his  neck  he  has 
thofe  protuberances  like  the  Turkey-cock,  which  are 
light  blue,  but  turn  red  upon  his  being  chafed,  or  in 
the  time  the  hen  is  laying. 

The  erkoom,  though  not  eafily  raifed,  flies  (fays 
our  author)  both  drong  and  far.  It  has  a  rank  fmell, 
and  is  faid  in  Abyflinia  to  feed  upon  dead  carcafes. 
This,  however,  he  thinks  a  midake,  as  he  never  faw  it 
following  the  army,  nor  approaching  a  dead  carcafe  ; 
and  as  often  as  he  had  occafion  to  open  this  bird,  he 
found  in  its  domach  nothing  but  the  green  fcarabeus 
or  beetle.  It  builds  in  large  thick  trees,  always,  if  it 
can,  near  churches  ;  has  a  covered  ned  like  that  of  a 
magpie,  but  four  times  as  large  as  the  eagle’s.  It  places 
its  ned  firm  upon  the  trunk,  without  endeavouring  to 
make  it  high  from  the  ground  :  the  entry  is  always  on 
the  ead  fide, 

ETON  is  a  place  which,  on  account  of  its  college, 
fhould  not  be  omitted  in  a  repofitory  of  arts,  fciences, 
and  literature  ;  and  as  no  notice  is  taken  of  it  in  the 
Encycloptsdiay  we  fhall  deviate  for  oirce  from  the  plan 
which  we  had  laid  down  for  this  Supplement,  and 
which  is,  not  to  admit  into  it  deferiptions  of  places  in 
our  own  ifland  that  may  be  vifited  by  the  greater  part 
of  our  readers  with  little  trouble. 

Though  in  a  different  county,  namely,  Buckingham- 
Ihire,  Eton  may  be  faid  to  be  one  and  the  fame  town 
with  Windfor,  for  which  fee  EncycL  It  is  pleafantly 
fituated  on  the  banks  of  the  Thames,  in  a  delightful 
valley,  which  is  of  a  remarkably  lieaithy  foil.  Its  col¬ 
lege  was  founded  by  Henry  VI.  for  the  fupport  of  a 
provod  and  feven  fellows,  one  of  W'hom  is  vice-provod, 
and  for  the  education  of  feventy  King’s  fcholars,  as 
thofe  are  called  who  are  on  the  foundation.  Thefe, ' 
when  properly  qualified,  are  eleded,  on  the  fird  Tuef- 
day  in  Augiid,  to  king’s  college  Cambridge,  but  they 
are  not  removed  till  there  are  vacancies  in  the  college, 
and  then  they  are  called  according  to  feniority  ;  and  * 
after  they  have  been  tliree  years  at  Cambridge,  they 
claim  a  fellowfhip.  Befides  thofe  on  the  foundation 
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1.  there  are  feldom  lefs  than  three  hundred  fcholars, 
often  many  more,  who  board  at  the  mailers  houfes,  or 
within  the  bounds  of  the  college.  The  fchool  is  divi¬ 
ded  into  upper  and  lower,  and  each  of  thefe  into  three 
claffes.  To  each  fchool  there  is  a  mailer  and  four 
ailiilants  or  uihers.  The  revenue  of  the  college  is  about 
L.  5000  a-year.  Here  is  a  noble  library,  and  in  the 
great  court  is  a  fine  ilatue  of  the  founder,  eredled  at 
the  expence  of  a  late  provoit  Dr  Godolphin  dean  of 
St  Paiihs.  The  chapel  is  in  a  good  ilyle  of  Gothic  ar- 
chitedure.  The  fchools  and  other  parts,  which  arc  in 
the  other  ilyle  of  building,  are  equally  well,  and  feem 
like  the  defign  of  Inigo  Jones. 

At  Eton  there  is  a  fingular,  and  we  think  a  laudable, 
feilival  called  the  Monteniy  celebrated  triennidlly  (for¬ 
merly  duennially)  by  the  fcholars  of  the  fchool  upon 
Whit-Tuefday.  The  following  account  of  this  feilival, 
taken  from  the  Monthly  Magazine,  will  probably 'be 
acceptable  to  many  of  our  readers. 

It  commences  by  a  number  of  the  fenior  hoys  taking 
poll  upon  the  bridges  or  other  leading  places  of  all  the 
avenues  around  Windfor  and  Eton  fooii  after  the  dawn 
of  day.  Thefe  youths  fo  polled  are  chiefly  the  beil 
figures,  and  the  moil  adive  of  the  iludents ;  they  are 
all  attired  in  fancy  dfelTes  of  filks,  fatins,  See,  and  fome 
richly  embroidded,  principally  in  the  habits  or  faihion 
of  running  footmen,  with  poles  in  their  hands  ;  they 
are  cdiWed  fah^hearers,  and  demand  fait,  i.  e.  a  contribu¬ 
tion  from  every  paiTenger,  and  will  take  no  denial. 

When  the  contribution  is  given,  which  is  ad  libitum, 
a  printed  paper  is  delivered  with  their  motto  and  the 
date  of  the  year,  which  paifes  the  bearer  free  through 
all  other  falt-bearers  for  that  day,  and  is  as  follows,  viz. 

Pro  more  et  monte, 

1799, (a) 

Vivant  Rex  et  Regina. 

Thefe  youths  continue  thus  colleding  their  fait  at 
all  the  entrances  for  near  feven  miles  round  Windfor 
and  Eton,  from  the  dawn  of  day  until  about  the  clofe 
of  the  proceifioU,  which  is  generally  three  o'clock  in 
the  afternoon. 

The  proceiTion  commences  about  twelve  o'clock  at 
noon,  and  confifts  of  the  Queen's  and  other  bands  of 
mufic;  feveral  flandards  borne  by  different  fludents  5 
all  the  Etonian  boys,  two  and  two,  dreffed  in  officers 
uniforms  ;  thofe  of  the  king's  foundation  wearing  blue, 
the  others  fcarlet  uniforms,  fwords,  &c.  * 

The  Grand  Standard  bearer. 

The  Captain,  or  Head  Boy  of  Eton  School. 

The  Lieutenant,  or  Second  Boy. 

His  Majefty,  attended  by  the  Prince  of  Wales,  and 
other  male  branches  of  the  royal  family  on  horfeback, 
with  their  fuite 


The  Queen  and  PrincelTes  in  coaches,  attended  by 
their  fuite.  ^ 

Band  of  mufic,  followed  by  a  great  concourfe  of  the 
Nobility  and  Gentry  in  their  carriages  and  on  horfe¬ 
back. 

The  proceflion  commences  in  the  great  fquare  at 
Eton,  and  proceeds  throughEton  to  Slough,  and  round 
to  -Salt  Hill,  where  the  boys  all  pafs  the  king  and 
queen  m  review,  and  afeend  the  Montem  :  here  an  ora- 
SuppL.  VoL.  1.  Part  IL 
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and  tion  is  delivered,  and  the  grand  ftandard  is  difplayed 
with  much  grace  and  a£livity  by  the  ftandard  bearer, 
who  is  generally  fcleded  from  among  the  fenior  boys. 

There  are  two  extraordinary  falt-bearers  appointed 
to  attend  the  king  and  queen,  who  are  always  attired 
in  fanciful  habits,  in  manner  of  the  other  falt-bearers 
already  deferibed,  but  fiiperbly  embroidered.  Thefe 
falt-bearers  carry  each  an  embroidered  bag,  wdiicb  not 
only  receives  the  royal  fait,  but  alfo  whatever  is  collet- 
ed  by  the  out-ftationed  falt-bearers.  The  donation  of 
the  king  and  queen,  or,  as  it  is  called  upon  this  occa- 
fion,  the  royal  fah^  k  always  fifty  guineas  each;  the 
Prince  of  Wales  thirty  guineas  ;  all  the  other  princes 
and  princeffes  twenty  guineas  each.  As  foon  as  this 
ceremony  is  performed,  the  royal  family  return  to 
Windfor.  The  boys  are  all  fumptuoufly  entertained  at 
the  tavern  at  Salt  Hill  ;  and  the  beautiful  gardens  at 
that  place  are  laid  out  for  fneh  ladies  and  gentlemen  as 
choofe  to  take  any  refrcihments,  the  different  bauds  of 
mufic  performing  all  the  time  in  the  gardens. 

About  fix  o’clock  in  the  evening  all  the  bovs  return 
in  the  fame  order  of  proceflion  as  in  the  morning  (wfith 
the  exception  only  of  the  royal  family),  and,  marching 
round  the  great  fquare  in  Eton  fchool,  are  difmiffetL 
The  captain  then  pays  his  refpeds  to  the  royal  family 
at  the  queen's  lodge,  Windfor,  previous  to  his  depar-. 
ture  for  Ring  s  College,  Cambridge  ;  to  defray  w'^hich 
expence,  the  produce  of  the  montem  is  prefeiited  to 
him;  and  upon  Whit- Puefday,  in  the  y'ear  1796,  it 
amounted  to  more  than  1000  guineas.  The  day  con¬ 
cludes  by  a  brilliant  difplay  of  beauty,  rank,  and  fiu 
fhion,  a  promenade  on  Windfor  Terras,  bands  of  mufic 
peifoiraing,  dec.  and  the  feene  highly  enlivened  and  en** 
riched  by  the  affable  coudefcerifion  of  the  royal  family, 
who  indifci  iminately  mix  with  the  company,  and  oa- 
rade  the  Terrace  till  nearly  dark,  ^ 

Spontaneous  EVAPORATION.  See  Weather, 
no  17,  Sec.  Encycl, 

AUDIOMETER,  an  inftrunaent  for  afeertaining 
the  purity  of  the  atmofpherical  ai*r.  Many  have  been 
the  contrivances  of  cheraifts  for  this  purpofe  (lee  Eu¬ 
diometer,  Encycl,)  ;  but  perhaps  the  bell  eudiometer 
IS  that  oi  Morveau  {^or  Guyton,  as  he  now  choofes  to 
call  himfelf),  of  which  mention  has  been  made  in  Che¬ 
mistry,  n"  420.  in  this  Supplement.  The  following 
Ihort  defeription  will  make  the  nature  and  ufe  of  ^hls 
iiillrument  plain  to  every  reader, 

AB,  (Plate  XXVIII.)  reprefents  a  fmall  glafs  retort 
with  a  long  neck;  its  whole  capacity  being  from  feven 
to  nine  folicl  inches.  It  mull  be  chofen  of  fuch  a  cur¬ 
vature  that,  when  the  neck  is  fet  upright,  the  bulb  may 
form  at  its  lower  part  a  cavity  to  retain  the  matters  in, 
troduced.  The  extremity  of  the  neck  of  this  retort 
IS  ground  with  emery  to  enter  the  glafs  tube  CD, 
which  is  open  at  both  ends,  and  about  12  or  15  inches 
in  length.  The  retort  then  clofes  the  tube  in  the  man¬ 
ner  of  a  ground  ftopper,  and  intercepts  all  external  com¬ 
munication.  A  cylindilcal  glafs  veffel  F  is  provided, 
of  the  form  of  a  common  jar,  in  which  the  glafs  tube 
CD  may  be  entirely  plunged  beneath  the  level  of  the 
water.  Laftly,  the  fulphuret  of  potafh  is  prepared  and 
broken  into  pieces  Efficiently  fmall  to  be  introduced 
4  A  into 
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(a)  Or  whatever  the  year  may  be. 


Eudiome-  {nto  the  retort. 

„  hot,  in  a  bottle 

Eu  loxu«.  ’ 
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Thefe  are  to  be  inclored,  dry  and  even 
for  ufe.  Thefe  conftitate  the  whole 
apparatus  and  preparation  of  materials.  a  • .  i 

When  it  is  required  to  examine  an  aeriform  fluid,  by 
feparatinir  its  oxygen,  two  or  three  pieces  of  the  fuU 
phuret,  of  the  fize  of  a  pea,  are  put  into  the  retort.  It 
is  then  filled  with  water,  taking  care  to  incline  it  fo  that 
all  the  air  may  pafs  out  from  the  bulb.  The  orifice  of 
the  retort  is  then  to  be  clofed,  and  inverted  into  the 
pneumatic  tube,  in  order  that  the  gas  propofed  for  exa- 
mination  may  be  transferred  into  it  in  the  ufual  manner. 

By  an  eafy  manceuvre  of  alternately  inclining  the  re¬ 
tort  in  different  diredions,  all  the  water  is  made  to  flow 
out  of  the  bulb  in  which  the  fulphuret  remains.  When 
this  is  done,  the  retort  is  placed  in  the  vertical  fituation, 
and  its  extremity  introduced  into  the  tube  of  glafs  CD> 
which  muft  always  be  under  water.  A  fmall  lighted 
taper  is  then  to  be  placed  under  the  bulb.  To  fupport 
the  retort  in  its  pofition,  the  jar  is  provided  with  a 
wooden  cover,  in  which  there  is  a  notch  to  receive  it. 

The  firft  impreffion  of  the  heat  dilates  the  gafeous 
fluid  fo  much  that  it  defeends  almoil:  to  the  bottom  of 
the  tube,  which  is  difpofed  exprefsly  for  its  reception  ; 
otherwife  the  partial  efcape  would  prevent  an  accurate 
determination  of  its  change  of  bulk.  But  as  foon  as 
the  fulphuret  begins  to  boil,  the  water  quickly  rifes,  not 
only  in  the  inferior  tube,  but  likewife  in  the  neck  of 
the  retort,  notwithftanding  the  application,  and  even 
the  increafe  of  the  heat. 

If  the  fluid  be  abfolutely  pure  vital  air,  the  abforp- 
tion  is  total.  In  this  cafe,  to  prevent  the  rupture  of 
the  veflel  by  too  fudden  refrigeration,  the  afeent  of  the 
water  muft  be  rendered  flower,  either  by  removing 
the  taper,  or  by  increaflng  the  perpendicular  height  ; 
which  will  not  prevent  the  abforption  from  continuing 
while  any  gas  remains  which  is  proper  to  fupport  com- 

buftion.  , 

If  the  fluid  be  common  air,  or  oxygen  mixed  with 
any  other  gas,  the  quantity  of  water  which  has  entered 
the  retort  muft  be  accurately  meafured  after  the  cooling. 
Tt  reprefents  the  volume  of  air  abforbed.  Care  muft  be 
taken  to  inclofe  the  remaining  gas  under  the  fame  pref* 
fure,  by  plunging  the  retort  to  the  level  of  the  line  at 
which  the  inclofed  water  refts,  before  the  orifice  is 

flopped.  ^  , 

This,  operation  of  meafuring,  which  is  very  eafy  wnen 
meafuring  veffels  are  at  hand,  may  be  habitually  per- 
formed  by  a  flip  of  paper  pafted  on  the. neck  of  the  re¬ 
tort,  upon  which  divifions  are  drawn  from  obfervation, 
and  which  muft  be  covered  with  varaifh  to  defend  it 
from  the  a£lIon  of  the  water. 

£UDOXUS  of  Gnidus  was  a  celebrated  philofopher 
of  the  fcliool  of  Pythagoras.  His  firft  preceptor  was 
Archytas,  by  whom  he  was  inftrudled  in  the  principles 
of  geometry  and  philofophy.  About  the  age  of  twenty- 
•  three  he  came  to  Athens  ;  and  though  his  patrimony 
was  fmall,  by  the  generous  afliftance  of  Theomedon  a 
phyfician,  he  was  enabled  to  attend  the  fchools  of  the 
philofophers,  particularly  that  of  Plato.  The  liberality 
of  his  friend's  afterwards  fupported  him  during  a  vifit  to 
Egypt,  where  he  was  introduced  by  Agefilaus  to  king 
Neftaiiebis  II.  and  by  him  to  the  Egyptian  priefts.  It 
has  been  faid  that  he  accompanied  Plato  into  Egypt ; 
but  this  is  inconfiftent  with  chronology  ;  for  Ne<^ane- 
bis  II.  reigned  in  Egypt  from  the  fecond  year  of  the 


Evolu'c. 
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hundred  and  fourth  Olympiad,  to  the  fecond  year  of  Evetflion 
the  hundred  and  feventh  ;  and  it  was  before  Plato  open¬ 
ed  his  fcliool,  that  is,  before  the  ninety-eighth  Olym-  ^ 
piad,  about  the  fortieth  year  of  his  age,  that  he  viftted 
Egypt.  Eudoxus  is  highly  celebrated  by  the  ancients 
for  his  flcill  in  aftronomy  ;  but  none  of  his  writings  on 
this  or  any  other  fubje<ft  are  extant.  Aratus,  who  has 
deferibed  the  celeftial  phenomena  in  verfc,  is  faid  to 
have  followed  Eudoxus.  He  fluuriflied  about  the  iiinc- 
ty-fevefith  Olympiad,  and  died  in  the  hfty-third  year 
of  his  age.  Enjldd's  Hjfl.  of  Philofophy. 

EVECTION  is  ufed  by  fome  aftronomers  for  the 
libration  of  the  moon,  being  an  inequality^  in  her  mo¬ 
tion,  by  which,  at  or  near  the  quadratures,  Ihe  is  not  in 
a  line  drawn  through  the  centre  of  the  earth  to  the  fun^ 
as  (he  is  at  the  fyzygies,  or  conjundlion  and  oppofition, 
but  makes  an  angle  with  that  line  of  about  2°  5 1'.  The 
motion  of  the  moon  about  her  axis  only  is  equable  v 
which  rotation  i^  performed  exadlly  in  the  fame  time  as 
fhe  revolves  about  the  earth  ;  for  which  reafon  it  i-s  that 
fhe  turns  always  the  fame  face  towards  the  earth  nearly, 
and  would  do  fo  exadlly,  were  it  not  that  her  monthly* 
motion  about  the  earth,  in  an  eliptic  orbit,  is  not  c- 
quable  ;  on  which  account  the  moon,  feen  from  the 
earth,  appears  to  librate  a  little  upon  her  axis,  fome- 
times  from  eaft  to  weft,  and  fometimes  from  weft  to 
eaft  ;  or  fome  parts  in  the  eaftern  limb  of  the  moon  go 
backwards  and  forwards  a  fmall  fpace,  and  fome  that 
were  confpicuous  are  hid,  and  then  appear  again. 

The  term  evedion  is  ufed  by  fome  aftronomers  to 
denote  that  equation  of  the  moon’s  motion  which  is 
proportional  to  the  fine  of  double  the  diftance  of  tbs 
moon  from  the  fun,  dimiiilfbed  by  the  moon’s  anoma¬ 
ly.  This  equation  is  not  yet  accurately  determined 
fome  ftate  it  at  30',  others  at  36',  &c.  It  is  the 
greateft  of  all  the  moon’s  equations,  except  the  equa¬ 
tion  of  the  centre.  HuttorPs  DiSionary. 

EVENLY  EVEN  NUMBER.  See  Number,  EncycL 
Evenly  Odd  Numher.  See  Number,  EncycL 
EVOLVENT,  in  the  higher  geometry,  a  term  ufed 
by  fome  writers  for  the  involute  or  curve  refulting  from 
the  evolution  of  a  curve,  in  contradiftindion  to  that 
evolute  or  curve  fuppofed  to  be  opened  or  evolved.  See 
E VOLUTE  and  Involute,  Suppl. 

EVOLUTE,  in  the  higher  geometry,  a  curve  firft 
propofed  by  Huyghens,  and  fince  much  ftudied  by  ma¬ 
thematicians.  It  is  any  curve  fuppofed  to  be  evolved 
or  opened,  by  having  a  thread  wrapped  clofe  upon  it, 
fattened  at  one  end,  and  beginning  to  evolve  or  unwind 
the  thread  from  the  other  end,  keeping  the  part  evol¬ 
ved  or  wound  off  tight  ftretched  ;  then  this  end  of  the 
thread  will  deferibe  another  curve,  called  the  involute. 

Or  the  fame  involute  is  deferibed  the  contrary  way,  by 
wrapping  the  thread  upon  the  evolute,  keeping  it  al¬ 
ways  ftretched.  For  the  Involution  and  Evolu¬ 
tion  of  Curves,  fee  Involution  in  this  Supplement. 

Jmperfed  Evolute,  a  name  given  by  M.  Reaumur 
to  a  new  kind  of  evolute.  The  mathematicians  had 
hitherto  only  confidered  the  perpendiculars  let  fall  from 
the  involute  on  the  convex  fide  of  the  evolute  :  but  if 
other  lines  not  perpendicular  be  drawn  upon  the  fame 
points,  provided  they  be  all  drawn  under  the  fame  an¬ 
gle,  the  effea  will  Hill  be  the  fame  ;  that  is,  the  oblique 
lines  will  all  interfea  in  the  curve,  and  by  their  inter- 
feaions  form  the  infinitely  fmall  fides  of  a  new  curve, 

to 
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Euphon.  to  which  they  would  be  fo  many  tangents.  Such  a  produced  a  (lar-formed  figure  ;  and  the  author,  having  Euphon. 

curve  is  a  kind  of  evolute,  and  has  its  radii  ;  but  it  is  continued  his  reftaiches,  pnblifiied  the  refult  of  them  in 
an  imperfedl  one,  fince  the  radii  are  not  perpendicular  a  work  entitled,  Difeoveries  refpe<!iliiig  the  Theory  of 

to  the  firft  curve  or  involute.  Sound,  printed  at  Leipfic  in  1787. 

EUPHON,  a  mufical  inftrument  invented  lately  by  Wliilfl  he  was  employed  in  thefe  inveiligations,  he 
Dr  Chladni  of  Wittenberg,  well  known  by  his  various  refolved  to  invent  a  new  mufical  inftrument;  and  he  be- 
publications  on  philofophical  fubje6ts,  efpecially  the  the-  gaii  to  confider  whether  it  might  not  be  poffible  by 
ory  of  mufical  founds.  The  euphon  confills  of  forty-  rubbing  glafs  tubes  in  a  itraight  line,  with  the  wet  fin- 
two  immtiveable  parallel  cylinders  of  glafs  of  equal  gers,  to  produce  founds  in  the  fame  manner  as  is  done 
length  and  thicknefs  ;  but  its  coiiflrudtion,  tone,  and  in  the  hanroniea  by  rubbing  them  circularly  That 
the  method  of  playing  it,  are  totally  different  from  thofe  glafs  tubes,  like  thofe  in  his  euphon^  w^ould  not  merely 
of  the  harmonica,  with  which  indeed  it  has  nothing  in  by  fuch  rubbing  emit  any  tones,  he  had  long  known 
common  but  the  glafs.  See  Harmonica,  i!Wvr/.  by  theory  and  experience;  and  he  therefore  applied 

Dr  ChUdni  g'ves  the  following  account  oi  his  inven-  himfelf  to  the  folution  of  the  difficult  quefiion,  in  what 
tion.  In  his  19th  year  he  began  to  learn  to  play  the  manner  the  inftrument  ought^to  be  conftruited  to  an- 
harp^ichord  ;  and  he  afterwards  read  a  great  many  of  fwer  the  intended  purpofe  ?  After  various  fruitlefs  at- 
the  principal  works  on  the  theory  of  mulic,  by  which  tempts  for  a  year  and  a  half,  during  which  hi§  imagi- 
he  found  that  the  ph)  fico-mathematical  part  of  that  nation  w^as  fo  full  of  the  idea,  that  fometiines  in  his 
fcience  was  far  more  defective  tha  1  other  b  anches  of  dreams  he  tliought  lie  iavv  the  inflruinent  and  heard  its 
natural  philofophy.  Being  therefore  pofTeffed  with  an  tones,  that  is,  like  thole  of  the  harmonica,  but  with 
idea  that  his  time  could  not  be  hettC:  employed  than  more  dillindlnefs  and  lefs  coiifufion,  he  at  length,  in  a 
in  endeavouring  to  make  difeoverjes  in  this  department,  fiate  between  fleeping  and  waking,  obtained  a4'diit:oii 
fie  accordingly  tried  various  experiments  on  the  vibra.  of  the  probltin  which  had  given  lo  much  employment 
tions  of  firings  and  J he  different  kinds  of  vibration  in  to  his  thoughts.  On  .the  fecond  of  June  1789,  being 
cylindric  pieces  of  wood,  firft  difeevered,  through  cal-  tired  with  walking,  he  fat  down  on  a  chair,  about,  nine 
dilation,  by  the  elder  Euler;  and  found,  that  though  in  the  evening,  to  enjoy  a  fiiort  fluinber  ;  but  fcarcely 
a  great  deal  had  been  faid  on  the  nature  of  thefe  elaftic  had  he  ciofed  his  eyes  when  the  image  of  an  iufiru- 
bodies,  yet  the  manner  of  vibri;tion  and  the  proportion  ment,  fuch  as  he  wilhed  for,  feemed  to  prefeiit  itfelf 
of  tones  in  other  elaftic  bodies,  which  do  not  proceed,  before  him,  and  t  .iiiued  him  lo  much  that  he  awoke  as 
as  in  the  former,  in  ftraight  lines,  but  depend  on  the  if  he  had  been  ftt  vck  by  an  eledfric  ftiock.  He  iinme- 
vibration  of  whole  furfaces,  were  totally  unknown,  and  diately  ftarted  up  in  a  kind  ol  enthufiafm  ;  and  nuide  a 
that  the  little  vviiich  had  been  written  on  that  fubje6t,  feries  of  experimeii'-s.  which  convinced  him  that  vvliav  he 
by  fume  authors,  did  not  correfpond  with  nature.  He  had  fecn  was  pertv^tiy  right,  and  that  he  hud  it  now  in 
had  already  long  remarked,  that  every  plate  of  glafs  or  his  power  to  carr)  -s  defig..  iiiio  exLCution.  He  made 
inetcil  emitted  various  tones  according  as  it  w  as  held  his  experiments  aiu'  eonftrudted  his  firft  inftrun.eut  in 
and  ftruek  in  different  places;  and  he  was  defiious  to  fo  private  a  manner  that  no  peifon  kiicw  any  thin^  of 
difeover  the  caufe  of  this  difference,  w^hich  no  one  had  them.  On  the  dth  ff  March  179  his  firft  irilb. ument 
ever  examined.  He  fixed  in  a  vice  the  axle  of  a  brafs  pf  this  kind  was  completed  ;  and  in  a  few'  days  he  was 
plate  wdiich  belonged  to  a  poliftiing  machine,  and  found,  able  to  play  on  it  eaiy  pieces  of  niiific.  It  was 

that  by  drawn'ng  the  bow  of  a  violin  over  it,  he  produ-*  now  neceffary  to  givt  to  this  inftrument,  as  it  w'as  en- 
ced  very  different  tones,  which  were  ftronger  and  of  tirely  new',  a  new'  iiarriv  ;  and  that  of  euphon^  which  fia. 
longer  duration  than  thofe  obtained  merely  by  ftri-  nifies  au^ inftrument  that  has  a  pleafaiit  iound,  appeared 
king  it.  '  to  him  the  moil  proper.  * 

The  obfervation,  that  not  only  firings  but  alfo  other  It  was  not,  however,  brought  to  perfedion  at  once, 
elaftic  bodies  may  be  made  to  produce  founds  by  draw-  for  he  made  a  fecoud  inllru'ment  which  was  an  improve- 
ing  a  violin  bow  over  them,  Dr  Chladni  does  not  give  ment  of  the  firft,  and  a  third  which  w^as  an  improve- 
as  a  difeovery  of  his  own  ;  as  the  fo  called  iron  violin  ment  of  the  fecond.  In  found,  indeed,  and  par  iciilarly 
has  beeiT  long  known,  and  as  he  had  read  of  an  inftni-  in  the  higher  tones,  the  firft  was  equal  to  either  of  the 
^In^alipro-ment  conftru6led  in  Italy*,  where  glafs  or  metal  bdls  other  tw'o ;  but  the  conftruttion  was  dtficier?t  in 
to  found  by  means  of  two  or  more  violin  ftreugth,  fo  that  ev  ery  week  fome  hours  were  neceffary 
them.  But  the  idea  of  employing  to  keep  it  in  proper  repair  ;  and  it  was  impoffible  to 
Mazzuchi.  this  inftrument  to  examine  vibrating  tones  w-as  firft  en-  convey  it  the  diftaiice  of  a  mile  without  almoll  totally 
tertained  by  himfelf.  Having  accurately  remarked  the  deftroying  it.  Dr  Chladni  alfo,  for  want  of  better 
tones  produced  by  the  abovementioned  metal  plate,  he  tubes,  employed  thofe  ufed  for  thermometers,  and  mark- 
found  that  they  gave  a  progrefiion  which  correfponded  ed  the  whole  and  half  tones  by  a  coating  of  fealincr-wax 
with  the  fquares  of  2,  3,  4,  &c.  on  the  under  fide  ;  but  as  the  wax,  owing  to  the^moi- 

Not  long  before  he  had  read,  in  the  Tranfadions  of  fture  and  vibration,  often  cracked  and  flew  off,  it  w'as 
the  Royal  Society  of  Gottengen,  the  obfervations  of  attended  with  danger  to  the  eyes.  It  was  therefore 
Mr  Liclitenberg  on  the  phenomena  produced  by  ftrew-  extremely  difficult  to  give  to  the  conftrudion  of  the 
ing  pounded  refin  over  a  glafs  plate  or  cake  of  refin,  inftrument  fufficient  ftrength  ;  but  this  the  inventor  at 
and  lie  repeated  many  of  his  experiments.  This  led  length  accomplifhed,  fo  that  his  new  euphon  cannot  be 
him  to  the  idea  that,  perhaps,  the  various  vibratory  injured  or  put  out  of  tune  either  by  playing  or  by  car- 
movements  of  fuch  a  plate  w'ould  he  difeovered  by  a  di-  riage.  The  third  inftrument  was  fomewdiat  different 
verfity  of  phenomena,  if  he  ftrewed  over  it  fand  or  any  from  the  firft  and  fecond;  as  the  fore  part,  which  in  the 
thing  of  the  like  kind.  By  this  experiment  there  was  two  former  rofe  upwards  with  an  oblique  angle,  ftood 
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Eapl.on,  at  riglit  angles,  fo  that  it  could  be  trpnfported  with 
Euphorbia.  -jj  a  particular  carriage  made  for  that  purpofe.  In- 
^  ftead  of  the  thermometer  tubes  ufed  in  the  firft,  the 
Dodof  now  employs  tubes  of  different  colours.  In  the 
fecoiid  inilrument  thofe  for  the  whole  tones  were  of 
dcii-k  green  glafs ;  but  he  ufed  for  the  half  tones,  in 
both-,  a  milk  white  icind  of  glafs.  In  a  word,  the 
euphon  has  feme  refemblance  to  a  fmall  writing-deflc. 
When  opened,  the  abovementioned  glafs  tubes,  of  the 
thieknefs  of  the  barrel  of  a  quill  and  about  i6  inches 
long,  are  feen  in  a  horizontal  pofitlon.  1  hey  are  wet* 
ted  with  water,  by  means  of  a  fpoiige,  and  ftroked  with 
the  wet  fingers  in  the  diredion  of  their  length,  fo  that 
the  incre?de^of  the  tone  depends  merely  on  the  ilronger 
or  weaker  prelTnre,  and  the  flower  or  quicker  move¬ 
ment  of  the  fingers.  The  number  of  tubes  at  pvefent 
is  forty-two.  In  the  back  part  there  is  a  ])erpendicular 
founding-board  divided  in  the  middle,  through  which 
the  tubes  pafs.  It  appears  therefore  that  the  euphon 
ought  not  to  be  confidered  as  an  altered  or  improved 
harmonica,  but  as  a  totally  new  and  different  inflru- 
ment.  In  regard  to  fwcetnefs  of  found,  it  approaches 
very  near  to  tlie  harmonica;  but  It  has  feveral  advantages 
which  no, unprejudiced  perfon,  wlio  examines  both  in- 
flruments,  will  deny. 

I.  It  i^  fimpler,  both  in  regard  to  its  conflru^lion  and 
the  movement  ncceffary  to  produce  the  found,  as  nei¬ 
ther  turning  nor  flamping  is  required,  but  merely  the 
movement  of  the  finger.  2.  It  produces  its  found 
fpeedier ;  fo  that  as  foon  as  it  is  touched  you  may  have 
the  tone  as  full  as  the  inflniment  is  capable  of  giving 
it ;  whereas,  in  the  harmonica,  the  tones,  particularly 
the*  lower  ones,  miifl  be  made  to  increafe  gradually. 
3.  It  has,  more  diftindlnefs  in  quick  paffages,  bccaiife 
the  tones  do  not  refound  fo  long  as  in  the  harmonica, 
where  the  found  of  one  low  tone  is  often  heard  when 
you  wifh  only  to  hear  the  following  tone.  4.  The  uni- 
fon  is  purer  than  is  generally  the  cafe  in  the  harmonica, 
where  it  is  difficult  to  have  perfed  glafles,  which  in 
every  part  give  like  tones  with  mathematical  exadnefs. 
It  is  however  as  difficult  to  be  tuned  as  the  harmo¬ 
nica.  5.  It  does  not  affed  the  nerves  of  the  performer; 
for  a  perfon  fcarcely  feels  a  weak  agitation  in  the  fingers; 
whereas  in  the  harmonica,  particularly  in  concords  of  the 
lower  notes,  the  agitation  extends  to  the  arms,  and  even 
through  the  whole  body  of  the  performer.  6.  The  ex¬ 
pence  of  this  inilrument  will  be  much  lefs  in  future  than 
that  of  the  harmonica.  7.  When  one  of  the  tubes 
breaks,  or  any  other  part  is  deranged,  it  can  be  foon 
repaired,  and  at  very  little  expence  ;  whereas,  when  one 
of  the  glafles  of  the  harmonica  breaks,  it  requires  much 
time,  and  is  very  difficult  to  procure  another  capable  of 
giving  the  fame  tone  as  the  former,  and  which  will  cor- 
refpond  Efficiently  with  the  feries  of  the  reft. 

EUPHORBIA  {See  EncycL).  Of  this  plant  three 
new  fpecies  were  difeovered  by  Le  Vaillant  during  his 
XXVfU  travels  into  the  interior  part^  of  Africa.  The  firft, 

fig. I.  *  which  he  calls  the  Cucumber-Euphorbia,  adheres  to 
the  earth  no  otherwife  thaji  l^y  a  few  {lender  roots.  It 
rifes  to  the  height  of  nine  or.  ten  inches  only  ;  and  ex- 
ad  ly  refembles  a  cucumber,  of  which  it  has  the  bent 
ftiape.  It  contains  abundance  of  milky  juice,  which 
appeared  to  him  as  cauftic  as  that  of  the  great  euphor¬ 
bia.  Its  colour,  which  is  a  yelloyvifh -green,,  tinted  with 
a  beautiful  fhade  of  viold  towards  t1ie  root,  gives  it  a 
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very  attradive  appearance  :  but  woe  betide  the  man  who  Euphorbia 
Ihould  be  tempted  to  eat  of  it  l  as  it  is  a  virulent  poiion.  . 

The  fecond,  to  which  he  gave  the  name  of  the  Melon-  t 
RIBBED  Euphorbia,  does  not  rife  more  than  three  or  Fig.  a. 
four  inches  from  the  ground,  to  which  it  adheres  by  a 
colledion  of  fibrous  roots,  iffuing  from  feveral  tubercles 
difpofed  in  the  manner  of  a  crown.  The  ftem  forms  a 
flatted  globe  excavated  at  the  fummit,  and  has  ribs  like 
the  apple  which  in  France  is  called  calvil/e  blanche* 

Thefe  ribs  are  elevated,  thick,  and  convex,  have  a 
greenifli  colour,  and  are  marked  with  brown  tranfverfal 
bands.  From  the  fummit  of  the  ribs  ifl'ue  feveral  little 
tufts  of  pedunculate  flowers.  The  third  he  called  the 
CATERPiLLAR-EupHORBiA,becaufe  when  he  firft  foundpjg^^, 
it,  he  thoiiglit  he  perceived  on  it  feveral  beautiful  cater¬ 
pillars.  The  defeription  of  it  in  a  few  words  is  as  fol¬ 
lows:  From  a  very  large  tuberous  root,  which  here  and 
there  throws  out  a  few  thready  fibres,  iffue  feveral  ilalks 
almoft  of  the  length  of  the  finger-:  they  creep  along  the 
ground,  are  twilled,  woody,  deftitute  of  leaves,  and  fur- 
nifhed  with  feveral  rows  of  round  tubercles,  each  guard¬ 
ed  by  two  prickles. 

All  thefe  kinds  of  euphorbia  are  to  be  dreaded,  the 
laft  two  in  particular ;  becaufe  being  low  and  mixed 
with  the  herbage  like  mufhrooms,  animals,  as  they  feed, 
run  the  rifle  of  eating  them  with  their  pafture.  Our 
author  confirms  the  account  which  has  been  given  in 
the  Encyclopedia  of  the  favages  poifoning  the  refervoirs 
of  water  with  this  plant,  in  order  to  procure  the  game 
which  fhall  drink  of  it.  To  effeiSl  the  death  of  the 
animal,  it  is  neceflary  that  the  poifbn  reach  the  blood 
and  mingle  with  it.  Yet,  unconceivable  as  it  may  be, 
the  animal,  though  poifoned,  is  not  the  lefs  wholefonie 
food,  as  our  author  fays  he  has  experienced.  However 
great  may  be  the  proportion  of  euphorbia  thrown  into  a 
pond  of  water,  he  is  perfuaded  that  it  never  diffufes  itfelf 
through  the  whole  mafs.  It  is  his  opinion,  that  the 
poifori  is  a  refinous  juice,  which,  being  from  its  nature 
incapable  of  combining  with  water,  fwiins  on  the  fur- 
face,  and  there  forms  a  fhining  greenifli  oil,  which  with 
a  little  attention  may  be  difeerned  by  the  naked  eye 
when  the  furface  is  fmooth.  I  tried  (fays  he)  the  qua¬ 
lities  of  this  oil  on  myfelf,  taking  with  a  draw,  from, 
the  furface  of  the  bafin,  a  Angle  drop,  which  I  put  upon 
my  tongue  ;  and  it  gave  me  that  kind  of  burning  pain 
which  a  cauftic  occafions.  I  then  took  up  fome  water 
from  the  refervoir  in  the  hollow  of  my  hand,  and  blow¬ 
ing  off  the  oily  fluid  which  fwam  on  the  furface,  I  dip¬ 
ped  the  end  of  my  tongue  into  the  remainder,  but  could 
not  perceive  in  it  the  flighteft  tafle  different  from  that 
of  water  itfelf.  He  feems  to  think  that  milk  is  an  an¬ 
tidote  to  the  polfon  of  euphorbia ;  becaufe  be  fqiieezed 
fome  of  the  juice  into  a  bafon  of  milk  and  gave  it  to 
ail  ape,  which  fwallowed  part  of  it  without  the  leaft 
injury.  He  confefles,  however,  that  the  dofe  was 
trifling. 

EUSTYLE,  is  the  beft  manner  of  placing  columns, 
with  regard  to  their  diftance  ;  which,  according  to  Vi* 
truvius,  fhould  be  four  modules,  or  two  diameters  and 
a  quarter. 

EXCENTRIC,  or  Excentric  Circle,  in  the  an¬ 
cient  Ptolomaic  aftronomy,  was  the  very  orbit  of  the 
planet  itfelf,  which  it  was  fuppofed  to  deferibe  about  the 
earth,  and  which  was  conceived  excentric  with  it ;  called 
alfo  the  deferent.;  ’  »’ >  ;  * 

Inftead, 
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Bxcfintrlc  Inftead  of  thefe  excentric  circles  round  the  earth,  the 
11  moderns  make  the  planets  defcribe  elliptic  orbits  about 
Expcda-  ,  which  accounts  for  all  the  irregularities  of  their 

i  motions,  and  their  various  diftances  from  the  earth,  See* 

more  juilly  and  naturally. 

ExcentriCj  or  Rxcentric  Circle,  in  the  new  aftrono- 
my,  is  the  circle  deferibed  from  the  centre  of  the  orbit 
of  a  planet,  with  half  the  greateil  axis  as  a  radius;  or  it 
is  the  circle  that  circumferibes  the  elliptic  orbit  of  the 
planet. 

EXCHANGE.  See  EncycL  under  that  word,  and 
likewife  under  Bills  of  Exchange,  where  the  antiquity 
of  fuch  bills,  efpecially  among  the  Chinefe,  is  mention¬ 
ed.  In  ProfefTor  Beckmann’s  Hiftory  of  Inventions  the 
reader  will  find  an  ordinance  of  the  year  1394  concern¬ 
ing  the  acceptance  f)f  bills  of  tAchange,  and  alfo  copies 
of  two  bills  of  the  year  1404,  which  fulBciently  prove 
that  the  method  of  tranfa^ling  bulinefs  by  bills  of. ex¬ 
change  was  fully  eflabliflied  in  Europe  fo  early  as  the 
fourteenth  century  ;  and  that  the  prefen t  form  and 
terms  were  even  then  ufed.  The  ordinance,  which  was 
iffued  by  the  city  of  Barcelona,  decreed  that  bills  of  ex¬ 
change  fnould  he  accepted  within  twenty-four  hours 
after  they  were  prefented,  and  that  the  acceptance  fliould 
be  written  on  the  back  of  the  bill. 

But  there  are  queftions  relating  to  bills  of  exchange 
of  much  greater  importance  than  their  antiquity  ;  and 
thefe  queftions  are  not  yet  decided.  For  inftance, 

■  Ought  a  bill  of  exchange  to  be  confidered  by  the  law 
merely  as  a  depofit  belonging  to  the  drawer,  and  fuccef- 
fively  confided  to  the  remittees  ?  or  fhoiild  it  be  confi¬ 
dered  as  transferable  property,  at  all  times  abfolutely 
vefted  in  the  holder,  whofe  negledl  therefore,  when  it 
vitiates  the  value,  falls  wholly  on  himfelf  ? 

In  a  work  publifhed  1798  by  ProfefTor  Bufeh  of 
Hamburgh,  entitled,  Additions  to  the  "Theoretical  and 
PraAical  Delineation  of  Commerce  (a),  the  reader  will 
find  fome  arguments,  which,  to  fay  the  leaft  of  them, 
arc  certainly  plaufible,  to  prove  that  bills  of  exchange 
ought  to  be  at  all  times  confidered  as  the  abfolute  pro¬ 
perty  of  the  holder.  This  theory  is  then  applied  to 
the  difficult  and  ftill  unfettled  cafe  of  the  holder  of  a 
bill  having  many  indorfements,  where  the  drawer, 
drawee,  and  early  indorfers,  have  all  failed.  It  is  evi¬ 
dent  that,  if  the  holder  proves  under  each  bankruptcy 
the  v/hole  amount  of  the  hill,  he  will  receive  much  more 
than  his  due.  May  he.  make  his  eledlion  where  to 
prove  the  whole  demand,  arid  wffiere  to  prove  the  refi- 
due?  or  ought  he  not  (which  feems  moft  equitable)  to 
be  compelled  to  prove  his  debt  againft  his  immediate 
predeceffor  only  ? — the  affignees  of  that  predecelfor 
proving  in  their  turn,  in  like  manner  (each  party  once 
only),  back  to  the  drawer.  This  is  a  cafe  of  great 
importance  to  difeounters,  and  the ‘reader  will  find 
fome  judicious  obfervations  on  it  in  the  ProfefTor’s 
work. 

EXEGESIS,  or  Exegetica,  in  algebra,  is  the 
finding,  either  in  numbers  or  lines,  the  roots  of  the  e- 
quation  of  a  problem,  according  as  the  problem  is  either 
numeral  or  geometrical. 

EXPECTATION  of  Life,  in  the  do6lrine  of  life 
annuities,  is  the  ffiare,  or  number  of  years  of  life,  which 


a  perfon  of  a  given  age  may,  upon  an  equality  of  chance, 
expedl  to  enjoy. 

By  the  expedation  or  ffiare  of  life,  fays  Mr  Simpfon 
(Seied  Exercifes,  p.  273),  is  not  here  to  be  underftood 
that  particular  period  which  a  perfon  hath  an  equal 
chance  of  furviving  ;  this  laft  being  a  dilFcreiit  and  more 
fimple  confideration.  The  expedlation  of  a  life,  to  put 
it  in  the  moft  familiar  light,  may  be  taken  as  the  num¬ 
ber  of  years  at  which  the  purcliafe  of  an  annuity,  grant¬ 
ed  upon  it,  without  difeount  of  money,  ought  to  be,  va¬ 
lued.  Which  number  of  years  will  differ  more  or  lefs 
from  the  period  abovementioned,  according  to  the  dif¬ 
ferent  degrees  of  mortality  to  which  the  feveral  ftages 
of  life  are  incident.  Thus  it  is  much  more  than  an 
equal  chance,  according  to  the  table  of  the  probability 
of  the  duration  of  life  which  the  fame  author  has  given 
us,  that  an  infant,  juft  come  into  the  world,  arrives 
not  to  the  age  of  ten  years  ;  yet  the  expedlation  or 
ffiare  of  life  due  to  it,  upon  an  average,  is  near  twenty 
years.  The  reafon  of  which  wide  difference  is  the  great 
excefs  of  the  probability  of  mortality  in  the  firft  tender 
years  of  life,  above  that  refpe<fting  the  more  mature  and 
llronger  ages.  Indeed  if  the  numbers  that  die  at  every 
age  were  to  be  the  fame,  the  two  quantities  above  fpe- 
cified  would  alfo  be  equal ;  but  when  the  faid  numbers 
become  continually  lefs  and  lefs,  the  expeftation  muft 
of  confequence  be  the  greater  of  the  two. 

EXPONENTIAL  Calculus,  the  method  of  dif¬ 
ferencing,  or  finding  the  fluxions  of  exponential  quan¬ 
tities,  and  of  fumming  up  thofe  differences,  or  finding 
their  fluents. 

Exponential  Curve,  is  tint  whofe  nature  is  defined^ 
or  expreffed  by  an  exponential  equation  ;  as  the  curve 
denoted  by  z=  y,  or  by  x'^  =  y» 

Exponential  Equation,  is  one  in  which  is  contain¬ 
ed  an  exponential  quantity  :  as  the  equation  =:  h,  dr 

zz  ah.  See,  " 

Exponential  ^antity,  is  that  whofe  power  is  a 
variable  quantity  ;  as  the  expreffion  a^,  or  Expo¬ 
nential  quantities  are  of  feveral  degreed  and  orders  ac¬ 
cording  to  the  number  of  exponents  or  powers,  one  ovef 
another. 

EXTRA-Con.stellary  Stars,  fuch  as  are  not 
properly  included  in  any  conftellation,  '  * 

EjtiKA- Mundane  Space,  is  the  infinite,  empty,  void' 
fpace,  which  is  by  fome  fuppofed  to  be  extended  be¬ 
yond  the  bounds  of  the  uriivetfe,  and  confeqiiently ‘rd 
which  there  is  really  nothing  at  all.  The  phrafe  extrdl 
mundane  fpace  has  been  fo  long  in  life  among  our  beft 
writers,  that  it  is  now  impollible  to  baniffi  it  from  tlie 
language  ;  and  yet  it  has  been  the  fource  of  fome  exi 
trayagant  miftakes.  Many  philofopbers  conlider  fpace 
as  foniething  real,  diftindt  both  from  body  and  mind  ; 
and  no  lefs  a  man  than  Dr  Clarke  confidered  it  as  ail 
attribute  of  the  Deity.  Yet  we  think  nothing  more* 
evident,  than  that  if  body  had  neveF  exifted,  fpace  would 
never  have  been  tlioiight  of;  and  if  this  be  fo,  extras 
mundane  fpace,  inftead  of  denoting  any  thing,  or 
attribute  infinitely  extended,  can  mean  nothing  iiiore 
than  xhe  pojftbility  of  enlarging  the  corporeal  uhiverffij 
however  widely  extended  it  may  be.  See  Metaphysics, 
EncycL  PartlL.ch.  iv. 


(a)  PfofefTor  Bufeh  publiffied  in  1792  a  work  entitled  A  Tljcpretical  and  B radical  Delineation  of  Commerce^ 
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EXTRADOS/the  outfide  of  an  arch  of  a  bridge, 
vault,  &c.  See  Arch  in  this  Supplt^ment* 

EXTREMES  Conjunct,  and  Extremes  DisjunBy 
jn  fpherical  trigonometry,  are,  the  former  the  two  circu¬ 
lar  parts  tjiat  lie  next  the  aflumed  middle  part ;  and  the 
latter  are  the  two  that  lie  remote  from  the  middle  part. 
Thefe  were  terms  applied  by  ho^d  Napier  in  his  uni- 
veri'al  theorem  for  refolviiig  all  right-angled  and  quad- 
rantal  fpbeiical  triangles,,  and  publiflied  in  his  Logarithm 
morum  Canonls  Deferiptio^^nn,  1614*  In  this  theorem, 
Napier  condenfes  into  one  rule,  in  two  parts,  the  rules 
for  ail  the  cafes  of  right  angled  fpherical  triangles, 
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which  had  been  foparately  demonilrated  by  Pitifeus,  Extremetr 

Lanfbergiiis,  Copernicus,  Regiomontanus,  and  others.  - 

Jn  this  theorem,  neg}e(Siing  the  right  angle,  Napier  calls 
the  other  live  parts  circular  parts,  which  are,  the  two 
legs  about  the  right  angle,  and  the  complements  of  the 
other  three,  viz.  of  the  hypothenufe,  and  the  two  oblique 
angles.  Then  taking  any  three  of  thefe  five  parts,  one 
of  them  will  be  in  the  middle  between  the  other  two, 
and  thefe  two  are  the  extremes  conjun£l  when  they  are 
immediately  adjacent  to  that  middle  part,  or  they  are 
the  extremes  disjuiidl  when  they  are  each  feparated  from 
the  middle  one  by  another  part. 


Face,  *17 ACE  or  pAgADE,  in  archite6lure,  is  fometimes  ufed 
Falconry.  for  the  front  or  outward  part  of  a  building,  which 
' '  '■  '  immediately  prefents  itftlf  to  the  eye  ;  or  the  fide  where 
the  chief  entrance  is,  or  next  the  ftrect,  &c. 

FALCONRY,  is  a  fpecies  of  fport,  about  the  an¬ 
tiquity  of  which  there  has  been  fome  difpute.  Un¬ 
der  the  word  Hawking,  we  have  deduced  what 

we  thought  fufiicient  evidence  of  its  being  praftifed 
among  the  Thracians,  and  likewife  among  the  Britons 
before  the  invafion  of  this  ifland  by  the  Romans.  Fla¬ 
vius  Blondus,  however,  and  Laurentius  Valla,  both  wri¬ 
ters  of  the  1 5  til  century,  and  the  latter,  one  of  the  moft 
learned  men  of  KIs  time,  affirm  that  no  nation  or  people 
were  accullomcd  to  catch  either  land  or  water  iowls 
with  any  rapacious  bird  trained  for  the  purpofe. 

We  were  pleafed  to  fee  our  own  opinion,  fo  difTerent 
from  this,  completely  eftablifned  by  the  learned  labours 
oPprotefibr  Beckmann.  So  early  (fays  he)  as  the  time 
of  Ctefias"  (and  he  refers  to  the  page  and  edition  of  his 
author)  hares  and  foxes  were  hunted  in  India  by  means 
of  rapacious  biids.  The  account  of  Ariftotle  *,  how- 
lib,  ix.  ever,  is  ftill  more  to  the  purpofe,  and  more  worthy  of 
notice.  “  In  Thrace  (fays  he)  the  men  go  out  to 
catch  birds  with  hawks.  The  men  beat  the  reeds  and 
bnffies  which  grow  in  marffiy  places,  in  order  to  raife 
the  fmall  birds,  which  the  hawks  purfue  and  drive  to 
the  ground,  where  the  fowlers  kill  them  with  poles.” 
The  fame  account  is  to  be  found  in  another  book  aferi* 
bed  alfo  to  Ariftode ;  and  which  appears,  at  any  rate, 
to  be  the  work  of  an  author  not  much  younger.  Re- 
fpe(Sling  Thrace,  which  is  fituatcd  above  Amphipolis, 
a  wonderful  thing  is  told,  which  might  appear  incredi 
ble  to  thofe  who  had  never  heard  it  before.  It  is  faid 
that  boys  go  out  into  the  fields,  and  purfue  birds  by 
the  affillance  of  hawks.  When  they  have  found  a  place 
convenient  for  their  purpofe,  they  call  the  hawks  by 
their  names,  which  immediately  appear  as  foon  as  they 
hear  their  voices,  and  chafe  the  birds  into  the  bullies, 
where  the  boys  knock  them  down  with  flicks  and 
feizc  them.  What  is  ftill  more  wonderful,  when  thefe 
hawks  lay  hold  of  any  birds  themfelves,  they  throw 
them  to  the  fowlers  5  but  the  boys,  in  return,  give 


them  fome  fiiare  of  the  prey.  De  mirahtllhus  aufcultat.  Falconry, 
cap.  128.  u— y— 

In  this  paflage,  there  are  two  additions  which  render 
the  circumftance  ftill  more  remarkable.  The  firft  is, 
that  the  falcons  appeared  when  called  by  their  names  ; 
and  the  fecond,  that  of  their  own  accord  they  brought 
to  the  fowlers  whatever  they  caught  themfelves.  No¬ 
thing  is  here  wanting  but  the  fpaniel  employed  to  find 
out  game,  the  hood  which  is  put  upon  the  head  of  the 
hawk  while  it  ftands  on  the  hand,  and  the  thong  ufed 
for  holding  it,  to  form  a  ffiort  defeription  of  falconry 
as  ftill  practifed.  Our  falconers,  when  they  have  taken 
the  bird  from  the  hawk,  give  him,  in  return,  a  fmall 
ffiare  of  it  ;  and  in  the  like  manner  the  Thracian  hawks 
receive  fome  part  of  their  booty. 

Other  writers  after  Ariftotle,  fucli  as  Antigonus, 
iElian,  Pliny,  and  Phile,  have  alfo  given  an  account  of 
this  method  of  fowling.  .i/EIian,  who  feldoin  relates 
any  thing  without  fome  alteration  or  addition,  lays,  that 
in  Thrace  nets  were  ufed,  into  which  the  birds  were 
driven  by  the  hawks  ;  and  in  this  he  is  follow^ed  by  the 
poet  Phile.  .dilian,  alfo,  in  another  place  deferibes  a 
manner  of  hunting  with  hawks  in  India,  which,  as  we  are 
told  by  feveral  travellers,  is  ftill  pra£lifcd  in  Perfia,  where 
it  is  well  uriderftood,  and  by  other  eaftern  nations. 

The  Indians  (fays  he)  hunt  hares  and  foxes  iu  the 
following  manner  :  They  do  not  employ  dogs,  but 
eagles,  crows,  and,  above  all,  kites,  which  they  catch 
when  young,  and  train  fur  that  purpofe.  They  let 
loofe  a  tame  hare  or  fox,  with  a  piece  of  fieffi  faftened 
to  it,  and  fuffer  thefe  birda  to  fly  after  it,  in  order  to 
feize  the  fleffi,  which  they  are  fond  of,  and  which,  ori 
their  return,  they  receive  as  the  reward  of  their  labour. 

When  thus  inllrudled  to  purfue  their  prey,  they  are 
fent  after  wild  foxes  and  hares  in  the  mountains  ;  thefe 
they  follow  in  hopes  of  obtaining  their  ufual  food,  and 
foon  catch  them  and  bring  them  back  to  their  mafters, 
as  we  arc  informed  by  Ctefias.  Inftead  of  the  flefh, 
however,  which  was  faftened  to  the  tame  animals,  they 
receive  as  food  the  entrails  of  the  wild  ones  which  they 
have  caught. 

It  feems,  therefore,  that  the  Greeks  received  from  In¬ 
dia 
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Thrace  the  fir/l  information  rcfpe£^ing  the  me-  having  got  only  to  Kafan  in  17731  he  there  obtained  Falk, 
thod  of  fowling  with  birds  of  prey  ;  but  it  does  not  ap-  permiffion  to  go  and  ufe  the  baths  of  Kifliar,  from 
pear  that  this  pradlice  was  introduced  among  them  at  which  he  returned  again  to  Kafan  at  the  end  of  the 
a  very  early  period.  In  Italy,  however,  it  midt  have  year,  with  his  health  apparently  better, 
been  very  common,  for  Martial  and  Apuleius  fpcak  of  But  his  difeafe  foon  returned  with  redoubled  vio- 
it  as  a  thing  every  where  known  :  the  former  calls  a  lence.  From  the  month  of  December  1773  he  had 
hawk  the  fowler’^s  fervant.  never  quitted  his  bed,  nor  taken  any  other  nourifhment 

T.  he  PrqfefTor  traces  the  hiflory  of  this  art  with  great  than  bread  dried  in  the  Swedifh  manner  (knsekebroed), 
learning  down  to  the  prcleiit  time.  It  was  carried  to  of  which  he  fcarccly  took  once  a  day  fome  moiuhfuls 
the  higheil  perfeclion  at  the  principal  courts  of  Europe  dipped  in  tea.  At  liril  he  received  the  vilits  of  a  few 
(he  fays)  in  the  12th  century,  when  the  ladies  kept  friends;  but  afterwards  denied  himfelf  to  them,  and 
hawiis,  which  w’ere'  as  much  fondled  by  tliofe  who  was  reduced  to  the  ilridleft  folitude.  When  M.  Geor- 
Wilhed  to  gain  tlieir  favour  as  lap  dogs  are  at  prefent.  gi,  member  of  tlie  fociety  of  natural  hiftory  at  Berlin, 
Among  the  oldeft  writers  on  falconry,  as  an  art,  he  who  had  been  dellined  to  aflift  and  relieve  the  profeflbr 
reckon-s  Demetrius,  who  about  the  year  i  270  was  phy-  in  the  duties  of  his  expedition,  went  to  fee  him  on  this 
ficiaii  to  the  Em.peror  Michael  Paleologus.  His  book,  occafion,  nothing  feemed  left  of  him  but  a  fkeleton  of 
written  in  Greek,  was  firll  printed  at  Paris  in  16 1  2  a  wild  and  terrifying  afpe6f.  The  few  words  he  drew 
with  a  Latin  tranflation  ;  but  its  precepts  (fays  our  au-  from  him  confdled  in  complaints,  occafioned  by  a  holt 
thor)  would  be  thought  of  very  little  value  at  prefent.  of  difeafes  which  kept  his  body  in  torture,  and  threw  / 
For  an  account  of  the  modern  art  of  Falconry,  fee  him  into  the  moft  cruel  flteplefTnefs.  The  laft  evening 
Encyclopedia,  M.  Georgi  kept  him  company  till  midnight.  He  fpoke 

FALK  (John  Peter),  knowm  to  the  world  as  one  of  little,  and  faid  nothing  that  could  give  reafon  to  fuf- 
tlic  fcientific  travellers  employed  by  the  late  Emprefs  pe6l  the  defign  he  was  meditating.  His  hunter,  and 
of  RulTia  to  explore  her  vaft  dominions,  was  born  in  at  the  fame  time  his  trufty  fervant,  offered  to  fit  up 
Weftrogothia,  a  province  in  Sweden,  about  the  year  wdth  him  the  night ;  but  he  could  not  be  perfuaded  to 
1727.  He  fludied  medicine  in  the  iiniverfity  of  Upfal,  confent. 

and  went^  through  a  courfe  of  botany  under  the  cele-  M.  Georgi  being  requefled  the  next  day,  March  31, 
brated  Einnasus,  to  whofe  fon  he  was  tutor.  He  pub-  to  come  to  the  lodging  of  the  unfortunate  gentleman,  he 
licly  defended  the  dlfiertation  (a)  which  that  famous  found  him  lying  before  his  bed,  covered  v/ith  blood; 
botanift  had  compofed  on  a  new  fpecies  of  plants,  which  befide  him  lay  a  ra/.or,  w'ith  which  he  had  given  him- 
he  called  ajlromeria,  ^  felf  a  flight  w^ound  in  the  throat,  the  fatal  piftol,  and  a 

In  the  year  1760,  he  was  fo  deeply  affedled  with  de-  powder-horn;  all  together  prefentiiig  a  tremendous  fpec- 
preffion  of  fpirits,  that  M.  de  Einne,  in  the  view  ofobli-  tacle.  He  had  put  the  muzzle  of  the  piftol  againft  his 
ging  him  to  take  exercife  and  ddiipation,  fent  him  to  throat,  and,  refting  the  pommel  upon  his  bed,  he  dif- 
travel  over  the  ifland  of  Gothland,  to  make  a  colledfion’  charged  the  contents  in  fucb  a  manner,  that  the  ball,, 
of  the  plants  it  produces,  and  the  various  kinds  of  corals  having  gone  through  his  head,  had  ftuck  in  the  cieling, 
and  corallines  which  the  fea  leaves  on  its  fhores,  'I’his  His  foldier  had  feen  him  ftill  fittting  uj)  in  his  bed  at 
voyage  was  attended  with  no  diminution  of  his  diftem-  four  o’clock,  at  which  time  he  nfually  fell  into  a  fhort 
per,  which  found  a  continual  fupply  of  aliment  in  a  fan-  dumber.  ly  his  chamber  was  found  a  note  WTitteii  the 
guine  melancholy  temperament,  in  a  too  fedentary  way  evening  before,  betraying  throughout  the  diftradled 
of  life,  and  in  the  bad  ftate  of  his  finances.  ftate  of  his  mind,  but  nothing  declaratory  of  his  defign, 

Profeffor  Forflcael  having  left  Upfal  for  Copenhagen  or  that  wHvS  of  any  importance, 
in  1760,  Falk  followed  him  thither,*  in  the  defign  of  M.  Falk,  like  all  hypochondriac  perfons,  was  not  ve- 
applying,  by  the  advice  of  M.  de  I.innc,  to  be  appoint-  ry  communicative,  and  on  certain  occafions  was  diftruft- 
ed  afhftant  to  M.  Forfloel  in  his  famous  journey  thro’  ful.  But,  at  the  fame  time,  be  was  of  a  fedate  temper, 
Arabia;  but  notwithftanding  all  the  pains  that  M.  OE-  complaifant,  and  upright,  which  made  it  a  very  eafy 
der,  and  feveral  other  men  of  literary  reputation  at  Co-  matter  to  bear  with  him,  and  fecure  to  him  the  indul- 
penliagen,  took  in  his  behalf,  his  application  failed,  as  gence  of  all  l»is  acquaintance.  His  extreme  fohriety 
the  fociety  that  were  to  go  on  that  important  expedi-  had  enabled  him  to  make  fome  favings  from  his  pay,, 
tiou  was  already  formed.  Obliged,  with  much  difeon-  though  lie  was  very  beneficent  ;  it  was  not,  therefore,, 
tent,  to  return,  he  lierborifed  as  he  travelled,  and  en-  indigence  that  drove  him  to  this  a6l  of  violence.  He 
riched  the  Flora  Suecica  with  feveral  new  difeoveries.  was  of  a  cold  conftitution,  preferring  folitude  and  quiet 
A  man  in  office  at  St  Peterfburgh  having  written  to  to  fociety,  to  the  company  of  his  friends,  and  to  ordi- 
Linnc  to  fend  him  a  director  for  his  cabinet  of  na-  nary  amufements,  which  yet  he  did  not  fhun,  except 
tural  hiftory,  M.  Falk  accepted  the  poft,  which  led  him  in  the  latter  period  of  his  life.  As  to  religion,  he  ffiew- 
to  the  chair  of  profeftor  of  botany  at  the  apothecaries  ed  011  all  occafions  more  rcfpedl  for  it  than  any  ftrong 
garden  at  St  Peterfburgh,  a  place  that  had  been  long  effufions  of  zeal.  It  was  folely  to  be  afcrlbed  to  the 
vacant.  His  hypochondriac  complaint  ftill  continued  violence  of  his  diftemper,  and  the  weaknefs  of  mind 
to  torment  him.  When  the  Imperial  Academy  of  Sci-  which  it  brought  on,  that  led  him  to  put  a  period  to 
ences  vvas  preparing  in  1768  the  plan  of  its  learned  ex-  his  days.  The  fate  of  this  unfortunate  fcholar  was  ge« 
peditions,  it  took  M.  Falk  into  its  fervicc,  though  his  nerally  and  juftly  lamented.  » 

health  vvas  uncertain.  He  was  recalled  in  1771;  but  His  papers  were  found  in  the  greateft  diforder.  They 
—  ■  _  ** _ ^ _  contain^. 

(a)  In  the  colleftion  known  under  the  title  of  Linmi  AmmiiaUs  Academica* 
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^Fanner,  contain,  however,  very  ufeful  and  important  relations. 

Jde  particularly  made  it  bis  burmefs  to  inquire  about 
the  Kirguiies,  and  other  Tartarian  nations;  and  as  he 
frequently  remained  for  the  fpace  of  nine  months  toge¬ 
ther  in  the  fame  place,  he  was  enabled  to  procure  fatls- 
faftory  notions  concerning  the  objedls  of  his  inveftiga- 
lions.  The^ Imperial  Academy,  in  1774,  appointed 
Profeffor  Laxmaiin  to  arrange  his  maniifcripts  in  order 
for  publication  ;  which  was  done  accordingly. 

FARMER  (Richard,  D.  D.),  fo  well  known  as  one 
of  the  commentators  on  Sliakefpeare,  was  a  man  of  fucli 
pleafiiig,  though  fingular  manners,  that  we  regret  the 
very  Irnperfedl  account  which  we  mud  give  of  his  life. 
One  of  us,  who  had  the  pleafure  of  being  a  little  known 
to  him,  has  been  fo  moch  delighted  with  the  natural 
cafe  and  pleafantry  of  his  converfation,  that  we  made 
ail  the  inquiries  which  judged  requifite  to  enable  us 
to  draw  up  fuch  a  biographical  Iketch  of  this  agreeable 
man  as  might  be  acceptable  to  our  readers,  and  not  un¬ 
worthy  of  his  character ;  but  thefe  inquiries  were  made 
in  vain.  Thofe  to  whom  vve  applied  knew  little  more 
of  the  incidents  of  his  life  than  w'hat  we  had  previoufly 
found  in  a  mifcellany,  of  which  the  writers  feem  to 
confider  it  as  a  principle  of  duty  to  vilify  the  charafter 
of  every  perfon  who,  like  Dr  Farmer,  is  the  friend  of 
order,  and  the  enemy  of  fudden  or  rapid  innovations. 
To  that  mifcellany,  therefore,  we  mud  be  beholden  for 
many  fads;  but  we  (Itall  certainly  copy  none  of  its  ma¬ 
levolence. 

Dr  Farmer  was  born  at  Leicedec  1735  ;  but  w^hat 
V7as  the  dation  of  his  father  we  have  not  learned.  Of 
his  fchool  education  he  received  part,  perhaps  the  w^hole, 
in  his  native  town;  and  from  fchool  he  was  removed  to 
the  univerfity  of  Cambridge,  where  he  devoted  himfelf 
chiefly  to  claflical  learning  and  the  belles  lettres.  In 
1757  he  was  admitted  to  the  degree  of  bachelor  of  arts; 
in  1760  to  that  of  mader  of  arts;  a  bachelor  of  divini¬ 
ty  in  1767,  and  a  dodor  of  divinity  In  1775;  in  which 
year  he  was  alfo  eleded  mader  of  Emanuel  on  the  de- 
ceafe  of  Dr  Richardfon,  and  principal  librarian  on  the 
•deceafe  of  Dr  Barnardldon. 

The  diftiirbances  in  America  having  by  this  time  be¬ 
come  ferious,  the  univerfity  of  Cambridge,  with  num- 
berlefs  other  loyal  bodies,  voted  an  addrefs  to  the  king, 
approving  of  the  meafures  adopted  by  government  to 
reduce  the  fadious  colonifts  to  their  duty.  The  ad¬ 
drefs,  however,  was  not  carried  unanimoufly.  It  was, 
of  courfe,  oppofed  by  Jebb,  fo  well  known  for  his  free 
opinions  in  politics  and  religion,  and  by  fome  others,  of 
whom  one  man,  a  member  of  the  caput,  carried  his 
oppofition  fo  far,  as  adually  to  refiife  the  key  of  the 
place  which  contained  the  feal  neceffary  on  fuch  occa- 
dons.  In  this  emergency,  Dr  Farmer,  who  was  then 
vice-chancellor,  is  faid  to  have  forced  open  the  door 
with  a  fledge-hammer;  an  exploit  which  his  democrati- 
cal  biographers  affedl  to  ridicule,  by  calling  it  hh  court-- 
}y  zeal^  and  the  occafion  of  all  his  fubfequent  prefer¬ 
ments. 

If  it  be  indeed  true  that  he  broke  the  door  in  pieces 
with  his  own  hands,  his  condud  muft  be  acknowledged 
to  have  been  not  very  decorous  ;  but  if  the  office  which 
he  filled  be  taken  into  confideration,  we  apprehend  it 
tivould  be  as  difficult  to  prove  that  condud  effentially 
wrong,  as  to  vindicate  the  obilinatc  arrogance  of  him 
who  occafioned  it.  The  feal  was  the  property  of  the 


univerfity,  of  which  this  outrageous  fupporter  of  the  Farm£r» 
bill  of  rights  was  but  an  individual  member.  The  uni-  - 

verfity  had  refolved  that  it  fiiould  be  employed  for  a 
certain  purpofe,  which  it  was  the  duty  of  the  vice  chan¬ 
cellor  to  carry  into  effed  ;  and  fmee  the  feal  was  re- 
fufed  to  him,  he  had  no  alternative  bu^  to  get  polTef- 
fion  of  it  by  force.  We  hope,  however,  that  he  em¬ 
ployed  a  fervant  to  break  the  door  ;  and,  indeed,  as 
vice-chancellor,  he  muft  have  had  fo  mauy  fervants  at 
his  command,  that  it  Is  not  conceivable  he  would  wield 
the  fledge  hammer  himfelf. 

Some  time  after  this  he  was  made  a  prebendary  of 
Canterbury,  we  believe  through  the  recommendation  of 
Lord  North,  then  premier  ;  and  it  was  at  Canterbury 
that  the  writer  of  this  lltetch  had  the  happinefs  of  be¬ 
ing  introduced  to  him,  and  witneffing  his  hofpitality. 

After  enjoying  his  prebend  for  feveral  years,  he  refign- 
ed  it  on  being  preferred,  by  the  prefent  premier,  to  a 
refidentiaryfliip  of  St  PauPs  ;  an'd  we  have  reafon  to 
believe  that  he  declined  a  bifliopric,  which  was  offered 
to  him  as  a  reward  for  the  conftitutional  principles 
which  he  was  at  pains  to  propagate,  not  only  in  his 
college,  but,  as  far  as  his  influence  went,  through  the 
whole  univerfity. 

It  has  been  faid  that  the  delights  of  the  pipe  and  the 
bottle  in  Emanuel  parlour  outweighed,  in  his  eftima- 
tion,  the  dazzling  fplendor  of  the  mitre;  but  he  had 
other  and  better  realons  for  preferring  a  private  to  a 
public  ftatlon.  In  early  life,  at  leall  before  he  was  ad¬ 
vanced  in  years,  he  had  felt  the  power  of  love,  and  had 
fuffered  fuch  a  difappoiatment  as  funk  deep  in  his  mind, 
and  for  a  time  threatened  underflanding.  From 
that  period,  though  he  retained  his  faculties  entire,  be 
acquired  fome  peculiarities  of  manner,  of  which  he  was 
fo  far  confclous  as  to  be  fen  Able  that  they  would  hardly 
become  the  character  of  a  biffiop:  being  likewlfe  flrong- 
ly  attached  to  dramatic  entertainments,  which,  if  we 
miftake  not,  the  Englifh  bifliops  never  witnefs,  and  de¬ 
lighting  in  clubs,  where  he  could  have  rational  conver¬ 
fation  without  ftate  or  ceremony  of  any  kind — ^lie  very 
wifely  preferred  his  refidentlaryfhip  to  the  higliclt  dig¬ 
nity  in  the  church.  At  the  time  of  his  death,  which 
happened  in  the  autum  of  17975  he  was  a  fellow  of  the 
Royal  and  Antiquarian  Societies,  mafter  of  Emanuel 
college,  principal  librarian  of  the  public  library  in  the 
univerfity,  one  of  the  canons  refidentiary  of  St  PaiiFs, 
chancellor  of  the  diocefe  of  Lichfield  and  Coventry, 
and  prebendary  of  Worcefter. 

Though  a  good  claffical  fcholar.  Dr  Farmer  has  been 
celebrated  only  for  that  kind  of  literature  which  is  con- 
nedled  with  the  Englifh  drama ;  and  having  a  fbrong 
prediledlion  for  old  Englifh  writers,  he  ranked  high 
among  the  commentators  upon  Shakefpeare.  His  ‘  Ef- 
fay  upon  the  Learning  of  Shakefpeare,^  dedicated  to 
Mr  Cradock,  the  intelligent  refident  of  Gumley-Hall 
in  Leiceilerfhire,  has  pafled  through  feveral  editions. 

This  effay  was,  in  fadl,  the  firft  foundation  of  his  fame, 
which  an  unconquerable  indolence  prevented  him  from 
carrying  to  that  height  to  which  the  exercife  of  his  li¬ 
terary  talents  could  not  have  failed  to  raife  it.  So  great 
indeed  was  his  love  of  eafe,  that  after  having  announced 
for  fubferiptions  a  hiflory  of  Leicefterfhire,  and  a  dual¬ 
ly  begun  to  print  it,  rather  than  fubmit  to  the  fatigue 
of  carrying  it  through  the  prefs,  he  returned  the  fub¬ 
feriptions,  and  prefeuted  the  MSS.  and  plates  to  Mr 

Nichols, 
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Nichols,  the  refpe6lable  printer  of  the  Gentleman’s  individual ;  and,  with 
’  Magazine,  who  has  fince  carried  on  the  hiftory  with  a 
degree  of  fpirit,  ability,  and  induftry,  perhaps  unprece¬ 
dented  in  this  department  of  literature: 

Indolence  and  the  love  of  eafe  were  indeed  the  Doc¬ 
tor’s  chief  charadleriflics  ;  and  to  them,  with  the  dif- 
appointment  already  mentioned,  may  be  attributed  a 
want  of  propriety  in  his  external  appearance,  and  in 
the  ufuaJ  forms  of  behaviour  belonging  to  his  ftation. 

The  prevailing  features  of  his  charader  diftinguiihed 
themfelves  by  feveral  oddities  :  There  were  three  things, 
it  was  faid,  which  the  mafter  of  Emanuel  loved,  vtz\ 
old  port,  old  clothes,  and  old  books  ;  and  three  things 
which  no  one  could  perfuade  him  to  perform,  vi%.  to 
rife  in  the  morning,  to  go  to  bed  at  night,  and  to  fettle 
an  account.  When  in*  Cambridge,  if  an  old  houfe 
xvere  pulled  dovvn,  the  mafter  of  Emanuel  was  always 
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^  -  .  all  his  eccentricities,  his  death 

was  a  lofs  to  that  learned  body,  which,  in  the  opinion 
of  fome  of  its  members,  \vill.not  foon  be  made  up. 

•  ^  ihort  time  before  his  death,  his  charadler  was  thus 
juftly  and  ably  drawn  by  the  celebrated  Dr  Parr; 

‘‘  Of  any  undue  partiality  towards  the  mafter  of 
Emanuel  College,  I  fhall  not  be  fufpeded  by  thofe  per- 
fons  who  know  how  little  his  fentiments  accord  with 
mine,  upon  fome  ecclefiaftical,  and  many  political  mat¬ 
ters.  From  rooted  principle  and  ancient  habit  he  is  a 


there  in  an  old  blue  great  coat,  and  a  nifty  hat.  When 
in  London,  he  was  fure  to  be  found  in  the  fame  garb 
at  an  old  book. ftall,  or  ftanding  at  the  corner  of  a  dirty 
lane,  poring  through  his  glafs  at  an  old  play-bill. 

This^  charadfer  is  not  drawn  by  a  friendly  pencil ; 
but  it  is  neverthelefs  not  unjiift.  '  His  inattention  to 
the  common  decencies  of  drefs  and  behaviour  was  noto¬ 
rious,  infomuch  that,  in  the  company  of  ftrangers,  the 
eccentricity  of  his  appearance  and  of  his  manners  made 
him  fometimes  be  taken  for  a  perfon  half  crazed.  The 
writer  of  this  fleetch  faw  him  one  morning  at  Canter- 
bui7  drefied  in  (lockings  of  unbleached  thread,  brown 
breeches,  and  a  wig  not  worth  a  ftiilling ;  and  when 
a  brother  prebendary  of  his,  remarkable  for  elegance  of 
manners,  and  propriety  of  drefs,  put  him  in  mind  that 
they  were  to  attend  on  the  archbiftiop.  Dr  Farmer  re¬ 
plied,  that  it  had  totally  efcaped  him  5  but  he  went 
home,  and  dreffed  liimfelf  like  a  clergyman.  That  he 
fat  late  reading,  and  occafionally  drinking  brandy  and 
water,  cannot  be  denied  ;  and  it  is  literally  true,  that 
he  could  no^  eafily  be  prevailed  upon  to  fettle  his  ac¬ 
counts.  His  accounts  with  fome  of  his  pupils,  when 
tutor  of  his  college,  were  never  fettled  to  the  day  of 
his  death  ;  and  the  young  gentlemen  not  unfrequently 
took  advantage  of  this  unconquerable  indolence  to  bor. 
row  of  him  conliderable  fums,  well  knowing  that  there 
was  L*  lie  chance  of  a  demand  being  ever  made  upon 
their  parents.  One  gentleman,  in  particular,  told  a 
friend  of  ours,  who  was  himfelf  a  penfioner  of  Emanuel, 
that  when  he  left  that  college,  he  was  near  fifty  pounds 
m  debt  to  Dr  Farmer;  a  debt  (faid  he)  which  I 
would  have  fcrupuloudy  paid,  but, 'after  repeated  foli- 
citations,  I  could  get  no  bill  from  him.” 

Having  been  a  warm  partizan  of  government  du¬ 
ring  the  American  war,  it  will  readily  be  believed  that 
Dr  Farmer  was  the  determined  enemy  of  levellers  and 
anarchifts.  _  He  was  fuch  a  whig  as  thofe  who  placed 
King  William  on  the  throne  ;  and  of  courfe  deemed  a 
violent  tory  by  our  prefent  republicans,  of  whom,  to 
fay  the  truth,  he  could  hardly  fpeak  with  temper.  By 
his  enemies  he  is  admitted  to  have  been  a  man  of  gene- 
rofity.  As  he  obtained  money  eafily,  fo  he  parted  with 
it  eafily.  Whilft  he  was  always  ready  to  relieve  diftrefs 
his  bounty  was  frequently  beftowed  on  the  patronage 
of  learned  men  and  learned  publications.  He  was,  ac¬ 
cordingly,  a  favourite  with  all  good  men  who  knew 
him.  In  his  own  college  he  was  adored  ;  in  the  univer- 
Cty  he  had,  for  many  years,  mote  influence  than  any  other 
Suppu  VoL.  1.  Part  IL  ^ 


tory  ;  I  am  a  whig  ;  and  we  have  both  of  us  too  much 
confidence  in  each  other,  and  too  much  refpe^l  for  our- 
felvcs,  to  diftemble  wliat  we  think,  upon  any  grounds, 
or  to  any  extent.  Let  me  then  do  him  the  juftice  which, 
I  am  fure,  that  he  will  ever  be  ready  to  do  to  me.  His 
knowledge  is  various,  extenfive,  and  recondite.  With 
much  feeming  negligence,  and  perhaps,  in  later  years, 
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lome  real  relaxation,  he  iinderftands  more,  and  remem¬ 
bers  more,  about  common  and  uncommon  fubjefts  of 
literature,  than  many  of  thofe  wbo  would  be  thought 
to  read  all  the  day  and  meditate  half  the  night.  In 
quicknefs  of  apprelienfion,  and  acutenefs  of  diferimina- 
tion,  I  have  not  often  feen  his  equal.  Through  many 
a  convivial  hour  have  I  been  charmed  by  his  vivacity'; 
and  upon  his  genius  I  have  refleded,  in  many  a  feriou.s 
moment,  with  pleafure,  with  admiration,  but  not  with¬ 
out  regret  that  he  has  never  concentrated  and  exerted 
all  the  great  powers  of  his  mind  in  fome  great  work 
upon  fome  great  fubjed.  Of  his  liberality  in  patroni- 
bng  learned  men  I  could  po'int  out  numerous  inftances. 
Without  the  fmalleft  propenfities  to  avarice,  he  poflef- 
fes  a  large  income  ;  and,  without  the  mean  fubmiflion 
of  dependence,  he  is  rifen  to  a  high  ftation.  His  am¬ 
bition,  if  he  has  any,  is  without  infolence  5  his  munifi¬ 
cence  is  without  oftentation  ;  his  wit  is  without  acri- 
mony  ;  and  his  learning  without  pedantry.” 

FASCINATION,  the  art  of  bewitching,  enchant¬ 
ment,  an  unfecn  inexplicable  influence.  Under  the 
title  Serfxns  (£ncy^/.  n°  22.)  we  have  mentioned  fe¬ 
veral  inftances  of  the  fafcinatiiig  power  of  the  tattle- 
fnake,  which  were  related  by  men  of  charader,  and 


certainly  gained  fome  degree  of  credit  among  men  of 
fcience.  In  Vaillant’s  New  Travels  into  tlic  Interior 


Africa,  an  account  is  given  of  fimilar  inftances 
ot  tafcination  by  African  fervants,  fome  of  tliem  wit- 
neffed  by  himfelf,  and  others  reported  to  him  by  men 
of  veracity.  ^ 

On  the  confines  of  the  European  colony,  at  a  place 
called  Swart-land,  our  traveller  faw  a  ftirike  on  the 
branch  of  a  tree,  tremble  as  if  in  convullions,  whilft  it 
uttered  the  molt  piercing  cries  of  diftrefs.  Clofer  at¬ 
tention  led  him  to  difeover  upon  the  next  branch  of 
^the  fame  tree  a  large  ferpent,  that,  with  ftretched  out 
neck  and  hery  eyes,  though  perfedly  dill,  was  gaziiiir 
on  the  poor  animal.  He  Ihot  the  ferpent  ;  but,  in  the 
mean  time,  the  bird  had  died.  Having  meafured  the 
diftance  between  the  place  where  the  (iirike  was  feen 
in  convulfions  and  that_  occupied  by  the  ferpent  when' 
It  was  ftiot,  he  found  it  to  be  three  feet  and  a  half  • 
wliich  convinced  him  and  his  attendants  that  the  bird 
had  not  died  either  from  the  bite  or  the  poifon  of  its  ene 
my.  Indeed  he  ftripped  it  before  the  whole  company, 
and  made  them  obferve  that  it  was  untouched,  and  had 
not  received  the  flighted  wound.-In  another  dlftrlft 
of  Africa,  dunng  the  courfe  of  the  fame  travels,  he 
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{^w  a  fmall  moufe  die  in  convulf.ons,  occafioned  by  the 
fafcinating  power  of  a  ferpent,  at  the  dnlancc  ot  two 
yards  from  it;  and  when  he  confulted  his  Hottentots 
upon  this  incident,  they  expreffcl,  he  fays,  "oTort  of 
aftonifliinent,  but  afiured  him  that  the  ferpei.t  had  the 
faculty  of  attrading  and  fafcinating  fuch  animals  as  it 

wifhed  to  devour.  * 

We  have  already  had  occafion  to  remark  how  regard- 
lefs  this  author  is  of  inconMencres  in  his  narrative  ;  and 
we  perceive  fomething  like  an  inconfillency  in  the  nar- 
ratives  before  us.  Though  liis  Hottentots  exprefied 
no  furprife  at  the  fafcination  of  the  moufe,  and 
red  that  nothing  was  more  common,  he  fays  exprelsly, 
that  to  thofe  who  witnefTed  the  fafcination  of  the 
the  fad  appeared  fo  extraordinary,  that^  they  could 
hardly  believe  it,  even  after  they  had  feen  it.^ 

The  moft  wonderful  inftance  of  fafcination  which 
we  have  anywhere  met  with,  was  that  of  a  Captain  in 
the  Dutch  fervice  at  the  Cape,  who,  after  alluring  our 
traveller  that  it  is  an  event  which  happens  very  fre- 
quently,  proceeded  thus  :  My  teftimony  ought  to 

have  the  more  weight,  as  I  had  once  nearly  become  my- 
felf  a  vidim  to  this  fafcination.  ’  While  in  garnfon  at 
Ceylon,  and  amufing  myfelf,  like  you,  in  hunting  in  a 
marfli,  I  was,  in  the  coiirfc  of  my  fport,  fuddenly  ^^i- 
zed  with  a  convulfive  and  involuntary  trembling,  diffe¬ 
rent  from  any  thing  T  had  ever  experienced,  and  at  the 
fame  time  was  llrongly  at  traded,  and  in  fpite  of  myfelf, 
to  a  particular  fpot  of  the  marfh.  Direding  my  eyes 
to  this  fpot,  I  beheld,  with  feelings  of  horror,  a  fer- 
pent  of  an  enormous  fize,  whofe  look  inftantly  piei  ced 
me.  Having,  however,  not  yet  lofh  all  power  of  motion, 
I  embraced  the  opportunity  before  it  was  too  late,  and 
faluted  the  reptile  with  the  contents  of  my  fufee.  The 
report  was  a  talifman  that  broke  the  charm.  All  at 
once,  as  if  by  a  miracle,  my  conyiilfion  ceafed  ;  I  felt 
myfelf  able  to  fly  ;  and  the  only  'inconvenience  of  this 
extraordinary  adventure  was  a  cold  fweat,  which- was 
doubtlefs  the  effed  of  my  fear,  and  of  the  violent  agi¬ 
tation  my  ferifes  had  undergone.” 

This  inftance  of  fafcination  differs  in  one  very  mate- 
rial  circumftance  from  the  two  fomewhat  fimilar  inftan- 
ces  mentioned  in  the  Encyclopedia,  In  both  thefe, 
the  eyes  of  the  peifons  fafcinated  were  fixed  on  the 
eyes  of  the  fnake  ;  but  here  the  Dutch  Captain  was 
ftrongly  attraded  towards  the  ferpent  before  he  faw,  or 
even  fufpeded,  that  fo  formidable  an  enemy  was  in  his 
neighbourhood.  If  the  ftory  therefore  be  tiue,  the  ef¬ 
fed  which  he  defcribes  could  not  poflibly  have  been 
the  effed  of  Fear,  but  of  Tome  unfeen  influence  on  his 
whole  nervous  fvftein. 

The  fubjed  has  of  late  attraded  the  attention  of 
men  of  fcience,  whofe  local  fituatioii  gives  them  an  op¬ 
portunity  of  making  experiments  upon  different  fer- 
pents,  with  a  view  to  afeertain  whether  they  really  pof- 
fefs  or  not  this  moft  unaccountable  of  all  powers.  In 
the  year  1796  was  printed  at  Philadelphia,  a  Memoir 
concerning  the  Fafcinating  Faculty  which  has  been  afert^ 
bed  to  the  Rattle  fnake^  and  other  American  Serpents ,  by 
Benjamin  Smith  Barton,  M.  D.  Profeffor  of  natural 
hiftory  and  botany  in  the  univerlity  of  Pennfylvania.  In 
this  memoir,  the  manner  in  which  the  fafcinating  power 
is  fuppofed  to  be  exerted  is  thus  ftated  by  the  ingeni¬ 
ous  profeffor  ; 
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The  fnake,  whatever  its  fpecies  may  be,  lying  at 
the  bottom  of  the  tree  or  bufli  upon  which  the  bird 
or  fquirrel  fits,  fixes  its  eyes  upon  the  animal  it  defigns 
to  fafeinate  or  enchant.  No  looner  is  this  done,  than 
the  unhappy  animal  is  unable  to  make,  its  efcape.  It 
now  begins  to  utter  a  moft  piteous  cry,  which  is  well 
known  by  thofe  who  hear  it,  and  underftaiid  the  whole 
machinery  of  the  bufinefs,  to  be  the  cry  of  a  creature  en¬ 
chanted.  If  it  is  a  fquirrel,  it  runs  up  the  tree  for  a  fhort 
diftance,  comes  down  again,  then  runs  up,  and,  laftly, 
comes  lower  down.  ‘  On  that  occafion  (fays  an  honeft, 
but  rather  credulous  writer*),  it  has  been  obferved,  that  Profefo 
the  fquirrel  always  goes  down  more  than  it  goes  - 

The  fnake  ftill  continues  at  the  root  of  the  tree,  with 
its  eyes  fixed  on  the  fquirrel,  with  which  its  attention 
is  fo  entirely  taken  up,  that  a  perfon  accidpitally  ap¬ 
proaching,  may  make  a  confidcrable  noife  without  the 
fnake’ s  fo  much  as  turning  about.  The  fquirrel,  as 
before  mentioned,  comes  always  lower,  and  at  laft  leaps 
down  to  the  fnake,  whofe  mouth  is  already  wide  open 
for  its  reception.  The  poor  little  animal  then,  with  a 
piteous  cry,  runs  into  the  fnake’ s  jav’^s,  and  is  fwallow- 
ed  at  once,  if  it  be  not  too  big  ;  but  if  its  fize  will  not 
allow  it  to  be  fwallowed  at  once,  the  fnake  licks  it  fe- 
veral  times  with  its  tongue,  and  fmoothens  it,  and  by 
that  means  makes  it  fit  for  fwallowing.” 

From  Dr  Barton’s  memoir,  it  appears  that  the  North 
American  Indians  are  by  no  means  of  one  opinion  re- 
fpe6fing  the  fafcinating  power  of  the  rattle-fnake.  Some 
intelligent  friends  of  his,  well  acquainted  with  the  man¬ 
ners,  religious  opinions,’  and  fnperftitious  prejudices  of 
thofe  people,  informed  him,  that  though  they  had, of¬ 
ten  heard  the  Indians  fpeak  of  the  ingenuity  of  thefe 
reptiles  in  catching  birds,  fqiiirrcls,  ^c.  they  did  not 
recoiled  having  ever  heard  them  fay  that  fnakes  charm 
birds.  On  the  other  hand,  however,  a  Mohegan  In¬ 
dian  told  the  Doclor  himfelf,  that  the  Indians  are  of 
opinion,  that  the  rattle-fnake  can  charm,  or  betwitch, 
fquirrels  and  birds,  and  that  it  does  this  with  its  rattle, 
which  it  {hakes,  thereby  inviting  the  animals  to  defeend 
from  the  trees,  after  which  they  are  eafily  caught.  Ac¬ 
cording  to  this  Indian,  his  countrymen  do  not  think 
that  the  fnake,  in  any  manner,  accompliflies  the  bufi- 
nefs-with  its  eyes.  A  Choktah  Indian  alfiired  the  Doc¬ 
tor,  that  the  rattle  fnake  does  charm  birds,  &c.  ;*  but 
he  was  honeft  enough  to  confefs,  that  he  did  not  know 
in  what  manner  it  does  it.  The  interpreter,  through 
whom  the  converfation  was  carried  on  with  this  Indian, 
faid  that  the  fnake  charms  by  means  of  its  rattle.^ 

This  opinion  of  the  interpreter  was  the  opinion  of 
Dr  Mead.  That  eminent  naturalift,  controverting, 
about  fifty  years  ago,  the  common  opinion,  that  Provi¬ 
dence  has  furnilhed  the  rattle-fnake  with  Its  rattle  to 
give  warning  to  travellers,  was  the  firft  who  afferted 
that  this  fingular  appendage  Is  given  to  the  animal  to 
terrify  fquirrels  and  fmall  birds,  which  are  then  fo  ftu* 
pified  by  the  fight  of  fo  formidable  an  enemy,  that  at 
length  they  drop  down,  and  become  its  prey  ;  and  that 
this  is  what  the  Indians  call  fafcination.  The  fame 
opinion  has  been  adopted  by  profeffor  Blumenbacli  of 
Gottingen,  who,  in  his  Manual  of  Natural  Hiftory, 
thus  exprelfes  himfelf  on  this  curious  fubjedl : 

“  That  fquirrels,  fmall  birds,  &c.  fall  down  fponta- 
neoufly  from  trees  into  the  mouth  of  the  rattle-fnake, 

lying 
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Faictna.  lying  below  them,  is  an  undilputed  fact ;  and  is  the 
i  furprifing,  as  the  like  plienomt>iia  have  been  re¬ 

marked  in  regard  to  other  fnakes,  and  alfo  toads,  hawks, 
and  cats  ;  all  of  which,  in  certain  clrcumftances,  as  ap¬ 
pears,  have  the  power  of  drawing  towards  them  fmall 
animals,  merely  by  fixing  their  eyes  ftedfaftly  on  them. 
In  regard  to  the  rattle-fnake,  this  effed  is  produced  by 
the  rattle  in  its  tail,  the  hilTing  noife  of  which  makes 
fquinels.  See.  whether  through  curiofity,  millake,  or 
terror,  feem  to  approach  the  animal  as  it  were  fponta- 
neoufly.  At  any  rate,  I  know,  from  the  information 
of  intelligent  eye-witnefles,  that  it  is  a  common  ftrata- 
gem  of  the  young  favages  in  America  to  conceal  them- 
felvcs  in  the  bulhes,  where  they  imitate  the  biffing  noife 
of  the  rattle-fnake,  and  by  thefe  means  attrad  fquirrels, 
which  they  are  then  enabled  to  catch.” 

To  this  opinion  Dr  Barton  eppofes  an  infiiperable 
objedion.  It  is,  that  this  fafeinating  powder  is  by  no 
means  peculiar  to  the  rattle-fiake  With  regard  to 
the  ftratagem  of  the  favages,  lie  thinks  that  Dr  BIu- 
mcnbach  has  been  impofed  upon  ;  as  neither  he,  nor 
any  other  perfon  of  whom  he  made  the  inquiry,  ever 
heard  of  fuch  a  firatagem.  7'he  young  Indians,  he 
fays,  place  a  reed  crofs-wife  in  their  mouth,  and  by  a 
tremulous  motion  of  the  lips,  imitate  the  erv  of  young 
birds;  by  which  means  they  entice  the  old  ones,  fo  that 
they  can  eafily  ffioot  them  ;  And  this  pradice  may  have 
given  rife  to  the  lloiy  of  their  imitating  the  hiffiag 
noife  of  the  rattle-fnake. 

Some  have  fuppofed  that  ferpents,  under  certain  cir- 
ciimllances,  emit  from  their  bodies  a  Itupifying  vapour ; 
and  that  it  is  this  vapour  which  produces  the  effed 
tailed  fafc'inalwn  :  But  againft  this  opinion  Dr  Barton 
alleges  the  following  arguments  :  “  I  know^,  indeed 

(lays  be),  that  in  feme  of  the  larger  fpecies  of  ferpents, 
inhabiting  South  America  and  other  countries,  there 
is  evolved  in  the  ftomach,  during  the  long  and  tedious 
procefs  of  digeftion  in  thefe  animals,  a  vapour  or  a 
gas,  w’hofe  odour  is  intenfely  fetid.  I  have  not,  how¬ 
ever,  found  that  this  is  the  cafe  wu’th  the  rattle-fnake, 
and  other  North  American  ferpents,  that  I  have  exa¬ 
mined.  But  my  own  obfervations  on  this  head  have 
not  been  very  mliiiae.  I  have  made  inquiry  of  fonie  per- 
fons  (whofe  prejudices  againft  the  ferpent  tribe  are  not 
fo  powerful  as  my  own),  who  are  not  afraid  to  put  the 
heads  and  necks  of  the  black  fnake,  and  other  ferpents 
that  are  deftitiite  of  venemous  fangs,  into  their  mouths, 
and  have  been  informed,  that  they  never  perceived  any 
difagreeable  fmell  to  proceed  from  the  breath  of  thefe 
animals.  I  have  been  prefent  at  the  opening  of  a  box 
which  contained  a  number  of  living  ferpents  ;  and  al¬ 
though  the  box  had  been  fo  clofe  as  to  admit  but  a 
very  fmall  quantity  of  frelh  air,  although  the  obferva- 
tion  was  made  in  a  fmall  warm  room,  I  did  not  per¬ 
ceive  any  peculiarly  difagreeable  effluvium  to  arife  from 
the  bodies  of  thefe  animals.  I  am,  moreover,  iiiform- 
Atncricnn  ^  member  of  this  fociety  ♦,  who  has,  for  a  confi- 

Pi//^^^,V^/derable  time,  had  a  rattle-fnake  under  his  immediate 
care,  that  be  has  not  obferved  that  any  difagreeable  va¬ 
pour  proceeds  from  this  reptile.  On  the  other  hand, 
however,  it  is  aflerted  by  fome  creditable  perfons  of  my 
acquaintance,  that  a  moft  offenfive  odour,  fimilar  to 
that  of  flefti  in  the  laft  ftage  of  putrefadlion,  is  conti¬ 
nually  emanating  from  every  part  of  the  rattle-fnake, 

D  and  fome  other  fpecies  of  ferpents.  This  odour  ex- 


tends,  under  certain  circumftances,  to  a  confiderable  Faftina- 
diftance  from  the  body  of  the  animal.  Mr  William 
Bartram  aftiires  me,  that  he  has  obferved  ‘  horfes  to  be  '  v 
feiifible  of,  and  greatly  agitated  by  it,  at  the  diftance  of 
forty  or  fifty  yards  from  the  fnake.  They  fhewed  (he 
fays)  their  abhorrence  by  fnorting,  winnowing,  and 
ftartiiig  from  the  road,  endeavouring  to  thrown  their  ri¬ 
ders,  in  order  to  make  their  cfcapc.”  This  fail,  rela¬ 
ted  by  a  man  of  rigid  veracity,  is  extremely  curious  J 
and,  in  an  efpecial  manner,  deferves  the  attention  of 
thofe  wTiters  who  imagine  that  this  fetid  emanation 
from  ferpents  is  capable  of  affeiftlng  birds,  at  fmall  dif- 
tances,  with  a  kind  of  afphyxy.  It  even  gives  fome  co¬ 
lour  of  probability  to  the  ftory  related  by  Metrodorus^ 
and  preferved  in  the  Natural  Hiftory  of  Pliny  *  Lih  aS. 

Some  experiments,  however,  wffilch  were  made  in 
Philadelphia  a  little  before  the  Dodlor  compofed  his 
memoir,  feem  to  have  been  decifive  not  only  as  to  the 
fetor,  but  as  to  every  thing  which  refembles  fafeina- 
tion  in  the  rattle-fnake.  Birds  which  t^ere  put  into  a 
cage  which  contained  a  rattle  fnake,  flew  or  ran  from 
the  reptile,  as  though  they  were  fenfible  of  the  danger 
to  which  they  were  expofed.  The  fnake  made  many 
attempts  to  catch  the  birds,  but  could  feldom  fiicceed. 

When  a  dead  bird  vVas  thrown  into  the  cage,  the  fnake 
devoured  it  immediately.  He  foon  caught  and  devour- 
ed  a  living  mole,  an  animal  much  more  fluggiffi  than 
the  bird.  Dr  Barton  himfelf  faw  a  fnow-bird  (fee  Em- 
BERizE,  EneycL)\\\  a  cage  with  a  large  rattle  fnake. 

The  little  animal  had  been  thus  imprifoned  for  feveral 
hours  when  he  firft  faw  it,  but  it  exliibited  no  figns  of 
fear.  It  hopped  about  from  the  floor  of  the  cage  to 
its  rooft,  and  frequently  perched  on  the.  fnake^s  back. 

Its  chirp  was  nowife  tremulous,  but  perfcftly  natural. 

It  ate  the  feeds  which  were  put  into  the  cage  ;  and  by 
its  whole  adlions  moft  evidently  dem.onftrated  that  its 
fituation  was  not  iineafy. 

Having  thus  difpofed  of  the  dodrines  of  fome  of  his 
predeceffors.  Dr  Barton  proceeds  to  fay  :  “  The  refult 
of  not  a  little  attention  to  the  fubjedl  has  taught  me, 
that  there  is  but  one  wonder  in  the  bufmefs  ;  —  the  won¬ 
der  that  the  ftory  fiiould  ever  have  been  believed  by  a 
man  of  underftanding  and  of  obfervation.”  Fafeina- 
tion,  we  are  informed.  Is  almoft  entirely  limited  to  birds 
that  build  low,  and  “  in  almoft  every  inftance,  I  found 
that  the  fuppofed  fafeinating  faculty  of  the  ferpent  was 
exerted  upon  the  birds  at  the  particular  feafon  of  their 
laying  their  eggs,  of  iheir  hatching,  or  of  their  rearing 
their  young,  ftill  tender  and  defencelefs.  I  now  began 
to  fnfpedl  that  the  cries  and  fears  of  birds  fuppofed  to 
be  fafeinated  originated  in  an  endeavour  to  proted  their 
neft  or  young.  My  inquiries  have  convinced  me  that 
this  is  the  cafe.” 

The  rattle-fnake,  which  is  the  lazieft  of  all  the  fer¬ 
pent  tribe,  never  moves  In  a  fpiral  manner  or  climbs  up 
trees  ;  but  the  black-fnake,  and  fome  other  fpecies  of 
the  genus  coluber,  do.  When  impelled  by  hunger,  and 
incapable  of  fatisfying  it  by  the  capture  of  animals  on  the 
ground,  they  begin  to  glide  up  trees  or  bufties  upon 
which  a  bird  has  its  neft.  The  bird  is  not  ignorant  of 
the  ferpent’s  objeft.  She  leaves  her  neft,  whetker  it 
contains  eggs  or  young  ones,  and  endeavours  to  oppofe 
the  reptlle^s  progrefs.  In  doing  this,  file  is  aduated  by 
the  ftrength  of  her  Inftindive  attachment  to  her  eggs, 
or  of  affedion  to  her  young.  Her  cry  is  melancholy, 

3  M  a  her 
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Faiifle  her  motions  are  tremulous.  She  expofes  herfelf  to  the 
mod  imminent  danger.  Sometimes  (he  approaches  fo 
near  the  reptile  that  he  fetzes  her  as  his  prey.  But 
this  is  far  from  being  univerfally  the  cafe.  Often  flie  com¬ 
pels  the  ferpent  to  leave  the  tree,  and  then  returns  to 
her  nett. 

It  is  a  well  known  fa6l,  that  among  fome  fpecies  of 
birds,  the  female,  at  a  certain  period,  is  accuttomed  to 
compel  the  young  ones  to  leave  the  nett  ;  that  is,  when 
the  young  have  acquired  fo  much  ttrength  that  they 
are  no  longer  entitled  to  all  her  care.  But  they  ftill 
claim  fome  of  her  care.  Their  flights  are  auk  ward, 
and  foon  broken  by  fatigue.  They  fall  to  the  ground, 
where  they  are  frequently  expoled  to  the  attacks  of  the 
ferpent,  which  attempts  to  devour  them.  In  this  fitua- 
tion  of  affairs,  the  mother  will  place  herfelf  upon  a  branch 
of  a  tree  or  Imfh,  in  the  vicinity  of  the  ferpent.  She  will* 
dart  upon  the  ferpent,  in  order  to  prevent  the  deftriic- 
tion  of  her  young  :  but  fear,  the  iiiftintl  of  felf-prefer- 
vation,  will  compel  her  to  retire.  She  leaves  the  fer¬ 
pent,  however,  but  for  a  fhort  time,  and  then  returns 
again.  Oftentimes  ihe  prevents  the  dettrudion  of  her 
young,  attacking  the  fnake  -wn'th  her  wings,  her  beak, 
or  her  claws.  Should  the  reptile  fucceed  in  capturing 
the  young,  the  mother  is  cxpofed  to  lefs  danger  ;  for, 
vvhilft  engaged  in  fwallowing  them,  he  has  neither  in¬ 
clination  nor  power  to  feize  upon  the  old  one.  But 
the  appetite  of  the  ferpent  tribe  is  great  :  the  capacity 
of  their  ttomachvS  is  not  lefs  fo.  The  danger  of  the 
mother  is  at  hand  when  the  young  are  devoured.  The 
fnake  feizes  upon  her  :  and  this  is  the  cataftrophe,  which 
crowns  the  tale  of  fafcinarion  I 

FAUSSE  Braye,  in  foniflcation,  au  elevation  of 
earth,  about  three  feet  above  the  level  ground,  round 
the  foot  of  the  rampart  on  the  outfide,  defended  by  a 
parapet  about  four  or  five  fathoms  diftant  from  the  up¬ 
per  parapet,  which  parts  it  from  the  berme  and  the 
edge  of  the  ditch.  The  faufie-braye  is  the  fame  with 
w  hat  is  otherwife  called  Chem  'tn  des  rondes^  and  Bajfe  en^ 
cetnte ;  and  its  ufe  is  for  the  defence  of  the  ditch. 

FEATHER-edged,  is  a  term  ufed  by  workmen  for 
fuch  boards  as  are  thicker  on  one  edge,  or  fide,  than  on 
the  other. 

FELTING,  the  method  of  working  up  wool  or 
hair  into  a  kind  of  cloth  or  fluff,  wu’thout  either  fpin- 
iiing  or  weaving  it.  In  this  country  felting  it  little 
pradlifed  except  in  hat- making  ;  and  as  nine-tenths  of 
thofe  who  are  employed  in  the  manufadliiring  of  hats 
know  nothing  of  the  principles  on  w^hich  they  proceed, 
the  following  obfervations  on  the  mechaiiifm  of  felting 
mutt  to  them  be  both  agreeable  and  ufeful.  They  are 
by  M.  Monge,  and  taken  from  the  Annales  de  Chemie. 

If  we  examine,  in  a  microfcope,  human  hair,  wool, 
the  hair  of  a  rabbit,  hare,  beaver,  &c.  however  great 
the  magnifying  power  of  the  inftrument  may  be,  the 
furface  of  each  hair  appears  perfedlly  fmooth  and  even  j 
or  at  leaft,  if  any  inequalities  are  to  be  perceived,  they 
feem  rather  to  arlfe  from  fome  difference  in  the  colour 
and  tranfparency  of  particular  parts  of  tliefe  fubftances 
than  from  the  irregularity  of  their  furfaces  ;  for  their 
image,  when  viewed  by  a  folar  microfcope,  is  termina¬ 
ted  by  even  lines,  without  any  roughnefs.  The  fur- 
face  of  thefe  objedls,  however,  is  by  no  means  fmooth  j 
on  the  contrary,  it  appears  to  be  formed  either  of  la- 
faults  which  cover  each  other  from  the  root  to  the 


point,  pretty  much  in  the  fame  manner  as  the  fcales  of  Feltin^^ 
a  fifh  cover  the  animal  from  the  head  to  the  tail;  or,  * 
more  probably,  of  zones  placed  one  over  the  other,  like 
what  is  obferved  in  the  ftrudlure  of  horns  :  to  this  con¬ 
formation  it  is  that  the  fubftances  here  treated  of  owe 
their  difpofltion  to  what  is  called  felting. 

If,  with  one  hand,  we  take  hold  of  a  hair  by  the 
root,  and  draw  it  between  two  fingers  of  the  other, 
from  the  root  tow^ards  the  point,  we  are  hardly  fenfible 
of  any  fricfiou  or  reOttaiice,  nor  can  we  diftinguifh  any 
found ;  but  if,  on  the  contrary,  we  hold  the  hair  at  the 
point,  and  draw  it  between  the  fingers,  from  the  point 
toward  the  root,  we  are  fenfible  of  a  refiftance  which- 
did  not  exitt  in  the  former  cafe  ;  a  fort  of  tremulous 
motion  is  likewife  produced,  which  is  not  only  per¬ 
ceptible  to  the  touch,  but  may  alfo  be  diftiriguifhed  by 
the  ear. 

It  is  evident,  therefore,  that  the  texture  of  the  fur- 
face  of  a  hair  is  not  the  fame  from  the  root  towards  the 
point  as  from  the  point  towards  the  root  ;  and  that  a 
hair,  when  grafped,  mutt  offer  more  refiftance  in  Aiding 
or  moving  progrelfively  towards  the  point  than  towards 
the  root ;  /.  e.  in  moving  with  its  point  foremoft. 

If  a  hair,  after  being  taken  hold  of  by  the  fore-fin¬ 
ger  and  thumb,  be  rubbed  by  them,  in  the  longitudinal 
direittion  of  the  hair,  a  progreflive  motion  takes  place, 
and  this  motion  is  always  towards  the  root.  This  effedl 
does  not  at  all  depend  on  the  nature  of  the  flein  of  the 
fingers  or  its  texture  ;  for  if  the  hair  be  turned,  fo  that 
the  p«int  is  placed  where  the  root  was,  the  movement 
then  becomes  contrary  to  what  it  was  before;  that  is  to 
fay,  it  is  always  directed  towards  the  root. 

What  is  obferved,  in  the  above  inftance,  is  entirely 
analogous  to  what  happens  when  country  children,  by 
way  of  fport,  introduce  an  ear  of  rye  or  barley  between 
the  writt  and  the  fhirt,  the  points  of  the  beards  of  which 
are  direiSled  outwards.  By  the  various  motions  of  the 
arm,  this  ear,  fometimes  catching  againft  the  fhirt, 
fometimes  againft  the  fl<in,  takes  a  progreflive  motion 
backwards,  and  foon  gets  up  to  the  arm-pit.  It  is 
Very  clear  that  this  effecf  is  produced  by  the  beards  of 
the  ear,  and  indeed  chiefly  by  the  afperities  upon  thofe 
beards  ;  which,  being  all  diredfed  towards  the  point, 
do  not  permit  the  ear  to  move  in  any  other  diredfion 
than  towards  that  part  to  which  it  was  united  to  the 
(talk.  There  is  no  doubt  that  it  is  the  fame  with  re- 
fpedl  to  hair  ;  and  that  its  furface  is  befet  with  afperi¬ 
ties,  which,  being  laid  one  upon  the  other,  and  turned 
towards  the  points,  permit  no  motion  but  towards  the 
root. 

A  tight  knot,  made  in  the  middle  of  a  hair,  is  very 
difficult  to  untie  by  the  ufiial  means,  on  account  of  the- 
extreme  thinnefs  of  the  hair  ;  but  if  we  place  the  hair 
in  the  bend  of  the  hand,  fo  that  the  knot  is  in  a  line 
with  the  little  finger,  and,  after  grafping  the  hair  by 
clofing  the  hand,  we  ftrike  the  fift  feveral  times  againft' 
the  knee,  the  afperities  of  one  end  of  the  hair  being, 
now  in  a  contrary  diredfion  to  thofe  of  the  other,  each 
of  the  ends  recedes  a  little,  one  of  them  one  way,  the 
other  the  contrary  way  ;  the  knot  is  thereby  opened,,, 
and,  by  introducing  a  pin  into  the  eye  which  is  formed,, 
it  is  very  eafy  to  finifh  untying  it. 

Thefe  obfervations,  which  it  would  be  ufelefs  to  mul¬ 
tiply,  relate  to  long  hair,  that  having  been  taken  as  an 
example;  but  they  apply  with  equal  propriety  to  wooV> 

furjfj 
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Feltirgr.  furs,  and  in  general  to  every  kind  o£  animal  hair.  The 
fuvface  of  all  thefe  is  therefore  to  be  confidered  as  com- 
pofed  of  hard  lamella  placed  one  upon  another,  like 
tiles,  from  the  root  to  the  point  ;  which  lamella  allow 
the  progreflive  motion  of  the  hair  towards  the  root,  but 
prevent  a  fimilar  motion  towards  the  point. 

From  what  has  been  fa  Id,  It  is  eafy  to  explain  why 
the  conta£l  of  woollen  fluffs  Is  rough  to  the  fl<In,  while 
that  of  linen  or  cotton  cloths  Is  /mooth  ;  the  reafoii  is, 
the  afperitles  upon  the  furface  of  the  fibres  of  the  wool 
(notwithflanding  the  flexibility  of  each  particular  fibre), 
by  fixing  thcmfelves  in  the  fl<in,  produce  a  difagreeable 
fenfation,  at  lea  ft  till  we  are  aceuftomed  to  it  >  where¬ 
as  the  furface  of  the  fibres  of  hemp  or  flax,  of  which 
linen  is  made,  being  perfe£lly  fmooth,  do  not  caufe  any 
fuch  fenfation.  It  is  alfo  evident,  that  the  injury  arifing 
to  wounds  or  fores,  from  the  application  of  wool,  does 
not  proceed  from  any  chemical  property,  but  is  occa- 
ftoned  folely  by  the  conformation  of  the  furface  of  the 
fibres  :  the  afperlties  of  which  attach  thernfelves  to  the 
raw  and  expofed  fiefh,  which  they  ftimulate  and  Irritate 
to  fuch  a  degree  as  to  produce  inflammation. 

This  conformation  is  the  principal  caufe  of  that  dlf- 
pofition  to  what  is  called  felting,  which  the  hair  of  all 
animals  in  general  pofTeffes. 

^  The  hatter,  by  ftrlking  the  wool  with  the  firing  of 
his  bow  (fee  Hat,  EncycL),  feparates  the  hairs  from 
each  other,  and  caufes  them  to  fpring  up  in  the  air; 
the  hairs  fall  again  on  the  table,  in  all  poffible  direc¬ 
tions,  fo  as  to  form  a  layer  of  a  certain  tliicknefs,  and 
the  workman  covers  them  with  a  cloth,  which  he  preffes 
with  bis  hands,  moving  them  backwards  and  forwards 
in  various  diredlions.  This  preffiire  brings  the  hairs 
againft  each  other,  and  multiplies  their  points  of  con- 
tad  ;  the  agitation  of  them  gives  to  each  hair  a  pro¬ 
greflive  motion  toward  the  root  ;  by  means  of  this  mo¬ 
tion  the  hairs  are  twilled  together,  and  iht  lamella  of 
each  hair,  by  fixing  thernfelves  to  thofe  of  other  hairs 
which  happen  to  be  direded  the  contrary  way,  keep 
the  whole  in  that  compad  ftate  which  the  preffure 
makes  it  acquire.  In  proportion  as  the  mafs  becomes 
compad,  the  prelTure  of  the  hands  fliould  be  increafed  ; 
not  only  to  make  it  more  clofe,  but  alfo  to  keep  up  the 
progreflive  motion  and  twifting  of  the  hairs,  w^hlch  then 
takes  place  with  greater  difficulty  :  but  throughout  the 
vvhole  of  this  operation,  the  hairs  fix  thernfelves  only 
to  each  other,  and  not  to  the  cloth  with  which  they 
are  covered,  the  fibres  of  which,  as  we  have  already 
faid,  are  fmooth,  and  have  not  that  dlfpofition  to  felt¬ 
ing  v/hich  we  have  defcribed  above. 

It  may  not  be  amifs  here  to  explain  why  that  hair 
which  is  intended  for  making  liats  is  always  cut  off 
with  a  fharp  inftrument  (although  that  cannot  be  done 
without  lofing  a  part  of  its  length),  and  not  plucked 
out  by  the  roots,  as  might  be  done  after  foftening  the 
ikin:  the  reafon  Is,  the  bulb  of  the  hair,  which  in  the  lat¬ 
ter  cafe  would  come  out  with  it,  would  render  that  end 
which  was  fixed  in  the  fkin  thick  and  obtufe  ;  and  It 
would  confequeiitly  be  lefs  dlfpofed  to  introduce  itfelf 
among  the  contiguous  hairs,  and  to  contribute  by  its 
jirogrefs  motion  to  the  contexture  of  the  mafs. 

The  above  defcribed  conformation  of  the  furface  of 
hairs  and  wool  is  not  the  only  caufe  which  produces 
their  difpofition  to  felting.  It  is  not  fufficlent  that 
^l^ery  hair  pofTeffes  the  foremcntioned  tendency  to  move 


progreftively  towards  the  root,  and  that  the  inclined  Felting, 
mella^  by  hooking  thernfelves  to  each  other,  preferve  the  Ferguffon.^ 
mafs  in  that  ftate  to  which  comprefilon  has  brought  It ; 
but  it  is  alfo  neceffiary  that  the  hairs  fhoiild  not  be 
ftraighr,  like  needles;  if  they  w^ere  fo,  prcffiing  and  rub¬ 
bing  them  together  would  merely  caufe  them  to  conti¬ 
nue  their  progreflive  motion,  without  changing  their 
diredlion  ;  and  the  efFc£l  of  thofe  operations  would  only 
be  to  make  them  move  from  the  centre  of  the  mafs, 
without  producing  any  compadnefs  in  it.  Every  hair 
muft  therefore  be  twifted  or  curled  in  fuch  a  manner 
that  the  extremity  which  is  towards  the  root  may  be 
dlfpofed  to  change  its  dire£lIon  perpetually,  to  twift 
itfelf  about  other  hairs,  and  to  incline  towards  itfelf  a- 
gain,  in  cafe  it  fliould  be  determined  thereto  by  any 
change  in  the  pofition  of  the  reft  of  Its  length.  It  is 
becaufe  wool  has  naturally  this  crooked  form  that  it  is 
fo  proper  for  felting,  and  that  it  may  be  made  ufe  of 
for  that  purpofe  without  undergoing  any  previous  pre¬ 
paration. 

But  the  hairs  of  the  beaver,  the  rabbit,  the  hare,  &c. 
being  naturally  ftraight,  cannot  be  employed  alone  in 
felting  till  they  have  undergone  a  preliminary  operation  ; 
which  confifts  in  rubbing  or  combing  them,  before  they 
are  taken  off  the  ilrin,  with  a  brufli  dipped  in  a  folutioii 
of  mercury  in  aquafortis  (nitric  acid).  This  liquor, 
aifting  only  on  one  fide  of  the  fubllance  of  the  hairs, 
changes  their  diredlon  from  a  right  line,  and  gives 
them  that  dlfpofition  to  felting  which  wool  naturally 
pofTeffes. 

When  the  hairs  are  not  intended  to  enter  Into  the 
body  of  the  mafs,  but  are  only  to  be  employed  in  ma- 
king  a  fort 'of  external  coating,  fuch  as  Is  fometimes 
given  to  the  outer  furface  of  hats,  the  operation  juft 
mentioned  need  not  be  performed;  but  the  felt  on 
which  they  are  to  be  fixed  being  finiflied  ;  the  hair  is 
uniformly  fpread  upon  the  furface  to  which  the  coating 
is  to  be  applied  ;  and,  being  covered  with  a  cloth.  It  is 
preffed  with  the  hands,  and  agitated  for  a  certain  time. 

By  thefe  means,  the  hairs  introduce  thernfelves,  by  the 
root,  a  certain  depth  into  the  felt,  and  are  there  fixed' 
by  their  lamella  in  fuch  a  manner  as  not  to  be  eafily  ex- 
traded.  A  particular  diredlon  is  afterwards  given  to 
them  by  means  of  a  brufh,  and  they  are  made  to  keep 
this  dlrei^on  by  having  a  hot  iron  paffed  over  them. 

If  the  agitation  were  continued  for  a  longer  time,  thefe 
hairs,  not  having  their  ftraightnefs  deftroyed  by  the  ope¬ 
ration  before  defcribed,  would  pafs  entirely  through 
the  felt,  going  out  at  the  oppofite  furface,  as  each 
hair  follows  exadly  the  diredioa  it  acquired  at  the  be¬ 
ginning. 

It  Is  owing  to  the  very  fame  circumftances  which' 
make  wool  and  hair  capable  of  felting,  that  woollen 
cloth  is  thickened  by  fulling.  Sec  Fulling  in  thls- 
Supplement. 

FERGUSSON  (Robert),  who  at  an  early  period  of- 
life  obtained  a  confiderable  degree  of  celebrity  as  3 
Scottifh  poet,  was  born  at  Edinburgh,  on  the  5th  of 
September  1750,  according  to  a  manufeript  account  of 
him  with  which  we  have  been  favoured  by  a  relation. 

In  the  biographical  ffetch  prefixed  to  the  Perth  edition 
of  his  poems  he  Is  faid  to  have  been  born  in 

His  father  William  Ferguffon  poffeffed,  as  well  as. 
himfelf,  feme  talents  for  poetry  ;  but,  marrying  early, 
and -being  wifer  than  his  fon^  he  abandoned  the  mufes 
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FcrguiT:)n.  for  trade,  and  was  employed  in  different  mercantile 
houfes,  firrt  in  Aberdeen  and  afterwards  in  Edinburgh, 
At  the  time  of  his  death  he  was  an  accountant  in  the 
Britifh  Linen  Hall ;  but  never  acquired  any  thing  like 


opulence. 

During  the  years  of  infancy  and  childhood,  the  con- 
flitiition  of  our  poet  was  fo  weak,  that  little  hopes  were 
entertained  of  his  arriving  at  manhood.  By  the  care, 
however,  and  attention  of  his  parents,  he  gradually  ac¬ 
quired  ftrength,  and  at  the  age  of  fix  was  put  to  an 
Englifli  fchool,  where  his  proficiency  in  reading  and  re¬ 
citing  was  iinconimonly  great.  At  the  age  of  feven  he 
was  fent  to  the  high  fchool  of  Edinburgh,  where  he 
continued  four  years,  and  with  very  little  labour  made  a 
rapid  progrefs  in  the  knowledge  of  the  Latin  tongue  ; 
but  for  feme  reafon  or  other  he  was  removed  from  the 
high  fchool  to  the  grammar  fchool  of  Dundee,  whence, 
after  two  years,  he  was  fent  to  the  univerfity  of  St  An¬ 
drew’s.  A  gentleman  of  the  name  of  FergufTon  had 
left  burfaries  in  that  univerfity  for  the  education  of  two 
boys  of  the  fame  name  ;  and  Mr  William  FergufTon  ha¬ 
ving  with  difficulty  obtained  one  of  them  for  his  fon, 
was  induced  to  educate  him  at  St  Andrew’s  in  prefe 
re  nee  to  Edinburgh. 

Though  at  no  period  of  his  life  a  fevere  lludeiit,  our 
poet’s  attainments  in  fcience  were  fiich  as  to  keep  alive 
in  the  univerfty  the  hopes  which  had  been  formed  of 
him  at  fchool ;  and  he  was  confefTedly  the  firfl:  mathe¬ 
matician  of  his  ftaruling.  On  this  account  we  are  told 
that  he  became  the  favourite  of  Df  Wilkie,  who  was 
then  profeffor  of  natural  philofophy  in  the  univeility  of 
St  Andrew’s;  but  it  is  not  improbable  that  :he  Do6lor 
valued  him  as  much  for  his  poetical  genius  as  for  his 
ficill  in  geometry  ;  for  Wilkie  was  a  poet  himfelf,  and 
Mr  FergufTon  had  already  written  fcveral  fmall  poems 
which  attradfed  confiderable  notice,  as  well  from  the 
profeffors  as  fn/ai  his  fellow -Undents.  But  whatever 
was  the  bond  of  union,  Dr  Wilkie  patron ifed  the  youth¬ 
ful  poet  ;  and  the  poet  fliewed  afterwards  that  he  was 
not  ungrateful.  Upon  the  Dodfor’s  death,  he  piib- 
liHied,  in  the  Scottidi  dialed,  a  beautiful  eclogue  to  his 
memory,  in  which  the  peculiar  merits  of  that  eccentric 
genius  are  appreci:^ed  with  great  judgment.  See  Wil¬ 
kie,  in  this  Supplement. 

During  the  hiil  winter  that  herefided  in  St  Andrew’s, 
our  poet  had  colledled  materials  for  a  tragedy  on  the 
death  of  Sir  William  Wallace,  and  had  even  completed 
two  adfs  of  the  play  ;  but  having  feen  a  fimilar  work 
on  the  fame  fubjedl,  he  abandoned  his  defign  ;  “  be- 
caufe  (faid  he  to  a  friend)  whatever  I  publifli  fliall  be 
original,  and  this  tragedy  might  be  confidered  as  a 
copy.” 

Having  finifned  his  ftudies  at  the  univerfity,  lie  re¬ 
turned  to  Edinburgh  without  refolving  on  any  perma¬ 
nent  employment.  His  father  had  defigned  him  for 
the  church  ;  but  he  was  now  dead,  and  our  author 
turned  a  deaf  ear  to  the  intreaties  of  his  mother,  and 
of  every  other  friend  who  endeavoured  to  perfuade  him 
to  fulfil  his  father’s  intention.  Fie  was  then  advifed  to 
ftudy  phyfic;  but  he  declined  it,  becanfe,  he  faid,  that, 
when  reading  the  defeription  of  difeafes,  he  fancied  that 
he  felt  the  fymptoms  of  them  all  in  himfelf.  To  the 
law,  however,  he  could  not  dart  the  fame  objedlion  ; 
and  he  began  to  fludy  it,  but  made  no  progrefs.  At 
this  his  relation  and  the  editor  of  his  poems  exprefs  no 


furprife ;  for,  according  to  them,  it  was  a  ffudy  the  Ferguffm, 
moll  improper  for  him,  as  it  could  not  be  cxpedled  that  v— ^ 
a  genius  fo  lively  w'ould  fubmit  to  the  drudgery  of  that 
dry  and  fedentary  profeffion. 

That  the  law  was  a  very  improper  profeffiou  for  a 
man  of  his  narrow  fortune  is  indeed  true  ;  but  W'e  truft 
that  his  two  biographers  will  not  conlider  us  as  intend¬ 
ing  any  offence  to  them,  il  we  embrace  the  prefeiit  op¬ 
portunity  of  expofirig  the  folly  of  a  very  common  re¬ 
mark,  that  a  lively  genius  cannot  fubmit  to  vvliat  is  ab- 
furdly  called  a  dry  fludy.  We  might  inllance  different 
lawyers  at  our  own  bar,  who,  with  great  poetical  ta¬ 
lents  in  their  youth,  have  rifen  to  the  fummit  of  their 
profeffion  ;  but  to  avoid  perfonal  di{lin£lions  at  home, 
we  ftiall  take  our  examples  from  England.  The  genius 
of  the  late  Earl  of  Mansfield  was  at  leaf!  as  lively  as 
that  of  Mr  Fergiiffon,  and  if  he  had  pleafed  he  could 
have  been  equally  a  poet  ;  yet  he  fubmitted  to  the 
drudgery  of  ftudying  a  law^  Hill  drier  than  that  of  Scot¬ 
land.  To  the  fine  talle  of  Atterbury  bilhop  of  Ko- 
cheller,  and  to  his  clafficaLcompoOtions  both  in  prole 
and  ve^fe,  no  man  is  a  llranger  who  is  at  all  coiiverfant 
in  Englilh  literature:  yet  that  elegant  fcllolar  and  poet, 
after  he  had  rifen  to  the  dignity  of  Dean  of  Carlifle, 
fubmitted  to  the  drudgery  of  ftudying,  through  the 
medium  of  barbarous  Latin,  the  ecckfiaftical  law  of 
England  from  the  earlieft  ages;  and  declared,  that  by 
dint  of  perfeverance  he  came  in  time  to  relifti  it  as  much 
as  the  ftudy  of  Homer  and  Virgil  Whatever  be 
thought  of  Milton’s  political  principles,  no  man  can 
read  his  controverfial  writings,  and  entertain  a  doubt 
but  that  he  could  have  fubmitted  to  the  drudgery  of 
ftudying  the  law. 

The  truth  is,  and  it  is  a  truth  of  great  importance, 
that  a  man  of  real  vigour  of  mind  may  bring  himfelf  to 
delight  in  any  kind  of  ftudy  which  is  ufeful  and  ho¬ 
nourable.  Such  men  were  Lord  Mansfield,  the  Bilhop  ' 
of  Rocheftev,  and  Milton;  but,  whether  through  feme 
radical  defedl  in  his  nervous  fyftem,  or  in  conleqiience 
of  early  diffipation,  Mr  FergufTon,  wi  .h  many  eftimable 
qualities,  v/as  To  utterly  deftitute  of  this  mental  vigour, 
that  rather  than  fubmit  to  what  his  friends  call  drud¬ 
gery,  he  feem.s  to  have  looked  w  ith  a  wiftiful  eye  to 
Tome  finecure  plrfce. 

With  this  view  he  paid  a  vifit  to  an  uncle  who  lived 
near  Aberdeen,  a  man  of  great  learning  and  in  opulent 
circumftances,  in  hopes  that,  by  his  iiiteveft,  he  might 
be  fettled  in  a  poft  fuitable  to  his  merit :  But  how  de- 
lufive  were  his  hopes  !  His  uncle  indeed  received  him 
wnhh  every  mark  of  affedlion  ;  but  his  fondnefs  gra¬ 
dually  cooled,  and  at  the  end  of  fix  months  he  ordered 
him  abruptly  to  leave  his  houfe,  without  having  endea¬ 
voured  to  procure  for  him  any  fettlcmcnt. 

To  a  mind  like  Ferguffon’s,  feelingly  alive,  fuch  treat¬ 
ment  from  fo  near  a  relation,  to  wdiom  he  had  always 
behaved  with  becoming  refpedl,  mull  have  been  dread¬ 
fully  galling.  Stung  with  indignation,  lie  returned  ter 
his  mother’s  at  Edinburgh;  and  as  foon  as  he  recovered 
from  a  fevere  illnefs,  brought  upon  him  by  difappoint- 
ment  and  the  fatigue  of  his  journey,  he  compofed  two 
elegies ;  one  on  “  The  Decay  of  Friendfhip,”  and  the 
other  “  Againft  Repining  at  Fortune,”  both  occafion- 
ed  by  his  adventure  in  the  North.  How  much  he  felt 
the  dafhing  of  his  hopes,  is  apparent  from  the  following 
pathetic  lines  in  the  Decay  of  Friendfhip  ; 
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Fergi  fTon.  But,  ah!  tliefe  youthful  fportive  hours  are  fled, 

Thefe  fcenes  of  jocund  mirth  are  now  no  more  ; 

No  healing  /lumbers  ’tend  my  humble  bed, 

No  friends  condole  the  forrows  of  the  poor. 

And  what  avail  the  thoughts  of  former  joy  ? 

What  comfort  bring  they  in  the  adverfe  hour  ? 

Can  they  the  canker-worm  of  Care  detlroy, 

Or  brighten  Fortune’s  difcontented  lour  ? 

So  de/litute  was  he  at  this  period,  that  he  fubmitted 
to  copy  papers  in  the  commifTary  clerk’s  ofiice,  we  be¬ 
lieve  at  fo,  much  the  /lieet ;  but  not  liking  the  employ¬ 
ment,  and  quarrelling  with  the  commi/Tary  clerk-depute, 
he  foon  left  the  office  in  difgu/K 

Hitherto  he  had  lived  rather  in  obfciirity  ;  and  hap¬ 
py  had  it  been  for  him  if  in  that  obfcurity  he  had  been 
fuffered  to  remain  ;  happy  had  it  been  for  him,  had  his 
converfation  been  lefs  fafcinatiug,  and  his  company  lefs 
courted  by  the  frolic  and  the  gay.  PofTeffing  an  inex- 
hauflible  fund  of  wit,  the  bed  good  nature,  much  n)o- 
de/ly,  and  great  goodnefs  o*f  heart,  he  w^as  viewed  with 
affection  by  all  to  whom  he  w'as  known;  but  his  powers 
of  foiig,  and  almoR  unrivalled  talents  for  mimickry, 
led  him  oftener  into  the  company  of  thofe  who  vvifhed 
for  hirn  merely  to  enliven  a  fficial  hour,  than  of  fuch  as 
by  their  virtue  were  inclined,  and  by  their  influence  were 
able,  to  procure  him  a  competent  fettlement  for  life. 
The  conicquence  of  this  was  great  laxity  of  manners. 
His  moral  principles  indeed  were  .never  corrupted,  nor, 
as  we  have  reafon  to  believe,  his  faith  in  .revelation  ffia- 
ken ;  but  there  is  no  doubt  but  that,  courted  as  he 
^  was  by  the  fyren  voice  of  pleafure,  he  yielded  to  many 
temptations,  and  in  the  hours  of  ebriety  committed  ac¬ 
tions  which,  in  his  cooler  moments,  he  refleiled  on  with 
abhorrence. 

His  confcience  was  indeed  frequently  roufed.  Being 
on  a  vifit  to  a  friend  at  Haddington,  and  fauntering  one 
day  near  the  churchyard,  he  was  accofted  by  a  clergy, 
man,  who  feemed  to  be  no  flranger  to  the  kind  of  life 
which  he  led.  This  judicious  divine  contrived  to  draw 
his  attention  to  the  fliortnefs  of  time,  the  length  of 
eternity,  death  and  judgment,  and  the  awful  Hate  that 
awaits  the  wucked  in  an  iinfeen  world  ;  and  the  couver- 
fation  made  a  deep  impreffion  on  his  mini.  It  Teemed, 
however,  to  be  effaced  from  his  memory  by  the  diffipa- 
tion  of  Edinburgh,  till  it  was  recalled  wuth  double  effedl 
b)’’  the  following  accident  : 

In  the  room  adjoining  to  that  in  which  he  flept  was 
a  darling,  wdiich  being  feized  one  night  by  a  cat  that 
had  found  its  w’ay  down  the  chimney,  awaked  Mr  Fer- 
gulfon  by  the  mo  ft  alarming  fc  reams.  Having  learned 
the  caufe  of  the  alarm,  he  began  ferioidly  to  reflcdl  how 
often  he,  an  immortal  arid  accountable"  being,  had  in 
the  hour  of  intemperance  let  death  at  deliance,  though 
it  was  thus  terrible  in  reality  even  to  an  unaccountable 
and  finlefs  creature.  This  brought  to  his  recolledion 
the  converfation  of  the  clergyman,  wffiich,  aided  by  the 
folemnity  of  midnight,  wrought  his  mind  up  to  a  pitch 
of  remorfe  that  almoft  bordered  on  frantic  defpair. 
Sleep  now  forfook  his  eyelids;  and  he  rofe  in  the  morn- 
iiig,  not  as  he  had  formerly  done,  to  mix  again  with 
the  focial  and  the  gay,  but  to  be  a  reclufe  from  fociety, 
and  to  allow  the  remembrance  of  his  pad  follies  to  prey 
upon  his  vitals.  All  his  vivacity  now  forfook  him  ; 
thofe  lips  vsffiich  were  formed  to  give  delight,  were  do- 
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fed  as  by  the  hand  of  death ;  and  “  on  his  countenance  Fergu/Ton 
fat  horror  plum’d.”  " 

From  this  date  of  gloomy  defpondcncy,  however,  he 
began  gradually  to  recover;  and,  except  that  a  fettled' 
melancholy  was  vifible  in  his  countenance,  his  health 
was  completely  redored,  when  one  evening  he  fell  and 
cut  his  head  fo  dreadfully,  that  from  the  lofs  of  blood 
he  became  delirious.  In  this  deplorable  date  he  conti¬ 
nued  for  feveral  months,  till,  being  quite  exhauded  by 
want  of  fleep  and  condant  fpeaking,  he  expired  on  the 
l6tli  of  Oaober  i  774.  He  was  interred  in  the  Canon- 
gate  churchyard,  where  his  friends  ereded  a  monument 
to  his  memory,  which  has  been  fince  removed  to  make 
w^ay  for  a  larger  and  more  elegant  monument  by  his 
enthufiadic  admirer  the  late  poet  Burns. 

Thus  died  Robert  Fefgudun,  a  young  man  of  the 
brighted  genius  and  of  the  bed  heart,  who,  had  he 
joined  prudence  to  his  uncommon  talents,  mud  have 
rifen  to  great  eminence  in  the  republic  of  letters  ;  but,, 
as  a  late  juvenile  poet  has  obferved  of  him _ 

Complete  alike  in  head  and  heart, 

But  wanting  in  the  prudent  part. 

He  prov’d  a  poet’s  lot. 

Of  his  poems  no  genei'al  charaiEIer  can  be  given.  The 
fubjedls  of  them  are  loinetimes  uncommon  and  generally 
local  or  temporary.  They  are  of  couife  very  unequal. 

But  fuch  of  them  as  are  in  tlie  bcottifli  diale£l  have 
been  univerfally  admired  by  his  countrymen;  and  when 
it  is  confidered  that  they  were  compofed  amidd  a  round 
of  di/iipation,^  they  will  be  allowed  to  furiilfh  complete 
evidence  of  bis  genius  and  his  tade. 

^  hERMAT  (Peitr),  who  was  counfellor  of  the  par¬ 
liament  of  Tuiiloufe  in  France,  fiouriflied  in  the  lytli 
century,  and  died  in  1665.  a  man  of  great 

talents,  and  a  very  general  fcholar  ;  but  being  contem¬ 
porary  and  intimately  connefted  vvitli  Des  Cartes,  Mer- 
fenne,  Torricelli,  and  Huygens,  be  was  naturally  led  to 
devote  much  of  his  time  to  the  mathematical  fciences. 

He  was  (fays  Dr  Hutt.on)  a  flrd  rate  mathematician, 
and  po/Tefled  the  lined  tade  for  pure  and  genuine  geo¬ 
metry,  which  he  contributed  greatly  to  improve,  as 
well  as  algebra. 

Fermat  was  author  of,  1.  A  Method  for  the  Qua¬ 
drature  of  all  forts  of  rarabolas.— 2.  Another  011  AH^i- 
mums  and  Minimums  :  which  ferves  not  only  for  the 
detcrininatiou  of  plane  and  folid  problems,  but  alfo  for 
drawing  tangents  to  curve  lines,  finding  the  centres  of 
giavjty  in  folids,  and  the  refjlution  of  quedions  con- 
cerniiig  numbers :  in  Ihort,  a  method  very  fimilar  to  the 
fluxions  of  Newton. — 3.  An  Introdudlion  to  Geome- 
tne  Loci,  plane  and  folid.-- 4.  A  Treatife  on  Spheri¬ 
cal  Tangencies  :  where  he  demondrates  in  the  folids  the 

fame  things  as  Vieta  demonllrated  in  planes. _ 5.  A  Re- 

doration  of  Apollonius’s  two  Books  on  Plane  Loci. _ - 

6.^  A  General  Method  for  the  dimeiilion  of  Curve 
Lines.  Befides  a  number  of  other  fmaller  pieces,  and 
many  letters  to  learned  men  ;  feveral  of  which  are  to  be 
found  in  his  Opera  Farm  Mathematical  printed  at  Tou- 
loufe,  in  folio,  167;*. 

FERMENTATION  is  a  chemical  procefs  which 
has  been  already  confidered  in  the  Eticyclopadiay  and 
will  be  again  refumed  in  this  Supplement  under  the  title 
Animal  and  Vegetable  Substances.  In  this  place  we 
mean  nothing  more  than  to  give  fuch  direaions,  prin¬ 
cipally 


Fcrmffta- 

tion. 
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cipdly  from  Mr  Richardfon  of  Hull,  for  the  proper  fer¬ 
mentation  of  malt  liquors  as  have  not  been  fully  detail¬ 
ed  in  the  article  Brewing  (^EncycL), 

This  author  controverts,  vve  do  not  think  very  fuc- 
cefsfully,  the  oonchifions  drawn  by  Mr  Henry  from  the 
experiments,  of  which  the  reader  will  (ind  an  account 
in  the  article  Fermentation  {Encycl  )  ;  but  it  is  not 
his  theory  with  which  we  are  at  prefen t  concerned,  but 
his  pradice  as  that  of  an  experienced  and  enlightened 
brewer.  Having  treated  of  lEorts,  and  the  proper  me¬ 
thod  of  boiling  them,  for  which  fee  Wort  in  this  Sup^ 
pknunt,  and  liaving  given  an  hiftorical  view  of  the  pro- 
cefs  of  fermentation,  of  which  a  pretty  accurate  abridge¬ 
ment  is  inferted  in  the  articles  Brewing  and  Fer¬ 
ment  ation  i^EnrycL^)^  he  proceeds  thus  : 

“  The  agency  of  air,  in  the  bufinefs  of  fermentation, 
is  very  powerful  ;  but  as  all  fermentable  fubjedfs  have  an 
abundant  fupply,  we  are  rather  to  provide  for  the  egrefs 
of  their  own,  than  to  fuller  the  admifiion  of  the  exter¬ 
nal  air,  by  which  a  great  number  of  the  fine,  volatile, 
oleaginous  parts  of  the  fubjedl  would  be  carried  off, 
iv.'.d  a  proportionate  injury  in  flavour  and  fpirituofity 
fuflained.  Hence  fuch  a  covering  fhould  be  provided 
for  the  gyle-tun  as  would  barely  allow  the  efcape  of  the 
common  air  produced  by  the  operation  ;  whillt  the  gas, 
<pr  fixed  air,  from  its  greater  denfity,  refting  upon  the 
fill  face  of  the  beer  tbe  whole  depth  of  the  curb,  pre¬ 
vents  the  adion  of  the  external  air,  and  confequently 
the  efcape  of  thofe  fine  and  valuable  parts  juli  men¬ 
tioned.  ; 

But  towards  the  coiilufion  of  vinous  fermentation, 
this  aerial  covering  begins  to  lofe  its  efficacy  ;  which 
points  out  the  neceffity  of  then  getting  the  beer  into 
•  cafl<s  as  foon  as  poffible,  that  the  confequences  may  be 
-prevented,  of  expofing  fo  large  a  furface,  liable  to  fo 
copious  an  evaporation.  Amongft  thefe,  a  lofs  of  fpi¬ 
rituofity  is  not  the  leafi:  ;  for  this  evaporation  is  more 
jiiid  more  fpirituous,  as  the  adlion  approaches  the  com¬ 
pletion  of  vinous  fermentation  ;  and  that  once  obtained, 
the  lofs  becomes  fllll  more  confiderable,  if  ftill  expofed 
to  tlie  air  ;  whence  it  might  be  termed  the  diftillation 
of  Nature,  in  which  fhe  is  fo  much  fuperior  to  art,  that 
the  ethereal  fpirit  rifes  pure  and  unmixed,  wliilfi:  the 
liigheft  redification  of  the  ftill  produces  at  beft  but  a 
compound  of  aqueous  and  fpirituous  parts. 

‘‘  Nor  is  this  entirely  conjedlure.  Experience  teaches 
us,  that  we  cannot  produce  fo  ftrong  a  beer  in  fummer, 
ceterk  paribus,  as  in  winter  ;  the  reafon  is,  not  becaufe 
the  adion  of  fermentation  does  not  realize  fo  much  fpi¬ 
rit  in  warm  weather,  but  becaufe  the  fermenting  liquor, 
after  the  perfedtion  of  vinofity,  continues  fo  long  in  a 
ftate  of  rarefaiElioii,  that  the  fpirituous  parts  are  diffipa- 
ted  in  a  much  greater  degree  at  that  time  than  at  any 
other,  in  a  fimilar  ftate  of  progreffion.  And  this  doc¬ 
trine  of  natural  diftillation  feems  to  account  for  that  in- 
creafe  of  ftrength  obtainable  from  long  prefervation,  in 
well  clofed  cades,  and,  more  particularly  fo,  in  glafs 
bottles  ;  for  Nature,  in  her  efforts  to  bring  about  her 
grand  purpofe  of  refolving  every  compound  into  its  firft 
principles,  keeps  up  a  perpetual  internal  ftruggle,  as 
well  as  an  external  evaporation  ;  and  if  the  latter  be 
effedually  prevented,  the  former  muft  be  productive  of 
additional  fpirituofity,  fo  long  as  the  aClion  keeps  with¬ 
in  the  pale  of  vinous  fermentation. 
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“  i  ll  Order  to  maintain  a  due  regulation  of  the  fer*  Fe2jian, 
meriting  power,  and  to  anfwxr  the  feveral  purpofes  of  — 
the  operation,  a  fcrupiiloiis  attention  to  the  degree  of 
heat  at  which  the  aCtion  commences,  and  a  particular 
regard  to  the  quality  and  quantity  of  the  ferment  em¬ 
ployed,  are  inclifpeiifably  necefTary.^'  The  degree  of 
heat  muft  be  afeertained  by  the  thermometer,  and  regu¬ 
lated  by  experience  :  the  quantity  of  yeaft  can  be  af. 
certaini^d  only  by  the  intention  of  the  artift. 

FEZZAN  is  a  kingdom  in  the  anterior  of  Africa, 
placed  in  the  vaft  wildernefs  as  an  ifland  in  the  ocean. 

The  following  account  of  it  was  given  to  Mr  Lucas 
the  African  traveller  by  an  old  fhereef,  a  native  of  Fez- 
zan  ;  and  that  account  was  confirmed  by  the  governor 
of  Mefurata,  who  had  himfelf  vilited  Fezzan,  and  who, 
having  treated  the  traveller  with  great  kindnefs,  ought 
not  to  be  fufpeCted  of  having  wantonly  deceived  him. 

According  to  this  account,  Fezzan  is  fitiiated  to  the 
fouth  of  Mefurata  (fee  Mesurata  in  this  SuppL),  and 
the  traveller  from  the  latter  place  to  the  former  arrived 
in  eight  days  at  Wadan,  where  refreftiments  are  procu¬ 
red  for  the  caravan.  From  thence  in  five  hours  they 
reach  the  defart  of  Soudah,  where  no  vegetable  is  feen 
to  grow  but  the  talk,  a  tree  from  which  the  lemon-co¬ 
loured  wood  is  taken  which  forms  handles  for  tools. 

The  pafiage  of  the  defart  takes  up  fome  days,  when 
the  traveller  finds  a  miferable  village,  producing  nothing 
but  dates,  brackifh  water,  and  Indian  corn  ;  from  this 
village  a  day’s  journey  conduds  to  the  town  of  Sebbah, 
where  are  the  remains  of  an  ancient  caftle,  and  other 
venerable  ruins,  and  in  four  days  more  he  reaches  Mour- 
zouk,  the  capital  of  Fezzan. 

This  city  is  fituated  on  the  banks  of  a  fmall  river, 
furrounded  by  a  high  wall  for  defence,  and  is  diftant 
from  Mefurata  390  computed  miles.  Eaftward  of 
Mourzook  is  the  towh  of  Qjaeela,  in  wdiich  are  the  re¬ 
mains  of  ancient  buildings  ;  the  fize  of  the  cifterns,  and 
the  conftrudlion  of  the  vaulted  caves,  exhibit  inftances 
of  ancient  fplendour.  South  of  which  place  is  Jermah, 
diftinguiihed  by  numerous  and  majeftic  ruins,  on  which 
are  many  infcriptioiis.  TelTouwa  lies  eaftward,  near 
wLich  was  a  river  which  the  fliereef  remembers,  but  is 
now  overwhelmed  in  the  moving  fands.  N.  E,  from 
Mourzouk,  diftant  about  120  miles,  is  the  large  town 
of  Temmifwa,  w^here  the  caravans  of  pilgrims  from  Bor- 
nou  and  Nigritia,  by  way  of  Cairo  to  Mecca,  provide 
their  ftores  for  tbe  defart. 

In  the  town  or  province  of  Mendrah  is  a  large  quan¬ 
tity  of  trona,  a  fpecies  of  foffil  alkali,  that  floats  011  the^ 
furface  or  fettles  on  the  banks  of  its  fpreading  lakes, 
great  quantity  of  which  is  fent  to  Tripoli,  and  Ihipped 
for  Turkey,  Tunis,  and  Morocco  ;  at  the  latter  place  it 
is  ufed  as  an  ingredient  in  the  red  dye  of  the  leather. 
Mendrah  is  about  60  miles  fouth  of  Fezzan.  The  ter¬ 
ritory  of  Fezzan  extends  but  little  weftward,  being 
confined  by  barren  mountains.  The  fmaller  towns  of 
this  kingdom  are  faid  to  be  about  one  hundred  ;  thefe 
towns  are  chiefly  inhabited  by  hufbandmen  and  ftiep. 
herds  ;  in  every  town  a  market  is  regularly  held  ;  mut¬ 
ton  and  goat’s  flefh  are  fold  by  the  quarter,  ufually  from 
thirty-two  to  forty  grains  of  gold,  or  from  four  to  five 
(hillings  Englifh.  The  fiefh  of  camels  is  dearer,  and 
divided  into  fmaller  parts. 

The  houfes  are  of  clay,  with  flat  roofs  conipofed  of 

branches 
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_  b'^micnes  of  trees,  on  which  earth  is  laid  ;  this  is  fuffi- 

eient  in  a  climate  where  it  never  rains..  The  heats  in 
uimmer,  from  April  to  November,  are  intenfe,  and  the 
hot  winds  blow  from  the  foutli-caft,  fouth,  and  fouth- 
weft,  with  fuch  violence  as  to  threaten  fuffocation  ; 
vvheii  It  changes  to  the  weft  or  north-weft  a  revivinn- 
ircmnefs  enfuts.  ^ 

The  drefs  of  the  inhabitants  is  like  that  of  the  Moors 
of  Barbary,  conlifting  of  a  large  pair  of,  trowfers,  a 
Ihirt  which  hangs  over  the  trowfers,  a  hind  of  waiftcoat 
vvithout  fleeves,  and  a  jacket  with  tight  fleeves  ;  over 
the  jacket  is  a  looie  robe  which  reaches  below  the  knee 
a  girdle  of  crimlon,  and  a  long  cloth  called  a  larr^hu 
or  like  a  highland  plaid,  is  worn  j  {lockings 

of  leather,  laced  like  ludf-boots,  and  flippers  ;  on  the 
head  a  red  cap  and  turban  ;  fometimes  over  the  whole 
they  throw  a  long  cloak  with  a  hood,  called  a 

nooje.  In  furnmer  they  throw  off  all  but  the  Ihirt  and 
the  cap. 

The  people  bear  very  high  degrees  of  heat,  but  any 
cold  affefts  them  feniil.ly.  Their  difeafes  are  chiefly 
ot  the  inflammatory  and  putrid  kind  ;  the  fmall  pox  is 
common.  Their  old  women  are  their  principal  phyfi- 
cians.  For  pains  in  the  head  they  cup  and  bleed  ;  for 
thofe  in  the  limbs,  they  bathe  in  the  hot  lakes.  They 
have  a  multitude  of  noxious  and  loathfome  animals  ;  the 
air  IS  crowded  with  mofquitos,  and  their  perfoiis  are 
over-run  with  the  vermin  which  aflfed  the  bee-Fars  of 
Europe. 

In  their  perfons  they'  incline  to  the  negro,  of  a  deep 
Iwarthy  complexion,  witli  curly  black  hair ;  they  are 
tail,  but  indolent,  inaiSive,  and  weak.  In  their  com¬ 
mon  iiiteiKourfe,  diftinflion  of  rank  feems  to  be  for- 
gotten  ;  rich  and  poor,  mafter  and  man,  converfe,  eat, 

ho^itable  '•“"■ever,  generous  and 

An  extenfive  plain  eompofes  the  kingdom  of  Fezzan  • 
the  foil  is  generally  a  light  fand,  the  fpriiigs  are  abun¬ 
dant,  and  few  regions  in  Africa  exhibit  a  richer  vege¬ 
tation.  The  land  produces  the  talk,  the  white  thorn, 
date  trees,  the  olive  and  lime,  apricot,  pomegran'ate, 
and  hg :  Indian  corn  and  barley  are  the  favourite  ob- 
jefts  of  cultivation  ;  of  wheat  there  is  little  raifed.  The 
tarne  animals  are,  the  flicep,  cow,  goat,  and  camel; 
and  the  wild  are,  the  oftrich,  antelopes  of  various  kinds, 
one  of  which  is  called  the  liuadee,  which  when  chafed 
plunges  with  addrefs  from  a  precipice,  and  lights  on  its 
hams.  ° 

_  The  food  of  the  lower  clafs  confifts  of  flour  of  In- 
(lian  corn,  feafoned  with  oil  and  fruit  ,*  thofe  of  fuperior 
rank  eat  wheat  bread  and  ilelh.  Fezzan  produces 
niuch  fait  ;  the  water  has  in  general  a  mineral  taile,  but 
the  favourite  beverage  is  a  liquor  from  the  date  tree, 
which  acquires,  when  fermented, an  intoxicatingllrength. 

In  religion  they  are  rigid  Mahomedaiis,  but  tolerant. 

Their  government  monarchical  ;  their  prefent  king  is 
defeended  from  one  of  the  fhereefs  of  Taffilet,  who 
about  400  years  fince  obtained  the  crown.  Till  the 
prefent  century  the  kingdom  was  independent,  when 
the  Bafhaw  of  Tripoli  conquered  and  made  it  tributary  ; 
the  reigning  fovereign  has  nearly  thrown  off  this  yoke! 

In  Fezzan,  the  defeendants  of  the  prophet  are  highly 
privileged,  their  property  and  perfons  are  inviolable  ; 
they  are  exempt  from  certain  punilliments.  This  clafs 
are  in  general  either  princes  or  merchants. 

Suppt.  VoL.  L  'Partll. 
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1  he  revenue  is  compofed  of  a  tax  on  towns  and  vll- 
laps,  a  tax  on  every  camel  load  of  goods  (except  pro- ' 
vifions)  whmh  enters  the  capital,  fines  for  offenk^s, 
lands  of  perfons  dying  without  heirs,  and  a  tax  on  gar- 
deijs  and  date  trees.  Gold  duft-fiy  weight  is  the  chief 
“[paynent  ;  but  for  convenience  they  are  fur- 
niflied  with  fmall  papers  of  gold  dull  of  different  va¬ 
lues,  from  two  varies  or  one  and  a  half  upwards ;  for 
fmaller  articles  corn  or  flour  are  ufed  as  a  medium.  One 
gram  of  pld  is  equal  to  i^d.  llerliiig.  The  Fegzan 
gram  is  the  fame  as  111  England. 

1  he  Juftice  of  the  fovereign  is  highly  extolled  ;  fmall 
offences  are  puniflied  by  the  baflinado,  and  the  punifh- 
ments  increafe  to  fine,  imprifonment,  and  death.  Truft- 
mg  to  their  natural  defence,  thefr  towns  are  without 
guaid,  and  they  have  no  (landing  forces.  The  only 
war  the  fhereef  remembered  was  undertaken  againfl  'a 
people  inhabiting  the  mountains  of  I'ibelli,  which  is 
feparated  from  the  people  of  Fezzan  by  a  wide  and 
faiidy  defart,  fhefe  people  are  wild  and  favage,  and 
had  plundered  a  caravan  belonging  to  the  king,  who 

3  and  4COO  men  againft  and 
fubdued  them.  Fhe  country  of  tliefe  people  produces 
much  fenna.  The  vales  of  Tibefti  are  fald  to  be  fertile 
m  corn  and  pafture  for  cattle,  particularly  camels. 

I  be  people  live  in  huts,  and  profefs  various  religions, 
fome  the  Mahomedan,  others  are  attached  to  tlreir  an- 
cient  idolatry. 

The  people  of  Fezzan  carry  on  a  confiderabte  trade 
with  Fripoh,  Bornou,  Nigritia,  &c.  At  the  end  of  ■ 
Odober,  when  the  heats  are  abated,  the  caravans  de- 
part  from  Mourzouk  ,iii  fmall  parties  often  or  twelve, 
unlefs  in  time  of  war.  They  lay  in  provifions.of  dates, 
meal,  and  mmton  failed,  dried  in  the  fun,  and  boiled  in 
oil  or  tat.  The  merchants  have  agents  In  the  chief 
towns,  to  whom  they  fend  the  flavcs  they  purcliafe. 

Ihe  caravans  to  Tripoli  carry  the  frotia,  fenna,  gold 
and  flaves  brought  from  the  fouthern  countries ;  and  in 
return  brmg  back  cutlery,  woollen,  filks,  dollars,  cop. 
per,  and  brafs.  ’  ^ 

That  to  Bornou  carries  brafs  and  copper,  for  the 
currency  of  the  country,  imperial  dollars,  and  various 
manufadiires  ;  but  of  their  own  produce  only  a  prepa- 
ration  of  dates,  and  meal  of  Indian  corn  ;  and  they  take 
m  return  Haves,  geld  dull,  and  civet. 

.  loCaflina,  an  empire  in  Nigritia,  they  carry  cow¬ 
ries,  brafs  to  make  rings  and  bracelets,  hoifes,  fcveral 
kinds  of  maniifadures,  and  the  Gooiop  nuts  ;  and  in 
return  take  gold  dull.  Haves,  cotton  cloth,  d\cd  goats 
**^'^*’  civet,  for  the  countries  fouth  of 

Niger,  where  nlfo  they  convey  fabre  blades  and 
Uutch  knives,  coral,  brafs  beads,  looking  glaftes,  dollars, 

&c.  and  receive  batk  gold  dull,  flaves,  cotton  cloths, 
goat  Ikms,  Gooroo  nuts,  cowries,  and  ivory. 

A  caravan  of,pilgrims  fetsout  likewife  in  the  autumn 
ot  every  fecond  or  third  year  from  Mourzouk,  the 
capital  of  Fezzan,  to  Mecca.  They  proceed  to  Tc- 
mefla,  over  the  mountain  of  Ziltan,  and  thence  to  Sib- 
bul,  a  place  fu^eft  to  Tripoli ;  and  thence  nearly  in  a 
line  with  the  Mediterranean  fea  to  Cairo,  and  thence 
to  Mecca  by  the  cullomary  route. 

As  not  one  celeftial  obfervation  has  been  taken  to 
determine  any  latitude  between  Benin  and  Tripoli  all 
the  pofitions  are  fixed  by  eftimatioii,  reckoning  fifteen 
or  fixteen  miles  for  a  day’s  Journey.  Mr  Renncll  pi  aces 
4  N  Mourzook, 
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Figurate.  Mourzouk,'tKe  capital  of  Fezzan,  in  lat.  27*^.  20',  or 
260  miles  from  Mafurata. 

FIGURATE  NUMBERS  are  fuch  as  do  or  may  re- 
prefent  fome  geometrical  figure,  fuch  as  a  triangle, 
pentagon,  or  pyramid.  See.  Thefe  numbers  are  treated 
of  at  great  length  by  Maclaurin  in  his  Fluxionb  ;  Sim- 
foa  in  liis  Algebra  ;  and  M&lcolm  in  his  Arithmetic  ; 
•but  the  following  account  of  them  by  Dr  Hutton  is  as 
perfpicuous  as  any  that  we  liave  feen  : 

,  Figurate  numbers  are  diftinguifhed  into  orders,  ac¬ 

cording  to  their  place  in  the  fcale  of  their  generation, 
beir\g  all  produced  one  from  another,  viz.  by  adding 
continually  the  terms  of  any  one,  the  fucceflive  funis  are 
ibe  terms  of  the  next  order,  beginning  from  the  firh 
order,  which  is  that  of  equal  units  i,  i,  i,  1,  &c. ;  then 
the  fecond  order  confifts  of  the  fucceflive  fums  of  thofe 
of  the  fnTt  order,  forming  the  arithmetical  progreflion 
1,  2,  3,  4,  &c.  ;  thofe  of  the  third  order  are  the  fuc- 
ceflive  films  of  thofe  of  the  fecoiid,  and  are  the  triangu¬ 
lar  numbers  ],  3,  6,  10,  15,  &c  ;  thofe  of  the  fourth 
order  are  the  fucceflive  fums  of  thofe  of  the  third,  and 
are  the  pyramidal  numbers  1,  4,  10,  20,  35,  &c. ;  and 
fo  on,  as  below  : 

Order.  Name.  Numbers. 

1.  Equals,  I,  1,  I,  I,  I,  ^c. 

2.  Arithmeticals,  2,  3,  4,  5,  &c. 

3.  Triangulars,  l,  3,  6,  10,  15,  &:c. 

4.  Pyramidals,  1,  4,  lo,  20,  35,  &c. 

5.  2d  Pyramidals,  i,  5,  15,  35,  70,  &c. 

6.  3d  Pyramidals,  1,  6,  21,  56,  126,  &c. 

7.  4th  Pyramidals,  i,  7,  28,  84,  210,  &c. 

The  above  are  all  ponfidered  as  different  forts  of  tri¬ 
angular  numbers,  being  formed  from  an  aritlimetical 
progreflion  whofe  common  difference  is  i.  But  if  that 
common  difference  be  2,  the  fucceffive  fums  will  be 
the  feries  of  fquare  numbers.:  if  it  be  3,  the  feries  will 
be  pentagonal  numbers,  or  pentagons ;  if  it  be  4,  the 
feries  will  be  hexagonal  numbers,  or  hexagons  ;  and  fo 
on.  Thus ; 


Arithineti- 

cals. 

jjl  Sums,  or 
Polygons. 

2d  Sums,  or 

2d  Polygons. 

3>  4 

Tri.  I,  3,  6,  10 

I,  4,  10,  20 

3>  5>  7 

Sqrs.  I,  4,  9,  16 

L  5>  30 

4)  7>  10 

Pent.  I,  5,  12,  22 

I,  6,  18,  40 

L  S>  9>  13 
See. 

Hex.  I,  6,  15,  28 

1,  7,  22,  50 

And  the  reafon  of  the  names  triangles,  fquares,  pen- 
:agons,  hexagons,  &c.  is,  that  thofe  numbers  may  be 
placed  ill  the  form  of  thefe  regular, figures  or  polygons, 
IS  here  below  ; 

triangles. 

I  S  6  ^ 
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But  the  figurate  numbers  of  any  order  may  alfo  be 
found  without  computing  thofe  of  the  preceding  orders ; 
which  is  done  by  taking  the  fucceflive  products  of  as 
many  of  the  terms  of  the  arithmeticals  !>  2,  3,  4,  5,  &c. 
in  their  natural  order,  as  there  are  units  in  the  number 
which  denominates  the  order  of  figurates  required,  and 
dividing  thofe  prodiidls  always  by  the  fidl  product. 
Thus  the  triangular  numbers  are  found  by  dividing  the 
produdls  t  X  2,  2X3,  3  X  4,  4  X  5,  &c.  each  by  the 
firfl  produ£l  1X2;  the  firft  pyramids  by  dividing  the 
products  1X2X3,  2X3X4,  3X4X5,  &c.  by  the 
firft  I  X  2  X  3.  And,  in  general,  the  figurate  numbers 
of  any  order  are  found  by  fubftituting  fucceflively 
I,  2,  3,  4,  5,  &c.  inftead  of  in  this  general  expvefiion 

X  •  X  -f-  I  •  jc  2.x  -f-  3*^^*  V  i-fn  • 

- - - ;  where  the  tactors  m 

I  .  2  .  3  .  4  .  See. 

the  numerator  and  denominator  are  fuppofed  to  be  mul¬ 
tiplied  together,  and  to  be  continued  till  the  number  in 
each  be  lefs  by  i  than  that  which  expreffes  the  order  of 
the  figurates  required. 

FILTER  (See  Encyci.)  It  is  well  known  that  vef- 
fels  made  of  a  particular  kind  of  porous  ftone  are  em¬ 
ployed  as  filtering  bafins  for  freeing  water,  intended  to 
be  drunk,  from  various  kinds  of  impurity.  In  fea  voy¬ 
ages  fuch  filtering  bafins  muft  be  highly  ufeful ;  and 
they  are  frequently  found  ufeful  at  land  where  no  water 
can  be  had  but  from  ftagnant  pools,  or  fprings  flowing 
through  clay.  The  ftone,  however,  of  which  they  are 
made-  is  not  every  where  to  be  found  ;  and  therefore 
different  perfons  have  endeavoured  to  employ  the  art  of 
the  potter  to  fupply  their  place. 

In  the  year  1790  a  patent  was  granted  to  a  female 
potter,  for  her  invention  of  the  following  cr/npofition 
for  this  purpofej  viz.  four  equal  parts,  out  of  nine  equal 
parts,  of  tobacco-pipe  clay  ;  and  five  equal  parts,  out 
of  nine  equal'  parts,  of  coarfe  fea,  river,  drift,  or  pit 
fand  ;  thefe  two  materials,  in  the  above  proportions, 
are  fuflicient  for  the  purpofe  of  making  fmall  bafins, 
and  other  veflels,  to  contain  a  quantity  not  exceeding 
one  gallon  of  water,  or  other  liquid.  But  the  compo- 
fition,  when  confined  to  thefe  two  materials,  and  in 
thefe  proportions,  often  flies  or  cracks  in  the  fire,  if 
larger  bafins,  or  other  veflels,  are  attempted  to  be  made, 
with  it.  She,  therefore,  irf  the  fecond  iuftance,  com- 
pofes  her  filtering  bafins  of  equal  parts  of  tobacco-pipe 
clay  and  coarfe  fea,  river,  drift,  or  pit  fand  ;  in  the 
third  inftance,  of  three  equal  parts,  out  of  nine  equal 
parts,  of  tobacco-pipe  clay;  one  equal  part,  out  of  nine 
equal  parts,  of  Stourbridge  ejay,  or  clay  from  the  fur- 
face  of  coal  mines,  or  any  other  clay  of  the  fame  quali¬ 
ty;  one  equal  part,  out  of  nine  equal  parts,  of  Windfor, 
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FiUer.  other  loam,  of  the  fame  quality  with  Windfor  loam  ; 
and  four  equal  parts,  out  of  nine  equal  parts,  of  coarfe 
liver,  fea,  drift,  or  pit  fand.  Or,  in  the  fourth  in- 
ilance,  of  four  equal  parts,  out  of  eight  equal  parts,  of 
tobacco-pipe  clay  ;  three  equal  parts,  out  of  eight  e- 
qual  parts,  of  coarfe  fea,  river,  drift,  or  pit  fand ;  and 
one  equal  part,  out  of  eight  equal  parts,  of  that  burnt 
ground  clay  of  which  crucibles  are  made. 

If  the  lady  who  invented,  or  pretends  to  have  in¬ 
vented,  thefe  bafins,  have  a  right  to  her  patent,  far  be 
it  from  us  to  vvilh  our  readers  of  any  defeription  to  in- 
croach  upon  it ;  but  as  the  ufe  of  the  materials  of  which 
her  bafins  are  made  was  known  to  potters  before  (he 
was  born,  they  may  certainly  compound  thefe  materials 
in  proportions  diiTerent  from  here,  without  doing  her 
any  legal  injury.^  As  Ihe  varies  her  own  proportions 
fo  much,  we  think  it  probable  that  fome  proportion 
differing  a  little  from  them  all,  may  anfwer  the  purpofe 
of  filtering  veffels  equally  well ;  and  it  is  ahnoft  need- 
Icfs  to  add,  that  with  this  precaution  any  potter  may 
make  Inch  veffels,  for  which  he  w’ould  undoubtedly 
have  a  great  demand. 

A  patent  has  Hkewife  been  granted  to  Mr  Jofliua 
Collier  of  bouthwark  for  a  very  ingenious  contrivance 
for  Altering  and  fvveetening  w'atcr,  oil,  and  all  other 
liquids.  Of  this  contrivance,  which  combines  the  ap¬ 
plication  of  machinery  wuth  the  antifeptic  properties  of 
charcoal  (See  Chemistry  34.  Supplement) ^  we  fhall 
give  a  detailed  account. 

Fifli  oil  is  one  of  the  liquids  which  he  had  it  parti¬ 
cularly  in  view  to  free  from  all  its  impurities  in  fmell, 
take,  and  colour  ;  and  the  chemical  procefs  employed 
•  by  him  for  this  purpole,  confiils  in  pouring  a  quantity 
of  any  fpecies  of  fifh-oil,  or  a  mixture  of  different  forts 
of  fifh-oil,  into  any  convenient  veffel,  which  is  to  be 
h.eated  to  the  temperature  of  no  or  120  degrees  of 
kahrenheit*s  fcale,  and  then  adding  of  cauftic  mineral 
alkali,  of  the  fpecific  gravity  commonly  deferibed  as 
1.25,  or  of  fuch  ftrength  that  a  phial  containing  looo 
grains  of  diflilled  water  will  contain  1250  grains  of 
thefe  lees,  a  quantity  equal  to  four  parts  of  the  100  by 
weight  of  the  quantity  of  oil;  the  mixture  is  then  to 
be  agitated,  and  left  to  Hand  a  fufficient  time  for  the 
falts  and  fediments  to  fubfide  ;  it  is  then  drawn  off  into 
another  veffel,  containing  a  fufficient  quantity,  of  freffi 
burnt  charcoal,  finely  powdered,  or  any  other  fubftance 
poffeffing  antifeptic  properties,  in  a  powdered  or  di¬ 
vided  ftate,  with  an  addition  of  a  fmall  proportion  of 
diluted  fulphuric  acid,  fufficient  only  to  decompofe  the 
fmall  quantity  of  faponaceous  matter  ftill  fufpended  in 
the  oil,  which  appears  by  the  oil  becoming  clear  at  the 
furface  ;  the  contents  of  this  veffel  are  alfo  agitated,  and 
the  coaly  falinc  and  aqueous  particles  left  to  fubfide  ; 
after  which  the  oil  is  paffed  through  proper  drainers, 
herein  after  deferibed,  and  is  thereby  rendered  perfed- 
ly  tranfparent  and  fit  for  ufe. 

The  principle  of  the  improved  ftrainers,  or  filtering 
machines,  confids  in  the  means  applied  to  combine  hy- 
droflatic  preffure,  which  increafes  according  to  the  per¬ 
pendicular  height  of  the  fluid,  with  the  mode  of  filter- 
ing  per  afeenfum^  thereby  procuring  the  new  and  pecu¬ 
liar  advantage  that  the  fluid  and  its  fediment  take  op- 
pofite  diredlions.  A  great  advantage  attending  this 
tnvention  is,  that  the  dimenfions  pf  the  chamber  in 
which  the  fediment  is  received,  may  be  varied,  while  the 


r  ]  F  I  L 

filtering  furface  remains  the  fame.  To  adapt  the  ma- 
chines  not  only  to  the  purpofe  of  families,  work-houfes, 
hofpitals,  public  charities,  the  navy,  or  the  merchant 
fervice,  but  alfo  to  all  the  purpofes  of  oil-men,  of  diftil- 
leis,  of  the  laboratory,  the  brewery,  &c.  chambers  of 
various  capacities  muff  be  provided  for  the  fediment 
and  precipitated  matter.  With  refpea  to  the  oihtrade, 
the  fpace  required  is  very  great,  efpecially  for  fp  erma- 
cell,  or  BraCl  bottoms.  In  the  various  purpofes  of 
the  laboratory,  no  limits  can  be  fi.xcd,  but  all  diitien- 
lions  will  be  occafionally  rcc[uired  :  in  diftille'ries  and 
breweries  they  may  be  fmaller  in  proportion  ;  and  in 
that  defigned  for  water  and  for  domeilic  ufe,  a  very 
fmall  chamber  will  be  fufficient.  When  wat<  r  is  to  be 
fweetened,  or  freed  from  any  putrid  or  noxious  par¬ 
ticles,  it  palles,  in  its  way  to  tbe  iilteiiri>r  chamber, 
through  an  iron-box,  or  cylinder,  containing  charcoal 
finely  ^powdered,  or  any  other  antifeptic  liibflance  info- 
luble  in  water,  the  water  being  forced  into  it  by  hy- 
droftatic  preffure,  tlirougli  a  tube  of  any  fuffi'eient 
height.  This  box  has  two  apertures  to  receive  and  de¬ 
liver  the  fluid,  and  thefe  are  opened  and  clofed  I  y  cocks, 
or  ferews,  or  any  other  method  ufed  for  fuch  purpofes  ; 
and  being  affixed  to  the  machine  by  other  ferews,  may 
be  eafily  detached  from  the  fame.  Thus,  whenever 
the  charcoal  begins  to  lofe  its  antifeptic  properties,  the 
box  is  removed  and  heated  till  it  is  red  hot ;  by  which 
means  the  foreign  matter  efcapes  through  the  (mail  a- 
pertures  ;  after  which  the  box  is  cooled,  and  the  ciiar- 
conl  becomes  fweet,  pure,  and  equally  fit  for  u(e  as  at 
firft,  though  the  procefs  be  ever  fo  often  repifatfd. 

Another  part  of  the  invention  confiils  in  filtering 
machines  in  the  form  of  flills,  )ii  which 'charcoal' may 
be  repeatedly  burned  after  any  fluid  fubftances  hare 
paffed  through  it,  for  the  purpofe  of  freeing  them’ ei- 
ther  from  putrid  or  noxious  particles,  or  of  diichareriag 
their  colouring  matter  ;  which  filtering  flills  are  fo  Coh- 
trived,  that  the  fluid  may  pafs  through  in  an)’  quanti¬ 
ty,^  without  displacing  the  eliartoal  :  the' part  of  the 
fluid  remaining  iiitcrl'perfed  among  the  charcoal,  rhSy 
be  ^driven  over  by  heat,  and  be  employed  fur-maiiy  In¬ 
ferior  purpofes  of  the  arts  oy  inamiflaures./ taftly, 
the  heat  may  bO  raifed  fo  aS  to  purifyl  the  chiircoal,  as 
has  been  before  deferibed  in  the  macbities  fort  water. 
The  flue  of  thole  flills  is  fo  coiiflrufled  that  water.^ray 
be  employed  to  cool  thyni  without  th^  lofs  qf  tinia  re- 
quifite  for  their  gradually  parting  with  their  hea*  to 
the  furrounding  atmofphere,  fo  as  to  iiie  fit  for.  a  fuhfe- 
quent  operation. 

But  it  was  not  merely  to  the'  purifying  of  oils  and 
various  liquids  that  Mr  Cpllier  turned  Ms'  attention. 
To  his  filtering  apparatus  are  attaclied  inflrunients  for 
afcertaiiiing  the  comparative  qualities  of  oils,  which  de¬ 
pend  in  pai  t  on  the  principle  of  tlieir  fpecific  gravities  j 
fpermaceti  oil,  contrafled  with  other  fifh  oils,  being  as 
875  to  920.  For  this  purpofe,  a  glafu  veffel  of  any 
convenient  fliape  is  made  ufe  of,'  funiifiicd  wiili  a 
bubble  alfo  of  glafs,  and  a  thermometer.  If  the  oil  is 
pure,^  this  bubble  finks,  when  the  mercury  rifes  to  a 
certain  flandard,  by  the  application  of  the  hand,  or 
any  other  heat  to  the  veffel  containing  the  oil.  If  ths 
fpermaceti  oil  is  impure,  the  bubble  will  ftill  floatj 
though  it  is  of  the  temperature  required  ;  and  the  de’ 
gree  of  impure,  or  foreign  matter,  will  be  fhewn  bv  the 
Hate  of  the  thermometer  at  which  the  bubble  finks. 
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To  determine  what  tendency  oils  ufed  for  burning 
have  to  congeal  in  cold  weather,  a  freezing  mixture  is 
put  in  a  phial  of  thin  glafs,  or  any  other  convenient 
vefTel;  into  this  a  thermometer  is  immcrfed,  and  a  fingle 
drop  of  the  oil,  under  experiment,  fuffered  to  fall  on 
the  outfide  of  the  velTel,  where  it  immediately  con¬ 
geals  :  as  the  cold  produced  by  the  mixture  gradually 
ceafes,  it  is  eafy  to  obferve  by  the  thermometer  at  what 
point  of  temperature  the  oil  becomes  fluid,  and  runs 
down  the  fide  of  the  glafs. 

A  Ihort  defeription  of  this  apparatus  will  make  its 
principles  plain  to  every  reader,  A  (fig.  i.)  is  the 
ciftern  into  which  the  water  or  other  liquor  to  be  fil¬ 
tered  is  put.  B  B  is  a  tube  opening  into  the  bottom 
of  the  ciftern  A,  and  bent  along  the  bottom  of  the  ma¬ 
chine  conveying  the  fluid  into  CCC  the  filtering  cham¬ 
ber,  which  is  covered  with  leather  bound  down  round 
its  circular  rim,  and  through  which  leather  the  water  is 
percolated.  DD,  The  bafon  rifing  above  the  level  of 
the  chambef  and  receiving  the  filtered  liqnor.  E,  I’he 
fpout  by  which  it  runs  off  into  a  pitcher  or  other  veffel. 
F,  Another  fpout  furniflied  with  a  coek  to  draw  off  the 
foul  water  from  the  chamber  when  neceffary.  GGG, 
The  air  tube,  which  begins  above  the  level  of  the  cham¬ 
ber,  is  covered  wfith  a  button,  which  faves  the  leather^ 
from  being  cut,  and  has  a  fmall  lateral  aperture  for  the 
air  to  be  carried  off.  This  pipe  pafles  along  the  bot¬ 
tom  and  up  the  fide,  and  rifing  above  the  level  of  the 
w'atcr  ia  the  ciftern,  is  there  clofed,  except  a  fmall  late¬ 
ral  aperture  through  which  the  air  efcapes.  H,  A 
guard  or  rim  with  crofs  bars  put  over  the  leather  to 
keep  it  from  being  forced  up  by  the  water.  It  is  faf- 
tened  down  by  means  of  two  notches  on  oppofite  fides 
of  the  guard,  by  which  it  locks  into  tw'o  ftaples  rivet-^ 

'  ted  into  the  bottom  of  the  bafon.  I,  The  lid  Aiding 
down  to  cover  the  water  from  dull,  and  fufpended  at 
pleafure  by  means  of  KK,  two  fprings  on  each  tube 
for  that  purpofe.  I^MNO,  A  cylindrical  box  contain¬ 
ing  charcoal,  which  is  conne^led  with  the  above  by 
means  of  the  tube  P,  and  a  continuation  of  the  tube  B. 
L.M,  The  water  tube  B  continued  below  the  charcoal 
apparatus,  fo  that  the  fluid  may  pafs  through  the  fame 
into  the  cylinder,  from  whence  it  enters  the  chambers 
at  P,  fo  as  to  be  filtered  through  the  leather  as  before 
deferibed.  RR,  Collars  which  may  be  uu  fere  wed  at 
pleafure,  fo  as  to  detach  the  charcoal  apparatus  when¬ 
ever  the  charcoal  requires  to  be  purified  by  heat.  SS, 
Two  cocks  to  dire<Sl  the  fluid  through  the  charcoal  cy¬ 
linder,  or  immediately  into  the  filtering  chamber. 

Fig.  2.  A,  A  tub  or  ciftern  containing  the  oil  to  be 
filtered,  and  fupplying  a  tube  of  fufticient  height  for 
the  hydroftatic  preffure  to  operate.  BB,  A  main  tube 
of  wood,  tin,  leatlier,  or  cloth,  to  which  any  number  of 
bags,  of  the  fize  and  fliape  of  corn  facks,  or  any  CC, 
convenient  fize  or  fliape  may  be  connedted-  Thefe  are 
bound  to  DD.D,  ftraight  double  iron  bars,  furniflied 
with  a  hinge  at  one  end  and  a  ferew  at  the  other,  by 
opening  which  the  bags  may  be'cmptied.  F,  A  trough 
viiiderneath,  made  to  receive  the  filtered  oil  from  the 
receivers  EEE. 

3*  A  funnel  cafle  or  ciftern,  into  which  the 
fluid  is  put  which  paftes  down.  B,  A  tube  fitted  into 
the  fame,  through  which  it  enters.  C,  An  iron  ftill, 
or  ftill  of  any  other  fubftance  capable  of  fuftaining  heat, 
full  of  finely  powdered  and  lifted  charcoal,  through 
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the  head  of  which  the  fluid  pafles  into  any  receiver. 
D,  A  fire-place  of  any  conftru£lion  to  drive  over  the  " 
fluid  remaining  interfperfed  among  the  charcoal,  and 
alfo  to  purify  the  charcoal  by  an  increafe  of  temperature- 
when  required.  E,  A  cock  to  let  water  into  the  flues 
to  cool  the  apparatus  for  a  fubfeqiieiit  operation. 

Fig.  4.  The  trial  glafs  with  its  thermometer. 

FIRE.  See  that  article  Encycl.  and  Caloric  and 
Combustion,  CnKMiSTRY-Index  in  this  SuppL 

Extin^ion  of  Fire  is  fometimes  a  matter  of  fo  much 
coiifequence,  that  every  thing  which  promifes  to  be  ef- 
fe6lual  for  that  purpofe  is  worthy  of  attention.  In  the 
nineteenth  number  of  Mr  Nicholfon’s  Journal  of  Philo- 
fopliy,  Chemiftry,  and  the  Arts,  we  have  the  following 
compofition  for  extiuguifhing  fire,  invented  by  M.  Voa 
Aken. 

Burnt  alum  ...  -  pounds  30 

Green  vitriol  powdered  -  -  -  40 

Ciiiabrefe  or  red  ochre  in  powder  -  20 

Potter’s  clay,  or  other  clay, 'alfo  powdered  200 
Water  ------  6^0 

With  40  meafures  of  this  mixture  an  artificial  fire 
was  extingiiiflied  under  the  diredlion  of  the  inventor 
by  three  perfons,  which  w^ould  have  required  the  labour 
of  20  men  and  1500  meafures  of  common  water.  Sig. 
Fabbroni  was  commiflioned  to  examine  the  value  of 
this  invention,  and  found  in  his  comparative  trials  with 
engines  of  equal  powder,  worked  by  the  fame  number  of 
men,  that  the  mixture  extinguiflied  the  materials  in 
combuftion  in  one  fixth  part  lefs  time,  and  three  eighths 
lefs  of  fluid  than  when  common  water  was  ufed.  He'ob- 
ferved,  as  might  indeed  have  been  imagined  from  the  na¬ 
ture  of  the  material,  that  the  flame  difappeared  where- 
ever  the  mixture  fell,  and  that  the  faline,  metallic,  and 
earthy  matters,  formed  an  impenetrable  lute  round  the 
hot  combuftible  matter,  which  prevented  the  accefs  of 
the  air,  and  confequently  the  renewal  of  the  dellru£live 
procefs. 

This  recipe,  Mr  Nicholfon  informs  us,  is  taken  from 
85.  of  Giornale  Letter  aria  di  Napoli^  in  which  it  was 
inferted  in  the  form  of  a  letter  from  Sig.  Fabbroni  to 
Sig.  D.  Luigi  Targioni  of  Naples ;  and  the  author  of 
the  letter  eftimates  the  price  of  the  compofition  at  about 
one  halfpenny  per  pound. 

The  reafon  afligned  by  Mr  Nicholfon  for  giving  this 
abridged  account  a  place  in  his  valuable  work,  will  be 
admitted  by  him  and  the  public  as  a  fufficient  reafon  for 
our  adopting  it  into  our’s.  It  is,  that  fuch  inventions 
are  worthy  of  the  attention  of  philofophers  and  econo- 
mifts,  even  though  in  the  firft  applications  they  may 
prove  lefs  advantageous  than  their  inventors  may  be 
difpofed  to  think.  It  is  fcarcely  probable  that  this 
praftice  in  the  large  wayq  with  an  engine  throwing  up¬ 
wards  of  200  gallons  (value  about  L.3,  los.)  each  mi¬ 
nute,  would  be  thought  of  or  adopted,  or  that  a  fuf¬ 
ficient  ftore  of  the  materials  would  be  kept  in  readi- 
nefs  ;  fince  at  this  rate  the  .  expenditure  for  an  hour 
would  demand  a  provifion  to  the  amount  of  L.  210 
fterling.  But  in  country  places  the  procefs,  or  fome 
variation  of  it,  might  be  applied  with  fufficient  profit 
in  the  refult ;  more  efpecially  il  it  be  confidered  that 
common  fait  or  alum,  or  fuch  faline  matter  as  can  be 
had  and  mixed  with  the  water,  together  with  clay, 
chalk,  or  lime,  oclireoiis  earth  or  common  mud,  or  even 
thefe  laft  without  any  fait,  may  anfwer  the  purpofe  of 
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Fire.  tLe  lute  with  ruore  or  lefs  efFed^j  and  txtinguiTn  an  ac- 
cidental  fire  with  much  greater  fpeed  and  certainty  than 
clear  water  would  do. 

Fire- Balls  are  meteors,  of  which  fome  account  has 
been  given  in  the  Encyclopa:crtaj  as  well  as  of  various 
hypothefes  which  have  been  framed  refpeding  their  na¬ 
ture  and  their  origin.  Since  that  article  was  publiihed, 
a  new  and  very  rnignlar  hypothefis  has  been  framed  by 
ProfelTor  Chladni  of  Wittenberg,  who  maintains  it  by 
arguments,  which,  however  fanciful,  are  yet  worthy  of 
■  ^P!nl,Mog.  the  reader\s  notice 

I  Nossand;.^  pje  fnppofes  that  fire-balls,  inftead  of  being  collec¬ 
tions  of  the  eledtrical  fluid  floating  in  the  higheil  re- 
I  gions  of  our  atmofphere,  are  mafles  of  very  denfe  mat¬ 

ter  formed  in  far  diflant  parts  of  fpace,  and  fubjeaed 
to  fimilar  laws  with  the  planets  and  comets.  He  en¬ 
deavours  to  prove  that  their  component  parts  miifl:  be 
denfe  and  heavy  ;  becaufe  their  courfe  ihews,  in  fo  ap¬ 
parent  a  manner,  the  effeds  of  gravity  ;  and  becaufe 
their  mafs,  though  it  diilends  to  a  nionflrous  flze,  re¬ 
tains  fufficient  confiflency  and  weight  to  continue  an 
exceedingly  rapid\movement  through  a  very  large  fpace, 
without  being  decompofed  or  diflblved,  notwithftand- 
ing  the  refiftance  of  the  atmofphere.  It  feems  to  him 
probable,  that  this  fubflance  is  by  the  effed  of  lire  re¬ 
duced  to  a  tough  fluid  condition  ;  becaufe  its  form  ap¬ 
pears  fometimes  round  and  fometimes  elongated,  and 
as  its  extending  till  it  burfls,  as  well  as  the  burfling  it- 
felf,  allows  us  to  fuppofe  a  previous  capability  of  ex- 
tenfion  by  elaflic  fluidity.  At  any  rate,  it  appears  , to 
be  certain,  that  fucb  denfe  matter  at  fo  great  a  height 
is  not  colleded  from  particles  to  be  found  in  our  atmo¬ 
fphere,  or  can  be  thrown  together  into  large  mafles  by 
any  power  with  which  we  are  acquainted  ;  that  no 
power  With  which  we  are  acquainted  is  able  to  give 
to  fuch  bodies  fo  rapid  a  projedile  force  in  a  diredion 
almofl  parallel  to  the  horizon  ;  that  the  matter  does 
not  rife  upwards  from  the  earth,  but  exifts  previotifly 
^in  the  ccleflial  regions,  and  mufl:  have  been  conveyed 
thence  to  our  earth.  In  the  opinion  of  Dr  Chladni, 
the  following  is  the  only  theory  of  this  phenomenon 
that  agrees  with  all  the  accounts  hitherto  given,  which 
is  not  contrary  to  nature  in  any  other  refped,  and 
which  befides  feems  to  he  confirmed  by  various  mafles 
found  on  the  fpot  where  fire-balls  fell. 

As  earthy,  metallic,  and  other  particles  form  the 
principal  component  parts  of  our  planets,  among  which 
iron  is  the  prevailing  part,  other  planetary  bodies  may 
therefore  confifl  of  fimilar,  or  perhaps  the  fame  com¬ 
ponent  parts,  though  combined  and  modified  in  a  very 
different  manner.  There  may  alfo  be  denfe  matters  ac¬ 
cumulated  in  fmaller  mafles,  without  being  in  immediate 
connedion  with  the  larger  planetary  bodies  difperfed 
throughout  infinite  fpace  ;  and  which,  being  impelled 
either  by  fome  projefting  power  or  attradiori,  continue 
to  move  until  they  approach  the  earth  or  fome  other 
body,  when,  being  overcome  by  its  attradive  force, 

.  they  immediately  fall  down.  By  their  exceedingly 
great  velocity,  flill  increafed  by  the  attradion  of  the 
earth  and  the  violent  fridion  in  the  atmofphere,  a  flrong 
eledricity  and  heat  rnuft  neceflarily  be  excited  ;  by 
which  means  they  are  reduced  to  a  flaming  and  melted 
condition,  and  great  (Quantities  of  vapour  and  different 
kinds  of  gafes  are  thus  difengaged,  which  diftend  the  li¬ 
quid  mafs  to  a  monflrous  fi2e,  till,  by  a  ilill  farther  ex- 
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panfion  of  thefe  elaflic  fluids,  it  mufl  at  length  burfl. 
Dr  Chladni  thinks  alfo,  that  the  greater  part  of  the ' 
Jhooting  Jtars^  as  they  are  called,  are  nothing  elfe  than 
fire-balls;  w^bicb  differ  only  from  the  latter  in  this,  that 
their  peculiarly  great  velocity  carries  them  pafl  the 
earth  at  a  greater  diflance,  fo  that  they  are  not  fo 
llrongly  attraded  by  it  as  to  fall  down  ;  and  therefore, 
in  their  paffage  through  the  high  regions  of  the  atmo¬ 
fphere,  occafion  only  a  tranfient  eledric  flafh,  or  adual- 
ly  take  fire  for  a  moment,  and  are  again  fpeedily  extin- 
guifhed,  when  they  get  to  fuch  a  diflance  from  the  earth 
that  the  air  becomes  too  much  rarefied  for  the  exifl- 
ence  of  fire. 

The  grounds  on  which  Dr  Chladni  fupports  this  opi¬ 
nion  are  various  relations,  w'ell  authenticated,  of  the  mo- 
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tions  of  thofe  meteors,  and  the  phenomena  which  ac¬ 
company  their  burfling.  Befides  thofe  mentioned  in  the 
Encyclopedia,  he  lays  a  particular  flrefs  on  the  account 
which  he  received  from  M.  Baudin,  Piofeflbr  of  phi- 
lofopliy  at  Pan,  of  a  remarkable  fiery  meteor  feen  in 
Gafeony  on  the  24th  of  July  1790.  On  the  evening 
of  that  day  M.  Baudin  was  in  the  court  of  the  caillc 
of  Marmes  with  a  friend,  the  atmofphere  being  perfed- 
ly  clear,  when  they  fuddenly  found  themfclves  lurround- 
ed  by  a  whitifli  light,  which  obfeured  that  of  the  full 
moon,  then  fhining  with  great  lullre.  On  looking  up¬ 
wards,  they  obferved,  almofl  in  their  zenith,  a  fire-ball 
of  a  larger  diameter  than  the  moon,  and  with  a  tail 
equal  in  length  to  five  or  fix  times  the  diameter  of  the 
body.  The  ball  and  the  tail  were  of  a  pale  white  co¬ 
lour,  except  the  point  of  the  latter,  which  was  almoll 
as  red  as  blood.  The  diredion  of  this  meteor  was 
from  foiith  to  north. 

‘‘  Scarcely  (fays  M.  Baudin)  had  we  looked  at  it 
for  two  feconds  when  it  divided  itfclf  into  feveral  por¬ 
tions  of  confiderable  flze,  which  we  faw  fall  in  different 
diredions,  and  almofl  with  the  fame  appearance  as  the 
burfling  of  a  bomb.  All  thefe  different  fragments  be¬ 
came  extinguifhed  in  the  air  ;  and  fome  of  them,  in 
falling,  affumed  that  blood- rc(l  colour  which  I  had  ob¬ 
ferved  in  the  point  of  the  tail.  It  is  not  improbable 
that  all  the  refl  may  have  aflumed  the  fame  colour  ;  but 
I  remarked  only  thofe  which  proceeded  in  a  diredion 
towards  Mormes,  and  which  were  particularly  expofed 
to  my  view. 

‘‘  About  two  minutes  and  a  half,  or  three  minutes, 
after,  we  heard  a  dreadful  clap  of  thunder,  or  rather 
explofion,  as  ir  ieveral  large  pieces  of  ordnance  had  been 
fired  off  together.  The  conciiflion  of  the  atmofphere 
by  this  fliock  was  fo  great,  that  we  all  thought  an 
earthquake  had  taken  place.  The  windows  fhook  in 
their  frames,  and  fome  of  them,  which  probably  were 
laid  to  and  not  clofely  fliut,  were  thrown  open.  We 
were  informed  next  day,  that  in  fome  of  the  houfes  at 
Houga,  a  fmall  town  about  half  a  mile  diflant  from 
Mormes,  the  kitchen  utenfils  were  thrown  from  the 
fhelves ;  fo  that  the  people  concluded  there  had  been 
an  earthquake.  But  as  110  movement  was  obferved  in 
the  ground  below  our  feet,  I  am  inclined  to  think  that 
all  thefe  effeds  were  produced  merely  by  the  violent 
concuffion  of  the  atmofphere. 

«  We  proceeded  into  the  garden  while  the  noife  flill 
continued,  and  appeared  to  be  in  a  perpendicular  di- 
redion  above  us.  Some  time  after,  when  it  had  ceafed, 
we  heard  a  hollow  noifcj  which  feemed  to  roll  along 
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the  chain  of  the  Pyrenees  in  echoes,  for  the  diftance  of 
15  miles.  It  continued  about  four  minutes,  becoming 
gradually  more  remote,  and  always  weaker ;  and  at  the 
fame  time  v/e  perceived  a  llrong  fmell  of  lulphur. 

“  While  we  were  endeavouring  to  point  out  to  fome 
pcrfons  prefent  the  place  where  the  meteor  had  divided 
jtfelf,  we  obferved  a  fmall  whitilh  cloud,  which  arofe 
perhaps  from  the  vapour  of  it,  and  which  concealed 
from  us,  the  three  liars  of  the  Great  Bs^r,  lying  in  the 
middle  of  thofe  forming  the  femicircle.  With  fome 
.difficulty,  however,  we  could  at  lad.  dillinguilh  thefe 
liars  again  behind  the  thin  cloud.  There  arofe,  at  the 
fame  time,  a  frefh  gentle  breeze. 

“  From  the  time  that  elapfed  between  the  bur.lling 
of  the  ball  and  the  explofioa  which  followed,  I  was  in- 
,clined  to  think  that  the  meteor  was  at  the  h^'ght  of 

lead  feven  or  eight  miles,  and  that  it- fell  four  miles 
.to  the  north  of  Mormes.  The  latter  part  of  my  con- 
Jedlure  was  foon  confirmed  by  an  account  which  we  re- 
.ceived,  that  a  great  many  doaes  had  fallen  from  the 
»atriiofphere  at  Juliac,  and  in  t^he  neighbourhood  of  Bar- 
.botan.  One  of  thefe  places  lies  at  the  dilldnce  of 
.about  four  miles  to  the  north  of  Mormes,  and  the 
«.)tlier  at  about  the  didance  of  five  to  the  north-north- 
Awed.^’ 

-  M.  de  Carrits  Barbotan,  the  friend  who  was  wdth 
.the  Profelfor  in  the  court  and  garden  of  Mormes  when 
,the  meteor  fird  attracted  their  attention,  was  at  Juliac 
-two  days  afterwards,  and  confirmed  to  him  the  truth  of 
.this  circumdance.  It  appeared,  likewife,  from  the  ac- 
,  count  of  feveral  Intelligent  perfons,  highly  worthy  of 
-credit,  that  the  meteor  burd  at  a  little  diftance  from 
Juliac,  and  that  the  ftoiies  which  fell  were  found  lying 
in  a  fpace  almod  circular,  about  two  miles  in  diameter. 
They  W^ere  of  various  fizes.  Some  were  feen  io  falU 
which,  when  found,  weighed  18  or  20  pounds,  and 
which  had  funk  into  the  earth  from  two  to  three  feet. 
M.  de  C.  Barbaton  tranfmitted  one  weighing  18  pounds 
to  the  Academy  of  Sciences  at  Paris ;  and  M.  Bandln 
was  told,  that  fome  were  found  which  weighed  even 
50  pounds.  He  examined  a  fmall  one,  and  found  it 
very  heavy  in  proportion  to  its  fize  :  it  was  black  on 
the  outfide;  of  a  greyiffi  colour  in  the  infide,  and  iiiter- 
^fperfed  with  a  number  of  fmall  fiiining  metallic  par¬ 
ticles.  On  driking  it  with  a  piece  of  deel,  it  produced 
a  few  fmall  dark  red  fparks,  net  very  lively.  A  mine- 
iralogill,  to  whom  a  like  piece  of  done  from  the  fame 
meteor  w  as  ffiewn  at  Paris,  defcribed  it  as  a  kind  of 
grey  flag  mixed  with  calcareous  fpar,  the  furface  of 
which  exhibited  vitrified  blackifh  calx  of  iron.  The 
Profeffor  was  told  alfo,  that  fome  dones  w'ere  found  to¬ 
tally  vitrified. 

Such  (fays  Dr  Chladni)  is  the  account  given  by  Bau- 
din  of  this  meteor  ;  the  phenomena  of  which  he  endea¬ 
vours  to  explain  from  accumulations  in  the  upper  parts 
of  the  atmofphere. 

According  to  all  the  obfervations  hitherto  made  with 
any  accuracy  on  fire-balls,  the  height  at  wffiich  they 
were  fird  perceived  was  always  very  confiderable,  and 
by  comparing  the  angles  under  which  they  were  feen 
from  different  points,  often  19  German  miles,  and  even 
more ;  their  velocity,  for  the  mod  part,  feveral  miles  in 
a  fecond  ;  and  their  fize  always  very  great,  often  a 
quarter  of  a  mile,  and  even  more,  in  diameter, 
were  all  feen  to  fall  modly  in  an  oblique  diredllon  \  not 


one  of  them  ever  proceeded  upwards.  All  of  them 
have  appeared  under  the  form  of  a  globular  mafs,  fome- 
times  a  little  extended  in  length,  and  highly  luminous; 
having  behind  It  a  tail,  which,  according  to  every  ap¬ 
pearance,  was  compofed  of  flames  and  fmoke.  All  of 
them  burd  alter  they  were  feen  to  move  through  a  large 
fpace,  fometimes  over  feveral  didritls,  with  an  explofioii 
which  fhopk  every  thing  around.  In  every  irdance 
where  there  has  been  an  opportunity  of  obfervi ng  the 
fragrrients  that  fell  after  they  burd,  and  which  foine- 
times  have  funk  to  the  depth  of  feveral  feet  into  the 
earth,  they  were  found  to  confid  of  fcorious  mafies, 
which  contained  iron  in  a  metallic  or  calcined  date, 
pure,  or  elfe  mixed  with  different  kinds  of  earth  and 
lulphur.  All  the  ancient  and  modern  accounts,  writ¬ 
ten  partly  by  naturalids  and  partly  by  others,  are  fo 
effentlally  fimilar,  the  one  feems  to  be  only  a  re¬ 
petition  of  the  other.  This  conformity  in  account.^, 
the  authors  of  which  knew  nothing  of  thofe  given  b)r 
others,  and  who  could  have  no  intered  in  fabricating 
fimilar  tales,  can  fcarcely  have  arifen  from  accident  or 
fiidion,  and  gives  to  the  related  fadls,  however  inexpli¬ 
cable  many  of  them  may  feem,  every  degree  of  credi¬ 
bility. 

In  the  third  volume  of  Pallas’s  Travels,  we  have  an 
account  of  a  mafs  of  iron  difeovered  by  him  in  Siberia^ 
which  Dr  Chladni  confiders  as  having  been  undoubted¬ 
ly  a  fire-ball,  or  the  fragment  of  a  fire-ball.  This  pro¬ 
blematical  mafs  was  found  between  Krafnojarfle  and  A- 
bekanfk  in  the  high  flate  mountains,  quite  •pen  and 
uncovered.  It  weighed  i6oopounds;  had  a  very  ir¬ 
regular  and  fomewliat  comprefied  figure  like  a  rough 
granite  ;  was  covered  externally  with  a  ferruginous 
kind  of  crud  ;  and  the  infide  confided  of  malleable  iron, 
brittle  when  heated,  porous  like  a  large  fea  fponge, 
and  having  its  interdices  filled  with  a  brittle  hard  vitri¬ 
fied  fubdance  of  an  amber  yellow  colour.  This  texture 
and  the  vitrified  fubdance  appeared  uniformly  through¬ 
out  the  whole  mafs,  and  without  any  traces  of  flag  or 
artificial  fire- 

Dr  Chladni  fhews,  with  a  great  deal  of  ingenuity, 
that  this  mafs  neither  originated  by  the  wet  method, 
nor  could  have  been  produced  by  art,  the  burning  of  a 
fored,  by  lightning,  or  by  a  volcanic  eruption.  It  ap¬ 
pears  to  him,  therefore,  in  the  highed  degree  probable, 
that  it  is  of  the  fame  nature  with  fire-balls,  or,  as  they 
have  fometimes  been  called,  dragons*  The  Tar¬ 

tars,  as  we  are  informed  by  Pallas,  confidered  this  mafs 
as  a  facred  relic  which  had  dropped  down  from  heaven; 
and  this  circumdance  Dr  Chladni  confiders  as  no  flight 
confirmation  of  his  opinion,  which  he  farther  fupports 
by  the  followung  reafonings : 

“  I.  As  fire-balls  confid  of  denfe  and  heavy  fubdances, 
which,  by  their  exceedingly  quick  movement,  and  the 
fridllon  thence  excited  by  the  atmofphere,  become  elec¬ 
tric,  are  reduced  to  a  date  of  Ignition,  and  melted  by 
the  heat,  fo  that  they  extend  to  a  great  fize,  and  burff; 
it  thence  follows,  that  in  places  where  fragments,  pro¬ 
duced  by  the  burding  of  a  fire-ball,  have  been  found, 
fubdances  endowed  with  all  thefe  properties  mud  alfp 
have  been  found.  Iron,  however,  the  principal  compo¬ 
nent  part  of  all  the  maffes  hitherto  found  (and  he  fpeaks 
of  many  befides  that  of  Pallas),  poflelfcs  all  thefe  pro¬ 
perties  in  a  yery  eminent  degree.  The  weight  and 
toughnefs  of  the  principal  component  parts  of  fire-balls, 

which 
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Fire .  which  mu  ft.  be  very  confiderable,  fince,  with  the  great- 
eft  pofiible  diilention,  they  retain  confidence  enough  to 
proceed  with  the  utmoft  velocity  through  fuch  an  im- 
menfe  fpace  without  decompofition  of  their  mafs,  and 
without  their  progrefs  being  obilrudted  by  the  relift- 
ance  of  the  air,  agree  perfedily  well  with  melted  iron; 
their  dazzling  white  light,  has  by  many  obfervers  been 
compared  to  that  of  melted  iron  ;  iron  alfo  exhibits  the 
fame  appearances  of  flaming,  frnoking,  aild  throwing 
out  fparks,  and  all  thefe  phenomena  are  mofl:  beautiful 
when  they  take  place  in  vital  air.  Of  the  extenfion  by 
claflic  fluids  expanded  by  the  heat,  and  of  the  contrac¬ 
tion  which  follows  from  cold,  traces  may  be  difcovered 
in  the  internal  fpongy  nature  of  the  iron  mafles  which 
have  been  found,  and  in  the  globular  depreflions  of  the 
exterior  hard  crufl  ;  the  latter  of  which  gives  us  reafon 
to  fiippofe,  that  in  thefe  places  there  have  be6n  air- 
bubbles,  which,  on  cooling,  funk  down.  The  mixture 
of  fiilpliur  found  in  various  mafles,  agree?  nlfo  exceeding¬ 
ly  well  with  the  phenomena  of  fire-balls,  and  efpecially 
with  the  great  inflammability  of  fulphiir  in  very  thin 
impure  air  ;  for  it  is  well  knowm  that  fulphur  in  an  air- 
pump  will  take  fire  in  air  in  which  few  other  bodies 
could  do  the  fame.  In  regard  to  thofe  mafles  in  which 
no  fulphur  was  found,  this  may  have  arifen  from  the 
fulphur  efcaping  in  vapour,  fince  fonie  time  after  the  ap¬ 
pearance  of  fire-balls  a  flrong  fmell  of  fulphur  has  been 
perceived.  The  brittlenefs  of  the  Siberian  iron  mafs 
when  heated,  may  arife  from  fome  fmall  remains  of  ful¬ 
phur,  wdiieh  may  perhaps  be  the  caufe  of  the  facility 
with  wdiich  fragments  of  this  mafs,  as  well  as  of  another 
found  at  Aix-la-Chapclle,  could  be  roafted. 

“  2.  The  whole  texture  of  the  mafles  betrayed  evident 
figns  of  fufion.  This,  however,  cannot  have  been  oc- 
cafioned  by  any  common,  natural,  or  artificial  fire;  and 
particularly  for  this  reafon,  becaufe  iron  fo  malleable  is 
not  fiifible  ill  fuch  fire,  and  when  it  is  fufed  with  the 
addition  of  inflammable  matters,  lofes  its  malleability, 
and  becomes  like  common  raw  iron.  The  vitrified  fub- 
ftance  in  the  Siberian  mafs  is  equally  incapable  of  be¬ 
ing  fufed  in  a  common  fire.  The  fire,  then,  muft  have 
been  much  ftroiiger  than  that  produced  by  the  com¬ 
mon,  natural,  and  artificial  means  ;  or  the  fufion  muft; 
have  been  efFe61:ed  by  the  force  of  exceedingly  ilrong 
eledlricity  ;  or  perhaps  both  caufes  may  have  been  com¬ 
bined  together. 

“  3.  It  is  totally  incomprehenfible  how,  on  the  high 
flate  mountains,  where  the  Siberian  mafs  was  found,  at 
a  conflderable  dillance  from  the  iron  mines;  in  the 
chalky  foil  of  the  extenfive  plains  of  America,  where 
for  a  hundred  miles  around  there  are  no  iron  mines, 
and  not  even  fo  much  as  a  flone  to  be  found  ;  and  at 
Aix-la-Chapelle,  where,  as  far  as  the  author  knows, 
there  are  no  iron  works — fo  many  ferruginous  particles 
could  be  colle6led  in  a  fmall  fpace  as  would  be  necef- 
fary  to  form  mafles  of  1600,  15,000,  and  17,000,  up 
to  33,600  pounds.  This  circumflance  fliews  that  thefe 
mafles  could  as  little  have  been  fufed  by  lightning  as 
by  the  burning  of  a  foreft  or  of  foflile  coal.  Thefe 
mafles  were  found  quite  expofed  and  uncovered,  and 
not  at  any  depth  in  the  earth,  where  we  can  much 
more  readily  admit  fuch  an  accumulation  of  ferruginous 
particles  to  have  been  melted  by  the  eflbfls  of  light¬ 
ning. 

‘‘  Should  it  be  afked  Iiow  fuch  mafles  originated,  or 
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by  what  means  they  were  brought  into  fuch  an  infu-  Fire, 
lated  pofition  ?^this  queflion  would  be  the  fame  as  if  it  ^ 
were  afked  how  the  planets  originated.  Whatever  liy- 
pothefes  we  may  form,  we  muft  either  admit  that  the 
planets,  if  we  except  the  many  revolutions  which  they 
may  have  undergone,  either  on  or  near  their  furface, 
have  always  been  fince  their  firft  formation,  and  ever 
will  be  the  fame  j  or  that  Nature,  acftfng  on  created 
matter,  poflefles  the  power  to  produce  worlds  and  M»hole 
fyftems,  to  deftroy  them,  and  from  their  materials  to 
form  new  ones.  For  the  latter  opinion  there  are,  in¬ 
deed,  more  grounds  than  for' the  former,  as  alternations 
of  deftruftion  and  creation  are  exhibited  by  all  orga- 
nifed  and  unorganifed  bodies  on  our  earth;  which  gives 
us  reafon  to  fufped  that  Nature,  to  which  greatnefs  and 
fmallnefs,  confidcred  in  general,  are  merely  relative  terms, 
can  produce  more  eflc6ls  of  the  fame  kind  on  a  larger 
fcale.  But  many  variations  have  been  obferved  on  dif- 
tant  bodies,  which,  in  fome  meafure,  render  the  kft 
opinion  probable.  For  exatrple,  the  appearing  and  to¬ 
tal  diiappearing  of  certain  flars,  when  they  do  not  de¬ 
pend  upon  periodical  changes.  If  we  now  admit  that 
planetary  bodies  have  ftarted  into  exiftence,  we  cannot 
fuppofe  that  fuch  an  event  can  have  otherwife  taken 
place,  than  by  conjecturing  that  either  particles  of  mat¬ 
ter,  which  were  before  difperfed  through  infinite  fpace 
in  a  more  foft  and  chaotic  condition,  have  united  to¬ 
gether  in  large  mafles  by  the  power  of  attraction  ;  or 
that  new  planetary  bodies  have  been  formed  from  the 
fragments  of  much  larger  ones  that  have  been  broken 
to  pieces,  either  perhaps  by  fome  external  fhock,  or 
by  an  internal  explofion.  Let  whichever  of  thefe  hy- 
pothefes  be  the  trueft,  it  is  not  improbable,  or  at  leaft 
not  contrary  to  nature,  if  we  fuppofe  that  a  large  quan¬ 
tity  of  fuch  niatenLil  particles,  either  on  account  of 
their  too  great  diftance,  or  becaufe  prevented  by  a- 
ftronger  movement  in  another  diredion,  may  not  have 
united  themftlves  to  the  larger  accumulating  mafs  of  a, 
new  world  ;  but  have  remained  infulated,  and,  impelled 
by  fome  fliock,  have  continued  their  c'ourfe  through  in¬ 
finite  fpace,  until  they  approached  fo  near  to  fome  pla¬ 
net  as  to  be  within  the  fphere  of  its  attradioii,  and 
then  by  falling  down  to  occafion  the  phenomena  before 
mentioned. 

'WlietherCliIadni  be  a  philofopher  of  the  French  fchool 
we  know  not ;  but  fome  parts  of  his  theory  tend  ftrono-- 
ly  towards  materialifm  ;  and  the  arguments  by  which 
he  attempts  to  prop  thofe  parts  are  peculiarly  weak. 

When  he  talks  of  Nature  producing  worlds,  he  cither 
fiibftltutes  Nature  for  Nature’s  God,  or  utters  jargon 
which  has  no  meaning.  In  what  fenfe  the  word  Nature 
is  iifed  by  every  philofopher  of  a  found  mind,  we  have 
elfewhere  been  at  fome  pains  to  fliew  (fee  River,  n®  1 1  6. 

EncycL);  but  hov/  abfurd  would  it  be  to  fay,  that  the 
fyftem  of  general  laws,  by  which  the  Author  and  Go¬ 
vernor  of  the  univerfe  conneCls  together  its  various 
parts,  and  regulates  all  their  operations,  poflefles,  inde¬ 
pendently  of  Him,  “  the  power  to  produce  worlds  and 
whole  fyftems,  to  deftroy  them,  and  from  their  mate¬ 
rials  to  form  new  ones  I 

As  Chladni  admits,  or  talks  as  if  he  admitted,  the 
creation  of  matter,  it  would  be  wrong  to  impute  to 
him  this  abfurdity  ;  but  if  by  Nature  he  means  God, 
and  he  can  confifteritly  mean  nothing  elfe,  we  beg  leave 
to  affirm,  that  it  is  dirtily  contrary  to  every  notion 

which 
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^  which  we  can  form  of  Nature  in  tfjs  to  Cuppofe 

a  large  quantity  of  material  particles,  either  on  ac^ 
count  of  the  dtjlance^  or  becaufe  prevented  by  a  Jlronger 
movement  in  another  diredion,  have  not  united  them- 
ftlves  to  the  larger  accumulating  inafs  of  a  new  world, 
but  remained  infulated,  and  impelled  by  forne  fhock, 
have  continued  their  courfe  through  infinite  fpace,  &c.’* 
la  there  any  diftance  to  which  God  cannot  reach,  or 
any  movement  fo  ftrong  as  to  refill  his  power  ?  Our 
author’s  language  is  indeed  confufed,  and  probably  his 
ideas  were  not  very  clear.  When  he  fpeaks  of  the  par¬ 
ticles  of  matter  being  at  firfl  difperfed  through  infinite 
fpace,  and  afterwards  united  by  the  poiver  of  attrac¬ 
tion,  he  revives  the  ‘queftion  which  was  long  ago  dif- 
culTed  between  Newton,  and  Bentley,  and  difeufled  in 
fuch  a  manner  as  fhould  have  filenced  for  ever  the  bab¬ 
blings  of  thofe  who  form  w'orlds  by  attradion. 

“  The  hypotlicfis  (fays  Newton)  of  matter’s  being 
at  firft  evenly  fpread  through  the  heavens,  is,  in  my  opi¬ 
nion,  inconfillent  with  the  hypothefis  of  innate  gravity 
without  a  fupernatural  power  to  reconcile  them  ;  and 
therefore  infers  a  Deity.  For  if  there  be  innate  gravi¬ 
ty,  it  is  impoflible  now  for  the  matter  of  the  earth,  and 
all  the  planets  and  ftars,  to  fly  up  from  them,  and  be¬ 
come  evenly  fpread  through  all  the  heavens,  without  a 
fupernatural  power  ;  and  certainly  that  wdiicbcan  never 
be  hereafter  without  a  fupernatural  power,  could  never 
be  heretofore  without  the  fame  powder.”  Dr  Chladni, 
indeed,  does  not  fay  that  his  particles  of  matter  were 
evenly  difperfed  through  infinite  fpace  ;  but  fuch  mufl 
be  his  meaning,  if  he  has  any  meaning  :  for  matter  7in- 
evenly  difperfed  muft,  by  an  innate  attradioii,  be  united 
as  foon  as  it  exifts,  and  fo  united  as  not  to  leave  fmall 
fragments  of  it  to  wander,  w^e  know  not  why,  through 
the  tracklefs  void.  Turn  matter  on  all  Tides,  make 
it  eternal  or  of  late  produdion,  finite  or  infinite,  there 
can  be  no  regular  fyflem  produced  but  by  a  voluntary 
and  meaning  agent  ;  and  therefore,  if  it  be  true  that 
fire-balls  are  mafles  of  denfe  matter,  coeval  with  the  pla¬ 
netary  fyflem,  exifling  in  the  celeftial  regions,  and 
thence  conveyed  to  our  earth,  they  miiit  have  been 
formed,  and  their  motions  impreffed  upon  them,  by  the 
Author  of  Nature  for  fome  wife  purpofe,  though  by 
us  that  purpofe  may  never  be  difeovered.  One  thing 
feems  pretty  clear,  that  w^herever  they  may  be  formed, 
the  phenomena  attending  their  buriling,  account  fuffici- 
cntly  for  the  notions  of  thunderbolts  which  have  been 
generally  entertained  in  all  ages,  and  in  every  country. 

Greek-FiRK  (fee  Wild- F ire y  Encycl^J,  In  the  fecund 
volume  of  Mr  Nicholfon’s  Philofopnical  Journal,  we 
have  the  following  receipt  for  making  this  compofition, 
taken  from  fome  manuferipts  of  Leonard  de  Vinci,  who 
fiourifhed  in  the  end  of  the  fifteenth  and  beginning  of 
the  fixteenth  centuries,  and  who  appears  to  have  advan¬ 
ced  far  before  his,  contemporaries  in  phyfical  fcience. 
Take  the  charcoal  of  willow^,  nitre,  brandy,  refin,  ful- 
phur,  pitch,  and  camphor.  Mix  the  whole  together 
over  the  fire.  Plunge  a  woollen  cord  in  the  mixture, 
and  form  it  into  balls,  which  may  afterwards  be  pro¬ 
vided  with  fpikes.  Thefe  balls,  being  fet  on  fire,  are 
thrown'  into  the  enemy’s  veflels.  It  is  called  the  Greek 
fire,  and  is  a  fingular  compofition,  for  it  burns  even  up¬ 
on  the  water.  Callinicus  the  archltedl  taught  this  com¬ 
pofition  to  the  Romans^  (of  Conftantinople),  who  de¬ 
rived  great  advantage  from  it,  particularly  under  the 


emperor  Leo,  when  the  Orientals  attacked  Conftanti- 
nople.  A  great  number  of  their  veflels  were  burned 
by  means  of  this  compofition.  u. — 

The  compofition  of  the  Greek  fire  thus  given  by 
Vincini  is  found  in  nearly  the  fame  words  in  fome  of  the 
writings  of  Taptifla  Porta;  whence  it  appears  that  both  « 
authors  derived  their  Information  from  the  fame  fource. 

A  compofition  which  burnt  without  accefs  to  the  at- 
mofpliere  could  not  fail  to  fill  the  minds  of  our  fore¬ 
fathers  with  wonder ;  but  the  modern  difeoveries  in 
chemiflry  have  difclofed  the  fecret,  by  fliewing,  that 
the  combuftion  is  carried  on  by  means  of  the  oxygen 
contained  in  the  nitre. 

Rafant  or  Ra%ant  Firf,  is  a  fire  from  the  artHIery 
and  fraall  arms,  diredlcd  parallel  to  the  horizon,  ‘or  to 
thofe  parts  of  the  works  of  a  place  that  are  defended. 

Running  Fire  is  when  ranks  of  men  fire  one  after 
another ;  or  when  the  lines  of  an  army  are  drawn  out 
to  fire  on  account  of  a  viftory ;  in  hich  cafe  each  fqua- 
dron  or  battalion  takes  the  fire  from  that  on  its  right, 
fr6m  the  right  of  the  firfl  line  to  the  left,  and  from  the 
left  to  the  right  of  the  fecond  line,  &c. 

FIStlING,  the  art  of  catching  fifh.  See  Angling, 
Fishery,  and  Fishing,  &c.  EncycL 

Chinefe  Fishing.  We  venture  to  give  this  appella¬ 
tion  to  fume  very  ingenious  contrivances  of  the  people 
of  China  for  catching  in  their  lakes,  not  only  fifh,  but 
water- fowl.  For  the  purpofe  of  catching  fifh  they  have 
trained  a  fpecies  of  pelican,  refembling  the  common  cor- 
vorant,  which  they  call  the  Leu-t%ey  or  fifhing-bird.  It 
is  brown,  with  a  white  throat,  the  body  whitifh  beneath^ 
and  fpotted  with  brown  ;  the  tail  is  rounded,  the  hides 
blue,  and  the  bill  yellow.  Sir  George  Staunton,  who, 
when  the  embaffy  was  proceeding  on  the  fouthern 
branch  of  the  great  canal,  faw  thofe  birds  employed, 
tells  us,  that  on  a  large  lake,  clofe  to  the  eaft  fide  of 
the  canal,  are  thoufands  of  fmall  boats  and  rafts,  built 
entirely  for  this  fpecies  of  fifhery.  On  each  boat  or 
raft  are  ten  or  a  dozen  birds,  which,  at  a  figiial  from 
the  owner,  plunge  into  the  water;  and  it  is  altonifliing 
to  fee  the  enormous  fize  of  fifli  with  which  they  return, 
grafped  within  their  bills.  They  appeared  to  be  fo  well 
trained,  that  it  did  not  require  either  ring  or  cord  about 
their  throats  to_  prevent  them  from  fwallowing  any  por¬ 
tion  of  their  prey,  except  what  their  mafler  was  pleafed 
to  return  to  them  for  encouragement  and  food.  The 
boat  ufed  by  thefe  fifliermen  is  of  a  remarkable  light 
make,  and  is  often  carried  to  the  lake,  together  with 
the  fiihing  birds,  by  the  men  who  are  there  to  be  fup- 
ported  by  it. 

The  fame  author  faw  the  fifliermen  bufy  on  the  great 
lake  Wee-chaung-hee  ;  and  he  gives  the  following  ac¬ 
count  of  a  very  lingular  method  pra6lifed  by  them  for 
catching  the  fifh  of  the  lake  without  the  aid  of  birds, 
of  net,  or  of  hooks. 

To  one  fide  of  a  boat  a  flat  board,  painted  white, 
is  fixed,  at  an  angle  of  about  45  degrees,  the  edge  in¬ 
clining  towards  the  water.  Gn  moonlight  nights  the 
boat  is  fo  placed  that  the  painted  board  is  turned  to 
the  moon,  from  whence  the  rays  of  light  Itriking  on  the 
whitened  furface,  give  to  it  the  appearance  of  moving 
water  ;  on  which  the  fifh  being  tempted  to  leap  as  on 
their  element,  the  boatmen,  riling  with  a  firing  the 
board,  turn  the  fifh  into  the  boat. 

Water-fowl  are  much  fought  after  by  the  Chinefe 

and 
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fiflula.  and  are  taken  upon  the  fame  lake  by  the  following  hi- 

— genious  device.  Empty  jars  or  gourds  are  fuffertd  to 
doat  about  upon  the  water,  that  fuch  objedfs  may  be¬ 
come  familiar  to  the  birds.  The  iiflierman  then  wades 
into  the  lake  with  one  of  thofe  empty  vefTels  upon  his 
head,  and  walks  gently  towards  a  bird  ;  and  lifting  up 
his  arm,  draws  it  down  below  the  furface  of  the  water 
without  any  difturbance  or  giving  alarm  to  the  reft, 
feveral  of  whom  he  treats  in  the  fame  manner,  until  he 
fills  the  bag  he  had  brought  to  hold  his  prey.  The 
contrivance  itfelf  is  not  fo  fingular,  as  it  is  that  the  fame 
exa^fly  fliould  have  occurred  in  the  new  continent,  as 
ITiloa  afferts,  to  the  natives  of  Carthagena,  upon  the 
lake  Cienega  de  Tefias. 

h  ISTULA  Lachrymalis  is  a  difeafe  which,  in  all 
its  ftages,  has  been  treated  of  in  the  article  Surgery, 
chap.  xiv.  ILncycl,  A  work,  however,  has  been  lately 
publifhed  by  James  Ware  furgeon,  in  which  there  is 
the  defcription  of  an  operation  for  its  cure  confiderably 
Ciitferent  from  that  moft  commonly''  ufed,  and  which, 
while  it  is  firnple,  the  author’s  experience  has  afeertain- 
ed  to  be  fuccefsful. 

Ill  the  cure  of his  difeafe,  wdiich  is  very  troublefome, 
and  not  very  uncommon,  it  is  a  well  known  pradlice  to 
infert  a  metallic  tube  in  the  nafal  dud  of  the  lachrymal 
canal ;  but  the  advantage  derived  from  this  operation 
is  not  at  all  times  lading.  Among  other  caufes  of 
failure,  Mr  Ware  notices  the  lodgment  of  infpifTated 
mucus  in  the  cavity  of  the  tube.  To  remedy  this  de- 
fed,  he  recommends  the  following  operation. 

If  the  difeafe  has  not  occaftoned  an  aperture  in  the 
lachrymal  fac,  or  if  this  aperture  be  not  fituated  in  a 
right  line  with  the  longitudinal  diredion  of  the  nafal 
dud,  a  puiidure  fhoiiid  be  made  into  the  fac,  at  a  fmall 
diftance  from  the  internal  jundure  of  the  palpebrje,  and 
nearly  in  a  line  drawn  horizontally  from  this  jundure 
towards  the  nofe  with  a  fpear-pointed  lancet.  The 
blunt  end  of  a  filver  probe,  of  a  fize  rather  fmaller  than 
the  probes  that  are  commonly  ufed  by  furgeons,  fhould 
then  be  introduced  through  the  W'ound,  and  gently, 
but  -fteadily,  puftied  on  in  the  diredion  of  the  nafal 
''"hh  a  force  fufficient  to  overcome  the  obftrnc- 
tion  in  this  canal,  and  until  there  is  reafou  to  believe 
that  it  has  freely  entered  into  the  cavity  of  the  nofe. 
The  pofition  of  the  probe,  when  thus  introduced,  wn'll 
be  nearly  perpendicular  ;  its  fide  will  touch  the  upper 
edge  of  the  orbit  ;  and  the  fpa.  e  between  its  bulbous 
end  in  the  nofe  and  the  w'oiind  in  the  dcin  will  ufually 
be  found,  in  a  full-grown  perfon,  to  be  about  an  inch 
and  a  quarter,  or  an  inch  and  three-eighths.  The 
probe  is  then  to  be  withdrawn,  and  a  filver  ftyle,  of  a 
fize  nearly  fimilar  to  that  of  the  probe,  but  rather  fmal¬ 
ler,  about  an  inch  and  three-eighths  in  length,  with  a 
flat  head,  like  th^t  of  a  nail,  but  placed  obliquely,  that 
it  may  fit  clofe  on  the  ll<in,  is  to  be  introduced  through 
the  dud,  in  place  of  the  probe,  and  to  be  left  conftant- 
!y  in  it.  For  the  firft  day  or  two  after  the  ftyle  has 
been  introduced,  it  is  fometimes  advifable  to  w'afli  the 
eye  with  a  weak  faturnine  lotion,  in  order  to  obviate 
any  tendency  to  inflammation  which  may  have  been 
excited  by  the  operation  ;  but  this  in  general  is  fo 
flight,  that  our  author  has  rarely  had  occafion  to  ufe 
any  application  to  remove  it.  The  ftyle  fliould  be  with- 
drawn  once  every  day  for  about  a  week,  and  after- 
wards  every  fecond  or  third  day.  Some  warm  water 
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fhould  each  time  be  injeded  through  the  dud  into  the  Fiflub, 
nofe,  and  the  inftrument  be  afterwards  replaced  in  the  , 
fame  manner  as  before.  Mr  Ware  formerly  ufed  to 
cover  the  head  of  the  ftyle  with  a  piece  of  diachylon 
plafter  fpread  on  black  filk,  but  has  of  late  obviated 
the  neceftity  for  applying  any  plafter  by  blackening 
the  head  of  the  ftyle  with  fealing  wax. 

“  The  effed  (lays  he)  produced  by  the  ftyle,  when 
intioduced  in  the  way  above  mentioned,  at  firft  gave 
me  iTiUch  fnrprife.  It  was  employed  with  a  fimi¬ 
lar  to  that  with  which  Mr  Pott  recommends  the  intro- 
dudion  of  a  bougie  j  viz.  to  open  and  dilate  the  nafal 
dud,  and  thus  to  eftablifti  a  paflage,  through  v/liich  the 
tears  might  afterwards  be  conveyed  from  the  eye  to  the 
nofe.  1  expeded,  however,  that  whilft  the  ftyle  con- 
tinned  in  the  dud  the  obftrudion  would  remain,  and  of 
courfe  that  the  watering  of  the  eye,  and  the  weaknefs 
of  the  fight,  would  prove  as  troublefome  as  they  had 
been  before  the  inftrument  was  introduced.  I  did  not 
imagine  that  any  eflential  benefit  could  rcfult  from  the 
operation  until  the  ftyle  was  removed,  and  the  pafTage 
thereby  opened.  It  was  an  agreeable  difappointment 
to  me  to  find  that  the  amendment  was  much  nioie  ex¬ 
peditious.  ^  The  watering  of  the  eye  almoft  wholly 
ceafed  as  foon  as  the  ftyle  was  introduced  ;  and  in  pro¬ 
portion  as  the  patient  amended  in  this  rtfped,  his  fight 
alfo  became  more  ftroiig  and  ufeful.  The  ftyle,  there¬ 
fore,  leen.s  to  ad  in  a  twofold  capacity  :  firft,  it  di¬ 
lates  the  obftruded  pafkige  ;  and  then,  by  an  attrac¬ 
tion  fomewhat  fimilar  to  that  of  a  capillary  tube,  it 
guides  the  tears  through  the  dud  into  the  nofe* 

“  The  wound  that  1  ufually  make  into  the  fac,  if 
the  fupperative  procefs  has  not  formed  a  fuitable  aper¬ 
ture  in  this  part,  is  no  larger  than  is  Juft  fuftlcient  to 
admit  the^  end  of  the  probe  or  ftyle  ;  and  this,  in  gene¬ 
ral,  in  a  little  time,  becomes  a  fiftulous  orifice,  through 
which  the  ftyle  is  pafted  without  occafioning  the  fmalleft 
degree  of  pain.  The  accumulation  of  matter  in  the  la¬ 
chrymal  fac,  which,  previous  to  the  operation,  is  often 
copious,  ulually  abates  foon  after  the  operation  lias  been 
performed  ;  and,  in  about  a  week  or  ten  days,  the  treat¬ 
ment  of  the  cafe  becomes  fo  eafy,  that  the  patient  him- 
felf,  or  fome  friend  or  fervant  w'ho  is  conftaiitly  with 
him,  is  fully  competent  to  do  the  whole  that  is  necef. 
fary.  It  confifts  folely  in  withdrawing  the  ftyle  two  or 
three  times  in  the  w^eek,  occafionaliy  injeding  foine 
warm  w^atcr,  and  then  replacing  the  inftrument  in  the 
fame  way  in  which  it  was  done  before. 

It  is  not  eafy  to  afeertain  the  exad  length  of  time 
that  the  ftyle  fhould  be  continued  in  the  dud.  Some 
have  w'orn  it  many  years,  and,  not  finding  any  inconve¬ 
nience  from  the  inftrument,  are  ftill  afraid  and  unwilling 
to  part  from  it.  Others,  on  the  contrary,  have  difuftd 
it  at  the  end  of  about  a  month  or  fix  weeks,  and  have  not 
had  the  fmalleft  return  of  the  obftrudion  afterwards.” 

The  author  relates  fo  many  fuccefshil  cafes  of  thi^ 
operation,  that  we  thought  it  our  duty  to  record  hi^ 
method  in  this  oupplementary  volume  of  our  general 
repofitory  of  arts  and  fciences;  for  a  fuccefsful  p/adice, 
as  well  in  furgery  as  in  phyfic,  muft  reft  on  the  bafis  of 
experience. 

Oblique  or  Second  FLANK,  or  Fl^^nk  cf 
Curtain,  is  that  part  of  the  curtain  from  whence  the 
face  of  the  oppofite  baftion  can  be  feen,  being  contain¬ 
ed  between  the  lines  rafant  and  fichantj  or  the  greater 
4  O  and 
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and  lefs  lines  of  defence  ;  or  the  part  of  the  curtain  be¬ 
tween  the  flank  and  the  point  where  tJie  llchaiit  line  of 
defence  terminates. 

Covered,  Low,  or  Retired  FiAm,  is  the  platform  of 
the  cafemate,  which  lies  hid  in  the  baftion,  and  is  other- 
wife.  called  the  orilloiu 

Fichant  FhANKy  is  that  from  whence  a  cannon  play¬ 
ing,  fires  direftly  on  the  face  of  the  oppofite  bafEion. 

Rafant  or  Razant  Flank,  is  .the  point  from  whence 
the  line  of  defence  begins,  from  the  conjundion  of  which 
with  the  curtain  the  fhot  only  rafeth  the  face  of  the 
next  baftion,  which  happens  when  the  face  cannot  be 
difeovered  but  from  the  flank  alone. 

FLIE  or  Fly,  that  part  of  the  mariner^s  eompafs 
on  which  the  thirty-two  points  of  the  wind  are  drawn, 
and  ever  which  the  needle  is  placed,  and  faftened  under¬ 
neath. 

FLOATING  Bodies  are  fuch  as  fwim  on  the  fur- 
face  of  a  fluid,  of  which  the  moft  important  are  fliips, 
and  all  kinds  of  vefFels  employed  in  war  and  in  com¬ 
merce.  Every  feaman  knows  of  how  much  confequenee 
it  is  to  determine  the  ftability  of  fuch  veffels,  and  the 
pofitions  whicli  they  affume  when  they  float  freely  and 
at  reft  on  the  water.  To  aecomplilh  this,  it  is  neceflary 
to  Hate  the  principles  on  wdiich  that  ftability  and  thefc 
pofitions  depend  ;  and  this  has  been  done  with  fo  much 
ingenuity  and  feience  by  George  Atwood,  Efq; 
F.  R.  S.  in  the  Pliilofophical  Tranfa£lions  for  the  year 
1796,  that  we  are  perfuaded  a  large  clafs  of  our  readers 
will  thank  us  for  inferring  an  abftra6f  of  his  memoir  in 
this  place. 

A  floating  body  is  prefied  downwards  by  its  own 
weight  in  a  vertical  line  that  paffes  through  its  centre 
of  gravity  ;  and  it  is  fuftained  by  the  upward  prelTure 
of  a  fluid,  adling  in  a  vertical  line  that  paftes  through 
the  centre  of  gravity  of  the.immerfed  part  ',  and  unlefs 
thefe  two  lines  be  coincident,  fo  that  the  two  centres 
of  gravity  may  be  in  the  fame  vertical  line,  the  folid 
will  revolve  on  an  axis,  till  it  gains  a  pofition  in  which 
the  equilibrium  of  floating  will  be  permanent.  Hence 
it  appears,  that  it  is  neceflary,  in  the  firft  place,  to  af* 
certain  the  proportion  of  the  part  immerfed  to  the 
whole  ;  for  which  purpofe  the  Ipecific  gravity  of  the 
floating  body  muft  be  known  ;  and  then  it  muft  be  de¬ 
termined,  by  geometrical  or  analytical  methods,  in  what 
pofitions  the  folid  can  be  placed  on  the  furface  of  the 
fluid,  fo  that  the  two  centres  of  gravity  already  men¬ 
tioned  may  be  in  the  fame  vertical  line  when  a  given 
part  of  the  folid  is  immerfed  under  the  furfaee  of  the 
fluid.  When  thefe  preliminaries  are  fettled,  fomething 
ftill  remains  to  be  done.  Pofitions  may  be  aflumed  in 
which  the  circuraftances  juft  recited  concur,  and  yet 
the  folid  will  affume  foine  other  pofition  in  which  it 
will  permanently  float.  If  a  cylinder,  e.  g,  having  its 
fpeeific  gravity  to  that  of  the  fluid  on  which  it  floats 
as  3  to  4,  and  its  axis  to  the  diameter  of  the  bafe  as  2 
to  I,  be  placed  on  the  fluid  with  its  axis  vertical,  it 
will  fink  to  a  depth  equal  to  a  diameter  and  a  half  of 
the  bafe  ;  and  while  its  axis  is  preferved  in  a  vertical 
pofition  by  external  force,  the  centres  of  gravity  of 
the  whole  folid  and  of  the  immerfed  part  will  remain  in 
the  fame  vertical  line  :  but  when  the  external  force  that 
fuftained  it  is  removed,  it  will  decline  from  its  upright 
pofition,  and  will  permanently  float  with  its  axis  hori¬ 
zontal.  If  the  axis  be  fuppofed  to  be  half  of  the  dia¬ 


meter  of  the  bafe,  and  be  placed  vertically,  the  folid 
will  fink  to  the  depth  of  three  eigliths  of  its  diameter; 
and  in  that  pofition  it  will  float  permanently.  If  the 
axis  be  made  to  incline  to  the  vertical  line,  the  folid 
will  change  its  pofition  until  it  fettles  permanently  with 
the  axis  perpendicular  to  the  horizon. 

Whether,  therefore,  a  folid  floats  permanently,  or 
overfets  when  placed  on  tlie  furface  of  a  fluid,  fo  that 
the  centre  of  gravity  of  the  folid  and  that  of  the  part 
immerfed  fhall  be  in  the  fame  vertical  line,  it  is  faid  to 
be  in  a  pofition  of  equilibrium  ;  and  of  this  equilibrium 
tliere  are  three  fpecies,  viz.  the  equilibrium  of  ftability, 
in  which  the  folid  floats  permanently  in  a  given  pofi¬ 
tion  ;  the  equilibrium  of  inftability,  in  which  the  folid, 
though  the  two  centres  of  gravity  already  mentioned 
are  in  the  fame  vertical  line,  fpontaneoufly  overfets,  uii- 
lefs  fupported  by  external  force  ;  and  the  equilibrium 
of  indifference,  or  the  infenfible  equilibrium,  in  which 
the  folid  refts  on  the  fluid  indifferent  to  motion,  with¬ 
out  tendency  to  right  itfelf  when  inclined,  or  to  incline 
itfelf  farther. 

If  a  folid  body  floats  permanently  on  the  furface  of 
a  fliifd,  and  external  force  be  applied  to  incline  it  from 
its  pofition,  the  refiftance  oppofed  to  this  inclination  is 
termed  the  ftability  of  floating.  Among  various  float¬ 
ing  bodies,  fome  lofe  their  quiefeent  pofition,  and  fome 
gain  it,  after  it  has  been  interrupted,  with  greater  fa¬ 
cility  and  force  than  others. 

Some  flilps  at  fea  (^.  ^.)  yield  to  a  given  impulfe  of 
the  wind,  and  fuffer  a  greater  inclination  from  the  per¬ 
pendicular  than  others.  As  this  refiftance  to  heeling 
or  pitching,  duly  regulated,  has  been  deemed  of  impor« 
tance  in  the  conftrudlion  of  veffels,  feveral  eminent  ma¬ 
thematicians  have  inveftigated  rules  for  determining 
the  ftability  of  fliips  from  their  known  dimenfions  and 
weight,  without  recurring  to  adlual  trial.  To  this 
clafs  we  may  refer  Bouguer,  Euler,  Fred.  Chapman, 
and  others  ;  who  have  laid  down  theorems  for  this  pur¬ 
pofe,  founded  on  a  fuppofition  that  the  inclinations  of 
fhips  from  their  quiefeent  pofitions  are  evanefeent,  or, 
in  a  pradlical  fenfe,  very  fmall. 

“  But  fliips  at  fea  (fays  our  ingenious  author)  are 
known  to  heel  through  angles  of  lo®,  20®,  or  even 
30®  ;  and  therefore  a  doubt  may  arife  bow  far  the  rules, 
demonftrated  on  the  exprefs  condition  that  the  angles 
of  inclination  are  of  evanefeent  magnitude,  fhould  be 
admitted  as  pra^lleally  applicable  in  cafes  where  the 
inclinations  are  fo  great.” — “  If  we  admit  that  the 
theory  of  flaties  can  be  applied  with  any  effe£l  to  the 
pradliee  of  naval  architedlure,  it  feems  to  be  neceflary 
that  the  rules,  inveftigated  for  determining  the  ftability 
of  veffels,  fhould  be  extended  to  thofe  cafes  in  which 
the  angles  of  inclination  are  of  any  magnitude  likely  to 
occur  ill  the  praClice  of  navigation.” 

A  folid  body  placed  on  the  furface  of  a  lighter  fluid, 
at  the  depth  correfponding  to  the  relative  gravities, 
cannot  change  its  pofition  by  the  combined  adions  of 
Its  weight  and  the  preffure  of  the  fluid,  except  by  re¬ 
volving  on  fome  horizontal  axis  which  paffes  through 
the  centre  of  gravity  ;  but  as  many  axes  may  be  drawn 
through  this  point  of  the  floating  body  in  a  diredion 
parallel  to  the  horizon,  and  the  motion  of  the  folid  re- 
Ipeds  one  axis  only,  this  axis  muft  be  determined  by 
the  figure  of  the  body  and  the  particular  nature  of  the 
cafe.  When  this  axis  of  motion,  as  it  is  called,  is  de¬ 
termined. 
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11  PloAcing.  terniineJ,  and  tbt  fpeciTic  gravity  of  the  folid  is  known, 
"'yr—  <<  the  pofitions  of  permanent  iioating  will  be  obtained, 
firft  by  finding  the  feveral  pofitions  of  equilibrium 
tlirough  which  the  folid  may  be  conceived  to  pafs, 
while  it  revolves  round  the  axis  of  motion  ;  and  fecond- 
ly,  by  determining  in  which  of  thofe  pofitions  the  c- 
qiiilibrium  is  permanent,  and  in  which  of  them  it  is 
momentary  and  unflable 

Sucli  as  we  have  now  briefly  flated  are  the  general 
principles  on  which  are  founded  Mr  Atwood’s  invef- 
tigatioiis  for  determining  the  pofitions  affumed-by  ho¬ 
mogeneous  bodies,  floating  on  a  fluid  furface  ;  and  al- 
fo  for  determining  the  liability  of  flips  and  of  other 
^  floating  bodies.  We  cannot  farther  accompany  him 
in  Ill’s  elucidation  of  them,  in  the  problems  to  the  folu- 
tion  of  which  they  lead,  and  in  the  important  pracii- 
cal  purpofes  of  naval  architc^liire  to  which  they  are  re¬ 
ferred.  Idle  whole  paper,  comprehending  no  kfs  than 
85  pages,  is  curious  and  valuable  ;  it  abounds  with  a- 
nalytical  and  geometrical  difcjuifitions  of  the  moil  ela¬ 
borate  kind  ;  and  it  ferves  to  enlarge  our  acquaiiilance 
with  a  fiibje^f  that  is  not  only  highly  intereiliiig  to  tlie 
fpeculative  mathematician,  but  extremely  ufeful  in  its 
pradlical  application. 

With  this  latter  view,  the  author  feems  to  have  di- 
redled  his  attention  to  the  various  objedls  of  inquiry 
which  this  article  comprehends.  They  are  fuch  as  in¬ 
timately  relate  to  the  theory  of  naval  architefnire,  fo 
far  as  it  depends  on  the  pure  laws^  of  mechanics,  and 
they  contribute  to  extend  and  improve  this  theory. 
The  union  of  thofe  principles  that  are  deduced  from 
the  laws  of  motion,  with  the  knowledge  which  is  de¬ 
rived  from  obfervation  and  experience,  cannot  fail  to 
eflablifh  the  art  of  conflrudliiig  veffels  on  its  true  bafis, 
and  gradually  to  lead  to  farther  improvements  of  the 
greatefl  irnportance  and  utility.  To  this  purpofe,  the 
author  obferves,  that 

“  If  the  proportions  and  dimenfions  adopted  in  the 
conftrudion  of  individual  veflels  are  obtained  by  exail 
geometrical  menfurations,  and  calculations  founded  on 
them,  and  obfervations  are  made  on  the  performance  of 
thefe  veflels  at  fea  ;  experiments  of  this  kind,  fufficient- 
ly  diverfified  and  extended,  feem  to  be  the  proper 
grounds  on  which  theory  may  be  effcdually  applied  in 
developing  and  reducing  to  fyflem  thofe  intricate,  fub- 
til,  and  hitherto  unperceived  caufes,  which  contribute 
to  impart  tlie  greatefl  degree  of  excellence  to  veflels  of 
every  fpecies  and  defeription.  Since  naval  arcliiteaure’ 
is  reckoned  amongtl  the  pradical  branches  of  fcience, 
every  voyage  may  be  confidered  as  an  experiment,  or 
rather  as  a  feries  of  experiments,  from  which  ufeful 
truths  are  to  be  inferred  tov/ards  perfecting  the  art  of 
conflruaing  veflels  ;  but  inferences  of  this  kind,  con- 
fiftently  with  the  preceding  remark,  cannot  well  be  ob¬ 
tained,  except  by  acquiring  a  perfed  knowledge  of  all 
the  proportions  and  dimenfions  of  each  part  of  the 
/hip  ;  and  fecbndly,  by  making  and  recording  fufficient- 
ly  numerous  obfervations  on  the  qualities  of  the  ve/fel, 
in  all  the  varieties  of  fituation  to  which  a  fhip  is  ufual- 
ly  liable  in  the  pradlice  of  navigation.” 

In  the  valuable  mifcellany  entitled  the  Philofophlcal 
Magazine,  there  is  a  paper  on  this  fubjed  by  Mr  John 
George  Engli/h,  teacher  of  mathematics  and  mechani- 
cal  philofophy  ;  which,, as  it  is  not  long,  and  is  eafily 
underftood,  we  /hall  take  the  liberty  to  tranferibe. 
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However  operofe  and  difficult  the  calculations  ne- 
cefl'ary  to  determine  the  (lability  of  nautical  ve/feb  may, 
in  fume  cafes,  be,  yet  they  all  depend,  fays  this  author, 
upon  the  four  following  fimple  and  obvious  theorems, 
accompanied  vvith  other  vvell-knowm  ftereo metrical  and 
ilatical  principles. 

“  Theorem  i.  Every  floating  body  difpLaces  a  quan¬ 
tity  of  the  fluid  in  which  it  floats,  equal  to  its  own 
weight  ;  and  confequcntly,  the  fpecific  gravity  of 
the  fluid  will  be  to  that  of  the  floating  body,  as  the 
magnitude  of  the  whole  is  to  that  of  the  part  immer* 
fed. 

“  Theorem  2.  Every  floating  body  is  impelled  down¬ 
ward  by  its  own  effential  power,  acting  in  the  diredion 
of  a  vertical  line  palling  through  the  centre  of  graAuty 
of  the  whole  ;  and  is  impelled  upvvard'by  the  re  aclioii 
of  the  fluid  which  fupports  it,  ading  in  the  diredion 
of  a  vertical  line  paflirig  through  the  centre  of  gravity  . 
of  the  part  immerfed  :  therefore,  unlefs  thefe  two  lines 
are  coincident,  the  floating  body  thus  impelled  miifl: 
revolve  round  an  axis,  either  in  motion  or  at  red,  until 
the  equilibrium^  is  rekored. 

“  Theorem  3.  If  by  any  power  whatever  a  veflel  be 
defleded  from  an  upright  pofltion,  the  perpendicular 
diilance  between  two  vertical  lines  paffing  through  the 
centres  of  gravity  of  the  whole,  and  of  the  part  immer¬ 
fed  refpedivdy,  will  he  as  the  /lability  of  the  ve/Tel, 
and  which  will  be  pofitive,  nothing,  or  negative,  accor¬ 
ding  as  the  nietacentre  is  above,  coincident  with,  or 
below,  the  centre  of  gravity  of  the  ve/fel. 

a  Ehe  common  centre  of  gravity  of  any 

fy/lem  of  bodies  being  given  in  pofition,  if  any  one  of 
thefe  bodies  be  moved  from  one  part  of  the  fy/tem  to 
another,  the  correfponding  motion  of  the  common 
centie  of  gravity,  e/limated  in  any  given  diredion,  will 
be  to  that  of  tlie  aforefaid  body,  eflimated  in  the  fame 
dmedion,  as  the  weight  of  the  body  moved  is  to  that 
of  the  whole  fy/lem. 

From  whence  It  Is  evident,  that  in  order  to  afeer- 
tain  the  /lability  of  any  ve/fel,  the  po/itlon  of  the 
centres  of  gravity  of  the  whole,  and  of  the  part  im¬ 
merfed,  muil  be  determined  ;  with  which,  and  the  di- 
menfions  of  the  ve/Tel,  the  line  of  floatation,  and  angle 
of  defledion,  the  /lability  or  power  either  to  right  it- 
felf  ortiverturn,  may  be  found. 

In  /hips  of  war  and  mcrchandife,  the  calculations 
necc/Tary  for  this  purpofe  become  unavoidably  very  o- 
perofe  and  troiiblefome  ;  but  they  may  be  much  facili-' 
tated  by  the  experimental  method  pointed  out  in  the 
New  Tranfadioiis  of  the  Swedifli  Academy  of  Scieii- 
CCS,  iir/l  quarter  of  the  year  1787,  page  48. 

‘‘  In  river  and  canal  boats,  tl\e  regularity  and  fim- 
pheity  of  the  form  of  the  ve/Tel  itfelf,  together  with  the 
compad  difpofition  and  homogeneal  quality  of  the 
burden,  render  that  method  for  them  unneceffary,  and' 
make  the  requi/ite  calculations  beconi^very  ealy.  Ve/- 
fels  of  this  kind  are  generally  of  the  fame  tranfverfe 
fedion  throughout  their  whole  length,  except  a  fmall 
part  111  prow  and  /lern,  formed  by  feg’ments  of  circles 
or  other  fimple  curves  ;  therefore  a  length  may  eafily 
be  affigned  fuch,  that  any  of  the  tranfverfe  fedions  be¬ 
ing  multiplied  thereby,  the  produd  will  be  equal  to 
the  whole  folidity  of  the  ve/fel.  The  form  of  the 
fedion  A  BCD  is  for  the  mo/l  part  either  redan- 
gular,  as  m  /ig,  i,  trapezoidal  as  in  fig,  2.  or  mix-  Plate 
4O2  ^  tilineal^™ 
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tili'neal  as  fn  fig.  3.  in  all  which  MM  reprefents  the  line 
of  floatation  when  upright,  and  EF  that  when  inclined 
at  any  angle  MXE  ;  alfo  G  reprefents  the  centre  of  gra¬ 
vity  of  the  whole  velTel,  and  R  that  of  the  part  iai- 
merfecl.  , 

“  If  the  veiTel  be  loaded  quite  up  to  the  line  AB, 
and  the  fpeciiic  gravity  of  the  boat  and  burden  be  the 
fam-,  then  the  point  G  is  fimply  the  centre  of  gravity 
of  the  fection  ABCD  ;  but  if  not,  the  centres  of  gra¬ 
vity  of  the  boat  and  burden  mull  be  found  feparately, 
and  rediTced  to  one  by  the  common  method,  namely,  by 
dividing  the  fum  of  the  momenta  by  the  fum  of  weights, 
or  areas,  which  in  this  cafe  are  as  the  weights.  The 
point  R  is  alVvays  the  centre  of  gravity  of  the  fedion 
MMCD,  which,  if  coiiiilling  of  different  figures,  muff 
alfo  be  found  by  dividing  the  fum  of  the  momenta  by 
the  fum  of  the  v/cights  as  common.  Tiicfe  two  points 
being  found,  the  next  thing  neceffaiy  is  to  dcteimine 
the  area  of  the  two  equal  triangles  MXE,  MXF,  then- 
centres  of  gravity  o,  o,  and  the  perpendicular  projected 
diltance  7i  n  of  tliefe  points  on  the  water  line  EF.  This 
being  done,  through  R,  and  parallel  to  El ,  draw  R  i 
=  a  fourth  proportional  to  the  whole  area  MMCD, 
either  triangle  MXE  or  MXF,  and  the  diftarice  nn  ; 
through  T,  and  at  right  angles  to  RT  or  EF,  draw 
TS  meeting  the  vertical  axis  of  the  veffel  in  S  the  me¬ 
tacentre  ;  alfo  through  the  points  G,  B,  and  parallel  to 
ST,  draw  NGW  and  BV  ;  moreover  through  S,  and 
parallel  to  EF,  draw  WSV,  meeting  the  two  former  in 
V  and  W  ;  then  SW  is  as  the  liability  of  the  veffel, 
which  will  be  pofitive,  nothing,  or  negative,  according 
as  the  point  S  is  above,  coincident  with,  or  below,  the 
point  G.  If  now  we  fuppofe  W  to  reprefent  the  weight 
of  the  whole  veffel  and  burden  (which  will  be  equal  to 
the  fedlion  MMCD  multiplied  by  the  length  of  the 
veffel),  and  P  to  reprefent  the  required  weight  applied 
at  the  gunwale  B  to  fullain  the  veffel  at  the  given 
angle  of  inclination  ;  we  fliall  always  have  this  propor¬ 
tion  :  as  VS  :  SW  :  ;  W  :  P ;  which  proportion  is  ge¬ 
neral,  whether  SW  be  pofitive  or  negative ;  it  muff 
only,  in  the  latter  cafe,  be  fuppofed  to  a£l  upward  to 
prevent  an  overturn. 

In  the  re£langular  veffel,  of  given  weight  arid  di- 
raenfions,  the  whole  procefs  is  fo  evident,  that  any  far¬ 
ther  explanation  would  be  unneceffary.  In  the  trape¬ 
zoidal  veffel,  after  having  found  the  points  G  and  R, 
kt  AD,  BC  be  produced  until  they  meet  in  K.  Then, 
fince  the  two  feflions  MMCD,  EFDC  are  equal,  the 
two  triangles  MMK,  EFK  are  alfo  equal  ;  and  there¬ 
fore  the  reaangle  EK  X  KF  =  KM  X  KM  =  K5F; 
and  fince  the  angle  of  inclination  is  fuppofed  to  be 
known,  the  angles  at  E  and  F  are  given.  Confequent- 
ly,  if  a  mean  proportional  be  found  between  the  fines  of 
the  angles  at  E  and  F,  we  fhall  have  the  following  pro¬ 
portions  : 

“  As  the  mean  proportional  thus  found  :  fine  A  £  :  : 
KM  :  KF,  and  as  the  faid  mean  proportional :  fine 
AF  :  :  KM  :  KE;  therefore  ME,  MF  become  known  : 
from  whence  the  area  of  either  triangle  MXE  or  MXF, 
the  dillance  n  riy  and  all  the  other  requifites,  may  be 
found. 

‘‘  In  the  mixtillneal  fedlion,  let  AB  =  9  feet  ==  ro8 
inches,  the  whole  depth  =  6  feet  =  72  inches,  and 
the  altitude  of  MM  the  line  of  floatation  4  feet  or  48 
inches  i  alfo  let  the  two  curvelinear  parts  be  circular 


quadrants  of  two  feet,  or  24  inches  radios  each.  Then  Floating^, 
the  area  of  the  two  quadrants  n  904*7808  fquare  - 

inches,  and  the  diflance  of  their  centres  of  gravity  from 
the  bottom  =  13*8177  inches  very  nearly;  alfo  the 
area  of  the  included  rectangle  able  =  1440  fquare 
inches,  and  the  altitude  of  its  centre  of  gravity  12 
inches  ;  in  like  manner,  the  area  of  the  rectangle  AB 
c  d  will  be  found  =  5184  fquare  inches,  and  the  alti- 
tude  of  its  centre  of  gravity  48  inches :  therefore  we 
fhall  have 


Momentum  of? 

the  tvi'c  quad,  i  =  S°4-.7So8 

Moment,  of  the? 

I  eClan  a  bi  e  5  ^44® 

Moment,  of  the  ?  „ 

redtan.  ABct/  5^  4 


X  13*8177  =  ia5oi*5)8966ci€ 
X  =  17^80* 

X  43  =248832- 


7528-7808 


2786i3-989!C6oi6 


“  Now  the  fum  of  the  momenta,  divided  by  the  fum 
2786  I  ^*98966016 

of  the  areas,  will  give - - ‘  ==  37’0c6 

inches,  the  altitude  of  G,  tlie  centre  of  gravity  of  the 
fe^Slion  ABCD  above  the  bottom.  In  like  manner, 
the  altitude  of  R,  the  centre  of  gravity  of  the  fedion 

.  1 2 3oq2*q8q66oi6 

MMCD,  will  be  found  to  be  equal  - 4^36-7^8 — 

=:  24*934  inches;  and  confequently  their  difference,  or 
the  value  of  GR  =  12*072  inches,  will  be  found. 

Suppofe  the  veffel  to  heel  15' ^  and  we  fhall  have  the 
following  proportion  ;  namely.  As  radius  :  tangent  of 
15"  :  :  MX  =  54  inches  ;  14.469  inches  =  ME  or 
MF  ;  and  confequently  the  area  of  either  triangle  MXE 
or  MXF  zz  390*663  fquare  inches.  Therefore,  by 
theorem  4th,  as  4936*7808  :  390*663  :  :  72  zz  zz: 
4  AB  :  5*6975  inches  zz  RT  ;  and,  again,  as  radius  ; 
fine  of  15^  :  :  12.072  zz  GR  :  3'i  245  inches  =  RN  \ 
confequently  RT — RN  zz  5.6975 — 3*1245  zz  2*573 
inches  zz  SW,  the  liability  required. 

“  Moreover,  as  the  fine  of  15^^  ;  radius  : :  5*6975  zz 
RT  :  22*013  zz  RS,  to  which,  if  we  add  24*934>  the 
altitude  of  the  point  R,  we  fhall  have  46*947  for  the 
height  of  the  metacentre,  which  taken  from  72,  the 
whole  altitude,  there  remains  25*053  ;  from  which,  and 
the  half  width  =  54  inches,  the  dillance  BS  is  found 
zz  59*529  inches  very  nearly,  and  the  angle  SBV  zz 
80^ — od — 42";  from  whence  SV  zz  58*645  inches. 

Again  :  Let  us  fuppofe  the  mean  length  of  the  vef- 
fel  to  be  40  feet,  or  480  inches,  and  we  fhall  have  the 
weight  of  the  whole  veffel  equal  to  the  area  of  the  fec¬ 
tion  MMCD  zz  4936.7808  multiplied  by  480  zz 
2369654*784  cubic  inches  of  water,  which  weighs  ex- 
adlly  85708  pounds  avoirdupois,  allowing  the  cubic 
foot  to  weigh  62.5  pounds. 

‘‘  And,  finally,  as  SV  :  SW  (/.  e.)  as  58*645  : 

:  :  85708.  ;  3760  +>  the  weight  on  the  gunwale  which 
will  fuftain  the  veffel  at  the  given  inclination.  There¬ 
fore  a  veffel  of  the  above  dimenfions,  and  weighing  38 
tons,  5  cwts.  28  lbs.  will  require  a  weight  of  i  ton, ' 
13  cwts.  64  lbs.  to  make  her  incline  15'^. 

“  In  this  example,  the  defle6llng  power  has  been  fiip- 
pofed  to  a£l  perpendicularly  on  the  gunwale  at  B  ;  but 
if  the  veffel  is  navigated  by  fails,  the  centre  velique 
muff  be  found  ;  with  which,  and  the  angle  of  deflec¬ 
tion,  the  proje£led  diflance  thereof  on  the  line  SV  may 
be  obtained  ;  and  then  the  power,  calculated  as  above 
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jTIucnt  necefTciry  to  be  applied  at  the  projected  point,  will  be 
11  that  part  of  the  wind’s  force  which  caufes  the  vefTel  to 
^Fordyce.  ^  And  converfely,  if  the  weight  and  dimenfions 

of  the  veflel,  the  area  and  altitude  of  the  fails,  the  di- 
region  and  velocity  of  the  wind  be  given,  the  angle  of 
deileftion  may  be  found.” 

FLUENT,  or  Flowing  Quantity,  in  the  doc¬ 
trine  of  fluxions,  is  the  variable  quantity  which  is  con- 
fidered  as  increafiiig  and  decreafing ;  or  the  fluent  of 
a  given  fluxion,  is  that  quantity  whofe  fluxion  being 
taken,  according  to  the  rules  of  that  dodlrine,  (hall  be 
the  fame  with  the  given  fluxion.  See  Fluxions,  En- 
cycl 

FLUIDS  (Motion  in).  See  Hydrostatics  and 
Resistance  of  Fluids,  EncycL  and  Motion  in  this 
Supplement, 

FOGEDAR,  the  military  governor  of  a  fubordinate 
diflri£l:  in  India,  who  has  fometimes  the  additional  of- 
£ce  of  colledling  the  revenues. 

FOLIATE,  a  name  given  by  fome  to  a  curve  of 
the  2d  order,  expreffed  by  the  equation  + 
being  one  fpecies  of  defedfive  hyperbolas,  with  one  a- 
fymptote,  and  confiding  of  two  infinite  legs  crofiing 
each  other,  forming  a  fort  of  leaf.  It  is  the  4 2d  fpe¬ 
cies  of  Newton’s  Lines  of  the  3d  Order. 

FORCER,  in  mechanics,  is  properly  a  piflon  with¬ 
out  a  valve.  For,  by  drawing  up  fuch  a  piflon,  the 
air  is  drawn  up,  and  the  water  follows  ;  then  pufiiing 
the  pifton  down  again,  the  water,  being  prevented  from 
defeending  by  the  lower  valve,  is  forced  up  to  any 
height  above,  by  means  of  a  fide  branch  betw’een  the 
two. 

FORDYCE  (James,  D.  D.),  fo  well  known  to  feri- 
ous  readers  by  his  fermons  to  young  women,  and  other 
fpecimens  of  pulpit  eloquence,  was  born  at  Aberdeen 
in  the  year  1720.  His  father  was  a  man  much  e- 
lleemed,  and  held,  more  than  once,  the  office  of  chief 
magiflrate  in  his  native  city  ;  and  his  mother  was  a  wo¬ 
man  of  good  fenfe,  amiable  temper,  and  exemplary  pie¬ 
ty.  This  refpe£lable  pair  had  the  Angular  felicity  of 
tranfmitting  fuperior  talents  to  almofl  every’  individual 
of  a  numerous  family  ;  of  one  of  which,  viz.  David  For- 
dyce,  the  reader  will  find  fome  account  in  the  Encych- 
ptedla. 

The  fubje6l  of  this  memoir,  who  was  their  fourth 
fon,  acquired,  as  well  as  his  brother,  the  rudiments  of 
claffical  learning  at  the  grammer  fchool  of  Aberdeen, 
whence  he  was  removed  to  the  Marifchal  college  and  u- 
niverfity  in  the  fame  city.  Having  completed  a  regu¬ 
lar  courfe  of  fludy  both  in  philofophy  and  theology’’, 
he  was  licenfed,  when  very  young,  according  to  the 
forms  of  the  church  of  Scotland,  to  be  a  preacher  of 
the  gofpel  ;  and  was  foon  afterwards  preferred  to  the 
place  of  fecund  minifler  in  the  collegiate  church  of 
Brechin  in  the  county  of  Angus.  After  remaining 
^  there  for  fome  years,  he  received  a  prefentation  to  the 
church  of  Alloa  near  Stirling  ;  and  though  the  inhabi¬ 
tants  of  that  parifh  were  prepofleffed  in  favour  of  ano¬ 
ther  minifter  whom  they  knew,,  and  prejudiced  againflr 
Mr  Fordyce  whom  they  did  not  know  ;  fo  narrow' 
minded  and  totally  deftitute  of  talle  was  his  colleague 
in  Brechin,  that  he  judged  it  expedient  to  hazard  the 
confequences  of  a  removal.  He  was  aware  that  he 
entered  on  his  new  charge  under  a  confiderable  degree 
«>f  popular  odium  y  but  he  thought  it  more  probable 


that  he  fhould  be  able  to  overcome  that  odium,  than  Fordym 
conciliate  the  affedions  of  a  four  fanatic.  In  this  ex- 
peftation  he  was  not  deceived.  The  prejudices  of  the 
good  people  in  Alloa  were  very  quickly  removed,  not 
more  by  the  able  and  impreflive  manner  in  which  he 
conduced  the  public  fervices  of  the  Lord’s  day,  than 
by  the  amiable  and  coiidefccnding  fpirit  with  which  he 
performed  the  more  private  duties  of  vifiting  and  ca- 
techiflng  in  the  different  diflridls  of  his  pariffi  ;  duties 
which,  as  they  were  wont  to  be  performed  by  the 
Scotch  clergy,  contributed  much  more  than  preaching 
to  the  religious  inftrudlion  of  the  lower  clafTes  of  the 
people. 

It  was  during  his  refidence  at  Alloa  that  Mr  Fordyce 
firfl  dilHnguifhed  himfelf  as  an  author  by  the  fucceffive 
publication  of  the  three  following  fermons.  The  firff, 
upon  the  eloquence  of  the  pulpit,  was  annexed  to  “  the 
Art  of  Preaching”  by  his  brother  David  ;  the  fccond, 
upon  the  methods  of  promoting  edification  by  pul  lie 
inftitutions,  was  preached  at  the  ordination  of  the  Rev. 

Mr  Gibfon  miniffcer  of  St  Ninian’s,  a  neighbouring 
parifh,  in  the  year  1754,  and  publiflied,  with  the 
charge  and  notes,  in  1755  ;  and  the  third,  upon  the  de- 
lufive  and  perfecuting  fpirit  of  popery,  was  preached 
the  fame  year  before  the  fynod  of  Stirling  and  Perth ; 
and  being  publifhed,  came  very  quickly  to  a  fecund  e- 
dition.  But  the  fermon  which  moft  ftrongly  arrefled 
the  attention,  both  of  the  audience  before  which  it  was 
delivered,  and  of  the  public  to  which,  in  1760,  it  was 
given  from  the  prefs,  was  tlrat  on  the  folly ,  infamy^  and 
mifery  of  unla<ivful  pleafure^  preached  before  the  Gene¬ 
ral  Affembly  of  the  Church  of  Scotland.  The  choice  of 
fuch  a  fubjed,  on  fuch  an  occafion,  eXcited  the  furprife 
of  all  his  hearers,  and  tempted  the  younger  part  of 
them  to  fmile  at  the  very  reading  of  the  text  ;  but  this- 
unfealonable  mirth  was  foon  converted  into  ferioufnefs. 

The  pidure  exhibited  in  this  fermon  is  the  work  of  a 
mailer  ;  and  we  have  been  affured  by  a  friend  who 
heard  it  preached,  that  the  fpirit  and  elegance  of  the 
compofition  was  fo  feconded  by  the  folemnity  and  ani¬ 
mation  with  which  it  was  delivered,  that  it  made  a  very 
ftriking  impreffion,  not  only  upon  the  more  refpedable 
part  of  the  audience,  but  upon  minds  of  noted  levi¬ 
ty  :  It  raifed  indeed  its  writer’s  fame  as  a  pulpit  ora¬ 
tor  to  an  unrivalled  eminence  among  his  brethren  in 
Scotland. 

About  this  time,  and  we  believe  in  confequence  of 
this  fermon,  Mr  Fordyce  received  from  the  uuiverfity 
of  Glafgow  a  diploma,  creating  him  Dodor  in  Divi¬ 
nity  ;  and  if  there  is  yet  any  thing  honourable  in  aca¬ 
demical  degrees,  proftituted  as  they  have  long  been  by 
an  undillinguilhing  diffribution,  the  honour  could  not 
have  been  conferred  with  greater  propriety  on  any  man 
in  the  church  to  which  he  then  belonged. 

In  that  church  he  did  not  long  remain.  Soon  after 
the  publication  of  this  Angular  fermon,.  and  his  confe- 
quent  acqiiifltion  of  academical  honours,  he  accepted  of 
an  invitation  from  a  fociety  of  Proteftant  diffenters, 
who  had  their  place  of  meeting  in  Monkwelldlreet, 

London,  to  become  colleague  and  fucceffor  to  their 
pallor,  who  was  then  old  and  infirm,  and  who  died,  in¬ 
deed,  in  the  i'pace  of  a  few  mouths.  This  gave  occa¬ 
fion  to  the  Dodor  to  difplay  his  oratory  once  more 
both  from  the  pulpit  and  the  prefs  in  a  fermon  on  the 
death  cf  Dr  Lawrence.  He  was  now  foie  pallor  ter 
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Fordyce.  tlic  congregation  of  Monkwdl4rect  i  and  preached  for 
many  years  with  great  powers  of  eloquence  and  fervour 
of  piety,  to  an  audience  always  crowded  and  often  over¬ 
flowing. 

When  a  preacher  obtains,  \^;ith  or  without  merit, 
an  uncommon  fhare  of  popularity,  a  conflderable  pro¬ 
portion  of  his  hearers  will  ever  conflft:  of  thofe,  who 
are  guided  in  their  choice  rather  by  curiofity  and  fa- 
fhion,  than  by  found  judgment.  The  attachments  of 
fiich  people  are  as  capricious  and  variable  as  their 
minds  ;  and  they  change  their  preacher  as  they  change 
their  drefs,  not  from  their  owm  tafte,  for  in  general 
they  have  none  ;  but  from  the  deflre  of  being  where 
others  are,  of  doing  what  others  do,  and  of  admiring 
rvhat  others  admire.  Dr  Fordyce  appreciated  jullly 
the  value  of  fuch  mens  approbation,  and  knew  it  even¬ 
tually  by  experience  ;  but  he  was  more  than  compen- 
fated  for  the  lofs  of  hearers  of  this  defcription  by  the 
fteady  adherence  of  others,  wliofe  efteem  was  moll  de- 
flrable,  becaufe  it  was  grounded  upon  the  dilates  of  a 
found  nnderllandiag. 

^  At  lall,  about  Chrillmas  1782,  when  his  health, 

which  had  long  been  declining,  rendered  it  neceflary,  in 
^  his  own  opinion,  and  in  the  opinion  of  his  phyficians,  to 

difcontinue  his  public  fervices,  he  refigned  his  charge 
in  Monkwelhftreet,  and  retired  to  a  villa  in  Hamplhire, 
in  the  neighbourhood  of  the  Earl  of  Bute,  who  ho¬ 
noured  him  with  liis  fn’endlhip,  and  to  whofe  valuable 
library  he  had  free  accels.  Afterwards  he  removed  to 
Bath,  where  having,  with  Chrillian  patience,  fuffered 
much  from  an  allhmatic  complaint,  to  v^hich  he  had 
been  fubje6l  for  feme  years,  on  the  ill  of  Odlober 
1796  he  expired  without  a  groan.  ^ 

Were  we  to  hazard  an  opinion  of  Dr  Fordyce’s  in- 
telledlual  powers  from  fuch  a  perufal  of  his  works  as 
we  muH  acknowledge  to  have  been  hally,  we  would  fay 
that  he  was  a  man  of  genius  rather  than  of  judgment ; 
that  his  imagination  was  the  predominant  faculty  of 
his  mind ;  and  that  he  was  better  fitted,  by  an  addrefs 
to  the  palTions,  to  enforce  the  pradlice  of  virtue,  than, 
by  the  exertions  of  his  own  underllanding,  to  vindicate 
fpeculative  truth,  or  to  dcte6l  the  fophillry  of  error. 
From  this  remark,  we  cannot  be  fufpefted  of  a  willi  to 
leflen  his  charader  in  the  public  elleem  ;  for  his  talents, 
as  they  appear  to  us,  are  furely  of  more  value  to  a 
preacher  than  thofe  which  are  perhaps  better  adapted 
to  literary  or  fcientific  purfuits.  In  none  of  his  works 
indeed  do  we  perceive  any  evidence  either  of  profound 
fcience,  or  of  various  erudition  ;  though  we  doubt  not 
but  thofe  works  are  every  thing  which  their  author  in¬ 
tended  them  to  be.  Of  liis  fermons  to  young  women, 
which  have  attrafted  moll  general  notice,  it  would  be 
prefumptuous  in  us  to  give  a  chara^ler ;  for  though  we 
fat  dowri  many  years  ago  to  read  them,  we  could  not 
get  through  ;  and  we  have  never  made  a  fecond  at¬ 
tempt,  As  far  as  we  can  depend  upon  what  we  recoi¬ 
led  of  thefe  far-famed  difcoiirfes,  the  cenfure  pafled  on 
them  by  Mrs  Wollloncraft  feems  to  be  juil.  Their  au¬ 
thor,  however,  was  certainly  qualified  to  excel,  and  ac¬ 
tually  did  excel  as  a  preacher.  We  have  already  men- 
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tioned  with  approbation  three  or  four  of  his  occsnonal 
fermons  ;  but  perhaps  the  finell  fpecimen  of  pulpit  ora- 
tory  which  ever  fell  from  his  pen,  is  the  charge  which 
he  delivered  at  the  ordination  of  his  fuccefibr  in  the 
meeting  of  Monkwell-ftreet.  It  is  indeed  one  of  the 
moll  valuable  difeourfes  of  the  kind  that  we  have  feeii, 
and  fliould  be  read  wnth  attention  by  every  clergyman 
of  every  denomination,  who  willies  to  difcliarge  his 
duty  with  credit  to  hiinfelf  and  with  advantage  to  his 
people. 

The  eff'ed  of  Dr  Fordyce’s  addrefles  from  the  pul- 
irt  was  much  heightened,  not  only  by  an  adinn  and 
an  elocution,  which  he  iludied  with  care  and  jaradifed 
wuth  fuccefs  ;  but  by  the  figure  of  his  perfon,  which  was 
peculiarly  dignified,  and  by  the  expreflion  of  his  coun¬ 
tenance,  which  was  animated  at  all  times,  but  animated 
moll  of  all  when  lighted  up  by  the  ardour  of  his  foul  in 
the  fervice  of  God.  By  fome  of  his  hearers,  it  was  ob- 
ferved  that,  on  many  occafions,  he  fetmed  not  merely 
to  fpeak,  but  to  look  cotividion  to  the  heart,  fliscye, 
indeed,  w^as  particularly  bright  and  penetrating,  and  he 
had  carefully  attended  to  the  effed  which  an  orator 
may  often  produce  upon  an  audience  by  the  judicious 
ufe  of  that  little,  but  invaluable  organ. 

With  refped  to  his  theological  fentiments,  we  are 
afiured  (A)^they  were  in  no  extreme,  but  liberal,  ratio¬ 
nal,  and  manly.  He  feems  to  have  been  untainted  By 
that  rage  of  innovation,  which  of  late  has  fo  completely 
disfigured  the  creed,  as  well  religious  as  political,  bf 
the  great  body  of  Englifh  diflenters.  The  confeqiience 
was,  that  he  lived  on  terms  of  frlendlliip  with  men  of 
very  oppofite  fentiments  ;  with  Price  a  republican  and 
Arian,  and  with  Johnfon,  who,  though  he  hated  a 
whig  and  a  Prelbyterian,  refpeded  talents  and  worth 
wherever  he  found  them. 

We  fhall  conclude  this  fhort  ll-cetcb  of  Dr  Fordyce’s^  ' 
life  and  charader  with  the  following  iill  of  his  'works, 
of  which  fome  have  been  tranflated  Into  feveral  lan¬ 
guages.  I.  A  Sermon  and  Charge,  at  the  ordination 
of  the  Rev.  Mr  Gibfon  Miniller  of  St  NInian’s,  1754. 

2.  Another  Ordination  Sermon  on  the  Eloquence  of,  > 
the  Pulpit,  annexed  to  his  brother's  “  Art  of  Preach- 
ing,*'  1754.  3.  A  Sermon  on  the  Spirit  of  Popery, 

1754.  4.  A  Sermon  on  the  Folly,  Infamy,  and  Mi- 

fery  of  Unlawful  Pleafure,  1760.  5.  A  Sermon  on  • 

the  Death  of  Dr  Lawrence,  1760.  6.  Sermons  to 

Young  Women,  2  vols.  1765.  7.  A  Sermon  on  the 

Charader  and  Condiid  of  the  Female  Sex,  1776.  8. 

Addrefles  to  Young  Men,  2  vols.  1777.  9.  A  Charge 
at  the  Ordination  of  the  Rev.  James  Lindfay,  in 
Monkvvell-ilrcet,  1783.  10.  Addrefles  to  the  Deity, 

1785.  11.  Poems,  1786.  12.  A  Difeomfe  on  Pain, 

179J.  He  alfo  re-publlflied,  with  an  additional  charac¬ 
ter,  “  The  Temple  of  Virtue,  a  Dream,”  written  by 
his  brother  David. 

FORMULA,  a  theorem  or  general  rule  or  expref- 
flon,  for  refolving  certain  particular  cafes  of  lome  pro¬ 
blem,  &c.  So  +  i  J  is  a  general  formula  for  the 
greater  of  two  quantities  vvhofe  fum  is  s  and  difference 
d ;  and  4^ — 4^  is  the  formula,  or  general  value,  for 

the  -  ' 


(a)  By  his  fucceffor  in  Monkwell-ftreet,  to  whofe  fermon,  preached  on  occafion  of  the  Dodor’s  death, 
readers  are  indebted  for  every  thing  valuable  in  this  fliort  memoir. 
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the  lefs  quantity.  Alfo  V dx—x^  is  the  formula,  or 
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general  value  of  the  ordinate  to  a  circle,  whofe  diaine- 
ter  is  d,  and  abfeifs  x, 

FORb  ritiR  (John  Reinhold,  FL.  D.)  profefTor  of 
natural  hiftory  in  the  uiiiverfity  of  Halle,  member  of 
the  academy  of  fciences  at  Berlin,  and  of  other  learned 
focieties,  was  born  at  Dirfchaii,  in  Weft  PrufTia,  in  the 
month  of  06lober  1729,  and  was  formerly  a  Protef- 
tant  clergyman  at  Dantzick.  He  had  a  numerous  fa¬ 
mily,  and  the  emoluments  of  his  office  were  /lender. 
He  therefore  quitted  Dantzick,  and  went,  firft  to  Ruf- 
lia,  and  thence  to  England,  in  qutft  of  a  better  fettle- 
ment  than  his  own  country  afforded.  In  the  diffeiit- 
ing  academy  at  Warrington  he  was  appointed  tutor 
in  the  modern  languages,  with  the  occafional  office  of 
leduring  in  various  branches  of  natural  hiftory.  For 
the  firft  depaitment  he  was  by  no  means  well  qualified  j 
his  extraordinary  knowledge  of  languages,  ancient  and 
modern,  being  unaccompanied  by  a  particle  of  tafte  ; 
and  his  life  of  them  being  all  barbarous,  though  ftiient. 
As  a  natural  hiftorian,  a  critic,  geographer,  and  anti- 
quary,  he  ranked  much  higher  ;  but  unfortunately 
thefe  were  acquifitions  of  little  value  in  his  academical 
department. 

At  length  he  obtained  the  appointment  of  naturalift 

phlJofopher  (if  the  word  may  be  fo  ufed)  to  the  fe- 
cond  voyage  of  difeovery  undertaken  by  Capt.  Cook  ; 
an<f  from  1772  to  1775  he  accompanied  that  immortal 
navigator  round  the  world.  On  his  return  he  refided 
in  London  till  the  improper  condud  of  himfelf  and 
his  fon  made  it  expedient  for  them  both  to  leave  the 
kingdom.  Fortunately  he  received  an  invitation  to 
Flalle,  where,  for  j8  years,  he  v/as  a  member  of  the 
philofophical  and  medical  faculties.  Among  his  works 
are:  An  Introduction  to  Mineralogy,  or,  An  accu¬ 
rate  Claffification  of  Foffils  and  Minerals,  &c.  London, 
J768,  8vo.  A  Catalogue  of  the  Animals  of  North 
America,  with  ftiort  Diredions  for  colleaing,  prefer- 
ving,  and  tranfpoiting  all  kinds  of  Natural  Curiofities, 
London,  1771,  8vo.  Obfervations  made  during  a 
yoyage  round  the  World,  on  Phyhcal  Geography, 
&c.  London,  1778.  He  was  the  author  of  a  great 
many  productions  iu  Englifh,  Latin,  or  German,  and 
of  feveral  papers  in  the  Philofophical  TranfaCtions. 
He  trariflated  into  Englifh,  Bougainville’s  Voyage 
round  the  World,  and  Kalm’s,  Boffu’s,  and  ReidfePs 
Travels.  He  vvas  Employed  likewlfe,  when  in  Eng¬ 
land,  in  the  Critical  Review ;  and  he  wrote  various 
detached  papers  on  different  fubjeCts,  which  have  been 
mferted  in  foreign  journals  and  the  tranfadiofis  of 
learned  academies. 

He  died  at  Halle  on  the  i6th  of  December  1708, 
in'  the  70th  year  of  his  age.  '  ’ 

FORSTER  (George),  the  fon  of  the  preceding,  was 
born  at  Dantzick,  and  accompanied  his  father  to  Eng¬ 
land  wdien  he  was  about  twelve  years  of  age.  He  was  en¬ 
tered  a  ftudent  in  the  academy  at  Warrington,  and  foon 
acquired  a  very  perfeCt  ufe  of  the  Engliih  tongue.  He 
alfo  diftingiiiffied  himfelf  greatly  by  his  attainments  in 
icience  and  literature  in  general ;  adding  to  an  excellent 
memory,  quick  parts  and  a  fertile  imagination.  His 
temper  was  mild  and  amiable;  in  which  he  much  differed 
from  his  father,  one  of  the  moft  quarrelfome  and  irri¬ 
table  of  men  ;  by  which  difpofition,  joined  to  a  total 
v/ant  of  prudence  in  common  concerns,  he  loft  al  mo  ft  all 


the  friends  his  talents  had  acquired  him,  and  involved 
himfelf  and  family  in  perpetual  difficulties,  * 

The  cafe  was  very  different  with  the  fubjeCl  of  this 
memoir  ;  for  when  JDr  Forfter  was  appointed  naturalift 
to^  Captain  Cook,  his  fon,  through  the  intereft  of  the 
friends  whom  his  good  nature  had  made,  was  affociated 
with  birri  in  his  office.  The  voyage,  continued  during 
the  fpace  of  three  years  ;  and  on  their  return  the  two 
Forfters  publifhcd  jointly  a  botanical  work  in  Latin, 
containing  the  charadlers  of  a  number  of  new  of 

plants,  difeovered  by  them  in  their  circumnavigation. 
Thus  far  they  adled  properly  in  the  fervice  of  govern¬ 
ment  fur  the  advancement  of  fcience  ;  but  in  publifh- 
ing  another  work  their  con  dud  was  not  proper. 

The  father  had  come  under  an  engagement  not  to 
publifh  feparalely,  from  the  authorifed  narrative,  any 
account  of  the  voyage  ;  and  this  engagement  he  and 
his  fon  were  determined  to  violate.  An  account  of 
the  voyage,  therefore,  was  publifhed  in  Englifh  and 
German  by  George;  and  the  language,  which  is  cor- 
red  and  elegant,  was  undoubtedly  his;  but  thofe  who 
knew^  both  him  and  his  father,  are  fatisfied  that  the 
matter  proceeded  from  the  joint  ftock  of  their  obfer. 
vations  and  refledions.  Several  parts  of  the  work,  and 
particularly  the  elaborate  iiiveftigations  relative  to  the 
languages  fpoken  by  the  natives  of  the  South  Sea 
Ifiands,  and  the  fpeculations  concerning  their  fuccef- 
five  migrations,  are  thought  to  be  ftrongly  imprefled 
with  the  genius  of  the  elder  Forfter. 

Ihat  a  work  thus  furreptitioiifly  iifhered  into  the 
world  vvas  not  patronifed  by  thofe  with  whom  the  au¬ 
thors  had  fo  ungratefully  broken  faith,  could  excite  no 
wonder,  even  though  the  publication  itfelf  had  been  o- 
therwue  unexceptionable  ;  but  this  vvas  far  from  beincr 
the  cale.  It  aLounds  with  refledions  injurious  to  the 
government  whofe  fervants  they  had  been,  and  not  juft 
to  the  navigators  employed  on  voyages  of  difeovery. 
i  he  younger  Forfter,  too,  had  fome  time  before  publidi- 
ed  a  book  replete  wdth  fadious  feiitiments ;  and  the 
coldnefs  with  which  he  and  his  father  were  both  treated 
in  coniequence  of  fuch  condud,  determined  them  to 
leave  London. 

We  have  already  related  all  that  we  know  of  the  fa. 
ther,  who  was  recommended  to  our  notice  only  by 
his  connedion  with  the  illuftrrous  Cook  ;  and  of  tf.i 
fon,  there  is  a  fhort  account  in  the  Monthly  Maga¬ 
zine,  by  Cliarles  Pougens,  fraught  with  thofe  Impi¬ 
ous  and  feditious  refledions  which  fo  frequently  dif- 
grace  a  mifcellany,  which  would  otherwife  be  highly 
valuable.  According  to  this  author,  George  Forfter 
was  defirous  to  fettle  in  France.  A  varicious  of  glory, 
and  an  idolater  of  liberty,  Paris  was  tlie  city  moll  fuit^ 
able  to  his  tafte  and  charader  of  any  in  Europe.  Not- 
withftaiidiiig  this,  he  was  foon  conftrained  to  leave  it  : 
the  intereft  of  his  family  demanded  this  facrilice  ;  for  a 
learned  man,  who  fails  round  the  world,  may  enrich 
his  memory,  but  he  will  not  better  his  fortune.  He 
was  accordingly  obliged  to  accept  the  place  of  profef. 
lor  of  natural  hiftory  ia  the  univerfity  of  Cafl'cl.  But 
his  fadious  fpirit  accompanied  him  whitherfoever  he  • 
^ent.  It  IS  vyell  known,  that  the  petty  princes  of 
Germany  have  long  been  in  the  pradice  of  hiring  out 
their  troops  to  more  opulent  fovereigns  engaged  iii: 
war.  Plus  pradice,  which  we  are  not  difpofed  to  de¬ 
fend,  not  only  fcandahzed  our  Cofmopolite,  but  fo  ir. 

ritatedi 
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ro^Aer.  ritated  his  temper  and  offended  lils  pride,  bccaufe,  for- 
footh,  the  Prince  of  Heffe-Caffel  would  not  by  l.nm  be 
perfuaded  to  relinquifh  it,  that  he  did  every  thing  in 
liis  power,  we  are  told,  to  withdraw  himfclf  from  a  fi- 
tuation  fo  iinfuitable  to  a  thinking  being.  Every  thing 
in  his  power  !  Did  the  Prince  retain  him  in  the  iiiii- 
vcrlity  contrary  to  his  inclination  ?  The  univerfity  of 
Caffel  mud  be  contemptible  indeed,  if  the  preledlions 
of  fuch  a  man  as  George  Eorder  were  of  fuch  confe- 
quence  ^o  it. 

He  got  away,  ho\’V'^:ver  ;  and  the  fenate  of  Poland 
having  offered  him  a  chair  in  the  univerfity  of  Wilna, 
Eorder  accepted  of  the  invitation.  But  although  this 
office  was  very  lucrative,  and  the  enlightened  patriots 
Of  that  country  did  not  negleifl  to  procure  him  all  the 
literary  fuccours  of  wffiich  he  dood  in  need,  he  could 
not  be  long  happy  in  a  feml-barbaroiis  nation,  in  which 
liberty  was  fuffeVed  to  expire  under  the  intrigues  of  Ruf- 
lia  and  Pnifiia.  ^ 

On  this,  with  wonderful  confidency,  the  man  who 
could  not  endure  the  defpotifm  of  Hefle,  or  even  the 
iiiidocracy  of  England,  accepted  of  the  propofitions  of 
that  friend  to  liberty  Catharine  IF.  ;  who,  jealous  of 
every  fpecies  of  glory,  wifhed  to  fignalize  her  reign,  by 
procuring  to  the  Ruffian  nation  the  honour  of  underta¬ 
king,  after  the  example  of  England  and  France,  a  new 
voyage  of  difeovery  round  the  world.  Unfortunately 
for  the  progrefs  of  knowledge,  the  war  with  the  Otto¬ 
man  Porte  occafioned  the  mifearriage  of  this  ufeful  pro- 
je6l. 

But  Forder  could  not  long  remain  in  obfcurlty*  The 
different  publications  with  which  he  occaQonally  enrich¬ 
ed  natural  hidory  and  literature,  encreafed  his  reputa¬ 
tion.  The  Eledlor  of  Mentz  accordingly  appointed 
him  prefident  of  the  univerfity  of  the  fame  name;  and 
lie  was  difeharging  the  fundlions  of  his  new'  office  when 
the  French  troops  took  pofTeffion  of  the  capital.  This 
philofophical  traveller,  who  had  dudied  fociety  under 
all  the  various  afpe£ls  arifing  from  different  degrees  of 
civilization  ;  who  had  viewed  man  fimple  and  happy  at 
Otahelte  ; — an  eater  of  human  deffi  in  New  Zealand, 
corrupted  by  commerce  in  England,  depraved  in  France 
by  luxury  and  atheifm,  in  Brabant  by  fu perdition,  and 
ill  Poland  by  anarchy; — beheld  with  wild  enthufiafm 
tlie  dawnings  of  the  French  revolution,  and  was  the 
jfird,  fays  M.  Pougens,  to  promulgate  republicaiiifm  in 
Germany. 

The  Mayencoisy  who  had  formed  themfelves  Into  a 
national  convention,  fent  him  to  Paris,  in  order  to  fo- 
licit  their  reunion  with  the  French  republic.  But,  in 
the  courfe  of  his  miffion,  the  city  of  Mentz  was  be- 
fieged  and  retaken  by  the  Pruffian  troops.  This  event 
occafioned  the  lofs  of  all  his  property  ;  and  v/hat  was 
dill  more  difadrous,  that  of  his  numerous  maniifcripts, 
which  fell  into  the  hands  of  the  Prince  of  Pruffia. 

Our  biographer,  after  condudling  his  hero  through 
thefe  feenes  of  public  life,  proceeds  to  give  us  a  view 
of  his  domedic  habits  and  private  principles.  He  tells 
us,  that  he  formed  a  connetdion  (whether  a  marriage  or 
not,  the  dudied  ambiguity  of  his  language  leaves  rather 
uncertain)  with  a  young  woman  named  T^herefa  Hayne^ 
who,  by  the  illumination  of  French  philofophy,  had  di- 
veded  herfelf  of  all  the  prejudices  which,  we  trud,  the 
ladies  of  this  country  dill  confider  as  their  honour,  as 


they  are  certainly  the  guardians  of  domedic  peace,  border 
Mifs  Hayne  was  indignant  at  the  very  name  of  duty.  „  Op, 
With  Eloifa  die  had  taken  it  into  her  head  that  ■  ^ * 

Love,  free  as  air,  at  fight  of  human  ties. 

Spreads  his  light  wings,  and  in  a  moment  dies. 

She  was  frank  enough,  however,  fays  our  author,  to 
acknowledge  the  errors  of  her  imagination  ;  and  from 
this  expreffion,  and  his  calling  her  afterwards  Forder’a 
wife,  we  are  led  to  fiippofe  that  die  was  a6lually  mar¬ 
ried  to  him.  But  their  union,  of  whatever  kind,  was 
of  fliort  duration.  Though  the  lady  is  faid  to  have 
been  paffionately  attached  to  celebrated  names,  the  name 
of  George  Forder  was  not  fufficient  to  fatisfy  her^  He 
foon  ceafed,  we  are  informed,  to  plcafe  her  ;  fhe  there¬ 
fore  transferred  her  affedfions  to  another  ;  and,  as  was 
very  natural  for  a  woman  who  was  indignant  at  the 
name  of  duty,  fiie  proved  falfe  to  her  hiiffiand’s  bed. 

Forder,  however,  pretended  to  be  fuch  a  friend  to  the 
modern  rights  of  men  and  women,  that  lie  defended  the 
chara6ler  of  his  Therefa  agalnd  crowds  who  condemn¬ 
ed  her  condutf.  Nay,  we  are  told,  that  he  confidered 
bimfelf,  and  every  other  hufband  who  ceafes  to  pleafe, 
as  the  adulterer  of  nature.  He  therefore  laboured  dre- 
nuoufly  to  obtain  a  divorce,  to  enable  Therefa  Haync 
to  efpoufe  the  man  whom  fne  preferred  to  himfelf. 
Strange,  however,  to  tell,  the  prejudices  even  of  this 
Cofmopolite  were  too  drong  for  his  principles.  While 
he  was  endeavouring  to  procure  the  divorce,  he  made 
preparations  at  the  fame  time,  by  the  dudy  of  the  ori¬ 
ental  languages,  to  undertake  a  journey  to  Thibet  and 
Indodan,  in  order  to  remove  from  that  part  of  the 
world,  in  which  both  his  heart  and  his  perfon  had  ex¬ 
perienced  fo  fevere  a  (hock.  But  the  chagrin  occafion¬ 
ed  by  his  misfortunes,  joined  to  a  fcorbntic  affe6lion,  to 
which  he  had  been  long  fubjedl,  and  which  he  had  con- 
tra^led  at  fea  during  the  voyage  of  circumnavigation, 
abridged  his  life,  and  prevented  him  frem  realifing  this 
double  project.  He  died  at  Paris,  at  the  age  of  39, 
on  the  13th  of  February  1792. 

This  is  a  drange  tale;  but  we  trud  it  will  not  prove 
ufelefs.  The  latter  part  of  it  at  lead  (hows,  that  when 
men  dived  themfelves  of  the  principles  of  religion,  they 
foon  degenerate  from  the  dignity  of  philofophers  to  the 
level  of  mere  fenfualids  ;  and  that  the  woman  who  can, 
in  defiance  of  decorum  and  honour,  transfer  her  affec¬ 
tions  and  her  perfon  from  man  to  man,  ranks  no  higher 
in  the  fcale  of  being  than  a  female  brute  of  more  than 
common  fagacity.  It  (hews  likewife,  that  the  contempt 
of  our  modern  fages  for  thofe  partial  attachments  which 
unite  individuals  in  one  family,  is  a  mere  pretence;  that 
the  (lidfates  of  nature  will  be  heard  ;  and  the  laws  of 
nature’s  God  obeyed.  George  Forder,  though  he  was 
fuch  a  zealous  advocate  for  liberty  and  equality,  as  to 
vindicate  the  adultery  of  his  wife  ;  yet  felt  fo  fenfibly 
the  wound  which  her  infidelity  indited  on  his  honour, 
that  he  could  not  furvive  it,  but  perifhed,  in  confequence, 
in  the  flower  of  his  age. 

Royal  FORT,  is  one  whofe  line  of  defence  is  at 
lead  26  fathoms  long. 

Star  Fort,  is  a  fcoiice  or  redoubt,  condituted  by  re¬ 
entering  and  faliant  angles,  having  commonly  from  five 
to  eight  points,  and  the  fides  flanking  each  other. 

FOSSIL*Meal,  otherwife  called  lac  lune^  mineral 

argaric, 
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r  >^^1,  arganc,  a»d  guhr,  is,  according  to  M.  Fabbroni,  a  mix- 
earth,  which  exhales  an  argillaceous  odour,  and 
throws  out  a  light  whitifh  fmoke  when  fprinkled  with 
v/ater.  It  is  abundant  in  Tufcany,  wdiere  it  is  em¬ 
ployed  for  cleaning  plate.  It  does  not  effervefce  with 
acids;  is  infiifiblc  in  the  fire,  in  which  it  lofes  an  eighth 
part  of  its  Weight,  though  it  becomes  fcarcely  dimiiiifh- 
ed  in  bulk  ;  and,  according  to  the  analyfis  made  by  M. 
Fabbroni,  confills  of  the  following  component  parts : 
Siliceous  earth  55,  magnefia  15,  water  14,  argil  12* 
Imic  iron  i.  With  this  earth,  which  is  found  near 
Cafteldelpiano  in  the  territories  of  Sienna,  M.  Fabbro¬ 
ni  compofed  bricks,  which,  either  baked  or  unbaked, 
floated  in  water.^^  Hence  he  infers,  that  the  floating 
bricks,  which  Pliny  mentions  as  peculiar  to  Mafiilua 
and  Calento,  two  cities  in  Spain,  mud  have  been  made 
of  foflTil  meal.  Bricks  made  of  that  fubdaiice  refid  wa- 
ter  exceedingly  well,  and  unite  perfedly  with  lime  ; 
they  are  fubjedl  to  no  alteration  either  by  heat  or  cold; 
and  about  a  twentieth  part  of  argil  may  be  added  with 
advantage  to  their  compofition,  without  depriving  them 
of  the  property  of  floating.  M.  Fabbroni  tried  their 
refijlance,  and  found  it  very  little  inferior  to  that  of 
corhinon  bricks  ;  but  it  is  much  greater  in  proportion 
to  their  lightnefs.  One  of  thefe  bricks,  feven  inches 
ill  length,  four  and  a  half  in  breadth,  and  one  inch 
eight  lines  in  thicknefs,  weighed  only  i4:Jtli  ounces; 
whereas  a  common  brick  weighed  5  pounds  6|ths  oun- 
ces. 

Bricks  of  fofiil-meal  may  be  of  important  benefit  in 
the  conflruaion  of  reverberating  furnaces  ;  as  they  are 
fuch  bad  condiiaors  of  heat,  that  a  perfon  may  bring 
one  half  of  them  to  a  red  heat,  while  the  other  is  held 
in  the  hand.  They  may  be  employed  alfo  for  buildincrs 
that  require  to  be  light;  for  conftrudling  cooking  places 
on  board  fhips  ;  and  alfo  floating  batteries,  the  parapets 
of  which,  if  made  of  thefe  bricks,  w  ould  be  proof  again.il 
red  hot  bullets;  and,  laftly,  for  conitrudling  pow'der 
magazines. 

FOULAHS,  or  Foolahs,  a  people  in  Africa,  in- 
habiting  a  country  on  the  confines  of  the  great  defert 
(fee  Sahara  in  this  SuppL),  along  the  parallel  of  nine 
degrees  north.  They  partake  much  of  the  negro  form 
and  complexion  ;  but  have  neither  the  jetty  colour, 
thich  lips,  nor  crif^d  hair  of  the*  negroes.  They  have 
alfo  a  language  didindl  from  the  Mandinga,  which  is 
the  prevailing  one  in  this  quarter.  The  Fonlahs  occu¬ 
py,  at  lead  as  fovereigns,  feveral  provinces  or  kingdoms, 
interfperlcd  throughout  the  tradl  comprehended  he- 
tweeri  the  mountainous  border  of  the  country  of  Sierra 
i^eona  on  the  weft,  and  that  of  Tombiidloo  on  theeaftj 
as  alfo  a  large  trad  on  the  lower  part  of  the  Senegal 
river;  and  thefe  provinces  are  infulated  from  each  other 
in  a  very  remarkable  manner.  Their  religion  is  Maho- 
-medanirm  ;  but  with  a  great  mixture  ofFaganifm,  and 
with  lefs  intolerance  than  is  pradlifed  by  the  Moors. 

The  principal  of  the  Foulah  Hates  is  that  within  Si. 
erra  Leona;  and  of  which  Teemboo  is  the  capital.  The 
next  in  order  appears  to  be  that  bordering  on  the  fouth 
of  the  Senegal  river,  and  on  the  Jaloffs  ;  this  is  pro¬ 
perly  named  Siratik.  Others  of  lefs  note  are  Bondoii, 
with  Foota-Torra  adjacent  to  it,  lying  between  the  ri¬ 
vers  Gambia  and  Faleme;  Foola-doo  and  Brooko  along 
the  upper  part  of  the  Senegal  river ;  WalTela  beyond 
the  upper  part  of  the  Niger ;  and  Maffina  lower  down 
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on  the  fame  river,  and  joining  to  Tombuaoo  on  the 
weft. 

Tlie  kingdom  of  the  Fonlahs,  fituated  between  the 
upper  part  of  tlie  Gambia  river  and  the  coafl  of  Siena 
Leona,  and  along-  the  R.jo  Grande,  is  governed  by  a 
Mahoir.ctan  fovereign  ;  but  the  bulk  of  the  people  ap- 
{rear  to  be  Pagans.  From  the  circumitanccs  of  their 
long  hair,  their  lips,  and  comparatively  light  colour. 
Major  Rennel  is  decidedly  of  opinion,  that  the  Foil- 
lah's  are  the  Leucsthiops  of  Ptolemy  and  Pliny,  The 
former,  as  he  obferves,  places  the  Leucsthiops  in  the 
fituation  occupied  by  the  Fonlahs ;  and  by  the  name 
which  he  gave  them,  he  evidently  meant  to  deferibe  a 
people  lefs  black  than  the  generality  of  the  Ethiopians. 
Hence  i£_  may  be  gathered  that  this  nation  had  been 
traded  with,,  and  that  fome  notices  refpeaing  it  had 
been  communicated  to  Ptolemy.  It  may  alfo  he  re- 
marked,  that  the  navigation  of  Hanno  terminated  on 
this  coaft  i  and  as  this  was  alfo  the  term  of  Ptolemy’s 
knowledge,  it  may  juilly  liefnfpeacd  that  this  pnrPof 
the  coaft  was  deferibed  from  Carthaginian  materials. 

Thofe  who  have  penifed  the  Journal  of  Meffrs  Watt 
and  Winterbottom  through  the  Foul.ah  country  in  1794, 
and  recolleift  how  flattering  a  piAure  they  give  of  the 
urbanity  and  hofpitality  of  the  Fonlah’s,  wfll  be  orati- 
fied  on  flnding  that  this  nation  wag  known  and  diftin- 
guiftied  from  the  reft  of  the  Ethiopians  at  a  remote  pe- 
riod  of  antiquity:  ^  ^ 

The  contrail  between  the  Moorifli  and  Negro  cha- 
raders  is  as  great  as  that  between  the  nature  of  their 
refpedive  countries,  or  between  their  form  and  com- 
plexion.  The  Moors  appear  to  pofl’efs  the  vices  of  the 
Arabs  without  their  virtues  ;  and  to  avail  thei.felves  of 
an  intolerant  religion,  to  opprefs  llrangers :  whilft  the 
Negroes,  and  eipccially  the  Mandingas,  unable  to  com- 
prebend  a  dodlrine  that  fubftitiites  opinion  or  belief  for 
the  focial  duties,  are  content  to  remain  in  their  humble 
ftate  of  ignorance.  The  hofpitality  ihewn  by  tlief.- 
good  people  to  Mr  Park,  a  deilitute  and  forlorn  ftran- 
ger,  raifes  them  very  high  in  the  fcale  of  humanity  : 
and  I  know  of  no  fitter  title,  fays  Mr  Rennel,  to  con¬ 
fer  on  them  than  that  of  the  Hindoos  of  Africa;  at  the 
fame  time,  by  no  means  iptending  to  degrade  the  Ma- 
homedans  of  India  by  a  compariion  with  the  African 
Moors. — See  Major  Rennels  Geographical  Illujlrations  of 
Mr  Park's  Journey,  and  of  North  Africa  at  large,  print- 
ed  for  the  African  Affocfation. 

FRANCAIS  (Port  dks),  the  name  given  by  Pe- 
roufe  to  a  bay,  or  rather  harbour,  which  he  undoubted¬ 
ly  difeovered  on  the  north-weft  coaft  of  America.  It 
IS  fituated,  according  to  him,  in  58^  37'  N.  Lat.  and 
in  139°  50'  W .  Long,  from  Paris.  When  the  two  fri¬ 
gates  which  he  commanded  approached  it,  as  they  were 
ftretching  along  the  coaft  from  fouth  to  north,  he  per¬ 
ceived  from  his  fliip  a  great  reef  of  rocks,  behind  which 
the  fea  was  very  calm.  This  reef  appeared  to  be  about 
three  or  four  hundred  toifes  in  length  from  eaft  to  weft 
and  to  be  terminated,  at  about  two  cables  length,  by 
the  point  of  the  continent,  leaving  a  pretty  large  open¬ 
ing;  fo  that  Nature  feemed  to  have  made,  at  the  extre¬ 
mity  of  America,  a  harbour  like  that  of  Toulon,  only 
morevaftin  her  defigns  and  in  her  means;  this'new 
harbour  was  three  or  four  leagues  deep. 

Some^  officers,  who  had  been  difpatched  in  boats  to 
reconnoitre  this  harbour,  gave  a  report  of  it  extremely 
4  favourable ; 
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Francais.  favourable;  and  on  the  3d  of  July  1786,  the  two  fri-  advantage  of  the  morning  tide;  finally,  the  eafterly  Francali. 
gates  entered  it,  and  anchored  near  its  mouth  in  three  winds,  which  are  contrary,  appeared  to  him  to  be  more 
fathoms  and  a  half,  rocky  bottom.  The  bay,  however,  frequent  than  thofe  from  the  weft,  and  the  vaft  height 
was  quickly  founded,  and  much  better  anchoring  ground  of  the  furrounding  mountains  never  permits  the  land 
difeovered  at  an  ifland  in  the  middle  of  it,  where  the  breezes,  or  thofe  from  tlic  north,  to  penetrate  into  the 


(hips  might  ride  in  20  fathoms  water  with  muddy  bot¬ 
tom.  This  ground  was  taken  poffeflion  of,  an  ohfer- 
vatory  eredled  on  the  ifland,  which  was  only  a  mufl<et 
fhot  from  the  (hips,  and  a  fettlement  formed  for  their 
ftay  in  the  harbour.  From  a  report  made  by  one  of 
the  officers  who  had  penetrated  towards  the  bottom  of 
the  bay,  Peronfe  had  conceived  the  idea  of  finding  per¬ 
haps  a  channel  by  which  he  might  proceed  into  the  in¬ 
terior  of  America  ;  but  he  was  difappointed.  The 
bottom  of  the  bay,  indeed,  according  to  him,  is  one  of 
the  moft  extraordinary  places  in  the  world.  It  is  a 
bafoii  of  water,  of  a  depth  in  the  middle  that  could  not 
be  fathomed,  bordered  by  peaked  mountains  of  an  ex- 
ceffive  height,  covered  with  fnow,  without  a  blade  of 
grafs  upon  this  immenfe  colledfion  of  rocks,  condemned 
by  Nature  to  perpetual  fterility.  “  I  never  (fays  he) 
faw  a  breath  of  air  ruffle  the  furface  of  this  water;  it  is 
never  troubled  but  by  the  fall  of  enormous  pieces  of  ice, 
which  continually  detach  themfelves  from  five  different 
glaciers,  and  which  in  falling  make  a  noife  that  refounds 
far  in  the  mountains.  The  air  is  in  this  place  fo  very 
calm,  and  the  filence  fo  profound,  that  the  mere  voice 
of  a  man  may  be  heard  half  a  league  off,  as  well  as  the 
noife  of  fome  fea  birds  which  lay  their  eggs  in  the  ca¬ 
vities  of  thefe  rocks.” 

It  was  at  the  extremity  of  this  bay  that  he  was  in 
hopes  of  finding  a  paffage  into  the  interior  of  America. 
He  imagined  that  it  might  terminate  in  a  great  river, 
of  w’hich  the  courfe  might  lie  between  two  mountains  ; 
and  that  this  river  might  take  its  fource  in  the  great 
lakes  to  the  northward  of  Canada.  Two  channels 
were  indeed  found,  ftretehing,  the  one  to  the  eaft,  and 
the  other  to  the  weft ;  but  both  w^ere  very  foon  termi¬ 
nated  by  immenfe  glaciers. 

In  Port  des  Fran^ais  the  variation  of  the  compafs 
is  28^  eaft,  and  the  dip  of  the  needle  74'”^.  The  fea 
rifes  there  feven  feet  and  a  half  at  full  and  change  of 
the  moon,  w'hen  it  is  high  water  at  one  o’clock.  The 
fea  breezes,  or  perhaps  other  caufes,  fo  pow^erfully 
upon  the  current  of  the  channel,  that  M.  Peroufe  faw 
the  flood  come  in  there  like  the  moft  rapid  river  ;  while, 
in  other  circuraftances,  at  the  fame  period  of  the  moon, 
it  may  be  ftemmed  by  a  boat.  In  this  channel  he  loft 
two  fhallops  and  twenty  men.  In  his  different  excur- 
fions,  he  found  the  high  water  mark  to  be  about  1 5  feet 
above  the  furface  of  the  fea.  Thefe  tides  are  probably 
incident  to  the  bad  feafon.  When  the  winds  blow 
with  violence  from  the  fouthw^ard,  the  channel  muft  be 
impradicable,  and  at  all  times  the  currents  render  the 
entrance  difficult ;  the  going  out  of  it  alfo  requires  a 
coniDiiiation  of  civcumftances,  which  may  retard  the  de¬ 
parture  of  a  veffel  many  weeks;  there  is  no  getting  un¬ 
der  way  but  at  the  top  of  high  water  ;  the  breeze  from 
the  weft  to  the  north-weft  does  not  aften  rife  till  to¬ 
ward  eleven  o’clock,  which  does  not  permit  the  taking 


road. 

As  this  port  poffeffes  great  advantages,  M.  Peroufe 
thought  it  a  duty  incumbent  on  him  to  make  its  in¬ 
conveniences  alio  known.  It  Teemed  to  him  that  this 
anchorage  is  not  convenient  for  thofe  (hips  which  are 
fent  out  at  a  venture  for  trafficking  in  fl^ins  ;  fuch  fhips 
ought  to  anchor  in  a  great  many  bays,  and  always 
make  the  ihorteft  ftay  poffible  in  any  of  them  ;  becaufe 
the  Indians  have  always  difpofed  of  their  whole  ftock 
in  the  firft  week,  and  all  loft  time  is  prejudicial  to  the 
interefts  of  the  owners  :  but  a  nation  which  fhould  form 
the  projeA  of  eftablifliing  fadories  fimilar  to  thofe  of 
the  Englifli  in  Ilndfon’s  Bay,  could  not  make  choice 
of  a  place  more  proper  for  fuch  a  fettlement.  A  fimple 
battery  of  four  heavy  caniioii,  placed  upon  the  point  of 
the  continent,  would  be  fully  adequate  to  the  defence 
of  fo  narrow  an  entrance,  which  is  alfo  made  fo  difficult 
by  the  currents.  This  battery  could  not  be  turned  or 
taken  by  land,  becaufe  the  fea  always  breaks  with  fuck 
violence  upon  the  coaft,  that  to  difembark  is  impoffible. 
The  fort,  the  magazines,  and  all  the  fettlements  for 
commerce,  fhould  be  raifed  upon  Cenotaph  Ifland  (a), 
the  circumference  of  which  is  nearly  a  league  :  it  is  ca¬ 
pable  of  being  cultivated,  and  there  is  plenty  of  wood 
and  water.  The  fhips  not  having  their  cargo  to  feek, 
but  being  certain  of  having  it  collcded  to  a  Tingle  point, 
would  not  be  expofed  to  any  delay:  fome  buoys,  placed 
for  the  internal  navigation  of  the  bay,  would  make  it  ex¬ 
tremely  fafe  and  eafy .  The  fettlement  would  form  pilots, 
who,  better  verfed  than  we  arc  in  the  fet  and  llrength 
of  the  current  at  particular  times  of  tide,  would  enfure 
the  entrance  and  departure  of  the  fliips.  Finally,  conti¬ 
nues  the  author,  our  traffic  for  otters  fleins  has  been  fa- 
very  confiderable,  that  I  may  fairly  prefume  there  could 
not,  in  any  part  of  America,  be  a  greater  quantity  of 
them  collefted. 

The  climate  of  this  coaft  feemed  to  Peroufe  much 
milder  than  that  of  Hudfoii’s  Bay  in  the  fame  latitude, 
pines  were  meafured  of  fix  feet  diameter,  and  140  high  ; 
while  thofe  of  the  fame  fpecies  at  Prince  of  Wales’s 
Fort  and  Fort  York,  are  of  a  dimenfion  fcarce  fufficient 
for  ftudding  fail-booms.  Vegetation  is  alfo  very  vigo¬ 
rous  during  three  or  four  months  of  the  year ;  and  our 
author  thinks,  that  Ruffian  corn,  as  well  as  many  com¬ 
mon  plants,  might  thrive  exceedingly  at  Port  des  Fran- 
9ais,  where  was  found  great  abundance  of  celery,  lu- 
pine,  the  wild  pea,  yarrow,  and  andive.  Among  thefe 
pot  herbs  were  feen  almoft  all  thofe  of  the  meadows 
and  mountains  of  France  ;  fuch  as  the  angelica,  the 
butter  cup,  the  violet,  and  many  fpecies  of  grafs  pro¬ 
per  for  fodder.  The  woods  abound  in  goofeberries,. 
rafpberries,  and  ftrawberries;  clufters  of  elder  trees,  the 
dwarf  willow,  different .  fpecies  of  briar  which  grow  in 
the  fliade,  the  gum  poplar  tree,  the  poplar,  the  fallow, 
the  horn-beam  ;  and,  finally,  fuperb  pines,  fit  for  the 

mafts 


(a)  This  name  was  given  to  the  ifland,  in  .the  bay 
unfortunate  companions. 


from  the  monutnent  ereded  on  it  to  the  memory  of  their 
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Tf^pcaii.  maftfi  of  our  largefl  fliips.  Not  any  of  the  vegetable 
produiSlions  of  this  country  are  unknown  in  Europe. 
M.  de  Martin ie re,  in  his  different  excurfions,  met  with 
only  three  plants  which  he  thought  new  ;  and  it  is 
well  known,  that  a  botanifl  might  do  the  fams  in  the 
vicinity  of  Paris. 

The  rivers  were  filled  with  trout  and  falmon  ;  and 
as  the  Indians  fold  thefe  fifh  to  the  French  in  greater 
quantities  than  they  could  confume,  they  had  very  little 
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continually  agitated  by  fear  or  revenge  j  prone  to  an¬ 
ger,  and  eafily  irritated,  they  are  continually  attacking 
each  other  dagger  in  hand.  Expofed  in  the  winter  to 
perifli  for  want,  becaufe  the  chafe  cannot  be  fuccefsful, 
they  live  during  the  fummer  in  the  greateft  abiiiidance, 
as  they  can  catch  in  lefs  than  an  hour  a  fiifficient  qiiau- 
tity  of  fifli  for  the  fupport  of  their  family;  they  re¬ 
main  idle  iluring  the  red  of  the  day,  which  they  pafs 
at  play,  to  which  they  are  as  much  addidted  as  fonie  of 


Francai*? 


fifhing  in  the  jjay,  and  that  only  with  the  line.  They  the  inhabitants  in  our  great  cities.  This  gamincr  is 
caught  lome  ling,  a  lingle  thornback,  foine  plaice, /e-  the  great  fource  of  their  quarrels.  If  to  all  thefe  de- 
tans  or  fattans,  of  which  fome  were  more  than  100  ftrudlive  vices  they  Ihould  unfortunately  add  a  know- 
jmunds  in  weight  (b),  and  a  fiih  refembling  the  whi-  ledge  of  the  life  of  any  inebriating  liquor,  M.  Peroufe 
Ung,  but  a  little  larger,  which  abounds  on  the  coall  of  does  not  hefitatc  to  pronounce,  that  this  colony  would 
J  roveiice,  where  it  is  known  by  the  name  of  poor  priejl,  be  entirely  annihilated.'’ 


Peroufe  calls  thefe  fifh  capelans.  Iii  the  woods  they 
met  with  bears,  martens,  and  fquirrels ;  but  they  faw 
no  great  variety  of  birds,  though  the  individuals  were 
very  numerous 


Like  all  other  favages,  they  arc  incorrigible  tliieves ; 
and  when  they  affumed  a  mild  and  placid  appearance, 
the  Frenchmen  were  fare  that  they  had  Itolen  fome- 
thing.  Iron,  of  which  they  appeared  to  know  the  life. 
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ii  ttie  animal  and  vegetable  produftions  of  this  and  of  courfe  the  value,  moft  excited  their  cupidity  ; 
country  lefemble  thofe  of  a  great  many  others,  its  ap-  and  when  our  navigators  were  engaged  in  carelline  a 
pearance  ^ays  our  author)  can  be  compared  to  no-  child,  the  father  was  fure  to  feize  the  opportunity  of 
thing.  1  he  views  which  it  prefeiits  are  more  frightful  taking  up,  and  concealing  under  his  Ikin-garirent,  every 
than  thofe  of  the  Alps  and  the  Pyrenees ;  but  at  the  thing  of  that  metal  which  lay  within  his  reach,  and  was 


fame  time  fo  pidurefque,  that  they  would  deferve  the 
vifits  of  the  curious,  were  they  not  at  the  extremity  of 
the  world.  The  primitive  mountains  of  granite  or 
fchiftus,  perpetually  covered  with  fiiow,  upon  which 
are  neither  trees  nor  plants,  have  their  foundation  in 
the  fea,  and  form  upon  the  fliore  a  kind  of  quay  ;  their 
flope  is  fo  rapid,  that  after  the  firft  two  or  three  hun¬ 
dred  toifes,  the  wild  goats  cannot  climb  them  ;  and  all 


not  too  heavy  to  be  carried  off. 

M.  Rollin,  furgeon  major  of  one  of  the  frigates,  thus 
deferibes  thefe  people.  “  They  have  vefy  little  fimi- 
larity  to  the  Californians  ;  they  are  taller,  itouter,  of 
a  more  agreeable  figure,  and  greater  vivacity  of  expref- 
fion ;  they  are  alfo  much  their  fuperiors  in  courage  and 
fenfe.  They  have  rather  a  low  forehead,  but  more 
open  than  that  of  the  Soiitlierii  Americans ;  their  eyes  are 


n-  r-  1  r  °  ,  - vtiaii  cimt  ui  Liic  ouuLiicru  Americans;  tneir  eyes  are 

the  gullies  which  feparate  them  are  immenfe  glaciers,  black  and  very  animated  ;  their  eyebrows  much  fuller  • 
ot  which  the  tops  cannot  be  difeerned.  while  the  Kafe  their  nnfe  . j  .....ii  c _ i  ’ 


of  which  the  tops  cannot  be  difeerned,  while  the  bafe 
is  wafhed  by  the  fea.  At  a  cable’s  length  from  the 
land  there  is  no  bottom  at  lefs  than  i6o  fathoms.  The 
fidcs  of  the  harbour  are  formed  by  fecondary  moun¬ 
tains,  the  elevation  of  which  does  not  exceed  from  800 
to  900  toifes  ;  they  are  covered  with  pines,  and  over- 


their  nofe  of  the  ufual  fize,  and  well  formicd,  except 
being  a  little  widened  at  the  extremity  ;  their  lips  thin¬ 
ner  ;  their  mouth  moderately  large  ;  their  teeth  fine 
and  very  even  ;  their  chin  and  ears  very  regular. 

“  The  women  alfo  have  an  equal  advantage  over 
thofe  of  the  preceding  tribes  ;  they  have  much  more 
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Ipread  with  verdure,  and  the  fnow  is  only  feen  on  their  mildnefs  in  their  features  and  grace  in  their  limbs _ 

lummits :  they  appeared  to  be  entirely  formed  of  fehif-  Their  countenance  would  be  even  very  agreeable  if 
tus»  which  is  in  the  commenr*pmpnt  nf  a  ,  rr  ..1 _ .  t  '  r  °  r.  ’  * 


tus,  which  is  in  the  commencement  of  a  ftate  of  decom- 
pofition  ;  they  are  extremely  difficult  to  climb,  but  not 
altogether  inacceffible. 

Nature  affigns  inhabitants  to  fo  frightful  a  country, 
who  as  widely  differ  from  the  people  of  civilized,  coun¬ 
tries  as  the  feene  which  has  juft  been  deferibed  differs 
from  our  cultivated  plains  ;  as  rude  and  barbarous  as 


in  order  to  fet  it  off,  they  did  not  make  ufe  of  a  ftrano'c 
cuftom  of  wearing  in  the  lower  lip  an  elliptical  piece  of 
wood,  lightly  grooved  on  its  circumference  and  both 
its  fides,  and  which  is  commonly  half  an  inch  thick, 
two  in  diameter,  and  three  in  length. 

“  This  finguliir  ornament,  l^efides  being  a  great  defer- 
mity,  is  the  caufe  of  a  very  troiiblefome  as  well  as  dif- 


their  foil  IS  rocky  and  barren,  they  inhabit  this  land  gulling  involuntary  flow  of  faliva.  This  appendage  is 
only  to  deftroy  its  population  ;  at  war  with  all  the  ani-  peculiar  to  the  women  ;  and  female  children  arc  made 
mals,  they  defpife  the  vegetable  fubftances  that  grow  to  undergo  the  preparatory  operations  from  the  time  of 
around  them.  I  have  feen  (fays  our  author)  women  their  birth.  For  this  purpofe,  the  lower  li'p  is  pierced 
and  children  eat  fome  rafpbernes  and  ftrawberries  ;  but  with  a  kind  of  pin  of  copper  or  gold,  which  is  either 
t  le  e  are  undoubtedly  viands  far  too  infipid  for  men,  left  in  the  opening,  or  its  place  fupplied  with  a  ring  of* 
who  live  upon  the  earth  like  vultures  in  the  air,  or  the  fame  material,  till  the  period  of  puberty.  The  aner- 

j  •  I  .  gradually  enlarged,  by  fubftituting  firft  a 

.  fomewhat  advanced,  and  in  this  re-  fmall  piece  of  w^ood  of  the  form  mentioned  above  then 

fpea  civilization  has  made  con fiderable  progrefs  ;  but  a  larger  one;  and  fo  on,  increafing  its  fize  by  degrees 
that  which  foftens  their  ferocity,  and  pohflies  their  till  it  reaches  the  dimenfions  juft  ftated.  ^ 

manners,  is  yet  in  its  infancy  The  mode  of  life  they  This  extraordinary  cuftom  (hews  the  great  power 
purfue  excluding  all  kind  of  fubordination,  they  are  of  dilatation  in  the  lip,  and  may  encourage  medical  prac- 

4^2  titioners 

,  C®)  ^  fiffi,  longer  and  not  fo  fquare  as  the  turbet.  Its  back  is  corered  with  fmall  fcaleq  •  and 

thofe  which  are  taken  in  Europe  are  much  lefs  than  the  fletans  of  Port  des  Franfais  " 
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Francais  titioners  In  their  attempts  to  remedy  deforinities  of  this 
part  by  the  ufe  of  the  knife. 

l‘he  general  colour  of  thefe  people  is  olive,  a  fain- 
ter  tinge  of  which  is  apparent  in  their  nails,  which  they 
fufrer  to  grow  very  long  ;  the  hue  of  the  fitin,  however, 
varies  in  different  individuals,  and  in  various  parts  of 
the  fame  individual,  according  to  their  expofure  to  the 
a^lion  of  the  air  and  fun. 

‘‘  Their  hair  is,  in  general,  neither  fo  coarfe  nor  black 
as  that  of  the  South  Americans.  Chefnut  coloured  hair 
is  by  no  means  unfrequent  among  them.  Their  beard 
is  alfo  fuller,  and  their  aimpits  and  parts  of  fex  better 
provided  with  hair. 

“  The  perfedl  evennefs  of  their  teeth  led  rne  at  hrft 
to  fiifpe(ft  that  it  was  the  effe£l;  of  art  ;  but  after  an 
attentive  and  minute  examination,  I  could  perceive  no 
wearing  away  of  the  enamel,  and  1  faw  tliat  this  regu¬ 
larity  is  natural.  They  tattoo  and  paint  their  face  and 
body,  and  bore  their  ears  and  the  cartilage  of  their  nofe. 

“T/ome  writers  have  imagined,  that  the  ciiliom  of 
painting  the  face  and  body,  fo  generally  adopted  by 
the  Africans,  Americans,  and  Weil  Indians,  is  only  in¬ 
tended  as  a  prefervative  againil  noxious  infedls.  I 
thinkj,  however,  that  I  am  warranted  in  alferting  its  foie 
end  to  be  ornament.  1  found  it  to  prevail  among  the 
inhabitants  of  Eafter  Illand  and  the  natives  of  Pori  dcs 
Frangais,  wuthout  obferving  among  them  cither  veno¬ 
mous  infeds  or  reptiles.  Befides,  I  remarked  that  they 
wore  paint  only  when  they  paid  us  a  vifit  ;  for  they 
made  no  ufe  of  it  when  in  their  own  houfes.^’ 

M.  Percufe  himfelf  fpcaks  not  fo  favourably  of  the 
women  as  M.  Rolliii.  “  They  are  (he  fays)  the  mo-ft 
difgufting  of  any  on  the  earth,  covered  with  {linking 
Ikins,  which  are  frequently  untanned  ;  and  yet  they 
failed  not  to  excite  defires  in  fome  perfons,  in  fa£l  of 
no  fmall  confequence  :  they  at  firft  ilarted  many  difh- 
cfilties,  giving  affurances  by  their  geftures  that  they 
ran  the  rilk  of  their  lives  ;  but  being  overcome  by  pre- 
fents,  they  had  no  objedlion  to  the  fun  being  a  witnefs, 
and  abfolutely  refufed  to  retire  into  the  wood.^’  There 
can  be  no  doubt  that  this  planet  is  the  god  of  thefe 
people,  hnee  they  frequently  addreffed  thcmfelves  to  it 
'  in  their  prayers  ;  but  our  voyagers  faw  neither  temple 
nor  prieft,  nor  the  leail  trace  of  public  worfliip  at  Hated 
times.  They  burn  their  dead. 

FRE^GATES  Efun^aise  Baje  de,  the  name  given 
by  La  Peroufe  to  a  dangerous  reef  of  funken  rocks 
which  he  difeovered  in  the  Pacific  ocean.  On  the 
north-well  extremity  of  this  reef  they  perceived  an  illet 
or  fplit  rock  from  20  to  25  fathoms  in  height  and  about 
*50  toifes  in  diameter.  From  this  iflet  the  reef  extends 
more  than  four  leagues  to  the  fouth-eaft ;  and  upon  the 
extremity  of  the  point  in  that  direction,  the  frigates 
had  almcft  ilruck  before  the  breakers  were  obferved. 
This  was  during  a  fine  clear  night  and  fmooth  fea. 
"With  great  propriety,  the  Commodore  returned  in  the 
morning  to  afeertain  the  geographical  fituation  of  this 
unknown  rock  \  and  he  eilimated  the  iflet  to  be  in  23° 
N.  Lat.  and  168^  id  W.  Long,  from  Paris. 
FRICTION,  in  mechanics,  is  a  fubjedl  of  great  im¬ 
portance  both  to  the  pradlical  engineer  and  to  the  fpe- 
culative  philofopher.  It  is  therefore  our  duty  to  cor- 
re6l,  In  this  Supplement,  the  millakes  into  which  we 
fell  when  treating  of  that  fubjedl  in  iht  Encyclopedia, 
What  we  have  there  taught  of  fridion  (fee  Mscha.- 
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Nics,  Sed.  11.  §  8.)  is  taken  from  Fergufon  ;  hut  It!  FridI 
has  been  Ihewn  by  Mr  Vince,  that  the  experiments  from  '  ^ 

which  his  conclufions  were  drawn  were  not  properly 
Inffituted.  That  eminent  mathematician  and  philofo¬ 
pher  therefore  entered  upon  the  invelligatioii  of  the 
fubjed  anew,  and  endeavoured,  by  a  fet  of  experiments, 
to  determine  the  following  queilions  : 

1.  Wlietl^r  fridion  be  a  uniformly  retarding  force  ? 

2.  The  quantity  of  fridion  ? 

3.  Whether  the  fridion  varies  in  proportion  to  the 
preffure  or  weight  ? 

4.  Whether  the  fridion  be  the  fame  on  whichever 
of  Its  furfaces  a  body  moves  ? 

1.  With  refped  to  the  firll  of  thefe  queilions,  the 
author  truly  obferves,  that  if  fridion  be  a  uniform  force, 
the  difference  between  it  and  the  given  force  of  the 
moving  power  employed  to  overcome  it  mull  alfo  be 
uniform  ;  and  that  therefore  the  moving  power,  if  it 
be  a  body  defcendlng  by  Its  own  weight,  miift  defeend 
with  a  uniformly  accelerated  velocity,  juil  as  when 
there  was  no  fridion.  The  fpaces  deferibed  from  the 
beginning  of  the  motion  will  indeed  be  diniinilhed  in 
any  given  time  on  account  of  the  fridion  ;  but  Hill 
they  mull  be  to  each  other  as  the  fquares  of  the  times 
employed.  See  Dynamics  in  this  Supplement, 

2.  A  plane  was  therefore  adjulled  parallel  to  the  ho¬ 

rizon,  at  the  extremity  of  which  was  placed  a  pulley, 
which  could  be  elevated  or  depreffed,  in  order  to  render 
the  llring  which  conneded  the  body  and  the  moving 
force  parallel  to  the  plane.  A  fcale  accurately  divided 
was  placed  by  the  fide  of  the  pulley  perpendicular  to 
the  horizon,  by  the  fide  of  which  the  moving  force  de- 
feended  ;  upon  the  fcale  was  placed  a  moveable  llage, 
which  could  be  adjulled  to  the  fpace  through  which 
the  moving  force  defeended  In  any  given  time  ;  which 
time  was  meafured  by  a  well-regulated  pendulum  clock 
vibrating  feconds.  Every  thing  being  thus  prepared, 
the  following  experiments  were  made  to  afeertain  the 
law  of  fridllon.  ' 

3.  Exp,  I.  A  body  was  placed  upon  the  horizontal 
plane,  and  a  moving  force  applied,  which,  from  repeat¬ 
ed  trials,  was  found  to  defeend  52!^  inches  in  4'^ ;  for 
by  the  beat  of  the  clock,  and  the  found  of  the  moving 
force  when  it  arrived  at  the  llage,  the  fpace  could  be 
very  accurately  adjulled  to  the  time  :  The  llage  was 
then  removed  to  that  point  to  which  the  moving  force 
would  defeend  in  3",  upon  fuppofitlon  that  the  fpaces 
deferibed  by  the  moving  power  were  as  the  fquares  of 
the  times  ;  and  the  fpace  was  found  to  agree  very  ac¬ 
curately  with  the  time  :  the  llage  was  then  removed 
to  that  point  to  which  the  moving  force  ought  to  de¬ 
feend  in  i",  upon  the  fame  fuppofitlon,  and  the  defeent 
was  found  to  agree  exadlly  with  the  time  :  lallly,  the 
llage  was  adjulled  to  that  point  to  which  the  moving 
force  ought  to  defeend  In  upon  the  fame  fuppofi- 
tion,  and  the  fpace  was  obferved  to  agree  with  the 
time.  Now,  in  order  to  find  whether  a  difference  in 
the  time  of  defeent  could  be  obferved  by  removing  the 
ftage  a  little  above  and  below  the  politions  which  cor- 
refponded  to  the  above  times,  the  experiment  was  tried,, 
and  the  defeent  was  always  found  too  foon  in  the  for¬ 
mer,  and  too  late  in  the  latter  cafe  ;  by  which  the  au¬ 
thor  was  affured,  that  the  fpaces  firft  mentioned  corre- 
fponded  exadly  to  the  times.  And,  for  the  greater 
certainty,  each  defeent  was  repeated  eight  or  ten  times ; 

and 
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Erit^^ion.  and  ev-fery  caution  ufed  in  this  experiinent  was  alfo  made  periment 
ufe  of  in  all  the  following. 

Exp,  2.  A  fecund  body  was  laid  upon  the  horizontal  ^  =  4  > 
plane,  and  a  moving  force  applied  which  dercended4i| 
inches  in  3";  the  flage  was  then  adjulled  to  the  fpace  cor- 
refponding  to  2",  upon  fuppofition  that  the  fpaces  de- 
fcended  through  were  as  the  fquares  of  the  times,  and  it 
was  found  to  agree  accurately  with  the  time;  the  ftage 
was  then  adjufted  to  the  fpace  correfponding  to 
upon  the  fame  fuppofition,  and  it  was  found  to  agree 
with  the  time. 

Exp,  3.  A  third  body  wasxlaid  upon  the  horizontal 
plane,  and  a  moving  force  applied,  which  defceiided  594 
inches  in  4"  ;  the  ftage  was  then  adjufted  to  the  fpace  cor- 
refponding  to  3",  upon  fuppofition  that  the  fpaces  de- 
fcended  through  were  as  the  fquares  of  the  times,  and  it 
was  found  to  agree  with  the  time  ;  the  ftage  was  then 
adjufted  to  the  fpace  correfponding  to  2",  upon  the 
fame  fuppofition,  and  it  was  found  to  agree  with  the 
time  ;  the  ftage  was  then  adjufted  to  the  fpace  corre- 
iponding  to  ji',  and  was  found  to  agree  with  the  time. 

Exp,  4.  A  fourth  body  was  then  taken  and  laid  upon 
the  horizontal  plane,  and  a  moving  force  applied,  which 
defeended  55  inches  in  4'/ ;  the  ftage  was  then  adjufted 
to  the  fpace  through  which  it  ought  to  defeend  in  3", 
upon  fuppofition  that  the  fpaces  defeended  through 
were  as  the  fquares  of  the  times,  and  it  was  found  to 
agree  with  the  time  ;  the  ftage  was  then  adjufted  to 
the  fpace  correfponding  to  2",  upon  the  fame  fiippofi- 
tion,  and  was  found  to  agree  with  the  time ;  laftly,  the 
ftage  was  adjufted  to  the  fpace  correfponding  to  i"',  and 
it  was  found  to  agree  exactly  with  the  . time. 

Beftdes  thefe  experiments,  a  great  number  of  others 
were  made  with  hard  bodies,  or  thofe  whofe  parts  fo 
firmly  cohered  as  not  to  be  moved  inter"  Je  by  the  fric¬ 
tion  ;  and,  in  each  experiment,  bodies  of  very  difterent 
degrees  of  fridion  were  chofen,  and  the  refults  all 
agreed  with  thofe  related  above;  we  may  therefore  con¬ 
clude,  that  the  fri^wn  of  bard  bodies  in  motion  is  a  uni* 
formly  retarding  force. 

But  to  determine  whether  the  fame  was  true  for  bo¬ 
dies  when  covered  with  cloth,  woollen,  <Scc.  experiments 
were  made  in  order  to  afeertain  it ;  when  it  was  found, 
in  all  cafes,  that  the  retarding  force  increafed  with  the 
velocity  ;  but,  upon  covering  bodies  with  paper,  the 
confequences  w^ere  found  to  agree  with  thofe  related 
above. 

4;  Having  proved  that  the  retarding  force  of  all  ha^d 
bodies  ariiing  from  fridlion  is  uniform,  the  quantity  of 
fridlion,  confidered  as  equivalent  to  a  weight  without 
inertia  drawing  the  body  on  the  horizontal  plane  back¬ 
wards,  or  adling  contrary  to  the  moving  force,  may  be 
immediately  deduced  from  the  foregoing  experiments. 

I* or  let  M  zzi  the  moving  force  exprelfed  by  its  weight; 

F  ^  the  fridlion  ;  W  zz:  the  weight  of  the  body  upon 
the  horizontal  plane  ;  S  zz:  the  fpace  through  which 
the  moving  force  defeended  in  the  time  t  expreffed  in 
feconds  ;  r  zi:  16/ j  feet ;  then  the  whole  accelerative 

force  (the  force  of  gravity  being  unity)  will  be  ; 


F 

,  where  M  =  7 
hence 


R  I 

W  =r  25I,  S  rr  4x’r  feet, 


32^X4tV  _ 

^  -T~  7^xT6  =  ^-417  * 


hence,  by  the  laws  of  uniformly  accelerated  motions. 


M 


X  /•  e- S,  confequently  F  =  M— 
ivl  -J-  W  ^  , 

To  exemplify  this,,  let  us  take  the  cafe  of  the  laft  ex- 


fequently  the  friction  was  to  the  w^eight  of  the  rubbing 
body  as  6.4167  to  25.75.  And  the  great  accuracy  of 
determining  the  fridion  by  this  method  is  manifeft  from 
hence,  that  if  an  error  of  one  inch  had  been  made  in  the 
defeent  (and  experiments  carefully  made  may  always 
determine  the  fpace  to  a  much  greater  exadnefs),  it 
would  not  have  affeded  the  coiicTufion  ^^^dth  part  of 
the  w^hole. 

5*^  come,  in  the  next  place,  to  determine  whether 
fridion,  cateris  paribus^  varies  in  proportion  to  the 
weight  or  prefture.  Now  if  the  whole  quantity  of  the 
fridion  of  a  body,  meafured  by^  weight  without  iner¬ 
tia  equivalent  to  the  fridion  drawing  the  body  back¬ 
wards,  increafes  in  proportion  to  its  weight,  it  is  rnani- 
felt  that  the  retardation  of  the  velocity  of  the  body 
anTing  from  the  fridion  will  not  be  altered  ;  for  the  re- 

^  j  .  .  Quantity  of  fridion 

tardation  vanes  as  ; - - - -  hence  if  » 

Quantity  of  matter ' 

body  be  put  in  motion  upon  the  horizontal  plane  by‘ 
any  moving  force,  if  both  the  weight  of  the  body  and 
the  moving  force  be  increafed  in  the  fame  ratio,  the  ac¬ 
celeration  arifing  from  that  moving  force  will  remain 
the  fame,  becaufe  the  accelerative  force  varies  as  the 
moving  force  divided  by  the  whole  quantity  of  matter, 
and  both  are  increafed  in  the  fame  ratio  ;  and  if  the 
quantity  of  fridion  increafes  alfo  as  the  weight,  then 
the  retardation  arifing  from  the  fridion  will,  from  whaf 
has  been  faid,  remain  the  fame,  and  therefore  the  whole 
acceleration  of  the  body  will  not  be  altered  ;  confe¬ 
quently  the  body  ought,  upon  this  fuppofition,  ftiil  to 
defcribe  the  fame  fpace  in  the  fame  time.  Hence,  by 
obferving  the  fpaces  defcribed  in  the  fame  time,  when 
both  the  body  and  the  moving  force  are  increafed  in 
the  fame  ratio,  we  may  determine  whether  the  fridion 
increafes  in  proportion  to  the  weight.  I'he  following 
experiments  were  therefore  made  fn  order  to  afeertain 
this  matter : 

Exp.  I.  A  body  weighing  lo  oz.  by  a  mov-ing  force  of 
40Z.  defcribed  in  2"  a  fpace  of  51  inches!  by  loadino-  the- 
body  with  icoz.  and  the  moving  force  with  40^.  it 
defcribed  56  inches  in  2"  ;  and  by  loading  the  body 
again  with  looz.  arid  the  moving  force  with  4  oz,  it 
defcribed  63  inches  in  2". 

Exp.  2.  A  body,  whofe  weight  was  16  oz.  by  a  mo¬ 
ving  force  of  5  oz.  defcribed  a  fpace  of  49  inches  in- 
3";  and  by  loading  the  body  with  64  oz.  and  the  mo- 
vitig  force  with  20  oz.  the  fpace  defcribed  in  the  fame 
time  was  64  inches. 

Exp.  3.  A  body  weighing  6oz.  by  amoving  force  pf 
2^  oz.  defcribed  28  inches  in  2'' ;  and  by  loading  the 
body  with  24  oz.  and  the  moving  force  v/ith  10  oz.  the 
fpace  defcribed  in  the  fame  time  was  54  inches. 

Exp.  4.  A  body  weighing  8  oz.  by  a  moving  force  of 
40Z.  defcribed  334,  inches  in  2";  and  by  loadiiuT  the 
body  with  8  oz;  and  the  moving  force  with  4  oz^  the. 
fpace  defcribed  in  the  fame  time  was  47  inches.  * 

Exp,  s.  A  body  whofe  weight  was  9  oz.  by  a  moving 
force  of  4^  oz.  defcribed  48  inches  in  2'^;  and  by  loading 
the  body  with  9  oz.^  and  the  moving  force  with  4-*.  oz'. 
the  fpace  defcribed  in  tne  fame  time  was  60  inches. 

Exp,  6.  A  body  weighing  10  oz.  by  a  moving  force  o€ 

3  02,. 


Primon. 


30?, 

with 


F  R  I  [  <570  ] 

(krcribed  ^0  inches  in  ;  by  loading  the  body  the  two  enda, 
JO  oz.  and  the  moving  force  with  3  oz.  the  fpace 
defcribed  in  the  fame  time  was  3  i  inches  ;  and  by  load¬ 
ing  the  body  again  with  30  oz.  and  the  moving  force 
with  9  oz.  the  fpace  defcribed  was  34  inches  in  2'h 

From  thefe  experiments,  and  many  others  which  it 
is  not  neceffary  here  to  relate,  it  appears,  that  the  fpace 
defcribed  is  always  increafed  by  increafing  the  weight 
of  the  body  and  the  accelerative  force  in  the  fame  ra¬ 
tio  ;  and  as  the  acceleration  arifing  from  the  moving 
force  continued  the  fame,  it  is  manifeft,  that  the  retar¬ 
dation  arifing  from  the  fridion  muft  have  been  diminilh- 
ed,  for  the  whole  accelerative  force  muft  have  been  in¬ 
creafed  on  account  of  the  increafe  of  the  fpace  defcribed 
in  the  fame  time  ;  and  hence  (as  the  retardation  from 
.  (^antity  of  fri£lion\ 

fna.on  vanes  as  j  the  quanUty  of 

frlBlon  increafes  in  a  lefs  ratio  than  the  quantity  of  matter 
or  nv eight  of  the  body. 

6.  We  come  now  to  the  laft  thing  which  it  was  pro- 
pofed  to  determine,  that  is,  whether  the  fridlion  varies 
by  varying  the  furface  on  which  the  body  moves.  X<et 
us  call  two  of  the  furfaccs  A  and  the  former  being 
the  greater,  and  the  latter  the  lefs.  Now  the  weight 
on  every  given  part  of  a  is  as  much  greater  than  the 
weight  on  an  equal  part  of  A,  as  A  is  greater  than  a  ; 
if  therefore  the  fri£lion  was  in  proportion  to  the  weight, 
xtEteris  parihusy  it  is  manifeft,  that  the  fridlion  on  a 
would  be  equal  to  the  friftion  on  A,  the  whole  friction 
being,  upon  fuch  a  fuppofition,  as  the  weight  on  any 
given  part  of  each  furface  multiplied  into  the  number 
of  fuch  parts  or  into  the  whole  area,  which  produdds, 
from  the  proportion  above,  are  equal.  But  from  the 
laft  experiments  it  has  been  proved,  tlmt  the  fridlion 
on  any  given  furface  increafes  in  a  lefs  ratio  than  the 
weight  ;  confequently  the  fridlion  on  any  given  part  of 
a  has  a  lefs  ratio  to  the  fridlion  on  an  equal  part  of  A 
than  A  has  to  and  hence  the  fridlion  011  a  is  lefs 
than  the  fridlion  on  A,  that  is,  the  fmalleft  furface  has 
always  the  lead  fridlion. 

As  this  conclufion  is  contrary  to  the  generally  re¬ 
ceived  opinion,  Mr  Vince  thought  it  proper  to  confirm 
it  by  a  fet  of  experiments  made  with  different  bodies  of 
exadlly  the  fame  degree  of  rougliiiefs  on  their  two  fur- 
faces. 

Exp,  I.  A  body  was  taken  v/hofe  flat  furface  was  to 
its  edge  as  22:9,  and  with  the  fame  moving  force  the 
body  defcribed  on  its  flat  fide  33^  inches  in  and  on 
its  edge  4.7  inches  in  the  fame  time. 

Exp,  2,  A  fecond  body  was  taken  whofe  flat  furface 
was  to  its  edge  as  32:3,  and  with  the  fame  moving 
force  it  defcribed  on  its  flat  fide  32  inches  in  2",  and 
on  its  edge  it  defcribed  374*  inches  in  the  fame  time. 

Exp,  3,  He  took  another  body  and  covered  one  of 
its  furfaces,  whofe  length  was  9  inches,  with  a  fine 
rough  paper,  and  lay  applying  a  moving  force,  it  de¬ 
fcribed  25  inches  in  2'*  •  he  then  took  off  fome  paper 
from  the  middle,  leaving  only  ^ths  of  an  inch  at  the 
tvvo^  ends,  and  with  the  lame  moving  force  it  defcribed 
40  inches  in  the  fame  time, 

Exp,  q.  Another  body  was  taken  which  had  one  of 
Its  furtaces,  whofe  length  was  9  inches,  covered  with  a 
fine  rough  paper,  and  by  applying  a  moving  force  it 
defcribed  42  inches  in  2" ;  fome  of  the  paper  was  then 
taken  off  from  the  middle;  leaving  only  i-|.  inches  at 
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and  with  th^  fame  moving  force  it  de. 

feribed  54  inches  in  2^' ;  he  then  took  off  more  paper, ' - sr^ 

leaving  only  4  of  an  inch  at  the  two  ends,  and  the  body 
then  defcribed^  by  the  fame  moving  force,  60  inclies  in 
the  fame  time. 

In  the  two  laft  experiments  the  paper  which  was  ta¬ 
ken  off  tke' furface  was  laid  on  the  body,  that  its  weight 
might  not  be  altered. 

Exp.  5.  A  body  was  taken  whofe  flat  furface  was  to 
its  edge  as  30  ;  17  ;  the  fat  fide  was  laid  upon  the  ho¬ 
rizontal  plane,  a  moving  force  was  applied,  and  the 
ftage  was  fixed  in  order  to  ftop  the  moving  force,  in 
confequence  of  which  the  body  would  then  go  on  with 
the  velocity  acquired  jutil  the  fridion  had  deftroyed 
all  its  motion  ;  when  it  appeared  from  a  mean  of  1 2 
trials  that  the  body  moved,  after  its  acceleration  ceafed, 

5^  inches  before  it  Hopped.  The  edge  was  then  ap¬ 
plied,  and  the  moving  force  defeended  through  the 
lame  fpace  ;  and  it  was  found,  from  a  mean  of  the  fame 
number  of  trials,  that  the  fpace  defcribed  was  inches 
before  the  body  loft  all  its  motion,  after  it  ceafed  to  be 
accelerated. 

Exp.  6.  Another  body  was  then  taken  whofe  fiat 
furface  was  to  its  edge  as  60  :  19,  and  by  proceeding 
as  before,  an  the  fiat  furface  it  defcribed,  at  a  mean  of 
12  trials,  5-g-  inches,  and  on  the  edge  OH  inches,  be¬ 
fore  it  ftopped,  after  the  acceleration  ceafed. 

Exp,  7.  Another  body  was  taken  whofe  fiat  furface 
was  to  its  edge  as  26:3,  and  the  fpaces  defcribed  on 
thefe  two  furfaces,  after  the  acceleration  ended,  were, 
at  a  mean  of  ten  trials,  and  inches  refpe<5lively. 

From  all  thefe  different  experiments  it  appears,  that 
the  fmalleft  furface  had  always  the  leaft  friiftion,  which 
agrees  with  the  conlequence  deduced  from  the  confide- 
ratioa  that  the  fridlion  does  not  uicreafe  in  fo  great  a 
ratio  as  the  w^eight  ;  we  may  therefore  conclude,  that 
the  frittiOH  of  a  body  does  not  continue  the  fame  <when. 
it  has  different  furfaces  applied  to  the  plane  on  which  it 
moves ^  but  that  the  fmallejl  furface  will  have  the  leajl  fric^ 
tion. 

To  the  experiments  inftituted  by  Mr  Fergufon  and 
others,  from  which  conclufions  have  been  drawn  fo  dif¬ 
ferent  from  thefe,  our  author  makes  the  following  ob- 
jedlions  ;  It  was  their  object  to  find  what  moving  flirce 
would  jiijl  put  a  body  at  reft  in  motion  ;  and  having,  as 
they  thought,  found  it,  they  thence  concluded,  that 
the  accelerative  force  was  then  equal  to  the  fridlion. 

But  it  is  manifeft,  as  Mr  Vince  obferves,  that  any  force 
w'liich  will  put  a  body  in  motion  mw^ht  greater  than 
the  force  wliich  oppofes  its  motion,  otherwife  it  could 
not  overcome  it  ;  and  hence,  if  there  were  no  other  ob- 
jcdlion  than  this,  it  is  evident,  that  the  fridlion  could 
not  be  very  accurately  obtained  :  but  there  Is  another 
objedlion  which  totally  deftroys  the  experiment  fo  far 
as  it  tends  to  fhew  the  quantity  of  fridion,  which  is 
the  llrong  cohelion  of  the  body  to  the  plane  when  it 
lies  at  reft  ;  and  this  is  confirmed  by  the  following  ex¬ 
periments.  jjly  A  body  of  J2j  oz.  was  laid  upon  an 
horizontal  plane,  and  then  loaded  with  a  weight  of 
8  lb.  and  fuch  a  moving  force  was  applied  as  would, 
when  the  body  was  juft  put  in  motion,  continue  that 
motion  without  any  acceleration  ;  in  which  cafe  the 
fridlion  muft  be  juft  equal  to  the  accelerative  force. 

The  body  was  then  ftopped,  when  it  appeared  that  the 
fame  moving  force  which  had  kept  the  body  in  motion  be¬ 
fore. 
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Fri^ipr,  fore,  would  not  put  it  in  motion,  and  it  was  found  ne-  pofe  of  producing  artificial  cold. 

F^oritic.  ceffary  to  take  off  4^  oz.  from  the  body  before  the 
fame  moving  force  ^mild  put  it  in  motion  ;  it  appears 
therefore,  that  this  body,  when  laid  upon  the  plane, 
at  reft,  acquired  a  very  ftrong  cohefion  to  it.  idly^ 

A  body  whofe  weight  was  1  6  oz.  was  laid  at  reft  upon 
the  horizontal  plane,  and  it  was  found  that  a  moving 


I 


Some  of  thefe  mix-  Fngoriflc. 
tures  are  enumerated  under  the  title  Cold  {EncycL)^ 
and  a  much  more  accurate  lift  of  them  is  given,  toge¬ 
ther  with  the  principle  upon  which  they  produce  their 
eftedl,  in  the  article  Chemistry,  n^  282.  (^Svppl,), 

There  is  one  mixture,  however,  not  mentioned  in  that 
lift,  which  was  employed  by  Seguin,  and  feems,  on 


force  of  6  oz.  would  juft  put  it  in  motion  ;  but  that  a  many  accounts,  to  be  the  moil  eligible  that  has  yet 
moving  force  of  4  oz.  ni^ould,  when  it  was  juft  put  in  been  propofed.  Confidering  the  muriats  (fee  Che- 
motion,  continue  that  motion  without  any  acceleration,  MisTRY-/m4’5c,  Sttpph)  as  a  clats  of  falls  beft  fuited  for 
and  therefore  the  accelerative  force  muft  then  have  been  the  purpofe,  he  gave  the  decided  preference  to  muriat 
equal  to  the  fridion,  and  not  whtfii  the  moving  force  of  of  lime  in  cryftals  ;  and  his  method  was  to  mix  the 
6  07.  was  applied,  ^  cryftals,  previoufly  pulverifed,  with  an  equal  weight  of 

From  thefe  experiments,  therefore,  it  appears  how  uncompreffed  fnow. 
very  confiderable  the  cohefion  was  in  proportion  to  the  By  means  of  this  mixture  Mr  W.  H.  Pepys  junior, 
fridion  when  the  body  v/as  in  motion  ;  it  being,  in  the  of  the  London  Philofophical  Society,  with  the  afliftance 
latter  cafe,  almoft  |d,  and  in  the  former  it  was  found  to  of  feme  friends,  froze,  on  the  8th  of  February  1799, 


be  very  nearly  equal  to  the  whole  fridion.  All  the 
concluftons  therefore  deduced  from  the^  experiments, 
which  have  been  inftituted  to  determine  the  fridion 
tiom  the  force  neceffary  to  p:it  a  body  in  motion,  have 
manifeftly  been  totally  falfe  ;  as  fuch  experiments  only 
ftic>v  the  refiftance  which  arifes  from  the  cohefion  and 
fridion  conjointly. 

Our  author  concludes  this  part  of  his  fubjed  with 
the  following  remark  upon  n°  5  :  “  It  appears  from  all 
the  experiments  (fays  he)  which  I  have  made,  that  the 
proportion  of  the  increafe  of  the  fridion  to  the  inereafe 
of  the  weight  was  different  in  all  the  different  bodies 
which  were  made  ufe  of ;  no  general  rule  therefore  can 
be  eftabliftied  to  determine  this  for  oil  bodies,  and  the 
experiments  which  I  have  hitherto  made  have  not  been 
fufficient  to  determine  it  for  the  fane  body.’^ 

He  then  proceeds  to  eftablifti  a  theory  upon  the 
princi])Ies  which  he  has  deduced  from  his  experiments. 
Fhat  tlieory  is  comprehended  in  five  propoiitions,  of 
which  the  objed  of  the  firft  is  “  to  find  the  time  of 


56  lbs.  averdupoife  of  mercury  into  a  fulid  mafs.  The 
mercury  was  put  into  a  ftrong  bladder  and  v/ell  feciired 
at  the  mouth,  the  temperature  of  the  laboratory  at  the 
time  being  7.^,  A  mixture  con  filling  of  muriat  of 
lime  2  Ib.  at  33^^,  and  the  fame  weight  of  fiiow  at 
+  32^^  gave  —  42®  (a).  The  mercury  was  put  as 
gently  as  pollible  into  this  mixture  (to  prevent  a  rup¬ 
ture  of  the  bladder),  by  means  of  a  cloth  held  at  the 
four  corners.  When  the  cold  mixture  had  robbed  the 
mercury  of  fo  much  of  its  lieat  as  to  have  its  own  tem¬ 
perature  thereby  raifed  from — 42®  to  5,  another 
mixture,  the  fame  in  every  refped  as  the  laft,  was 
made,  wdiich  gave,  on  trial  with  the  thermometer, 
—  "The  mercury  was  now  received  into  the  cloth, 

and  put  gently  into  this  new  mixture,  where  it  was  left 
to  be  cooled  ftill  lower  than  before. 

In  the  mean  time  live  pounds  of  muriat  of  lime,  ^  a 
large  pail  made  of  tinned  iron,  and  japanned  infide  and 
out  fide,  was  placed  in  a  cooling  mixture  in  an  earthen¬ 
ware  pan.  The  mixture  in  the  pan,  which  confifted  of 

.*  *  1.* _ j  1-1  .  . 


defeent,  and  the  number  of  revolutions  made  by  a  cy-  4  lb.  of  muriat  of  lime  and  a  like  quantity  of  fnow,  of 
linder  rolling  down  an  inclined  plane  in  confeqiience  of  the  fame  temperature  as  the  former,  in  one  hour  redu- 
its  fridion.  ^  ced  the  5  lb.  of  muriat  in  the  pail  to  —  15®.  The  mix- 

II.  ‘‘  To  determine  the  fpace  through  wdiich  a  body,  tine  was  then  emptied  out  of  the  earthen  pan,  and  four 
projeded  on  an  horizontal  plane  with  a  given  velocity,  large  corks,  at  proper  diftanccs,  placed  on  its  bottom, 
will  move  before  it  ftops,  or  before  its  motion  becomes  to  ferve  as  rells  for  the  japanned  pail  which  was  now 

put  into  the  pan.  The  corks  anfwcred  the  purpofe  of 


III.  “  To  find  the  centre  of  fridion. 

IV.  ‘‘  To  determine,  from  the  given  velocity  with 
which  a  body  begins  to  revolve  about  the  centre  of  its 
bafe,  the  number  of  revolutions  which  that  body  will 
make  before  all  its  motion  be  deftroyed. 

V.  “  To  find  the  nature  of  the  curve  deferibed  by 
any  point  of  a  body  affeded  by  fndioii  when  it  de¬ 
fends  down  any  inclined  plane. 

To  give^the  folutions  of  thefe  problems,  with  the  co¬ 
rollaries  deduced  from  them,  would  fwell  this  article  to 


infiilating  the  inner  veffel,  while  the  exterior  one  kept 
off  the  furrounding  atmofphere,  and  preferved  the  air 
between  the  two  at  a  low  temperature. 

To  the  5  lb.  of  muriat  of  lime  which  had  been  cool¬ 
ed,  as  already  noticed,  to— and  which  ftill 


-  _  re¬ 

mained  in  the  metallic  veffel,  w^as  now  added  fnow^  un¬ 
compreffed  and  free  from  moiilure,  at  the  ufiial  tem¬ 
perature  of  -j-  32®.  In  lefs  than  three  minutes  the  mix¬ 
ture  gave  a  temperature  of  —  62^  :  a  degree  of  cold. 

which  perhaps  was  never  before  produced  in  this  coun- 

very  little  purpole  ;  for  they  would  be  unintelligible  to  try,  being  94®  below  the  freezing  point  of  water, 
the  m^re  mechanic,  and  the  mathematician  will  either  The  mercury,  which,  by  immerfion  in  the  fecond 

cooling  mixture  to  which  it  was  expofed,  was  by  this 
time  reduced  to  —  30^  was  now,  by  the  means  em- 
ployed  before,  cautioufly  put  into  the  laft  made  mixture 
of  the  temperature  of —  62^  A  hoop  with  net-work 
fattened  to  its  upper  edge,  and  of  fuch  a  breadth  in  the 
_  rim; 


folve  them  for  himfelf,  or  have  recourfe  to  the  original 
memoir,  where  he  will  find  folutions  at  once  elegant  and 
perfpicuous. 

FRIGORIFIG  Mixtures,  are  thofe  which  expe¬ 
rience  has  taught  philofophers  to  employ  for  the  pur- 


(a)  The  themometer  made  ufe  of  in  this  experiment. was  filled  with  tinged  alcohol,  and  accurately  divided, 
according  to  Fahrenheit's  fcako  "  ^ 
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Frl^rrlflc.  that  the  nct'Work,  when  loaded  with  the  bladder 
'  of  mercury,  could  not  reach  its  lower  edge,  was  at  the 
bottom  of  the  mixture,  to  prevent  the  bladder  from 
coming  in  conta6l  with  the  vclfel  ;  by  which  means  the 
mercury  was  fufpended  in  the  middle  of  the  mixture. 
As  foon  as  the  bladder  was  fafely  depofited  on  the  net¬ 
work,  the  vclfels  were  carefully  covered  over  with  a 
cloth,  to  impede  the  pafilige  of  heat  from  the  furrou-nd- 
mg  atmofphere  into  the  freezing  materials.  The  coii- 
denfation  of  moifture  from  the  atmofphere  by  tlie  agen¬ 
cy  of  fo  low  a  temperature  was  greater  than  could  have 
been  expeded :  it  floated  like  fleam  over  the  veflels, 
^iind,  hut  for  the  interpofed  covering,  would  have  given 
the  mixture  more  temperature  than  was  defirable. 

After  one  hour  and  forty  minutes  they  found,  by 
means  of  a  fearcher  introduced  for  the  purpofe,  that 
tlie  mercury  was  folid  and  fixed.  The  temperature  of 
the  mixture  at  this  time  v/as  —  46,  that  is,  16"^  higher 
than  when  the  mercury  was  put  into  it. 

Our  young  philofophers  having  negleded  to  fling 
the  hoop  and  net-work  in  fiich  a  manner  as  might 
have  enabled  them  to  lift  it  out  of  the  mixture  at  once, 
with  the  bladder  and  its  contents,  were  r^bliged  to  turn 
out  the  whole  contents  of  the  pail  into  a  large  evapora- 
*  ting  capfule  made  of  iron.  This  was  not  effefted  with¬ 
out  the  mercury  ftriking  againft  its  bottom  and  being 
fradfured.  though  it  received  a  confiderable  increafe  of 
temperature  from,  the  capfule.  The  frafture  was  fimi- 
]rv  to  that  of  zinc,  but  with  parts  more  cubical.  The 
larger  pieces  were  kept  for  feme  minutes  before  fufion 
took  place,  while  others  were  tvrifted  and  bent  into  va¬ 
rious  forms,  to  the  no  fmall  gratification  and  furprife  of 
thofe  who  never  witneffed  or  expefted  to  fee  fuch  an 
effcdl  produced  on  fo  fufible  a  metal. 

In  experiments  of  the  kind  here  deferibed,  all  the 
exterior  veflels  fhonld  be  of  earthen-ware  or  wood, 
which  being  bad  condudfors  of  heat,  prevent  the  ingre¬ 
dients  from  receiving  heat  from  the  atmofphere  and 
fiirrounding  objedls  with  the  fame  facility  that  they 
would  through  metals ;  and,  for  a  fimilar  reafon,  the 
interior  veflels  are  befl:  of  metal,  that  they  may  allow 
the  heat  to  pafs  more  readily  from  the  fubftance  to  be 
cooled  into  the  fiigorific  mixture  employed  for  that 
purpofe. 

Muriat  of  bme  is  certainly  the  moft  pow^erfiil,  and 
at  the  fame  time  the  moft  economical  fubftance  that 
can  be  employed  for  producing  artificial  cold  ;  for  its 
firft  coil  is  a  mere  trifle,  being  a  refiduum  from  many 
chemical  proceffes,  as  the  diftillation  of  pure  ammonia, 
d^c.  and  often  thrown  away  :  befides,  it  may  be  repeat¬ 
edly  ufed  for  fimilar  experiments,  nothing  being  ne- 
cefiary  for  this  purpofe  but  filtration  and  evaporation 
to  bring  it  to  its  firft  ilate.  The  evaporation  fhoiild  be 
carried  on  till  the  folution  becomes  as  thick  as  a  ftrong 
fyrup,  and  upon  cooling  the  whole  will  be  cryftallifcd  : 
it  mnft  then  be  powdered,  put  up  in  dry  bottles,  well 
corked,  and  covered  with  bladder  or  cement  to  pre¬ 
vent  liquefadlion  ;  w^hich  otherwife  would  foon  take 
place,  owing  to  the  great  affinity  the  muriat  has  for 
moifture. 

The  powerful  effedls  produced  by  the  frigorific  mix¬ 
ture  of  muriat  of  lime  and  fnow,  prefent  a  wide  field 
for  expenments  to  determine  the  poflibility  of  fixing 
fome  of  the  gafes  by  intenfe  cold.  And  we  are  hap¬ 
py  to  be  informed  by  Mr  Pepys,  that,  as  foon  as  an 


opportunity  oilers,  he  and  his  friends  mean  to  make  F.  I« 
fome  experiments  with  that  view,  and  to  communicate  H 
the  refult  of  them  to  the  editor  of  the  valuable  miicel- ,  ^ 

lany  *  from  which  we  have  taken  this  account  of  his  Jt:- 
experiment  on  mercury.  hfop>bic->l 

FRIO,  a  fmall  ifland  on  the  coaft  of  the  Brazils,  fi- 
tuated  in  ^^2®  v  fouth  lat.  and  31'  4^"  weft  Ion. 

The  land  of  Frio  is  high,  with  a  hollow  in  the  rriddle, 
which  gives  it,  at  a  dillance,  the  refemblance  of  two  fe- 
parate  iflands.  The  paflage  between  the  ifland  and  tl?e 
continent  is  about  a  mile  broad,  and  feemed  to  Sir  E- 
rafrniis  Gower  to  be  clear  from  flioals. 

FROST,  as  is  well  known  in  Scotland,  is  particu¬ 
larly  deftrn^live  to  the  blofibrn  of  fruit  trees  ;  and  the 
following  method  of  fecuring  fuch  trees  from  being  da¬ 
maged  by  early  frofts  may  be  acceptable  to  many  of 
our  readers.  A  rope  is  to  be  interwoven  among  the 
branches  of  the  tree,  and  one  end  of  it  brought  down 
fo  as  to  be  imiiierfed  in  a  bucket  of  water.  The  rope, 
it  is  faid,  will  a6l  as  a  condutlor,  and  convey  the  ef- 
fe6ls  of  the  froft  from  the  tree  to  the  water.  This  idea 
is  not  new  ;  for  the  following  paflage  may  be  found  in 
Colerus  :  ‘‘  If  you  dig  a  trench  around  the  root  of  a 
tree,  and  fill  it  with  water,  or  keep  the  roots  moift  till 
it  has  bloomed,  it  will  not  be  injured  by  the  froft.  Or, 
in  fpring,  fufpend  a  veffel  filled  with  water  from  the 
tree.  If  you  wifti  to  preferve  the  bloom  from  being 
hurt  by  the  froft,  place  a  vcfiel  of  water  below  it,  and 
the  froft  will  fall  into  it.’’  Philofrfhkal  Maga%}ne,  n^  1 1 . 

'  FUEL,  whatever  is  proper  to  burn,  or  make  a  fire', 
either  for  warming  a  room  or  dreffing  vi6luals.  The 
fuel  moft  generally  iifcd  in  Great  Britain  is  pit-coal, 
which  is  a  very  expenfive  article  ;  and  that  expence  is 
greatly  increafed  by  the  wafte  of  coal  occafioned  by  the 
injudicious  manner  In  which  fires  in  open  chimneys  are 
commonly  managed.  The  enormous  wafte  of  fuel  in 
London,. for  inftance,  may  be  eftimated  by  the  vaft  dark 
cloud  which  continually  hangs  over  that  great  metro¬ 
polis,  and  frequently  overfhadows  the  whole  country 
far  and  wide;  for  this  denfe  cloud  is  certainly  compofed 
almoft  entirely  of  unconfumed  coal,  which  has  efcaped 
by  the  chimneys,  and  continues  to  fail  about  in  the  air, 
till,  having  loft  the  heat  which  gave  it  volatility,  it  falls 
in  a  dry  fhower  of  extremely  fine  black  duft  to  the 
ground,  obfeuring  the  atmofphere  In  its  delcent,  and 
frequently  changing  the  brighteft  day  into  more  than 
Egyptian  darknefs. 

“  I  never  (fays  Court  Rumford)  view  from  a  dif- 
tance,  as  I  come  into  town,  this  black  cloud  which 
hangs  over  London,  without  wifhing  to  be  able  to  com- 
.  pute  the  immenfe  number  of  chaldrons  of  coals  of  which 
it  is  compofed  ;  for  could  this  be  afeertained,  I  am  per- 
fuaded  fo  ftriking  a  fa£l  would  awaken  the  curiofity, 
and  excite  the  aftonifhment  of  all  ranks  of  the  inhabi¬ 
tants  ;  and  perhaps  turn  their  minds  to  an  objedl  of  eco¬ 
nomy  to  which  they  have  hitherto  paid  little  attention.” 

The  obje<ft  to  which  the  benevolent  author  more 
particularly  wifties  to  dirt6l  the  public  attention,  is  the 
lighting  of  a  coal  fire,  in  which  more  wood  fliould  be 
employed  than  is  commonly  ufed,  and  fewer  coals  ;  and 
as  foon  as  the  fire  burns  bright, '  and  the  coals  are  well 
lighted,  and  not  before,  more  coals  fhould  be  added  to 
increafe  the  fire  to  its  proper  fize. 

Kindling  balls,  compofed  of  equal  parts  of  coal, — 
charceal, — ^and  clay,  the  two  former  reduced  to  a  fine 

*  powder, 


Fuel, 

Fullii^g, 
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powdei,  well  mixed  and  kneaded  together,  with  the  tions,  which  are  not  unimportant,  will  be  intelhVible  to 

-  c_ay  moiitened  with  water,  and  then  formed  into  balls  every  reader  who  has  perufed  that  article  in  this  Sui>- 
ot  tlie  iize  of  hens  eggs,  and  thoroughly  dried,  might  plewent.  ^ 

be  ufed  with  great  advantage  inftead  of  wood  for  kin-  The  afperities  with  which  the  furface  of  wool  is  every 
mg  hres.  Tliefe  kindling  balls  may  be  made  fo  in-  where  furrounded,  and  the  difpofition  which  it  has  to 
flammable  as  to  take  fire  in  an  inftant  and  with  the  alTume  a  progreffive  motion  towards  the  root,  render 
Imallelt  by  dipping  them  in  a  ftrong  folution  of  the  fpinning  of  wool,  and  making  it  into  cloth,  diffi- 

nitre,  and  then  drying  them  again  ;  and  they  w'ould  nei-  cult  operations.  In  order  to  fpin  wool,  and  afterwards 
Iher  be  expeiitive  nor  liable  to  be  fpoiled  by  long  keep-  to  weave  it,  we  are  obliged  to  cover  its  fibres  with  a 
tng.  perhaps  a  quantity  of  pure  charcoal,  reduced  to  coating  of  oil,  which,  filling  the  cavities,  renders  the 
a  very  fane  powder,  and  mixed  with  the  folution  of  nitre  afperities  lefs  fenfible  ;  in  the  fame  way  as  oil,  w'hen  rub- 
in  which  they  are  dipped,  would  render  them  ftill  more  bed  over  the  furface  of  a  very  fine  fi'le,  renders  it  Hill 

‘CT  Ufa-.  .  n  n  VC  When  the  piece  of  cloth  is  finiih?d,irnm^ 

The  Count  thinks  that  the  fires  which  are  made  in  be  cleanfed  from  this  oil ;  which,  befides  giving  it  a 
the  open  chimneys  of  elegant  apartments  might  be  great-  difagreeable  fniell,  would  caufe  it  to  foil  whatever  it 
y  impioved  by  preparing  the  .uel  ;  for  nothing  (fays  came  in  contad  with,  and  would  prevent  its  taking  the 
le)  was  ever  more  dirty,  inelegant,  and  difgufting,  than  colour  which  is  intended  to  be  given  to  it  by  the  dyer 
a  common  coal  nre.  To  deprive  it  of  the  oil,  it  is  canied  to  the  fulling-mi^ 


Fulling', 

Fulniina- 

thig. 


Fire  balls,  of  the  fize  of  goofe  eggs,  compofed  of 
coal  and  charcoal  hi  powder,  mixed  up  with  a  due  pro¬ 
portion  of  wet  clay,  and  well  dried,  would  make  a  much 
more  cleanly,  and  in  all  refpei^s  a  pleafanter  fire,  than 
can  he  made  with  crude  coals ;  and,  he  believes,  would 
not  be  more  expenfive  fuel.  In  Flanders,  and  in  feveral 
parts  of  Germany,  and  particularly  in  the  duchies  of 
juliers  and  Bergen,  where  coals  are  ufed  as  fuel,  the 
coals  are  always  prepared  before  tliey  are  ufed,  by 
pounding  them  to  a  powder,  and  mixing  them  up  with 
an  equal  weight  of  clay,  and  a  fufficient  quantity  of 
water  to  form  the  whole  into  a  mafs,  which  is  kneaded 
together  and  formed  into  cakes  ;  which  cakes  are  after¬ 
wards  well  dried  and  kept  in  a  dry  place  for  ufe.  And 
it  has  been  found,  by  long  experience,  that  the  expence 
attending  this  preparation  is  amply  repaid  by  the  im¬ 
provement  of  the  fuel.  The  coals,  thus  mixed  with 
clay,  not  only  burn  longer,  hut  give  much  more  heat 
than  when  they  are  burnt  in  their  crude  hate. 

It  will  doiihtlefs  appear  extraordinary  to  thofe  who 
have  not  confidered  the  fubjeft  with  fome  attention, 
that  the  quantity  of  heat  produced  in  the  conibuftion 
of  any  given  quantity  of  coals  /liould  be  increafed  by 
mixing  the  coals  with  clay,  which  is  certainly  an  iiicom- 
buftible  body ;  but  the  phenomenon  may  he  explained 
in  a  fatisfadlory  manner. 

The  heat  generated  in  the  combullion  of  any  finall 
particle  of  coal  exifting  under  two  diftind  forms,  name¬ 
ly,  in  that  which  is  combined  with  the  flame  and  fmoke 
which  rife  from  the  fire,  and  which,  if  means  are  not 
found  to  flop  it,  goes  ofl‘  immediately  by  the  chimney 
and  is  loft — and  the  radiant  heat  which  is  fent  off  from 
the  fire  in  all  diredioiis  in  right  lines 'It  is  therefore 
reafonable  to  conclude,  that  the  particles  of  clay,  which 
are  furrounded  on  all  fides  by  the  flame,  arreft  a  part  at 
leaft  of  the  combined  heat,  and  prevent  its  efcape  ;  and 
this  combined  heat,  fo  arrefted,  heating  the  clay  red  hot, 
is  retained  in  it,  and  being  changed  by  this  operation  to 
radiant  heat,  is  afterwards  emitted,  and  may  be  direded 
and  employed  to  ufeful  purpofes.  In  the  compofition 
of  fire-balls,  the  Count  thinks  it  probable  that  a  certain 
proportion  of  chaff,  of  ftraw  cut  very  fine,  or  even  of 
faw-duft,  might  be  employed  with  great  advantage, 
FULLING  OF  WOOLLEN  CLOTHS  (fee  the  method 
of  performing  the  operation  under  the  article  Fulling, 
EncycL^  depends,  like  Felting,  fo  entirely  upon  the 
itrudure  of.  wool  and  hair,  that  the  foDowin^  obferva- 
SuppL.  VoL.  I,  Part  11, 


where  it  is  beat  with  hammers  in  a  trough  full  of  vval 
ter,  in  which  fome  clay  has  been  mixed  ;  the  clay  com¬ 
bines  with  the  oil,  which  it  feparates  from  the  cloth,  and 
both  together  are  wafhed  away  by  the  frefli  water  which 
is  brought  to  it  by  the  machine  ;  thus,  after  a  certain 
time,  the  oil  is  entirely  wafhed  out  of  the  cloth. 

But  the  fcouring  of  the  cloth  is  not  the  only  ohjed 
in  fulling  it  ;  the  alternate  preffure  given  by  the  mallets 
to  the  piece  of  cloth,  occafioiis,  efpecially  when  the 
fcouring  is  pretty  far  advanced,  an  effed  analogous  to 
that  which  is  produced  upon  hats  by  the  hands  of  the 
hatter  ^  the  fibres  of  wool  which  compofe  one  of  the 
threads,  whether  of  the  warp  or  the  woof,  alfume  a  pro- 
greflive  movement,  introduce  themfelves  among  tliofe  of 
the  threads  neareft  to  them,  tlien  into  thofe  whicli  fol¬ 
low  ;  and  thus,  by  degrees,  all  the  threads,  both  of  the 
warp  and  the  woof,  become  felted  together.  The  cloth, 
after  having,^  by  the  above  means,  become  fhoi  tened  in 
all  its  diiaen|ions,  partakes  both  of  the  nature  of  cloth 
and  of  that  of  felt ;  it  may  be  cut  without  being  fuhjed 
to  ravel,  and,  on  that  account,  we  are  not  obtigtd  to 
hem  the  edges  of  the  pieces  of  which  clothes  are  made. 
Laftly,  As  the  threads  of  the  warp  and  thofe  of  the 
woof  are  no  longer  fo  diftiiid  and  feparated  from  each 
other,  the  cloth,  which  has  acquired  a  greater  degree 
of  thicknefs,  forms  a  warmer  clothing.  Knit  worfted 
alfo  IS,  by  fulling,^  rendered  lefs  apt  to  i:uii,  in  cafe  a 
ftitch  fhould  drop  in  it. 

FULMINATING  Gold.1  See  Chemistry, 

Fulminating  Silver .  J  nos  849  and  850.  , 

Mr  Bertliolkt,  the  inventor  of  fulminating  filver,  ha¬ 
ving  contented  himfelf  with  a  general  and  concife  de- 
fcnptioii  of-  this  fiibjecl,  many  pradical  cliemifts  have 
failed  in  their  attempts  to  prepare  it ;  and  others,  form¬ 
ing  their  opinions  from  the  fpecirnens  which  they  had 
made,  have  been  expofed  to  great  danger  ;  as  will  appear 
from  the  following  relation  : 

^  An  ounce  of  fine  filver  was  diflolved  in  the  courfe  of 
eight  hours  in  an  ounce  of  pure  nitrous  acid,  of  the 
London  Pharmacopoeia,  diluted  prevloufly  with  three 
ounces  of  dittilled  water  In  a  glafs  m.itrafs.  The  folii- 
tion  being  poured  off,  the  refidiiary  black  powder  and 
the  matrafs  were  wafhed  with  feve.i  or  eight  ounces  of 
warm  diftilled  water,  and  this  was  added  to  the  folution. 
The  black  powder,  being  gold,  was  rejedfed  ;  fome 
gold  being  thus  reparable  from  any  filver  of  commerce. 

To  the  foregoing  diluted  folution,  pure  lime-water 
4  prepared 
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Fulmina-  prepared  witli  di’flilled  water  was  added  gradually;  for 
the  f4>lution  ought  not  to  be  poured  into  the  lin^e  vt^ater. 

- When  about  thirty  pints  of  lime-water  had  been  expend¬ 
ed,  and  the  precipitate  had  fubhdtd,  more  hme-watei 
was  added,  by  fucceflive  pints,  as  long  as  it  caufed  any 
precipitation.  For  it  was  deemed  fitter  that  the  preci¬ 
pitation  fhould  not  be  perfeaed,  than  that  an  excels  of 
lime-water  ihould  be  ufed;  the  earthy  pellicle  of  the  ex- 
ceflive  lime-water  being  apt  to  mix  with  the  precipitate. 
The  clear  liquor  being  poured  away,  the  precipitate 
was  poured  off,  and  wadied  into  a  filter. 

When  the  faline  liquor  had  drained  from  it,  two  oun¬ 
ces  of  diftilled  water  were  poured  on  the  magma  ;  and 
when  this  water  had  pafTed,  frefli  portions  were  fuccef- 
fively  added  and  paffed,  until  the  whole  quantity  of  wa¬ 
ter  thus  expended  in  wafhing  away  the  nitrous  calcare¬ 
ous  fait  amounted  to  a  quart. 

The  filter  being  then  unfolded,  to  let  the  magma  of 
oxide  of  fiiver  fpread  on  the  flattened  paper,  it  was  pla¬ 
ced  on  a  chalk-llone  to  accelerate  the  exficcation,  and 
was  gradually  dried  in  the  open  air;  a  cap  of  paper  be¬ 
ing  placed  loofely  over  it  to  exclude  the  duft. 

AVhen  the  weather  ferved,  the  cap  was  removed,  to 
expofe  the  oxide  to  the  rays  of  the  fun  ;  although  this 
was  not  deemed  necefliiry  ;  and  exficcation  was  promo¬ 
ted  by  cutting  the  oxide  into  thin  flices.  When  per- 
fe6lly  dry  it  weighed  i  oz.  4  dwts.  and  about  oiie-fiith 
of  it  was  confidered  as  oxygen. 

AVheii  aqua  ammoniac  pune  of  any  pharmacopoeia  is 
ufed  with  this  oxide,  either  in  the  fmall  quantity  which 
blackens  it  completely,  or  in  a  greater  quantity,  the 
black  matter  which  fubfides,  and  which  has  been  repre- 
fented  by  fyfternatic  writers  as  the  fulminating  com¬ 
pound,  has  no  fuch  property,  any  farther  than  may  be 
owing  to  the  matter  depofited  from  the  alkaline  folution 
during  the  exficcation. 

The  alkaline  liquor  containing  the  fulminating  filver 
ought  to  be  poured  off  from  the  infoluble  powder,  and 
expofed  in  a  fhallow  veffel  to  the  air.  In  confequence 
of  the  exhalation,  black  fhining  cryflals  form  on  the 
furface  only,  and  foon  join  to  form  a  pellicle.  As  this 
pellicle  adheres  a  little  to  the  fides  of  the  veffel,  or 
maintains  its  figure,  the  liquor  may  be  poured  off  by  a 
gentle  inclination  of  the  veffel. 

This  liquor  will  yield  another  pellicle  in  the  fame 
way;  but  the  third  or  fourth  pellicle  will  be  paler  than 
the  former,  and  weaker  in  the  explofion.  The  firft. 
pellicles,  when  flowly  dried,  explode  by  the  touch  of  a 
feather,  or  by  their  being  heated  to  about  96^. 

The  quantity  of  water  in  the  ordinary  aqua  ammonise 
purae  renders  it  lefs  a£live  in  the  folution  of  the  oxide, 
and  is  an  impediment  to  the  fpeedy  formation  and  re¬ 
paration  of  the  fulminating  filver;  and  an  experimenter 
who  has  often  ufed  twenty  grains  of  the  oxide  to  pro¬ 
duce  fuccefiive  pellicles  of  fulminating  filver,  which  may 
be  feparately  exploded  with  fafety,  and  who  has  per¬ 
ceived  that  the  pellicles  never  explode  whilft  wet,  if  they 
be  not  heated,  would,  in  all  probability,  refolve  on  the 
following  improvement,  and  expofe  himfelf  to  the  un- 
forefeen  danger  of  it. 

Diftilled  water  was  impregnated  with  as  much  pure 
ammoniac  as  it  could  eafily  retain  under  the  ordinary 
temperature  of  the  air.  A  quantity  of  this  ftroiig  am- 
moniacal  liquor,  equal  in  bulk  to  a  quarter  of  an  ounce 
of  water,  was  pljiced  in  a  fmall  bottle,  and  Z4  grains  of 
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the  oxide  of  filver,  ground  to  fine  powder,  were  added.  Fun(5lIon 
The  bottle,  being  almofl  filled,  was  corked,  to  prevent  H 
the  formation  of  that  film  which  ufually  appeared  in  ^ 
confequeiice  of  the  exhalation  of  the  ammoniac  in  other 
experiments. 

During  the  folution  of  the  oxide,  bubbles  of  the  ga- 
feous  kind  arofe  from  it,  and  the  folution  acquired  a 
blue  colour.  As  no  film  appeared,  the  bottle  was  agi¬ 
tated  three  or  four  times  in  the  courfe  of  as  many  hours, 
in  order  to  promote  the  folution  of  a  fmall  quantity  of 
blackened  oxide  which  remained  at  the  bottom.  The 
experimenter  coiifidering  this  as  an  ample  provifion  for 
twenty  different  charges,  to  he  exploded  in  different 
circumftances,  in  the  prefeiice  of  the  fociety,  intended 
to  pour  off  the  folution  into  as  many  fmall  veftels,  and 
to  weigh  the  refiduary  black  powder,  after  allowing  two 
hours  more  for  the  folution. 

On  the  fixth  hour  he  took  his  ufual  precaution  of 
wearing  fpe6lacles;  and  obferving  that  a  fmall  quantity 
of  black  powder  ftill  remained  iindiffolved,  and  that  no 
film  was  yet  formed  at  the  furface,  he  took  the  bottle 
by  the  neck  to  fhake  it ;  knowing  that  it  might  explode 
by  the  heat  of  his  hand,  if  he  were  to  grafp  it,  and  that 
the  explofion  in  this  circumftance  might  wound  him 
dangeroufly. 

In  the  inftant  of  fliaking,  it  exploded  with  a  report 
that  ftunried  him.  The  bottle  was  blown  into  frag¬ 
ments  fo  fmall  as  to  appear  like  glafs  coarfely  powder- 
ed.  The  hand  which  held  it  was  impreffed  as  by  the 
blow  of  a  great  hammer,  and  loft  the  fenfe  of  feeling 
for  fome  feconds  ;  and  about  52  fmall  grains  of  glafs 
were  lodged,  many  of  them  deeply,  in  the  flciii  of  the 
palm  and  fingers.  The  liquor  ftained  his  whole  drefs, 
and  every  part  of  the  ficin  that  it  touched.  Thus  it 
appeared  that  fulminating  filver  may  be  made  which 
will  explode  even  when  cold  and  wet,  by  the  mere  di- 
fturbance  of  the  arrangement  of  its  parts,  in  the  aque¬ 
ous  fluid. 

In  fubfequent  experiments,  privately  and  carefully 
conducted,  it  feemed  that  the  property  of  exploding  in 
the  cold  liquor,  by  mere  commotion,  depended  on  the 
iinufual  quantity  or  poximity  of  the  explofive  molecules 
in  a  given  bulk  of  the  liquor.  And  the  flat  bottoms, 
as  well  as  the  fides,  of  the  thick  veffels  of  glafs  or  pot- 
ters-ware,  whether  they  ftoocl  on  boards  or  iron  plates, 
were  always  beaten  to  fmall  fragments. 

This  afforded  a  curious  iiiftance  of  the  pofTible  equi¬ 
librium  between  the  powers  tending  to  retain  the  ca¬ 
loric  and  thofe  which  effedl  the  expulfion  of  it  ;  and 
experiments  and  confiderations  of  this  kind  feemed  to 
promife  a  true  folution  of  the  phenomena  of  Rupert’s 
drops. 

FUNCTION,  a  term  ufed  in  analytics  for  an  alge¬ 
braical  expveflion,  anyhow  compounded  of  a  certain 
letter  or  quantity  with  other  quantities  or  numbers ; 
and  the  expreflion  Is  faid  to  be  a  fundflon  of  that  letter 
or  quantity.  Thus  a  — qx,  or  ax  -f-  3X*, 
or  2x  —  a  V  d  — or  ^  or  c^y  is  each  of  them  a 
function  of  the  quantity  x, 

FURD-y-Huckeecut,  in  Bengal,  fignifics  a  paper 
of  defcriptlon. 

FuRD-y-Sowaly  paper  of  requeft. 

FUST,  In  architecture,  the  fhaft  of  a  column,  or  the 
part  comprehended  between  the  bafe  and  the  capital,, 
called  alfo  the  naked* 
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AGUEDI,  a  tree  peculiar  to  Lamalmon,  in  Abyf- 
'—'v  Vjt  fim'a,  is  thus  defcribed  by  Mr  JBruee.  The  leaves 
are  long,  and  broader  as  they  approach  the  end.  The 
point  is  obtufe  ;  they  are  of  a  dead  green,  not  unlike 
the  wdllow,  and  placed  alternately  one  above  the  other 
on  the  llalk.  The  calyx  is  compofed  of  many  broad 
fcales  lying  one  above  the  other,  which  operates  by  the 
preffure  upon  one  another,  and  keeps  the  calyx  fnut 
before  the  flower  arrives  at  perfe61ion.  The  flower  is 
monopetalous,  or  made  of  one  leaf ;  it  is  divided  at  the 
top  into  four  fegments  ;  where  thefe  end,  it  is  covered 
with  a  tuft  of  down,  refembling  hair,  and  this  is  the 
cafe  at  the  top  alfo.  When  the  flower  is  young  and 
unripe,  they  are  laid  regularly  fo  as  to  inclofe  one  ano¬ 
ther  in  a  circle.  ^  As  they  grow  old  and  expand,  they 
feem  to  lofe  their  regular  form,  and  become  more  con- 


fufed,  till  at  laft,  when  arrived  at  its  full  perfeaion,  Oiguedi. 
they  range  theinfelves  parallel  to  the  lips  of  the  calyx,  ^ 
and  perpendicular  to  the  ftamina,  in  the  fame  order  as 
a  rofe.  The  common  receptacle  of  the  flower  is  ob- 
long,  and  very  capacious,  of  a  yellow  colour,  and  co« 
vered  with  fmall  leaves  like  hair.  The  ftile  is  plain. 

Ample,  and  upright,  and  covered  at  the  bottom  with  a 
tuft  of  down,  and  is  below  the  common  receptacle  of 
the  flower. 

Our  author  fays  that  he  has  obferved,  in  the  middle 
of  a  very  hot  day,  that  the  flowers  unbend  theinfelves 
more,  the  calyx  feems  to  expand,  and  the  whole  flower 
to  turn  itfelf  towards  the  fun  In  the  fame  manner  as 
does  the  funflower.  When  the  branch  is  cut,  the  flower 
dries  as  it  were  inftantaneoufly,  fo  that  it  feems  to  con- 
tain  very^  little  humidity. 
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improperly 
called  ani- 
mal  eleilrU 
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•f  galva- 
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Objed  of 
article, 


/^ALVANISM  is  the  name  now  commonly  given  to 
the  influence  difeovered  nearly  eight  years  ago  by 
the  celebrated  Galvani,  profeflbr  of  anatomy  at  Bologna, 
and  which,  by  him  and  fome  other  authors,  has  been 
called  animal  eledtricUy,  We  prefer  the  former  name, 
becaufe  we  think  it  by  no  means  proved  that  the  phe¬ 
nomena  difeovered  by  Galvani  depend  either  upon  the 
eledric  fluid,  or  upon  any  law  of  animal  life.  While 
that  is  the  cale,  it  is  furely  better  to  diftinguifli  a  new 
branch  of  fcience  by  the  name  of  the  inventor,  than  to 
give.it  an  appellation  which  probably  may,  and  in  our 
opinion  certainy  does,  lead  to  an  erroneous  theory. 

M.  Galvani  was  engaged  in  a  fet  of  experiments,  the 
objed  of  which  was  to  demonftrate,  if  poffible,  the  de¬ 
pendence  of  mufcnlar  motion  upon  eledricity.  In  the 
courfe  of  this  inveftigation,  he  had  met  with  feveral  new 
and  Unking  appearances  which  were  certainly  eledrical; 
foon  after  which,  a  fortunate  accident  led  to  the  difeo- 
very  of  the  phenomena  which  conftitute  the  chief  fubjed 
of  this  article.  The  flrong  rtfemblance  which  thefe 
bore  to  the  eledrical  fads  which  he  had  before  obfer¬ 
ved,  led  almoll  irreflftibly  to  the  conclulion  that  they 
all  depended  wpon  the  fame  caufe.  This  opinion  lie 
immediately  adopted  ;  and  his  fubfequent  experiments 
and  reafonings  were  naturally  direded  to  fupport  it. 
The  fplendor  of  his  difeovery  dazzled  the  imaginations 
of  thofe  who  profecuted  the  enquiry;  and  for  fome  time 
his  theory,  in  fo  far  at  leafl;  as  it  attributed  the  whole 
to  the  agency  of  the  eledric  fluid,  was  fandioned  by 
univerfal  approbation.  Of  late,  however,  this  opinion 
has  rather  loft  ground  ;  and  there  are  now  many  philo- 
fophers  vyho  conflder  the  phenomena  as  totally  uncon- 
neded  with  eledricity. 

We  propofe,  in  the  JirJl  place,  to  enumerate  the  chief 
fads  which  have  been  afeertained  on  the  fubjed  ;  we 
fliall  then  enquire,  whether  or  not  the  caufe  of  the  ap¬ 
pearances  be  the  eledric  fluid ;  and,  ihirdly,  we  fliall  ex- 
amine  how  far  it  has  been  proved  that  this  caufe  is  ne- 
ceflarily  conneded  with  animal  life. 

Whilft  Galvani  was  one  day  employed  in  difleding  a 
frog,  in  a  room  where  fome  of  his  friends  were  amufing 
themfelves  with  eledrical  experiments,  one  of  them  ha- 


ving  happened  to  draw  a  fpark  from  the  condu^or  at 
the  fame  time  that  the  profeflbr  touched  one  of  the 
nerves  of  the  animal,  its  whole  body  was  inilantly  fhaken 
by  a  violent  convulfion.  Aftonill.ed  at  the  phenomenon, 
and  at  lirft  imagining  that  it  might  be  owing  to  his  ha 
vmg  wounded  the  nerve,  he  pricked  it  with  the  point 
of  his  knife,  to  alTure  himfelf  wliether  or  not  this  -vas 
the  caft,  but  no  motion  of  the  frog’s  body  was  produ- 
ced  He  now  touched  the  nerve  with  the  inftrument 
as  at  firll,  and  direaed  a  fpark  to  be  taken  at  the  fame 
time  from  the  machine,  on  which  the  contradions  were 
renewed.  Upon  a  third  trial,  the  animal  remained  mo- 
tionlefs  ;  but  obferviiig  that  he  ludd  his  knife  by  the 
handle,  which  was  made  of  ivory,  he  changed  it  for  a  me 
talhc  one,  and  immediately  the  movements  took  place 
which  never  was  the  cafe  wlie  i  he  ufed  an  elcaric  fub! 
itance.  ^ 

After  having  made  a  great  many  fimilar  experiments 
Tv' fleftvical  machine,  he  refolved  to  prol'eciite  the 
fubjea  With  atmofphenc  ekaricity.  With  this  view 
he  laifed  a  condudor  on  the  roof  of  his  houfe,  from 
which  he  brought  an  iron  wire  into  his  room.  To  this 
he  attached  metal  conduaors,  conneaed  with  the  nerves 
ol  the  animals  dellmed  to  he  the  fubjeas  of  his  experi 

reLh. 

fr«^s!,l  If-ff  ®-''P^?"’«nt3  were  not  confined  to 
frogs  alone.  Ditterent  animals,  Imth  of  cold  and  warm 
blood  vvere  fubjeaed  to  them  ;  and  in  all  of  them  eon- 
liderable  movements  were  excited  whenever  It  hVlitned 
1  heft  preceded  thunder,  and  correfponded  with  its  i^ 
tenfity  and  repetition  ;  and  even  when  no  lightning  ap. 
peared,  the  movements  took  place  when  any  ftfrmy 
cloud  paired  over  the  apparatus.  That  all  thefe  appear! 
ances  were  produced  by  the  ckaric  fluid  was  obvious 
Having  foon  after  this  fufpended  fome  frogs  from  the 
iron  pa  i  ades  which  lurrounded  his  gardenf  by  mem  s 
o  metallic  hooks  fixed  in  the  fpines  of  their  hicks  he 

».tl.  chmgc.  n,  the  llate  of  the  atmo^ere.  He  fooo 

^  foiipd, 
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found,  however,  that  this  wa§  not  the  cafe;  and  having 
varied,  in  many  different  ways,  the  circumdances  in 
which  the  frogs  were  placed,  he  at  length  difcovercd 
that  he  could  produce  the  movements  at  plealiire^  by 
touching  the  animals  with  two  different  metals,  which, 
at  the  fame  time,  touched  one  another  either  immediate¬ 
ly  or  by  the  intervention  of  fome  other  Jubilance  capa¬ 
ble  of  conducing  eledricity. 

All  the  e.Kperiments  that  have  yet  been  made  may 
be  reduced  to  the  following,  wdiich  will  give  the  other- 
wife  uninformed  reader  a  precife  notion  of  the  fubjed. 

Lay  bare  about  an  inch  of  a  great  nerve,  leading  to 
any  limb  or  mufcle.  Let  that  end  of  the  bared  part 
which  is  fartlieil  from  the  limb  be  in  clofe  contad  with 
a  bit  of  zinc.  Touch  the  zinc  with  a  bit  of  filver, 
while  another  part  of  the  iilver  touches,  either  the 
naked  nerve,  if  not  dry,  or,  whether  it  be  dry  or  not, 
the  limb  or  mufcle  to  which  it  leads.  Violent  con- 
tradions  are  produced  in  the  limb  or  mufcle,  but  not 
in  any  mufcle  on  the  other  fide  of  the  zinc. 

Or,  touch  the  bared  nerve  wdth  a  piece  of  zinc,  and 
touch,  with  a  piece  of  filver,  either  the  bared  nerve,  or 
the  limb  ;  no  convullion  is  obferved,  till  the  zinc  and 
4  filver  are  alfo  made  to  touch  each  other. 

Has  enga-  A  fad  fo  new,  illuftrated  by  many  experiments  and 
ged  much  much  ingenious  rtafoning,  which  Profeffor  Galvani 
fcientific  piiblifhed,  could  not  fail  to  attrad  the  attention  of 

-ittentioi).  Qver  Europe  ;  and  the  refult  of  a  vaft 

number  of  ex^periments,  equally  cruel  and  furprihng, 
has  been  from  time  to  time  laid  before  the  public  by 
Valli,  Fowler,  Monro,  Volta,  Humboldt,  and  others. 

Frogs,  unhappily  for  themfelves,  have  been  found  the 
moil  convenient  fubjeds  for  thefe  experiments,  as  they 
retain  their  mufcular  irritability  and  fufeeptibility  of  the 
galvanic  influence  very  long.  Many  hours  after  they 
have  been  decapitated,  or  have  had  their  brain  and 
fpinal  marrow  deftroyed,  ftrong  convulflons  can  be  pro¬ 
duced  ill  them  by  the  application  of  the  metals.  A 
leg  feparated  from  the  body  will  often  continue  capa¬ 
ble  of  excitement  for  feveral  days.  Nay,  very  diflind 
movements  have  been  produced  in  frogs  pretty  far  ad¬ 
vanced  in  the  procefs  of  putrefadion.  Different  kinds 
of  flflies,  and  many  other  animals  both  of  cold  and 
warm  blood,  have  been  fubjeded  to  fimilar  experiments, 
and  have  exhibited  the  fame  phenomena;  but  the  warm 
blooded  animals  lofe  their  fufeeptibility  of  galvanifm,  as 
j  of  every  other  ftimulus,  very  foon  after  death. 
Thcmetals.  Almoft  any  two  metals  will  produce  the  movements; 

but,  it  is  believed,  the  mofl:  powerful  are  the  following, 
in  the  order  in  which  they  are  here  placed  :  i.  Zinc  ; 
2.  Tin  ;  5.  Lead;  in  conjundion  with,  i.  Gold;  2.  Sih 
ver;  3.  Molybdena  ;  4.  Steel;  5.  Copper.  Upon  this 
point,  however,  authors  are  not  perfedly  agreed. 

The  procefs  by  which  thefe  Angular  phenomena  are 
produced,  confills  in  effeding,  by  the  life  of  the  exci¬ 
ting  apparatus,  a  mutual  communication  between  any 
two  points  of  eoutad,  more  or  lefs  diflant  from  one 


another,  in  a  fyilem  of  nervous  and  mufcular  organ!?. 

The  fphere  of  this  mutual  communication  may  be  re¬ 
garded  as  a  complete  circle,  divided  into  two  parts,  ^ 
That  part  of  it  which  confifts  of  the  organs  of  theAnlmaland 
animal  under  the  experiment,  has  been  called  the  anu  excitatory 
mal  arc  ;  that  which  is  formed  by  the  galvanic  iiillru- 
ments  has  been  called  the  excitatory  arc.  The  latter 
ufually  confills  of  more  pieces  than  one  ;  of  which  fome 
are  named  JJaySy  hracesy  &c.  others  communicators y  from 
their  refpedive  ufes.  7 

A  very  numerous  train  of  experiments  on  galvanifm  Experi- 
has  been  made  by  a  committee  of  the  Phyfical  andMathe- 
matical  Clafs  of  the  National  Inllitute  of  France;  and 
as  their  report  comprehends  a  vail  number  of  the  moll 
important  fads  which  are  yet  known  on  the  ftibjed, 
we  (hall  prefent  our  readers  with  the  fubftance  of  it  (a). 

The  immenfe  mafs  of  matter  which  refulted  from  the 
experiments  of  the  committee,  is,  in  their  report,  pre- 
fented,  not  in  the  order  in  which  the  experiments  were 
made,  but  in  a  fort  of  clafiiiication,  by  means  of  which 
a  more  dilliud  knowledge  of  the  fubjed  is  obtained  at 
one  view.  The  fads  are  arranged  under  thefe  fix  heads, 
ijly  Refult s  of  the  different  combinations  and  difpofi- 
tions  of  the  parts  of  the  animal  arc,  2dy  Account  of 
what  has  been  obferved  of  the  nature  and  the  different 
difpofitions  of  the  excitatory  arc,  3  J,  Circumftances  not 
entering  into  the  compolition  of  the  galvanic  circle, 
which,  rieverthelefs,  by  their  influence,  modify,  alter, 
or  entirely  prevent  the  fuccefs  of  the  experiments,  ^thy 
Means  propofed  for  varying,  diminifhing,  or  relloring 
the  fenfibility  to  galvanifm.  5/^,  Attempts  to  compare 
the  phenomena  of  galvanifm  with  thofe  of  eledricity. 

6thy  Additional  experiments,  performed  by  M.  Hum¬ 
boldt,  in  the  preftnee  of  the  members  of  the  committee; 
wdiich  have  a  reference  to  feveral  of  the  proofs  Hated  in 
the  foregoing  articles.  ^  g 

I.  To  the  number  of  twenty  experiments  were  made  On  the  ani¬ 
on  the  animal  arc.  The  firft  feven  of  thefe  were  di-  arc. 
reded  to  afeertain  the  relations  between  the  nerves  and 
thofe  mufcles  over  which  they  are  dillributed.  In  the 
lall  thirteen,  the  nerves  were  eut  afunder,  or  fubjeded 
to  ligatures;  the  fedion  or  ligature  being  always  be¬ 
tween  the  extremities  of  the  arc.  Nerves  taken  from 
different  animals,  or  from  different  parts  of  the  fame 
animal,  and  joined  in  one  and  the  fame  arc,  were  among 
the  particular  fubjeds  of  thefe  experiments  ;  as  were 
alfo  the  folitary  nerve,  and  the  folitary  mufcle,  included 
between  the  extremities  of  the  excitatory  arc.  There 
were  interpofed,  too,  in  the  courfe  of  thefe  experiments, 
portions  of  nerves,  and  of  mufcles,  dillind  from  thofe 
parts.  And,  in  fome  of  the  experiments,  the  animal 
was  without  the  Ikin  and  the  epidermis. 

The  following  are  inferences  which  have  been  deduced 
from  thefe  experiments  :  ^ 

1.  The  animal  arc  may  confift  either  of  nerves  and 
mufcles  together,  or  of  nerves  alone,  without  mufcles(B). 

2.  Nerves  are,  therefore,  the  effential  part  of  the  a- 

nimal 


(a)  The  members  of  the  committee  were,  M.  M.  Coulomb,  Sabbatier,  Pelletan,  Charles,  lourcroy,  Vauquelin^ 
Guyton,  alias  Morveau,  and  Halid  M.  M.  Venturi,  De  Modene,  and  M.  Humboldt,  aflifted  in  the  experiment. 

(b)  We  are  flrongly  inclined  to  doubt  the  truth  of  this  propofition.  Dr  Fowler  was  at  firll  led  to  think  that 
contradions  could  be  excited  in  a  limb  without  the  metals  having  any  communication  with  it,  except  through 
the  medium  of  the  nerve.  Recolleding,  however,  that  a  very  fmall  quantity  of  raoifture  ferves  as  a  condudor 
©f  galvanifm,  he  fufpeded,  and  our  opinion  perfedly  coincides  with  his,  that  in  every  cafe  where  contradions 
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nimal  arc  ;  for  the  mufcles  are  always  more  or  lefs  in¬ 
terfered  by  the  nerves ;  and  are,  confeqiiently,  in  part, 
a  nervous  organ. 

3.  All  the  parts  of  the  animal  arc  muft  be  either 
mutually  continuous,  or  at  lead  contiguous  to  one  ano- 
then  But  even  contiguity  is  fufficient  to  enable  the 
-galvanic  phosnomena  to  take  place. 

4.  he  fc-rion  or  ligature  of  a  nerve  interrupts  not 
the  galvanic  phenomena,  if  the  parts  which  are  cut  a- 
funder  or  bound  up  dill  remain  in  clofe  contiguity  to 
one  another. 

5.  No  diverfity  of  the  parts  forming  the  animal  arc, 
though  thefe  be  taken  from  different  parts  of  the  fame 
animal,  or  even  from  different  animals,  will  have  power 
to  impair  its  galvanic  fufceptibility,  provided  only  that 
thefe  parts  be  dill  mutually  contiguous. 

6.  If  the  integrity  or  galvanic  fufceptibility  of  the 
animal  arc  be  fufpended  by  the  feparation  of  any  of  its 
parts  to  fome  didance  from  one  another,  it  may  be 
redored  by  the  interpofition  of  fopne  fubdarices,  not  of 
an  animal  nature,  between  the  divided  parts.  Metallic 
fubdances  are  in  particular  fit  for  this  ufc.  But  the 
mutual  contiguity  of  all  the  fubdances  entering  into 
the  compofition  of  the  arc  mud  ever  be  carefullr  pre- 
ferved.  Mr  Humboldt  difcovered  that  a  bit  of  frefii 
morelle  {Helvella  mitra  Linn,)  will  fupply  the  place  of 
a  part  of  the  nerve. 

y.  The  mufcular  organs  which  indicate,  by  contrac¬ 


tion,  the  prefence  of  the  galvanic  influence,  are  always 
thofe  in  w^hich  the  nerves  of  a  complete  animal  arc  have 
their  ultimate  termination. 

From  this  it  follows,  that  the  mufcles  affedM  by 
galvanifm  are  always  thofe  correfponding  to  that  ex¬ 
tremity  of  the  arc  which  is  the  mod  remote  from  the 
origin  of  the  nerves  of  which  it  is  compofed. 

8.  When  all  the  nerves  of  the  animal  arc  originate 
towards  one  of  its  extremities,  then  only  thofe  mufcles 
which  correfpond  with  the  oppofite  extremity  are  fuf- 
ceptible  of  galvanic  conviilfions. 

9.  When  an  animal  arc  confids  of  more  than  one 
fydem  of  different  nerves,  which  have  all  their  origin 
about  the  middle  of  the  arc,  then  will  the  mufcles  of 
thefe  feveral  fydems  of  nerves  be  moved  alike  at  both 
the  extremities  of  the  arc. 

10.  It  feenis  likewife  to  appear,  from  a  variety  of 
thefe  experiments,  that  the  opinion  of  thofe  is  inadmif- 
fiblc,  who  aferibe  the  phasnomena  of  galvanifm  to  the 
concurrence  of  two  different  and  reciprocally  corre¬ 
fponding  influences,  one  belonging  to  the  nerve,  the 
other  to  the  mufcle,  and  who  compare  the  relations- 
between  the  nerve  and  the  mufcle,  in  thefe  phaenome- 
na,  to  thofe  between  the  interior  and  the  exterior  coat¬ 
ing  of  the  Leyden  phial. 

I  I.  It  appears,  ladiy,  that  the  covering  of  the  epi¬ 
dermis,  in  the  entire  animal  body,  afts  as  an  obdacle 
to  the  dccifive  difplay  of  the  effeds  of  galvanifm  ;  and 
_ _ _  that. 


are  produced  in  a  limb  without  any  apparent  communication  between  the  metals  and  the  mufcles,  except  through 
the  medium  of  a  nerve,  the  communication  is  in  fad  completed  by  the  moidure  upon  the  furface  of  the  nerve. 
In  this  cafe,  the  animal  arc  may  be  confidered  as  confiding  of  three  pieces,  difpofed  in  the  followinir  order  •  the* 
nerve,  the  mufcle,  and  the  winter  adhering  to  the  furface  of  the  nerve.  The  latter,  indeed,  oujlt  rather  to 
be  confidered  as  a  part  of  the  excitatory  arc.  When  a  nerve  (fays  Dr  Fowler),  which  for  fome  time  has 
been  detached  from  furrounding  parts,  is  either  carefully  wiped  quite  dry  with  a  piec..  of.  fine  mufliii,  or  Hed 
this  Ihould  be  thought  to  injure  its  drudure)  fuffered  to  remain  fufpended  till  its  moidure  has  evaporated 
no  contradions  can  be  excited  in  the  mufcles,  to  which  it  is  didributed,  by  touching  it  alone  with  any  two 
metals  in  contad  with  each  other  ;  but  if  it  be  again  moidened  with  a  few  drops  oY  water,  contradions  in- 
Itantiy  take  place.  And,  in  this  way,  by  alternately  drying  and  moidening  the  nerve,  contradions  may  at 
plealure  be  alternately  fufpended  and  renewed  for  a  confiderable  time.  It  may,  indeed,  be  contended,  that  the 
moidure  fohened,  and  thus  redored  eladicity  and  free  expanfion  to  the  dried  cellular  membrane  furrounding  the 
fibres,  of  wnich  the  trunk  of  a  nerve  is  compofed;  and  thus,  by  removing  condraint,  gave  free  play  to  their 
organization.  ^  ^ 

“  But  from  obferving,  that  in  every  other  indance  where  contradions  are  produced  by  the  mutual  contad  of 
the  metals,  a  conduding  fubdance  is  interpofed  between  them  and  the  mufcles  as  well  as  between  them  and 
the^  nerve  ;  I  think  it  would  be  unphilofophical  not  to  allow,  that,  in  the  indance  in  quedion,  the  moidure  ad- 
fiering  to  the  iurface  of  the  nerve,  formed  that  requifite  communication  between  the  metals  and  the  miffcles 
We  know  of  no  accurate  experiment  by  which  it  has  ever  been  Ihewn,  that  contradions  can  be  produced  in  a 
lirub  without  a  communication  being  edabliflied  between  the  metals  and  nerve,  and  again  between  the  mufcles 
and^tlie  metals,  either  diiedly,  or  through  fome  medium  capable  of  conduding  galvanifm. 

objedion  which  can  be  made  to  Dr  Fowler’s  experiment,  and  of  which  we  have  feen  that  he- 
was  hfintelf  aware,  namely,  that  the  nerve  while  dry  is  incapable  of  performing  its  fundions,  we  repeated  it  in 
the  following  manner:  A  fmall,  but  vigorous  and  lively,  male  frog  was  decapitated,  and  the  fciatic  nerve  being- 
aid  bare  from  the  knee  upwards,  was  cut  through  where  it  paffes  out  of  the  pelvis.  Fifteen  minutes  after  the 
head  was  cut  off,  the  nerve  having  been  cautioufiy  feparated  from  the  furroiinding  parts,  and  coated  with  tinfoil 
in  the  uluaBmanner,  a  hlver  probe  was  applied  to  it  and  its  coating,  without  any^  other  communication  with  the 
mnlcles,  and  Itrong , contradions  took  place  in  the  leg.  The  nerve  was  now  very  carefully  dried  with  a  piece 
o  fine  linen,  and  the  probe  was  applied  as  before  to  the  tinfoil  and  the  nerve  ;  no  movement  whatever  took 
place.  Ihings  remaining  precifely  in  this  fituation,  one  end  of  the  probe  being  ffill  in  contad  with  the  nerve 
and  Its  coating,  the  other.end  was  applied  to-  the  mufcles  of  the  thigh,  and  the  leg  immediately  contraded  as 
itrongly  as  ever.  Upon  moiftening  the  nerve,  the  contradions  were  again  produced  by  applying  the  probe  to 
the  nerve  and  tinfoil  alone.  We  find  from  this  experiment,  which  we  have  feveral  times  repeated  with  the 

peSftly  d' cifive  Tf^the  qudUoV.  ’  completely.  This  appears  to  us 
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that,  though  from  its  extreme  tenuity,  it  may  not  al¬ 
together  prevent  thefe  effeds,  yet  it  cannot  but  very 
materially  diminifh  them. 

n.  The  Excitatory  Jrc  is  ufually  formed  of  three 
different  pieces,  made  of  different  metals.  Of  thefe, 
one  mull  be  in  contad  with  the  nerve  ;  the  other  muff 
touch  the  mufcle  ;  and  the  third  mufl  form  the  mean 
of  communication  between  thefe  two.  This  arrange¬ 
ment,  though  not  indifpenfably  necelfary,  is  at  leafl  the 
*moft  convenient. 

In  refpeil  to  the  excitatory  arc,  the  committee  exa¬ 
mined,  ill,  The  application  of  metallic  fubftances  to 
form  it  :  in  refped  to  which  they  endeavoured  to  af- 
certain  the  number  and  the  diverfity  gf  the  pieces  of 
metal  of  which  this  arc  may  be  compofed  ;  the  metal- 
1  c  mixtures  or  alloys  which  are  capable  of  being  em¬ 
ployed  for  this  ufe  ;  the  particular  degree  of  the  frlc- 
>tion  of  one  metal  upon  another,  which  is  favourable  to 
•the  exhibition  of  the  phenomena  ;  the  different  Hates, 
ia  refped  to  galvanifm,  of  metals  differently  minerali¬ 
zed.  2dly,  The  effeds  of  the  ufe  of  carbonic  fubftan¬ 
ces  In  forming  the  excitatory  arc.  sdly,  The  effeds 
in  the  fame  formation,  of  bodies,  which  are  either  non- 
condudors,  or  elfe  very  imperfed  condudors  of  elec¬ 
tricity,  fuch  as  jet,  afphaltus,  fulphur,  amber,  fealing- 
Avax,  diamond,  &c.  4thly,  The  coiileqnences  of  the 
interpofitibn  of  water,  and  of  fubftances  moiftened  with 
water,  between  the  different  parts  of  the  excitatory 
arc.  In  forming  their  excitatory  arcs,  too,  they  made 
themfelves  the  chord  of  the  arc  ;  they  Introduced  into 
it  animal  fubftances  which  had  loft  their  vitality  ;  they 
rubbed  the  fupporters  with  the  dry  fingers,  fo  as  to 
mark  them  with  nothing  but  the  traces  of  the  perfpi- 
ratlon  from  the  flein.  They  made,  likewife,  fome  ex- 
iperiments  for'the  purpofe  of  afcertalning  the  relations 
between,  on  the  one  hand,  the  extent  and  magnitude 
of  the  furfaces  of  the  parts  compofing  the  arc,  and,  on 
the  other,  the  effeds  produced  by  its  energy.  From 


their  experiments  they  have,  alfo  drawn  fonxe  Inferenccfi 
concerning  the  relative  efftclencles  of  the  feveral  con- 
ftituent  parts  of  the  exciting  arc.  It  Is  impoffible  for 
us  here  to  relate  in  detail  all  this  train  of  experiments. 

The  following  corollaries  exprefs  the  fiibftance  of  thofe 
general  truths,  which  their  authors  were  led  to  infer 
from  them.  n 

1.  The  excitatory  arc  pofTeffes  the  greateft  power  of  Inferences# 
galvanifm,  wdien  it  is.compofed  of  at  Icaft  three  diftind 

pieces  ;  each  of  a  peculiar  nature  :  the.  metals,  water, 
and  humid  fubftances,  carbonaceous  matters,  and  ani¬ 
mal  fubftances,  llripped  of  the  epidermis,  being  the 
only  materials  out  of  which  thefe  pieces  may  be  form¬ 
ed. 

2.  Neverthelefs  the  excitatory  arc  appears  to  be  not 
deftitute  of  exciting  energy,  even  when  it  confifts  but 
of  one  piece  or  of  feveral  pieces,  all  of  One  proper  fub- 
ftance  (c).  In  general  it  muft  be  owned.  Identity  of 
nature  in  the  conftituent  pieces,  and  particularly  in  the 
fupports  forming  the  extremities  of  the  arc,  diminiflies, 
in  a  very  fenfible  manner,  its  galvanic  energy. 

3.  The  flighteft  difference  of  nature  induced  upon 
the  parts,  whether  by  any  feeble  alloy,  or  by  fridion 
with  extraneous  fubftances,  is  at  any  time  fufficient  to 
communicate  to  the  excitatory  arc  that  full  powder  In 
which  the  Identity  of  its  compofition  may  have  made 
it  defedive. 

4.  As  the  animal  arc  Is  fufceptible  of  being  in  part 
made  up  of  metallic  fubftances,  or  fuch  others  as  are 
adapted  to  enter  Into  the  compofition  of  the  excitatory 
arc  ;  fo,  on  the  other  hand,  the  excitatory  arc  admits 
of  being  in  part  formed  of  thofe  fubftances  which  are 
the  proper  components  of  the  animal  arc. 

5.  The  energies  of  both  the  excitatory  and  the  ani¬ 
mal  arcs  are  alike  fufpended  by  the  feparation  of  their 
component  parts,  or  at  leaft  by  the  feparation  of  thefe 
parts  to  a  certain  diftance. 

6.  Even  the  fmalleft  degree  of  molfture  Is  fufficient 

to 


(c)  We  do  not  think  it  has  ever  been  proved,  that  one  piece  of  metal,  or  feveral  pieces  of  the  fame  metal, 
are  capable  of  forming  the  excitatory  arc.  It  is  admitted  on  all  hands,  that  the  flighteft  alloy  communicates  % 

galvanic  energy  to  a  piece  of  metal ;  that  Is,  renders  It  capable  of  forming  the  excitatory  arc.  It  Is  alfo  known, 
that  the  metallic  oxides  are  much  lefs  perfed  condudors  of  galvanifm  than  their  correfpondlng  reguli,  to  make 
ufe  of  an  antiquated  expreffion.  It  appears  to  us,  that  In  all  cafes  where  one  metal  appears  to  ad,  more  efpeci- 
ally  where  fridion  with  the  lingers,  or  breathing  on  a  piece  of  metal  formerly  inert,  give  it  galvanic  powers  ;  in 
all  thefe  cafes,  wc  think  it  probable  that  a  flight  degree  of  oxidation,  produced  in  Tome  part  of  the  furface  of 
the  metal,  gives  it  adivity  by  deftroying  the  homogeneity  of  Its  nature.  We  do  not  find  that  this  circuiuftance 
has  been  in  general  fufficiently  attended  to.  Dr  Wells  having  difeovered  that  charcoal  ads  powerfully  as  an 
exciter  when  applied  along  with  a  metal,  found  that  by  fridion  it  alfo  can  be  rendered  capable  of  ading  fingly. 

What  change  is  thus  produced  in  it  vve  can  only  coiijedure  ;  but  that  it  is  fomething  which  deftroys  the  iden¬ 
tity  of  its  ftrudure,  rendering  it  in  fome  meafure  a  heterogeneous  fubftance,  muft  be  admitted. 

Candour  forces  us  to  acknowledge,  that  in  one  of  Mr  Humboldt’s  experiments,  it  feems  very  difficult  to  point 
out  any  want  of  homogeneity  in  the  exciting  arc.  He  put  into  a  china  cup  fome  mercury  cxadly  purified  ; 
he  placed  the  whole  near  a  warm  ftove,  in  order  that  the  entire  mafs  might  affume  an  equal  temperature  :  the 
furface  was  clear  without  the  appearance  of  oxidation,  humidity,  or  duft.  A  thigh  of  a  frog,  prepared  in  fuch 
a  manner  that  a  crural  nerve  and  a  bundle  of  mufcular  fibres  of  the  fame  length  hung  down  feparately,  was 
fufpended  by  two  filken  threads  above  the  mercury.  When  the  nerve  alone  touched  the  furface  of  the  metal, 
no  Irritation  was  manifefted  ;  but  as  foon  as  the  mufcular  bundle  and  the  nerve  touched  the  mercury  together, 
they  fell  into  convulfions  fo  briflc,  that  the  fkin  was  extended  as  in  an  attack  of  tetanus.  This  Is  by  far  the 
moft  decifive  experiment  which  has  been  tried  on  the  fame  fide  of  the  queftion  ;  but  as-  it  muft  be  admitted,  that 
in  moft  cafes  two  metals  arc  abfolutely  neceffary,  and  that  a  fingle  metal  often  derives  aeftivity  from  clrcum- 
ftances  fo  flight,  that  we  could  not  a  priori  have  expeded  that  they  were  capable  of  producing  any  change  ;  we 
feel  ourfelves  compelled  to  conclude,  that  in  M.  Humboldt’s  experiment  fome  fimllar  very  flight  circumftance 
had  efcaped  unobferved  j  perhaps  fome  gilding,  pr  ornaments  with  metallic  colours,  in  a  ftate  of  oxidation.  , 
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to  join  the  parts  of  the  excitatory  arc,  and  to  deter¬ 
mine  their  effects  upon  the  animal  arc. 

7.  The  influence  upon  the  date  of  the  atmofphere, 
and  of  furrounding  circumftances,  upon  the  fuccefs  of 
the  experiments  of  galvanifm,  is,  confequently,  very 
great.  In  order,  therefore,  to  perform  thefe  experi¬ 
ments  with  due  accuracy,  the  ftate  of  the  hygrometer, 
and  of  other  meteorological  inflruments,  miiil  be  vigi¬ 
lantly  infpecfled  during  their  progrefs  ;  and  the  influence 
of  the  perfons  making  the  experiment  upon  the  fphere 
within  which  it  is  made,  muft  likewife  be  carefully  at¬ 
tended  to. 

8.  The  experiments  which  were  made  to  afcertain 
the  nature  of  the  animal  arc,  together  with  thofe  made 
upon  the  excitatory  arc,  with  a  view  to  the  comparifon 
of  the  efFe£Is  of  the  flefh  of  animals,  with  or  without 
the  epidermis,  and  of  the  different  effc6ls  of  this  epi¬ 
dermis,  when  it  is  wet  and  when  it  is  dry,  appear  to 
fugged  to  us,  that  the  epidermis  is  one  of  thofe  fub- 
dances  which  diminifli  or  interrupt  the  efficacy  of  the 
excitatory  arc.  The  epidermis  is,  as  well  as  the  hairs 
and  bridles  of  animal  bodies,  among  the  number  of 
thofe  fubdances  which  deferve  the  appellation  of  idlo- 
eletJrics* 

9.  Examine  the  fubdances  which  are  fit  for  the  forma¬ 
tion  of  the  excitatory  arc,  and  you  will  find  that  the  great¬ 
er  part  of  thofe  which  have  been  fuccefsfully  put  to  this 
ufe  are  fubdances  capable  of  ailing  as  condu6lors  of  the 
ele(drical  fluid  ;  but  that  the  fubdances  which  interrupt 
the  operation  of  galvanifm  are  generally  fuch  as  are  well 
known  alfo  to  refid  the  tranfmiffion  of  eledlricky. 

10.  Ladly,  it  appears,  that  the  galvanic  energy  de¬ 
pends,  not  only  upon  the  nature  and  arrangement  of 
the  component  parts  of  the  excitatory  arc,  but  on  their 
extent  too,  and  on  the  magnitudes  of  their  tranfmitting 
furfaces. 

III.  The  committee  appear  to  have  ufed  no  lefs 
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mencement  of  the  mutual  conta<d,  or  of  its  ceflation. 
But  when  the  frog  is  fatigued,  the  effeds  are  diffe¬ 
rent.  Thefe  fucceffive  experiments  likewife  affed  the 
refults  of  one  another,  by  means  even  of  their  fuccef- 
fion  folely.  And  they  are  alfo  naturally  fubje<d  to  be 
influenced  by  the  nature  of  the  media  amidd  which 
they  are  performed;  fuch  as  common  air,  water,  an  e- 
ledlrical  atmofphere.  The  following  are  the  inferences 
which  have  been  deduced  from  this  clafs  of  thefe  expe¬ 
riments. 
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difeernment  in  experiments  upon  thofe  cir- 
cumnL'ces  which,  though  different  from  the  drudture 

different  the  galvanic  circle  and  its  two  conditiient  arcs,  have, 
however,  a  dcctjlve  tnjluence  upon  the  exhibition  of  the 
phenomena  of  galvanifm.  Some  curious  obfervations 
were  made  on  the  differences  in  the  date  of  the  parts 
expofed  to  the  galvanic  adlion.  It  was  afeertained, 
that  frogs  frefh  from  the  ditches  did  by  no  means  ex¬ 
hibit  the  fame  phsenomena  as  thofe  which  had  been 
during  fome  days  preferved  in  the  houfc  ;  nor  did  the 
limbs  of  animals,  when  recently  dripped  of  the  flein, 
prefent  the  fame  appearances  as  after  they  had  been 
fubjcdled  to  a  variety  of  galvanic  experiments  ;  nor 
were  the  fame  effedls  to  be  produced  upon  the  parts  of 
animal  bodies  which,  after  a  certain  number  of  trials, 
had  been  left  for  a  while  at  red,  and  then  taken  up  a- 
gain,  as  upon  thofe  which  had  been  fubjedled  to  one 
continued  train  of  experiments..  The  committee  next 
examined  the  variations  in  the  fuccefs  of  the  experi¬ 
ments  upon  a  drong  lively  frog,  which  may  be  pro¬ 
duced  by  varying  the  mode  in  which  the  communicator 
is  carried  from  the  one  fipporter  to  the  other  :  when  the 
communicator  is  brought  into  contadl  with  the  fup- 
porter,  or  is  withdrawn  from  actual  contadl  with  it  ; 
when  the  communicator  is  brought  flowly,  or  when  it  is 
brought  rapidly,  into  contadl  with  the  fipporter  ;  the 
effefts  are  nearly  the  fame  :  and  a  fmart  convulfion  is, 
in  all  thefe  cafes,  produced  at  the  moment  of  the  com- 


1.  In  many  cafes  the  galvanic  energy  is  excited  by  Inferences 
exercife,  is  exliauded  by  continued  motion,  is  renova¬ 
ted  by  red. 

2.  The  multiplicity  of  the  caufes  by  which  the  ex¬ 
periments  of  galvanifm  are  liable  to  be  influenced  to 
fuccefs  or  failure,  is  fo  great,  that  we  cannot,  as  yet, 
be  too  cautious  in  either  rcjedling  or  believing  thefe  ac¬ 
counts  which  we  hear  of  the  fuccefs  of  any  fuch  expe- 
riments  ;  unlefs  when  we  are  able  accurately  to  appre¬ 
ciate  all  the  influencing  circumdances. 

3.  This  is  remarkably  confirmed  by  a  fad,  which 
the  committee  have  related  in  their  paper,  and  which 
refpeds  the  continuation  of  the  galvanic  fpafm. 

The  communicator  being  fupported  by  the  hand, 
and  reding,  feemingly,  without  change  of  pofitioii,  dill 
upon  the  fame  point  of  contad,  there  is  known  to  take 
place  a  real  change  in  the  galvanic  contad,  although 
the  communicator  have  remained  thus  apparently  mo- 
tionlefs. 

From  this,  it  may  be  farther  inferred,  that  the  fmal- 
led  poffiblc  change  in  the  relative  fitiiations  of  the 
parts  of  the  galvanic  circle  and  the  excitatory  arc,  is 
capable  of  producing  an  eifed  upon  the  fufceptible  a- 
nimal,  and  of  occafioning  midakes  in  regard  to  the  fuc¬ 
cefs  of  the  experiment,  if  the  utmod  care  be  not  ta¬ 
ken  to  notice  and  edimate  every  variation  that  can  hap¬ 
pen. 

4.  The  truth  of  the  foregoing  propofition  is  farther 
confirmed  by  the  experiments  upon  the  manner  in 
which  the  galvanic  movements  are  affeded  by  the  ad¬ 
vancing  or  the  withdrawing  of  the  communicator.  For 
thefe  experiments  fully  evince  the  neceffity  for  the  mod 
vigilant  obfervation  of  every  movement  in  the  procefs  of 
an  experiment,  not  only  collcdively,  but  in  their  fuc- 
ceffion,  and  at  the  different  periods  of  the  operation. 

5.  It  fhould  feem  that  there  are,  in  the  formation  of 
the  excitatory  arc,  independently  of  its  modes  of  ading  . 
in  the  galvanic  operations,  certain  enervating,  and  cer¬ 
tain  exciting  difpofitions  ;  of  which  feme  not  only 
augment  or  diminifli  the  energy  in  the  prefent  iiidance, 
but,  befides,  difpofe  the  animal  to  a  greater  or  a  fmuller 
fufceptibility,  under  fubfequent  experiments. 

6.  In  order  to  accuracy  of  experiment,  and  to  the 
corred  afeertaining  of  the  effeds  of  an  experiment,  it 
is  of  great  importance  to  know  the  precife  date  of  the 
animal,  the  manner  in  which  it  has  been  preferved  and 
fudained  to  the  prefent  moment,  the  flate  of  the  at¬ 
mofphere,  particularly  as  it  is  indicated  by  the  hygro-^ 
meter,  by  the  barometer,  the  thermometer,  and  the 
elcdronieter. 

7.  It  were  to  be  wlflied,  that  in  making  a  datement 
of  experiments  of  different  forts,  thefe  fhould  be  ar¬ 
ranged  in  the  order  of  their  efficacy,  and  that  there 
might  thus  be  formed  a  galvanic  fc ale,  which  fhould 
help  us  to  determine  the  prccife  degree  of  the  galvanic 

fufceptibilityv 
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fufcepti'billty  of  any  animal  in  this  or  that  particular 
ftate  or  pofition,  fhould  dire£l:  us  in  fubje6ling  every 
fuch  animal  only  to  experiments  fiiitable  to  its  particu¬ 
lar  fufeeptibility  ;  fhould  enable  us  to  ellimate,  from 
the  efficacy  or  inefficacy  of  our  experiments,  the  galvanic 
value  of  the  circuinllances  in  which  we  every  day  find 
ourfelves,  and  fliould  enable  us  to  judge  when  the  fuc- 
cefs  or  mifearriage  of  an  experiment  can  afford  room 
for  certain  conclufions  abfolutely  negative  or  affirma¬ 
tive. 

IV.  In  their  experiments  upon  the  means  of  varying^ 
dinnnijhlfig,  and  renewing  the  fufeeptibility  of  animal  ho- 
dies  to  the  influence  of  galvanifm,  the  committee  exa¬ 
mined,  I  ft,  the  influence  of  electricity  upon  that  fuf- 
ceptibility  ;  2d,  the  effeCts  of  the  mufcular  organs,  and 
of  certain  liquors,  fuch  as  alcohol,  the  oxygenated  mu¬ 
riatic  acid,  the  folutions  of  potafh  and  opium,  upon  the 
galvanic  properties  ;  3d,  and  at  the  medical  fchool  of 
Paris  they  made  a  number  of  experiments,  in  order  to 
afeertain  what  new  modifications  the  galvanic  energy 
undergoes  in  various  cafes  of  fuffocation  or  afphyxia. 
Thefe  laft-mentioned  experiments  were  made  upon  hot- 
blooded  animals,  of  which  fonie  were  reduced  into  the 
ftate  of  afphyxia  by  fubmerfion,  fome  by  ftrangulation, 
fome  by  the  aCtion  of  gafes,  while  others  were  killed 
in  vacuo  by  the  difcliarge  of  the  eleClric  fpark.  In  that 
fuffocation  which  was  produced  by  fulphurated  hydro¬ 
genous  gas,  by  carbonic  vapours,  and  by  fubmerflon,  in 
which  the  animal  was  fufpended  by  the  hinder  feet,  the 
galvanic  fufeeptibility  was  entirely  deftroyed.  The  gal¬ 
vanic  fufeeptibility  was  only  fufpended  by  fuffocation 
produced  by  the  pure  carbonic  acid  confined  under 
mercury.  It  was  diminiffied,  but  not  deftroyed,  in 
thofe  cafes  of  fuffocation,  which  were  occafioned  by 
fulphurated  hydrogenous  gas  tliat  had  loft  a  portion  of 
its  fulphur,  by  gas  ammoniac,  gas  azote,  or  fuch  gafes 
as  had  been  exhaufted  of  their  pure  air  by  refpiration  ; 
and  the  fame  thing  was  found  to  take  place  in  animals 
which  had  periflied  by  total  fubmerfion.  But  the  gal¬ 
vanic  fufeeptibility  furvived  unaltered  in  fuffocatioiis 
brought  on  by  fubmerfion  in  mercury,  by  pure  hydro¬ 
genous  gas,  by  carbonated  hydrogenous  gas,  by  oxy¬ 
genated  muriatic  acid,  by  fulphureous  acid  ;  as  alfo 
when  the  fuffocation  was  occafioned  by  ftrangulation, 
by  the  abftradfioii  of  the  air  in  the  air-pump,  or  by 
difeharges  from  an  eleftrical  battery’.  The  refults  of 
the  experiments  at  the  medical  fchool  fuggefted  the 
following  refle<ftions  : 

,  I.  Though  it  be  true  that  all  cafes  of  fuffocation  rt- 
femble  one  another  in  the  privation  of  refpirable  air, 
and  in  the  fufpenfion  of  the  functions  of  refpiration, 
and  of  the  circulation  of  the  blood  ;  yet,  in  their  other 
circumftances,  they  are  fiibjedi  to  great  differences,  a- 
rifing  from  diverfity  of  nature  in  the  fubftances  by 
which  they  are  occafioned. 

2.  Of  thefe  caufes,  fome  appear  to  a6l  with  a  more 
thorough  efficacy,  penetrating  at  once  all  parts  of  the 
nervous  and  mufcular  fyftems.  Others  again  feem  to 
aft  but  fuperficially,  producing  only  pulmonary  af¬ 
phyxia,  with  its  immediate  efiefts. 


3.  One  of  the  moft  remarkable  chaugei  not  confined 
to  the  organs  of  refpiration,  confifls  in  the  alLerations 
produced  on  the  galvanic  fufeeptibility.  In  that  re- 
fpeft  the  various  cafes  of  afphyxia  differ  greatly  one 
from  another. 

4.  The  ftate  of  the  irritability  of  the  mufcles,  when 
examined  by  means  of  bodies,  the  mechanical  aftion  of 
which  caufes  the  mufcles  to  contraft  by  irritating  them, 
is  far  from  always  correfponding  to  the  ftate  of  their 
galvanic  fufeeptibility’. 

5.  Laftly,  the  caufes  of  fuffocation  or  afphyxia,  do 
not  aft  upon  all  parts  of  the  mufcular  fyllem  in  the 
fame  manner  ;  but  the  heart  is  very  often  found  in  a 
ftate  extremely  different  from  that  of  the  oilier  mufcles.  16 

V.  The  comparifon  between  the  pluno  men  a  of  galva-^^^V'^^l* 
nifm  and  thofe  of  ele&riciiy  is  perhaps  one  of  the  moft^T’*’^^^® 
interefting  objefts  or  attention  in  the  whole  body  of^fg^lva. 
animal  physiology.  It  is  well  known  that  Galvani  was  nifm  with 
accidentally  led  to  his  difeovery  by  obferviug  the  mo- 

tions  of  fome  frogs,  at  a  certain  diftance  from  an  elec- 
trical  machine  difeharging  fparks.  The  committed:  from 
the  inftitute  made,  therefore,  fome  attempts  to  afeer- 
taln  the  relations  between  eleftricity’  and  galvanifm. 

Having  firft  paid  due  attention  to  the  fufeeptibility  of 
animals  toward  the  influence  of  eleftricity,  they  then 
fought  to  difeover  to  what  precife  degree  animals  di- 
vefted  of  the  natural  covering  of  the  epidermis  were 
liable  to  be  affefted  by  the  variations  of  the  eleftrical 
fluid  in  the  atmofphere  around  them.  Next,  comparing 
the  fufeeptibility  of  eleftricity  with  the  fufeeptibility 
of  galvanifm,  they  perceived  that  quantities  of  the  elec¬ 
trical  fluid,  fuch  as  are  ftill  capable  of  being  very  accu¬ 
rately  meafured  by  the  eleftrometer,  are,  however,  of¬ 
ten  too  weak  to  aft  upon  a  fro^  that  retains  the  moft 
perfeft  fenfibility  to  all  the  energy  of  galvanifm.  The 
members  of  the  committee  purpole  to  profecute  farther 
their  experiments  upon  this  part  of  the  fubjeft.  jy 

VI.  The  following  arc  the  general  refults  of  the  ex-Uefuhs  of 
periments  made  by  M.  Humboldt  in  the  prefence  off;^^^""  expe- 
the  committee  ; 

1.  rhere  is  no  truth  in  the  affertion  of  certain  phy-* 
fiologifts,  that  the  experiments  of  galvanifm  fail  wffien 
tried  upon  the  heart  and  thofe  other  mufcles  of  which 
the  contraft  ions  depend  not  upon  volition  ;  for  thefe 
organs  liavc  been  found  to  be  aftually  fubjeft  to  the 
influence  of  galvanifm  (d). 

2.  The  effefts  of  galvanifm  are  liable  to  be  inter¬ 
rupted  by  the  conftriftioii  of  a  nerve,  whenever  both 
the  nerve  and  the  conftrifting  ligature  are  enveloped  in 
the  flefli  of  the  animal  body  (t). 

The  powers  of  the  exciting  arc  may  be  renova¬ 
ted  or  deftroyed,  even  though  its  fupporters  remain  the 
fame,  and  although  the  extremities  of  the  arc  be  un¬ 
changed.  Only  the  relations  of  the  intermediate  mat¬ 
ters  require  to  be  altered. 

4.  There  are  atmofpheres  of  galvanifm. 

5.  There  are  fubftances  which,  though  in  an  emi¬ 
nent  manner  conduftors  of  eleftricity,  yet  interrupt  the 
motions  of  galvanifm. 

M.  Humboldt  had  performed  alfo  other  experiments 

which, 


riments  by 
iiumboldc. 


(d)  This  was  demonftrated  fix  years  ago  by  Dr  Fowler. 

(e)  Dr  Valli  made  this  obfervation  foon  after  the  difeovery  of  galvanifm. 
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which,  when  he  attempted  to  repeat  them  before  the 
committee,  could  not  be  brought  to  fucceed,  on  ac¬ 
count,  as  was  fuppofed,  of  the  feafon  of  the  year. 

Such  are  the  principal  refults  of  this  valuable  train 
of  experiments  upon  galvanifm.  From  them  our  read- 
crs  will  perceive  that  this  interefting  fubjedl  is  ft  ill  ve¬ 
ry  imperfeaiy  underftood,  and  will  form  fome  idea  of 
the  importance  of  the  difcoveries  which  a  diligent  pro- 
fecution  of  it  promifes  to  the  philofopher  and  the  pliy- 
i8  fician. 

The  effeas  of  galvanifm  upon  fome  of  the  organs  of 
upon  (bme  ftrikiiig  than  thofe  which  we  have  feen 

of  the  or-  capable  of  producing  upon  the  mufcles. 
pans  of  If  the  upper  and  under  furfaces  of  the  tongue  be 
fcrifc.  coated  with  two  different  metals,  and  thefe  be  brought 
into  contaa  with  each  other,  a  peculiar  fenfation,  re- 
fembling  tafte,  is  produced  in  the  tongue  the  moment 
that  the  metals  touch  each  other.  With  the  greater 
number  of  metals  this  fenfation  is  fcarcely  perceptible  5 
but  with  zinc  and  gold,  zinc  and  lilver,  or  zinc  and 
molybderia,  it  is  very  ftrong  and  difagreeable.  Dr 
Fowler  thinks  it  is  ftrongeft  with  zinc  and  gold  ;  to  us 
It  appears  a  good  deal  ftronger  with  zinc  and  lilver.  It 
is  fenfibly  ftronger  when  the  zinc  is  applied  to  the  up¬ 
per,  and  the  lilver  to  the  under  furface  of  the  tongue, 
than  when  this  order  is  inverted.  The  fenfation  is  moft 
diftindl  w^hen  the  tongue  is  of  the  ordinary  temperature, 
and  the  metals  of  the  fame  temperature  with  the  tongue. 
Any  confiderable  increafe  or  diminution  of  heat  in  ei¬ 
ther  greatly  leffens  the  efted.  Mr  Sublir  of  Berlin,  in 
his  Theorie  des  Platfers,  p.  155,  (publiHied  in  1767) 
takes  notice  of  the  difagreeable  tafte  produced  by  fil- 
ver  and  lead  in  contad  upon  the  tongue.  This  is  the 
firft^inftance  of  galvanifm  that  had  been  made  public. 

To  enfure  complete  fuccefs  to  the  experiment,  the 
metals  ought  to  be  allowed  to  remain  fome  time  in  con- 
tad  with  the  tongue  before  they  are  made  to  touch 
each  other,  that  the  tafte  of  the  metals  thcmfelves  may 
not  be  confounded  wfth  the  fenfation  produced  by  their 
mere  contad.  Whatever  has  a  tendency  to  blunt  the 
fenfibility  of  the  tongue,  as  opium,  alcohol,  acids,  and 
the  like,  diminilhes  the  effed  of  the  metals. 

It  is  difficult  to  defevibe  the  fenfation  thus  produced 
accurately.  It  has  been  called  fubacid ;  but  we  think 
It  more  nearly  refembles  the  effed  produced  by  allow- 
lag  a  grain  or  two  of  nitre  to  lie  upon  the  tongue  for 
fome  time,  than  any  other  tafte  with  which  vve  are  ac¬ 
quainted.^  ^Joined  to  this,  there  is  evidently  a  metallic 
tafte,  wffiicn  varies  w'ith  the  metal  employed  ;  but  we 
are  inclined  to  corifider  this  as  the  ordinary  effed  of 
the  metals  upon  the  tongue,  wdiich  cannot  he  perfedly 
diftinguifhed  from  that  occafioned  by  their  mutual  con- 
tad. 

This  tafte  can  alfo  be  produced  by  applying  one  of 
the  metals  to  the  tongue,  and  the  other  to  any  part  of 
the  Schneiderian  membrane.  Profeffor  Robifon  has 
made  many  experiments  of  this  kind,  the  refult  of  which 
IS  contained  in  a  letter  to  Dr  Fowler.  ‘‘  I  find  (fays 
he),  that  if  a  piece  of  zinc  be  applied  to  the  tongue, 
and  be  in  contad  with  a  piece  of  filver  which  touches 
any  part  of  the  lining  of  the  mouth,  noftrils,  ear,  ure¬ 
thra,  or  anus,  the  fenfation  refembling  tafte  is  felt  on 
the  tongue.  If  the  experiment  be  inverted,  by  apply¬ 
ing  the  fiiver  to  the  tongue,  the  irritation  produced  by 
the  zinc  is  not  fenfible,  except  in  the  mouth  and  the 
SuppL.  VoL.  I.  Fart  II. 


^  N  I  S  M. 

urethra,  and  is  very  flight.  I  find  the  irritation  by 
the  zinc  ftrongeft  when  the  contad  is  very  flight,  and 
confined  to  a  narrow  fpace,  and  when  the  contad  of 
the  filver  is  very  extenfive,  as  when  the  tongue  is  ap¬ 
plied  to  the  cavity  of  a  filver  fpoon.  When  the  zinc 
touches  in  an  extenfive  furface,  the  irritation  produced 
by  a  narrow  contad  of  the  filver  is  very  diftind,  efpe- 
cially  on  the  upper  fide  of  the  tongue,  and  along  its 
^^?**&^*^*  This  irritation  feems  to  be  mere  pungency, 
without  any  refcmblance  to  tafte,  and  it  leaves  a  lafling 
impreflion  like  that  made  by  cauftic  alkali. 

When  a  rod  of  zinc,  and  one  of  filver,  are  applied 
to  the  roof  of  the  mouth,  as  far  back  as  p.ofilble,  the  ir- 
ritations  produced  by  bringing  their  outer  ends  into 
contad  arc  very  ftrong,  and  that  by  the  zinc  refembles 
tafte  in  the  fame  manner  as  wffien  applied  to  the  tongue.” 

M.  Volta  found,  that  when  a  tin  cup,  filled  with  mi 
alkaline  liquor,  is  held  in  one  or  both  hands  previoufly 
moiftened  with  water,  if  the  point  of  the  tongue  is  dip¬ 
ped  in  the  liquor,  an  acid  tafte  is  perceived.  This  is 
at  firft  diftind  and  pretty  ftrong,  but  gradually  yields 
to  the  alkaline  tafte  of  the  liquor.-  The  acid  tafte  is 
Itill  more  remarkable,  when,  inftead  of  an  alkaline  li¬ 
quor,  an  infipid  mucilage  is  made  ufe  of  The  fame 
philofopher  found,  that  when  a  cup  made  of  tin,  or, 
what  is  better,  of  zinc,  was  filled  with  water,  and  pla¬ 
ced  upon  a  filver  fupport,  if  the  point  of  the  tongue 
vyas  applied  to  the  water,  it  was  found  quite  infipid, 
till  he  laid  hold  of  the  filver  fupport,  with  the  hand 
well  moiftened,  when  a  very  diftind  and  very  ftrong 
aoid  tafte  was  immediately  perceived. 

If  one  of  the  metals  be  applied  to  the  tongue,  and 
the  other  to  the  ball  of  the  eye,  a  pale  luminous  flafii 
IS  perceived  when  they  are  brought  into  contad  with 
each  other,  and  the  fenfation  refembling  tafte  is  at  the 
fame  time  produced  in  the  tongue.  A  flaffi  is,  in  like 
manner,  produced  when  one  of  the  metals  is  applied  to 
the  eye,  and  the  other  to  any  part  of  the  palate,  fauces, 

01  irifide  of  the  cheek.  This  experiment  requires  a 
good  deal  of  attention  in  the  performance  ;  care  muft: 
be  taken  not  to  prefs  the  piece  of  metal  agaiuft  the  ball 
of  the  ey  e,  left  a  flafii  fliould  be  produced  by  the  mere 
mechanical  preflTure.  It  fliould  be  cautioufly  introdu¬ 
ced  between  the  eye-lids,  till  it  juft  touch  any  pan  of 
the  ball ;  and  it  ftiould  be  allowed  to  remain  in  that  fi- 
tiiation  for  fome  time  before  it  is  brought  into  contad 
with  the  other  piece  of  metal,  that  the  pans  may  he  fo 
far  accuftomed  to  it  as  to  admit  of  the  lenfatioiis  pro- 
duced  being  properly  attended  to.  The  experiment  fuc- 
ceeds  very  well  with  tin  and  filver  ;  but  the  flafli  is  more 
bright  when  zinc  and  gold  are  ufed.  The  piece  of 
metal  which  is  applied  to  the  ball  of  the  eye  muft  be 
finely  poliflied,  othervviie  the  mechanical  irritation  is 
fometimes  fo  great  as  to  prevent  tlie  flafli  from  being 
perceived.  Dr  Robifon  has  obferved,  that  the  bnVht. 
iiefs  of  the  flafh  correfpoiids  with  the  extent  of  con'tad 
of  the  metal  with  the  tongue,  palate,  fauces,  or  cheek. 

If  a  piece  of  one  of  the  metals  be  placed  as  high  up 
as  poffible  between  the  gums  and  the  upper  lip,  and 
the  other  in  a  fimilar  fituation  with  refped  to  the  un¬ 
der  lip,  a  veiy  vivid  flafli  of  light  is  obferved  at  the 
moment  that  they  are  brought  into  contad,  and  ano¬ 
ther  at  the  inftant  of  their  feparation.  While  they  re¬ 
main  in  contad,  no  flafli  is  obferved.  ^ 

When  a  rod  of  filver  is  thruft  as  far  as  poffible  up 
4  R  one 
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one  of  the  noftrils,  and  then  brought  into  contaft  with 
a  piece  of  zinc  placed  upon  the  tongue,  a  very  Rrong 
flaih  of  light  is  produced  in  the  correfpondiiig  eye  at 
the  inftant  of  coiitaft.  We  have  fometimes  imagined 
that  the  flafh  in  this  experiment  was  produced  before 
the  metals  adually  touched  ;  but  in  this  we  may  have 
been  deceived. 

The  follo.vving  cuiious  experiment  was  firil  made  by 
Profefibr  Robifon  ;  “  Put  a  plate  of  zinc  into  one  cheek, 
and  a  plate  of  filver  (a  crown  piece)  into  the  other, 
at  a  little  diftance  from  each  other.  Apply  the  cheeks 
to  them  as  extenfively  as  pofiible.  Thruil  in  a  rod  of 
zinc  between  the  zinc  and  the  cheek,  and  a  rod  of  fil¬ 
ver  between  the  filver  and  the  other  cheek.  Bring 
their  outer  ends  flowly  into  conta£l,  and  a  fmart  con- 
vulfive  twitch  will  be  felt  in  the  parts  of  the  gums  fitu- 
ated  between  them,  accompanied  by  bright  flafhes  in 
the  eyes.  And  thefe  will  be  diftindlly  perceived  before 
contaft,  and  a  fecond  time  on  feparating  the  ends  of 
the  rods,  or  when  they  have  again  attained  what  may 
be  called  the  Jlrthing  dijiance.  If  the  rods  be  alternated, 
no  effe6l  whatever  is  produced.'’ — The  flafhes  produ¬ 
ced  in  this  lafl  experiment  are  rather  more  vivid  than 
any  which  we  have  been  able  to  excite  by  the  other  me¬ 
thods.  The  convulfive  twitches  are  very  diftindf,  and 
fomewhat  painful,  but  quite  different  from  the  fenfa- 
tion  produced  by  an  eledlric  fhock.  If  the  edges  of 
the  tongue  be  allowed  to  touch  the  plates  of  metal  in 
the  cheeks,  the  fenfation  refembling  tafte  is  felt  very 
Rrongly  ;  but  this  does  not  ia  the  leaf!  impair  the  o- 
ther  effe(^s  of  the  experiment. 

No  method  has  yet,  we  believe,  been  difcovered  of 
applying  the  galvanic  influence  fo  as  to  affedf  the  fenfes 
of  fmelling  or  hearing.  We  have  tried  many  experi¬ 
ments  with  this  view,  chiefly  on  the  organs  of  fmelling, 
but  hitherto  without  any  fuccefs  (f).  Neither  has  tlie 
fenfe  of  touch  been  affedled  by  it,  unlefs,  indeed,  the 
follovwng  experiment  be  confidered  in  that  view  :  Let 
a  fmall  portion  of  the  cuticle  be  removed  from  any  part 
of  the  body  by  a  fharp  knife,  and  carry  the  incifion  to 
fuch  a  depth  that  the  blood  (hall  juft  begin  to  ooze 
from  the  cutis  vera.  Let  a  piece  of  zinc  be  applied 
here,  and  a  piece  of  filver  to  the  tongue;  when  they  are 
brought  into  contad,  a  very  fmart  irritation  will  be  felt 
at  the  wound. 

Some  very  fingular  fads  of  this  kind  have  been  dif¬ 
covered  by  M.  Humboldt,  w^ho  "had  the  refolutioR  to 
make  himfelf  the  fubjed  of  many  well-devifed  experi¬ 
ments.  One  of  the  nioft  remarkable  of  thefe  is  the  fol¬ 
lowing  :  He  caufed  two  bliftering  plafters  to  be  applied 
on  the  deltoid  mufcle  of  both  his  awn  flioulders.  When 
the  left  bliiler  was  opened,  a  liquor  flowed  out,  which 
left  no  other  appearance  on  the  flfin  than  a  flight  varnifh, 
which  difappeared  by  waftiing.  The  wound  was  after¬ 
wards  left  to  dry  up  :  this  precaution  was  neceffary,  in 
order  that  the  acrid  humour  which  the  galvanic  irri¬ 


tation  would  produce,  might  not  be  attributed  to  the  || 

idiofyncrifis.of  the  veftels.  This  painful  operation  was  || 

fcarcely  commenced  on  the  w^ound,  by  the  application  |l 

of  zinc  and  filver,  before  the  f^rous  humour  was  dil- 
charged  in  abundance  ;  its  colour  became  vifibly  dark 
in  a  few  feconds,  and  left  on  the  parts  of  the  flcin  where 
it  paffed  traces  of  a  brown  Inflamed  red.  This  humour 
having  defeended  towards  the  pit  of  the  ftomach,  and 
flopped  there,  caufed  a  rednefs  of  more  than  an  inch 
in  furfacc.  The  humour,  when  traced  along  the  epi- 
dermis,  left  ftains,  which,  after  having  been  vvaftied,  ap- 
peared  of  a  bluifti  red.  The  inflamed  places  having 
been  imprudently  waflied  with  cold  water,  increafed  fo 
much  in  colour  and  extent,  that.M.  Humboldt,  as  well 
as  his  phyfician  Dr  Schalleru,  who  aftifted  at  thefe  ex¬ 
periments,  entertained  fome  apprehenfion  for  the  confe-  i 

quences.  ^  •  ' 

Having  now  taken  notice  of  the  principal  fads  that 
are  hitherto  known  in  galvanifm,  we  proceed  to  confi- 
der  fome  of  the  leading  opinions  on  the  fubjed. 

The  firft  writers  upon  the  difeovery  of  Galvani  feem  Phenome- 
almoft  univerfally  to  have  taken  it  for  granted,  that 
phenomena  depend  on  the  eleftric  fluid;  and  leaving  this p 
very  important  queftion  behind  them,,  proceeded  to  eXrfuU  frome- 
plain  how  this  fluid  produces  fuch  effeds.  The  celebra-ledricityj 
ted  difeoverer  of  this  influence  himfelf  confiders  a  mufcle 
as  the  perfed  prototype  of  a  Leyden  phial.  When  a 
mufcle  contrads  upon  a  connedion  being  formed,  by 
means  of  one  or  n)ore  metals  between  its  external  fur- 
face  and  the  nerve  which  penetrates  it,  M.  Galvani 
contends,  that,  previoufly  to  this  effed,  the  inner  and 
outer  parts  of  the  mufcle  contain  different  quantities  of 
the  eledric  fluid ;  that  the  nerve  is  confequently  iri  the 
fame  ftate,  with  refped  to  that  fluid,  as  the  internal  fub-  ‘3 

fiance  of  the  mufcle  ;  and  that,  upon  the  application  of  jliij 

one  or  more  metals  between  its  outer  furface  and  the  I 

nerve,  an  eledrical  difeharge  takes  place,  which  is  the  I 

caufe  of  the  contradion  of  the  mufcle.  Thus  the  nerve  I 

is  fuppofed  to  perform  the  oflice  of  the  wire  conneded  ] 

with  the  internal  furface  of  the  phial ;  and  the  excita¬ 
tory  arc  is  confidered  merely  as  a  condudor. 

This  theory  appears  to  us  juft  as  incapable  of  ex¬ 
plaining  the  phenomena  of  galvanifm  as  it  is  inconfiftent  ^ 

with  the  known  laws  which  regulate  the  motions  of  tlie 
eledric  fluid.  We  fhall  not  confider  it  minutely  ;  for 
we  hope  it  will  foon  appear  highly  probable,  if  not  cer¬ 
tain,  that  the  eledric  fluid  has  no  (hare  in  the  produc¬ 
tion  of  the  phenomena  in  queftion.  If  this  be  the  cafe, 
all  the  different  modifications  of  that  theory  muft  of 
courfe  fall  to  the  ground.  At  prefent  we  fliall  content  ; 

ourfelves  with  aflcing  the  following  queftions  :  j 

1.  How  is  it  pofiible  for  the  eledric  fluid  to  be  conr'p^jsfupp'^  ' 

denfed  in  a  mufcle,  which  is  wholly  furrounded  by  fub-fitionill 
fiances  capable  of  conduding  that  fluid  ?  ^  founded. 

2.  If  we  fuppofe  there  is  fome  non-defeript  non-con- 
duding  fubftance  placed  between  the  external  and  in¬ 
ternal 


(f)  Profefibr  Robifon  has  long  ago  obferved,  that  the  flavour  of  a  pinch  of  fnuff.  taken^  from  a  box  made  of 
tin-plate,  which  has  been  long  in  ufe,  fo  that  the  tin  coating  is  removed  in  many  places,  is^  extremely  different 
from  that  of  fnuff  when  taken  from  a  new  box,  or  a  box  lined  with  tin-foil.  The  fame  difference  is  obferved 
when  we  rub  a  piece  of  pure  tin,  or  of  pure,  iron  and  a  half  worn  tinned  plate,  with  the  finger. 
rub  a  call  Heel  razor,  and  a  common  table  knife  con  lifting  of  iron  and  fteel  welded  together.  This  is  furely 
owing  to  a  caufe  of  the  fame  kind. 
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ternal  parts  of  a  mufcle,  which  may  admit  of  the  one 
being  pofitively,  and  the  other  negatively  eleftrified  at 
the  fame  time — how  comes  it  to  pafs  that  a  difcharge 
does  not  take  place,  and  a  confequent  contradtion  en- 
fue,  when  any  fubftance  whatever,  capable  of  conduc¬ 
ting  the  eledlric  fluid,  is  interpofed  between  the  nerve 
and  the  external  fiirface  of  the  mufcle  ?  For  example, 
when  the  nerve  and  mufcle  are  laid  bare,  and  the  ani¬ 
mal  thrown  into  water  ;  or  when  the  nerve  is  cut 
through,  and  the  end  applied  to  the  external  furface  of 
the  mufcles. 

3.  How  does  it  happen,  w'hen  one  difcharge  adliral- 
ly  takes  place,  in  coiifequence  of  the  application  of 
the  excitatory  arc,  that  the  balance  is  not  inilantly  re- 
llored  ?  That  this  does  not  happen,  appears  by  the 
fame  mufcle  and  nerve  being  capable  of  producing  many 
hundreds  of  fimilar,  and  equally  ftrong  difcharges,  with¬ 
out  any  apparent  means  of  the  equilibrium  being  again 
difturbed. 

We  have  never  feeh  any  anfwers  to  thefe  queflions 
which  appeared  to  us  at  all  fatisfadlory  ;  and  till  we 
have  feen  them  anfwered,  we  mufl  be  excufed  for  dilbe- 
lieving  M.  Galvani’s  theory. 

One  of  the  earlleft  writers,  and  one  of  the  niofl  af- 
fiduous  Inveftigators  of  the  phenomena  of  galvanifm, 
is  Dr  Valli.  He  differs  in  opinion  from  Galvaiii  upon 
feveral  points  ;  but  agrees  with  him  in  thinking  eledfri- 
clty  and  galvanifm  the  fame.  Let  us  confider  the  proofs 
by  which  he  fupports  this  doctrine. 

I  have  afferted  (fays  he),  that  the  nervous  fluid  Is 
the  fame  with  electricity,  and  with  good  reafon  ;  for 
Proofs  by  “  Siibftances  which  condudt  eleClricIty  are  conductors 
W'hich  Vallihhewife  of  the  nervous  fluid. 

endeavours  Subfiances  which  are  not  conductors  of  eledricity 
do  not  condnCt  the  nervous  fluid. 

Non-conduCting  bodies,  which  acquire  by  heat  the 
property  of  conducing  eleCtrIcity,  preferve  it  likewiTe 
for  the  nervous  fluid. 

“  Cold,  at  a  certain  degree,  renders  water  a  non-con- 
duCtor  of  electricity  as  well  as  of  the  nervous  fluid. 

‘‘  The  velocity  of  the  nervous  fluid  is,  as  far  as  we 
can  calculate,  the  fame  with  that  of  eleCtrIcity. 

“  The  obftacles  w^hich  the  nerves,  under  certain  cir- 
cum fiances,  oppofe  to  eleClricIty,  they  prefent  likewife 
to  the  nervous  fluid. 

Attraction  is  a  property  of  the  eleCtric  fluid,  and 
this  attraction  has  been  difeovered  In  the  nervous  fluid. 

“  We  here  fee  the  greatefl  analogy  between  thefe 
fluids  ;  nay,  I  may  even  add,  the  characters  of  their 
identity.’’ 

That  there  is  a  confiderable  analogy  between  fome 
of  the  effects  of  the  eleCtric  fluid  and  fome  of  the  phe¬ 
nomena  of  galvanifm,  we  readily  admit  ;  but  that  “  the 
characters  of  their  identity”  are  anywhere  to  be  found, 
we  abfolutely  deny.  In  the  above  paffage,  Dr  Valli 
confiders  it  as  certain  that  the  nervous  fluid  is  the  caufe 
of  the  phenomena  difeovered  by  Galvani.  But  it  has 
never  been  demonflrated  irrefragably,  that  any  fuch 
thing  as  a  nervous  fluid  exills,  and  flill  lefs  that  this  is 
the  fame  with  the  influence  difeovered  by  Galvani. 

That  bodies  are,  in  general,  conductors  or  non-con- 
duCtors  of  galvanifm,  according  as  they  are  conductors 
or  non -conductors  of  eleCtrIcity,  we  believe  to  be  true  ; 
but  this  rule  is  by  no  means  without  exception,  as  it 
certainly  would  be,  if  galvanifm  and  eleCtricity  were  the 
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fame.  T^ere  is  an  e.’tperiment  of  Dr  Fowler’s,  which 
feems  to  fliew  that  w'ater  is  a  more  powerful  conduc¬ 
tor  of  galvanifm  than  mercury  ;  though  the  reverfe  is 
generally  allowed  as  to  elearicity. 

If  the  abdomen  of  a  frog  be  filled  with  water,  and  a 
fiiver  probe  paffed  through  it  fo  as  to  touch  the  fciatic 
nerves,  no  contraClions  are  produced  ;  neither  do  they 
appear  when  the  probe  is  touched  above  the  furface  of 
the  water  with  a  piece  of  zinc.  But  if  the  zinc  be  ap¬ 
plied  to  the  probe  at  the  furface  of  the  w’ater,  contrac¬ 
tions  are  produced  as  vigorous  as  if  both  the  metals 
touched  the  uerve.  Here  the  water  ferves  as  a  con¬ 
ducting  medium  between  the  nei  ves  and  the  point  where 
the  metals  touch  each  other :  but  if  the  abdomen  he 
filled  with  mercury  inftead  of  water,  no  contraaions 
are  produced  by  applying  the  filver  probe  to  the  nerves, 
and  touching  the  probe  with  the  zinc  at  the  furface  of 
the  mercury.  We  do  not  fee  how  tin’s  experiment  can 
be  accounted  for,  except  by  allowing  that  water  is  a 
more  pCwerful  coiidudor  of  galvanifm  than  mercury. 

If  this  experiment  fliould  be  thought  inconclufivc,  we 
have  the  authority  of  M.  Humboldt,  and  of  the  Commit-  ‘ 
tee  of  the  National  Iiiflitute  of  France,  for  faying*  that 
there  are  fubflances  which,  though  in  an  eminent  manner 
condudors  of  eleCtricity,  yet  interrupt  the  motions  of 
galvaniim.  This  is  certainly  fufficieiit  to  take  away  all 
weight  from  Dr  Valli’s  two’firft  reafons  for  confideriiur 
thefe  two  fluids  as  the  fame,  viz.  that  all  condudors  of 
eledriclty  are  likewife  condudors  of  galvanifm  ;  and 
that  all  bodies  which  do  not  condud  the  former  are 
alfo  non-condudors  of  the  latter.  Thefe  two  are  by 
far  the  moll  important  of  his  reafons  ;  and  if  they  were 
true  in  their  full  extent,  they  would  certainly  fliew  a 
very  flriking  analogy,  though  they  would  by  no  means 
deferve  the  appellation  of  “charaders  of  identity.’^ 

As  to  the  Dodor’s  two  next  propofltions,  which  re¬ 
gal  d  the  effeCls  of  heat  and  cold  in  rendering  bodies 
condudors  or  non-conductors,  they  are,  in  fad,  only 
branches  of  the  two  firft  ;  and  as  we  have  feen  that  thefe 
are  not  univerfally  true,  we  might  admit  that  they  are 
corred  in  this  particular,  without  weakening  emr  argu¬ 
ment.  For  this  reafon  we  lhall  not  confider  them  mi¬ 
nutely  ;  but  we  may  obferve  that  Dr  Fowler’s  experi¬ 
ments  fhew  that  boiling  water,  and  water  cooled  down 
to  the  freezing  point,  both  condud  this  Influence  as 
well  as  water  at  the  ordinary  temperature  of  the  atmo- 
fphere.  If  any  change  in  the  conducting  power  takes 
place  beyond  thefe  points,  it  may  w-th  greater  probabi¬ 
lity  be  afcribcd  to  the  changes  of  form  which  the  w*ater 
undergoes,  than  to  the  increafe  or  diminution  of  its 
temperature. 

We  confefs  ourfelves  perfedly  ignorant  of  any  data 
upon  which  Dr  Valli  could  tfound  a  calculation,  the  re- 
fult  of  which  could  fhew  that  the  velocity  of  the  nei*. 
vous  fluid  is  the  fame  wnth  that  of  eleCtricity.  Siippofe 
we  fhould  take  it  into  our  heads  to  aflert  that  the  velo¬ 
city  of  galvanifm  is  the  fame  with  that  of  light,  we  ap¬ 
prehend  our  author  could  not  eafily  demonfirate  the 
contrary.  Neither,  in  all  probability,  w'r  nld  he  confider 
this  aflertion  of  ours  as  a  fuflicient  proof  tha^alvanifm 
and  light  are  the  fame.  ^ 

With  regard  to  the  next  propofition,  that  “  the  ob- 
ftacles  which  the  nerves,  under  certain  circumftances, 
oppofe  to  eleiftricity,  they  prefent  likewife  to  the  ner¬ 
vous  fluid we  may  remark,  that  any  obfl:acle  which 
4  R  2  dellroys 
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'  dejflroys  the  funaions  of  a  nerve  completely,  will  pre¬ 
vent  the  mufcles  which  are  fupplied  by  that  nerve  from 
contraaing  upon  the  application  of  any  ftimulus  what¬ 
ever  (g).  It  does  not,  however,  by  any  means  follow, 
that  the  paffage  of  either  the  galvanic  or  the  eledric 
fluid  is  prevented.  The  nerves  may  ftill  be  very  good 
conductors  of  both,  though  the  mufcle  is  deprived  of  all 
power  of  coiitradling.  That  there  are  obllacles,  how¬ 
ever,  which  the  nerves,  under  certain  circumftances,  pre- 
fent  to  the  paffage  of  eleCtricity,  but  which  they  do 
not  under  the  fame  circumllances  prefent  to  galvanifm, 
we  think  abundantly  demonitrated  by  Dr  Valli's  own 
a5  experiments. 

Iptconfiftent  I  have  frequently  obferved  (fays  he)  that  the  legs, 
viithhis  Qp  which  the  nerves  had  been  tied  at  a  certain  dillarice 
riments''*'  mufcles,  did  not  feel  the  aftion  of  a  certain 

’  quantity  of  artificial  eleftricity,  although  they  were  vio- 
lently  convulfed  by  exciting  that  which  was  inherent 
and  peculiar  to  them.’'  AVhat  then  was  the  caufe  of 
the  difference  obferved  in  thefe  cafes  between  the  effeCls 
of  galvanifm  and  eleClricity  ?  Was  it,  that  the  quantity 
or  degree  of  the  former  exceeded  that  of  the  latter  ? 
Be  it  fo. 

.  Dr  Valli  informs  us,  that  in  his  experiments,  an  elec¬ 
tric  charge  which  could  fialh  through  a  thicknefs  of 
air  equal  to  .035  of  an  inch,  produced  no  movement 
in  the  leg  of  a  frog  of  which  the  crural  nerve  was  tied, 
while  the  other  leg,  of  which  the  nerve  was  left  free, 
underwent  confiderable  movements. 

That  the  influence  difeovered  by  Galvani  can  pafs 
through  an  exceeding  thin  plate  of  air,  is  certain,  as  it 
is  tranfmitted  from  link  to  link  of  a  chain,  where  no 
confiderable  force  is  ufed  to  bring  the  links  into  con- 
ta6l.  Dr  Robifon’s  experiment,  too,  in  which  the 
flalhes  of  light  are  diftin61:ly  obferved  before  the  rods 
of  filver  and  zinc  touch  each  other,  is  anothb'  proof  of 
the  fame  fa6l  ;  and,  if  we  be  not  deceived,  the  fame 
thing  takes  place  when  a  rod  of  filver  thruff  up  the 
noftril  is  applied  to  a  piece  of  zinc  in  contaft  with  the 
tongue.  But  that  it  will  only  pafs  through  an  exceed¬ 
ing  thin  plate  of  air,  any  man  may  convince  himfelf  by 
an  experiment  firft  tried  by  Dr  Fowler,  which  is  eafily 
repeated.  If  a  (lick  of  fealing-wax  be  coated  with  tin- 
foil,  it  will  be  found  a  very  good  condudlor  ;  but  if, 
with  a  fharp  pen-knife,  an  almofl  imperceptible  divifion 
be  made  acrofs  the  tinfoil,  even  this  interruption  of 
continuity  in  the  con du6lor  will  be  found  fufficient  ef- 
fedfually  to  bar  the  paffage  of  galvanifm. 

We  And,  then,  that  a  quantity  of  the  ekdlric  fluid 
which  can  pafs  through  a  plate  of  air  of  the  thicknefs 
of  .035  of  an  inch,  is  obilrudfed  by  a  ligature  upon  a 
nerve,  wdiile  the  galvanic  influence  paffes  readily  along 
;i  nerve  included  in  a  ligature,  but  is  obftrudled  com¬ 
pletely  by  making  an  almoft  imperceptible  divifion  in 
a  good  condudlor.  The  plate  of  air  in  this  cafe  furely 
is  not  near  .035  of  an  inch  in  thicknefs.  It  lefults  in- 
contellibly,  from  a  comparifon  of  thefe  two  experi¬ 
ments,  that  there  is,  between  thefe  two  agents,  fome 
other  difference  befides  the  mere  degree  of  intenflty. 

We  come  now*-  to  the  laft  reafoii  which  our  author 


afiigns  for  his  belief  that  galvanifm,  or,  as  he  choofes 
to  call  it,  the  nervous  JluuU  is  the  fame  with  electricity. 

It  w'ill  be  found  a  very  important  one.  That  property 
by  which  bodies  charged  with  the  eledlric  fluid  attradt 
or  repel  other  bodies,  according  as  they  are  in  the  fame 
or  the  oppofite  ftate  of  eledlricity  from  themfelves,  is  fo 
Itriking,  and  at  the  fame  time  fo  Univerfal,  that  it  has 
been  very  properly  adopted  as  the  meafurc  of  this  fluid. 

If  it  were  true,  then,  that  the  galvanic  influence  pof- 
feffed  the  fame  properties  of  attradlion  and  repulfioii  as 
the  eledlric  fluid,  this  circuraftance  w^ould  certainly  in- 
creafe  the  analogy  between  them  very  much.  As  we 
have  already  feen,  however,  that  they  differ  in  other  ef- 
fential  points,  even  if  it  were  true  that  they  agreed  in 
this,  it  could  conftitute  no  proof  of  their  identity.  But 
if,  on  the  other  hand,  we  fhould  find  that  this  affer- 
tion  of  our  author  is  founded  on  error,  and  that  the 
galvanic  influence  poffeffes  in  no  degree  whatever  thofe 
properties  of  attradlion  and  repulfion  which  have  al¬ 
ways  been  juftly  confidered  as  eflential  charadleriffics  of 
the  elcdlric  fluid,  we  fhall  then  be  fully  juftified  in  af- 
ferting,  that  thefe  two  agents,  however  much  they  may 
refemble  each  other  in  fome  lefs  important  particulars, 
are  in  their  nature  totally  diftindl  and  uneonnedled. 

Let  us  examine  the  proofs  by  which  Dr  Valli’s 
fertfon  is  fupported.  He  tells  us,  that  he  obferved  the 
hairs  of  a  moufe,  attached  to  the  nerves  of  frogs,  by  ledricity. 
the  tinfoil  with  which  he  furrounded  them,  alternately 
attradled  and  repelled  by  each  other,  whenever  another 
metal  was  fo  applied  as  to  excite  contradlions  in  the 
frogvS.  We  are-very  far  from  meaning  to  infinuate  that  ^ 

Dr  Valli  did  not  fee,  or  think  he  faw,  what  he  thus  de- 
feribes  ;  but  that  the  motion  of  the  hairs  muff  have 
arifen  from  fome  caufe,  different  from  that  to  which  he 
aferibed  it,  cannot  admit  of  a  doubt ;  for  hairs,  in  fuch 
a  ftate  of  eledlricity  as  he  fuppofes,  never  attradl,  but 
always  repel  each  other. 

Dr  Fowler,  who  has  paid  particular  attention  to  this 
part  of  his  fubjedl,  has  many  times  repeated  this  expe¬ 
riment,  both  in  the  manner  deferibed  by  Dr  Valli  and 
with  every  variation  in  the  difpofition  of  the  hairs  which 
he  could  devife  :  but  whether  they  were  placed  on  the 
metals,  the  nerves,  or  the  mufcles,  or  upon  all. at  the 
fame  time,  he  has  never  in  any  inftance  been  able  to  ob- 
ferve  them  agitated  in  the  flighteft  degree.  He  has 
made  fimilar  experiments  upon  a  dog,  and  upon  a  large 
and  lively  llcate,  by  difpofing,  in  the  fame  way  that  Valli 
did  the  hairs  of  a  moufe,  flakes  of  the  fineft  flax,  fwan- 
down,  and  gold  leaf ;  but  although  the  contradions^ 
produced  in  the  fleate,  by  the  contad  of  the  metals,, 
were  fo  ftrong  as  to  make  the  animal  bound  from  the 
table,  not  the  leaft  appearance  of  eledricity  was  indica¬ 
ted,  He  next  fufpended  from  a  ftick  of  glafs,  fixed  in 
the  ceiling  of  a  clofe  room,  fome  threads,  five  feet  in 
length,  of  the  flax  ufed  in  the  former  experiment  ;  and. 
brought  fome  frogs  recently  killed,  and  infulated  upon 
glafs,  as  near  to  them  as  pollible  without  touching  : 
but  the  threads  were  in  nowife  affeded  by  the  contrac¬ 
tions  produced  in  the  frogs. 

In  a  very  ingenious  paper  upon  galvanifm  by  Dr 

Wells, 


(g)  We  do  not  here  mean  that  contradion  which  mufcles  are  fufceptible  of  long  after  death,  upon  having  their 
fibres  mechanically  irritated,  which  is  produced  by  what  pliyfiologifts  have  called  the  vis  injxta^  and  which  is  per- 
fedly  known  to  our  cooks,  as  it  was  to  their  predeceffors  in  the  Roman  kitchens,  as  the  foundation  of  the  art  o£ 
crimping.  We  at  prefent  confine  ourfelves  to  contradion  produced  through  the  medium  of  the  nerves. 
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15.  Weir?,  vvhiVb  IS  pubh’fhed  in  the  Lctidan  Philofophical 
^‘795»  gentleman  maintains  the 
(11  the  opinion,  that  the  influence  difcovercd  by  Galvani  is  e- 
h.rxt  fub-  Icdlrical.  He  admits,  that  it  is  not  attended  with  thofe 
je^:,  appearances  of  attradion  and  repulfion  which  are  held 
to  be  the  tefts  of  the  prefence  of  elcdricity  ;  but  he 
contends,  that  “  neither  ought  fl^ns  of  attradion  and 
repulfion  to  be  in  this  cafe  prefented  on  the  fuppofition 
that  the  influence  is  ekarical  j  fiiice  it  is  neceiTary,  for 
the  exhibition  of  fuch  appearances,  that  bodies,  after  be¬ 
coming  eledbical,  fliould  remain  fo  during  fome  fenfible 
portion  of  time;  it  being  well  known,  for  example,  that 
the  paflage  of  the  charge  of  a  Leyden  phial,  from  one 
of  its  furfaces  to  the  other,  does  not  affed  the  moft  de- 
licate  eleftrometer,  fufpended  from  a  wire,  or  other  fub- 
16  dance,  which  forms  the  communication  between  them.’’ 
Inconclu-  That  the  charge  of  a  Leyden  phial  does  not,  in  paf- 
fwe^likc-  f,ng  along  a  wire,  affed  an  ekarometer,  is  certain  ;  and 
it  is  equally  true,  that  we  have  no  means  of  af»plyingan 
ekarometer  to  a  quantity  of  galvanifin  in  a  date  of 
red  in  a  body.  If  this  influence  ever  exids  in  fiich  a 
date,  we  have  no  ted  by  which  wc  can  difeover  its  pre¬ 
fence  ;  and  it  is  only  from  the  effedls  which  it  produces 
in  tranjitu  that  we  know  of  its  exidence.  But  the  elec¬ 
tric  fluid,  in  paffing  from  link  to  link  of  a  chain,  fen- 
libly  affedls  an  ekedrometer  ;  and  in  Dr  Fowler’s  expe¬ 
riment  with  the  fleate,  for  example,  as  more  than  one 
piece  of  metal  is  employed  as  an  exciter,  the  fluid,  in 
pairing  from  one  piece  to  another,  fliould  have  affe^ed 
the^  light  fubdances  which  were  placed  upon  them. 
This  appears  to  us  a  fufficient  anfvver  to  the  objedion 
darted  by  Dr  'Wells  :  but  the  fame  objedion  having 
been  lately  made  to  us  by  a  gentleman  from  whom  we 
fhall  always  receive  every  fuggedion  with  uncommon 
deference,  we  thought  it  worth  while  to  try  the  follow¬ 
ing  experiment : 

Three  hours  after  a  frog  had  been  decapitated,  it 
(hewed  drong  dgns  of  galvanic  fufeeptibility.  One  of 
the  fciatic  nerves  being  coated  with  tinfoil  in  the  ufual 
manner,  the  kg  was  laid  upon  a  plate  of  zinc.  A  gen¬ 
tleman  was  defired  to  lay  hold  of  the  nerve  and  its  coat¬ 
ing  with  the  fingers  of  one  hand,  which  had  been  pre- 
vioufly  dipped  in  water,  while  with  the  other  hand,  alfo 
wet,  he  held  the  end  of  a  fmall  brafs  chain  about  two 
inches  in  length.  Another  gentleman  now  took  hold 
of  the  other  end  of  the  chain,  and,  with  a  filver  probe, 
held  in  his  other  hand,  touched  the  plate  of  zinc.  The 
influence  being  thus  made  to  pafs  through  the  clkiin, 
the  kg  contradlcd  vigoroiifly  ;  but  a  very  fenfible  elec¬ 
trometer,  held  fo  near  to  the  chain  as  almod  to  touch 
it,  was  neither  attraded  nor  repelled.  In  performing 
this  experiment,  it  was  iieceffary  to  have  the  hands  wet, 
as  the  dry  cuticle  tends  much  to  obflrudl  the  paflage  of 
galvanifm  ;  but  the  utmodcare  was  taken  that  the  chain 
fliould  be  perfedlly  dry,  olherwdfe  the  influence  might 
have  been  tranfmitted  by  the  moifture  upon  its  furface 
without  pafling  through  the  chain  itfelf. 

To  avoid  the  poffibility  of  this  happening,  the  expe¬ 
riment  was  varied  in  the  following  manner  :  The  frog’s 
leg  was  laid  upon  a  plate  of  zinc,  and  the  nerve  upon  a 
plate  of  filver.  A  gentleman  now  took  a  filver  probe, 
and  one  end  of  the  brafs  chain  in  contadl  with  it,  in 
one  hand  ;  and  in  the  other  hand  he  held  the  other  end 
of  the  chain  in  contad  with  a  rod  of  zinc.  He  now 
touched  the  filver  plate  with  the  rod  of  filver,  and  the 
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zinc  plate  with  the  rod  of  zinc.  As  the  influence  was 
not  now  to  be  made  to  pafs  through  his  body,  there 
was  no  necefiity  for  his  hands  being  wet  ;  the  whole  ex¬ 
citatory  arc  was  therefore  made  completely  dry.  In 
this  way  very  drong  contra6tions  were  excited  in  the 
kg,  and  dill  the  ekdrometer  was  not  affeded  in  the 
fnialled  degree  when  brought  near  the  chain. 

It  is  proper  to  obferve,  that  Dr  Valli,  in  his  adertion 
that  attradioii  is  a  property  of  galvanifm,  does  not  red 
entirely  upon  his  own  obfervation  :  a  committee  of  the 
Academy  of  Sciences  at  Paris  performed  the  following 
experiment  along  with  him  :  “  Tiiey  placed  a  prepa¬ 
red  frog  in  a  vcfTel  which  contained  the  ekdrorreter  of 
M.  Coulomb,  charged  negatively  and  pofitively  by  turns. 

In  both  cafe?,  in  exciting  the  animal  in  the  common 
way,  the  ball  of  the  ekdrometer  was  attraded.”  It 
appears  to  us  that  Dr  Valli  and  the  committee  have 
been  deceived  by  the  fri6iion  produced  by  the  motion 
of  the  animals  under  their  experiments  having  excited 
fo  much  elcdricity  as  to  affed  the  ekdrometer.  The 
fird  time  we  tried  the  experiment  abovementioned  with 
the  brafs  chain,  we  were  almod  mided  by  a  fimilar  cir- 
cumdaiice.  Indcad  of  an  artificial  ekdrometer,  which 
we  happened  not  to  have  at  hand,  we  made  ufe  of  a 
very  long  and  (lender  human  hair ;  and  we  found  that 
it  was  drongly  attraded  by  the  chain.  Upon  an  at¬ 
tentive  examination,  however,  we'  found  that  this  did 
not  arife  from  the  adion  of  the  influence  palfnig  thro* 
the  chain,  but  from  the  date  of  the  hair  itfelf,  which 
was  fo  highly  ekdrical  as  to  be  drongly  attraded  by 
every  conduding  fubdance  which  it  approached.  Upon 
fubdituting  another  hair,  which  fliewed  no  mark  of  be¬ 
ing  either  pofitively  or  negatively  ekdrified,  it  was  nei¬ 
ther  attraded  nor  repelled  by  the  chain.  From  the  a- 
bove,  or  fome  fimilar  circumdance,  it  is  probable  that 
Dr  Valli  s  midake  has  originated  ;  but  we  are  confident, 
that  whoever  will  repeat  the  experiment  with  fufficient 
attention,  will  find  the  refult  prccifely  as  we  have  de¬ 
fer!  bed  it. 

Perhaps  it  may  dill  be  faid,  that  although  we  have 
never  been  able  to  difeover  attradion  and  repulfion  as 
properties  of  galvanifm,  this  may  arife  from  our  not  be¬ 
ing  aok  to  accumulate  this  influence  in  fufficient  quan-  ^ 
tity.  To  this  reafomng,  if  reafoning  it  can  be  called,  Demonftra^ 
we  oppofe  the  following  confiderations,  which  date  a  tkn,  that 
diffiinilarity  in  the  phenomena  of  elcdricity  and  galva- 
nifin,  that  feems  abfolutely  irreconeikabk  with  the”^^”^°J 
identity  of  the  caufe.  fnaT  1" 

r^otiiing  is  more  completely  edablifhcd  in  the  fcience  ^rkity  re- 
of  elcdricity  than  this,  that  all  thofe  appearances  which 
wt  c^ll  at  i  rations,  repuljions^  ahjlradwiis-t  and  accumida'’^r^^^^ r 
tion  of  eledricjltiid,  are  prccifely  fimilar  to  what  would 
be  the  appearances,  if  elcdricity  wore  a  fluid,  wliofe 
particles  repel  each  other,  and  attrad  the  particles  of 
other  matter,  according  to  a  certain  law  (See  Elec¬ 
tricity,  SuppL),  Of  all  thofe  phenomena,  the  mod 
remarkable  is  the  accumulation  of  eledric  energy  fto 
give  it  no  more  definite  name),  by  means  of  thin  id io- 
eledrics,  coated  with  non-ekdrics  ;  fuch,  namely,  as 
are  exhibited  by  the  Leyden  phial,  the  condenfer,  the 
doubler,  &c. 

If  the  phenomena  of  galvanifm  are  produced  by  the 
palTage  of  eledric  fluid  from  one  extremity  of  the  ex- 
citatoiy  arc  to  the  other,  this  paflfage  will  be  regulated 
by  the  known  l^ws  of  elcdricity.  It  may  therefore  be 

accumulated 
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accumulated  (In  tnirj^iu)  by  means  of  an  ap^paratus  Tn 
milar  to  the  coated  pane,  or  to  the  condenCer.  Profef- 
for  Robifon,  with  this  view,  made  the  following  expe¬ 
riments  : 

I.  He  made  a  part  of  the  condu(Stor  to  his  conden- 
fer,  or  collector  of  atmofpheric  ele£lricity,  confill  of  a 
long  glafs  rod,  on  one  fide  of  which  w^as  faftened 
(with  varnifh)  a  very  narrow  flip  of  tinfoil;  there  was 
a  fine  point  at  one  end  of  this  rod,  and  a  gold  leaf 
elc^rometer  at  the  other.  This  apparatus  w^as  in- 
fulated  at  one  end  of  a  room  19  feet  long,  having  a 
window  in  the  middle  of  each  fide.  A  fmall  electric 
machine  was  placed  at  the  other  end.  Oh  a  dry  day, 
with  a  gentle  breeze  in  a  direction  acrofs  the  room, 
both  windows  were  opened  a  little  way,  fo  that  there 
was  a  continual  ftream  of  air  acrofs  the  room.  The 
machine  was  worked  ;  and  after  a  fliort  time  had  elap- 
fed,  the  electrometer  began  to  diverge,  gradually  open¬ 
ed,  and  at  laft  (truck  the  conducting  (lips  on  each  fide, 
and  then  collapfed,  and  again  began  to  diverge.  The 
windows  were  (liut ;  and  immediately,  without  wmrking 
the  machine,  the  eleCtrometer  diverged  rapidly,  and 
touched  the  fides  of  the  phial  every  minute  and  half. 
This  continued  fo  long,  that  there  feemed  to  be  no  end 
to  it.  The  ProfelTor  now  made  a  cut  acrofs  the  tin- 
foil  wu'th  a  very  (harp  knife  ;  the  eleCtrometer  now  di¬ 
verged  very  feebly,  and  7!  minutes  elapfed  before  it 
touched  the  fides.  He  palTed  the  knife  a  fecond  time 
through  the  cut.  This  widened  it  (though  fcarcely 
fenfible  to  the  eye),  becaufe  the  knife  had  been  blunt¬ 
ed  by  the  glafs  in  the  fir(l  operation.  All  divergency 
of  the  eleArometer  vv’^as  now  at  an  end  ;  and  although 
the  machine  was  worked  till  the  eleClric  fmell  was  fen¬ 
fible  at  the  door  to  a  perfon  who  happened  to  come  in 
at  this  time,  no  tendency  to  divergence  was  obferved. 
(M  B.  the  top  of  the  eleClrometer  had  no  conducting 
fubftance  about  it,  except  the  flip  of  tinfoil). 

The  cut,  being  examined  with  a  microfeope  furnifh- 
ed  with  a  micrometer,  was  r^^^th  of  an  inch.  It  w^as 
now  filled  up,  by  binding  over  it  another  (lip  of  tin- 
foil.  A  plate  of  talc,  whofe  thicknefs  did  not  exceed 
the  900th  of  an  inch,  wras  coated  on  one  fide  in  a  circle 
of  1 4- inch  diameter.  The  electrometer  w^as  removed, 
and  the  coated  fide  of  the  talc  was  put  into  clofe  cor- 
taCt  with  the  flip  of  tinfoil  on  the  glafs  rod.  A  (land 
of  tin,  w'hofe  top  was  a  plate  of  i4-  inch  diameter, 
fmeared  over  with  mercury,  was  placed  in  contaCt  wuth 
the  other  fide  of  the  talc,  and  they  were  prelTed  into 
very  clofe  and  continuous  contaCt. 

The  machine  being  now  worked,  the  coated  talc  re¬ 
ceived  a  charge  in  about  5  minutes  fuflicient  to  give  a 
very  fmart  (hock  :  and  this  was  repeated  with  great  re¬ 
gularity  every  five  or  fix  minutes.  The  windows  were 
now  thrown  open,  and  the  room  cleared  of  its  for¬ 
mer  contents  of  air,  till  none  of  thofe  prefent  could 
perceive  any  eleCtrlc  fmell.  The  machine  was  now 
worked  again.  But  after  half  an  hour,  only  a  very 
faint  twitch  was  felt  ;  but  enough  to  (hew  that  an  ac- 
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cumulation  was  taking  place.  The  windows  were  novr 
half  (hut.  After  working  the  machine  about  five  mi¬ 
nutes,  a  faint  twitch  was  obtained ;  after  a  quarter  of 
an  hour  more,  there  was  a  moderate  fhock. 

In  this  (late  of  things,  the  apparatus  was  examined 
as  a  condenfer,  by  firft  taking  out  the  (harp  point  by 
an  infulating  handle,  and  then  removing  the  tin  (land. 
Examined  in  this  way,  k  appeared  plairdy  that,  even 
when  all  the  windows  were  open,  the  accumulation  be¬ 
gan  almoit  as  foon  as  the  machine  was  worked.  Nay, 
it  was  found,  on  another  day  equally  favourable,  that 
a  plate  of  talc  or  of  an  inch  thick,  took  a 

charge,  although  a  cut  of  wide  did  not  allow  the 

electricity  to  fly  acrofs  it.  This  is  perfeClly  fimilar  to 
all  our  experiments  on  coated  glafs.  The  thicknefs 
which  admits  an  accumulation  is  almoft  incomparably 
greater  than  the  diftance  to  which  a  fpark  will  fly,  of 
a  concuiTion  is  producible,  in  tlie  fame  intenfity  of  e- 
leClriclty. 

2.  The  above  deferibed  apparatus  was  infulated,  and 
a  vVire  conne£led  with  each  end.  To  one  wire  was  join- 
ed  a  thin  plate  of  lac,  coated  on  the  fide  next  the  wire; 
and  to  the  other  a  piece  of  mold  leather  covered  vvdth 
tin-foil.  Thcle  plates  were  rubbed  together  by  means 
of  infulating  handles.  The  plate  of  coated  talc  quickly 
took  a  charge* 

The  fame  plate  of  talc,  and  afterwards  another  plate 
not  more  than  half  as  thick,  was  now  made  part  of  the 
excitatory  arc,  and  fometimes  part  of  the  animal  arc. 
Sometimes  plates  of  varnifh,  incomparably  thinner  than 
either  of  thefe,  were  employed.  But  all  ProfelTor  Ro- 
bifon’s  attempts  to  produce  an  accumulation  of  galvanic 
energy  in  this  way  were  fruitlefs.  The  fecond  form  of 
the  elc£lrical  experiment  was  adopted,  as  having  a  fome- 
what  greater  refemblance  to  the  fuppofed  procedure  of 
galvanifm;  but  the  well-informed  eledlrician.  will  eafily 
perceive,  that  the  firft  form  is  far  more  delicate  and  de- 
cifive. 

The  internal  procedure  in  the  ek<kric  and  galvanic 
convulfions  is  therefore  fo  different,  nay,  oppofite,  that 
we  cannot  bring  ourfelves  to  think  that  the  appearances 
are  operations  of  the  fame  agent  (  h). 

We  have  now  gone  over  all  the  points  of  rtfemblance 
which,  in  Dr  Valli’s  opinion,  conftitute  the  characters 
of  the  identity  of  galvanifm  and  eleCtricity.  We  think 
that,  without  going  farther,  we  might  Safely  reft  our 
alTertlon,  that  thefe  two  agents  are  perfectly  diftInCtand 
unconnected  with  each  other.  But  there  are  feveral 
other  circiimftances  which  merit  attention. 

No  electrical  phenomenon  can  take  place  between  Farther 
two  bodies,  unlefs  thefe  bodies  be  in  oppofite  dates  ofc;^nf<lera- 
eleClricity  with  regard  to  each  other.  Now,  how 
we  to  account  for  the  accumulation  of  eledtricity  in  any  and  galva- 
body,  or  part  of  a  body,  furrounded  on  all  hands  bynifm. 
conducting  fubftances  ?  The  experiments  of  Galvani 
fucceed  equally  well,  whether  the  fubjeCls  of  them  be 
infulated  or  furrounded  by  conductors  ;  whether  per¬ 
formed  in  the  dried  air  or  under  water  (1)  ;  v/hether, 
_  by 


(h)  What  if  it  were  called  metalhrgafm^  which  tranflates  exadly  metallic  irritation,  or  metallegerfifm,  from 

/4£Tax\ov,  and  excitatio. 

(i)  Dr  Fowler  mentions  an  exception  to  this.  ‘‘  When  the  feparated  leg  of  a  frog  was  held  under  water, 
said  formed  part  of  the  circuit  through  which  this  influence  had  to  pafs  in  order  to  excite  another  leg,  it  never 
contracted ;  although  it  did,  and  ftrongly,  when  held  above  the  furface.”  In  this  cafe  it  is  plain,  that  the  frog’s 

leg 
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hy  means  of  an  eledlncal  machine,  we  charge  the  ani¬ 
mal  and  the  metals  till  every  part  of  them  ftrongly  afFed 
the  eledlrometer,  or  whether  we  reverfe  the  experiment 
and  eledlrify  them  negatively,  Hill  no  change  is  produ¬ 
ced  in  the  force  or  frequency  of  the  actions  excited  by 
the  application  of  tlie  metals.  Is  there  any  eledrieal 
experiment  which  could  continue  to  give  the  fame  refult 
in  fuch  oppofite  circumftances  ?  or  is  there  any  polfibi- 
lity  of  accounting  for  it  confidently  with  the  known  laws 
of  the  ele(firlc  fluid  ^ 

The  writers  on  this  fubjedl  who  adopt  the  eledlric 
theory,  inftead  of  attempting  to  explain  how  the  eledric 
fluid  can  be  condenfed  in  a  body  fnrroundcd  by  con- 
dudling  fubflauces,  have  recourfe  to  the  analogy  of  the 
gymnotus,  torpedo,  and  other  fiHies  of  the  fame  kind. 
Here,  fay  they,  we  have  in  fa6l  the  elecdric  fluid  accu¬ 
mulated  in  fuch  a  fituation,  and  there  is  no  reafoniiig 
againfl  fa^Fls.  We  anfwcr,  that  thefe  animals  are  all 
furniflied  with  organs  of  a  very  peculiar  ftrndure,  which 
may  poflibly  be  fitted  for  the  purpofe  of  fucli  a  con- 
deiifation.  Befides,  we  apprehend  it  has  never  been  in- 
conteflibly  proved  that  thefe  Angular  animals  derive 
their  powers  from  the  eledric  fluid.  Without  vvifhing 
to  enter  into  this  queftion,  which  is  foreign  to  our  pre- 
fent  fubjed,  we  may  remark  that  Mr  Wahh  difeovered, 
that  the  fhock  of  the  torpedo  would  not  pafs  through  a 
fmall  brafs  chain  ;  a  circumftance  in  which  it  differs  re- 
niarkably  both  from  eledricity  and  from  the  influence 
difeovered  by  Galvani. 

It  were  worth  while  to  try  Profeflbr  Robifon’s  me¬ 
thods  of  accumulation  in  the  examination  of  the  con- 
vulfions  occafioned  by  the  torpedo.  The  Profeflbr  fuf- 
peds  that  the  popular  horror  at  the  lamprey,  and  the 
accounts  of  cramps  and  pains  produced  by  it,  have  their 
fource  in  fome  fimilar  powers  of  that  animal. 

Dr  Valli’s  reafoning  on  this  part  of  the  fubjed  is 
very  curious.  He  takes  it  for  granted  that  the  gym* 
notus  owes  its  influence  to  the  eledric  fluid.  Then, 
though  the  gymnotus  gives  fhocks  and  emits  fparks, 
while  the  torpedo  only  gives  fhocks  without  emitting 
fparks,  he  fays  it  would  be  abfurd  to  affert  that  the  tor¬ 
pedo  derives  its  influence  from  a  caufe  different  from  the 
gymnotus.  Again,  though  the  influence  difeovered  by 
Galvani  neither  gives  fhocks  nor  emits  fparks,  it  would 
ftill  be  abfurd  to  maintain  that  it  is  not  the  fame  as  the 
eledric  fluid,  and  as  the  influence  of  the  gymnotus  and 
torpedo.  To  diffent  from  any  part  of  this  very  logical 
dedudion,  he  declares  would  be  contrary  to  the  laws  of 
philofophifing  !  Rifum  teneatis  P 

Afraid,  probably,  that  his  readers  might  be  tempted  to 
offend  againfl  thefe  new  laws,  he  proceeds  to  flrengthen 
them  by  the  analogy  of  animals  and  vegetables  retaining 
an  uniform  temperature  in  media^  warmer  or  colder  than 
their  own  bodies ;  from  which  he  argues  that  they  may 
alfo  have  a  power  of  accumulating  eledricity,  and  re- 
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taming  it  in  a  particular  part,  though  their  whole  bo¬ 
dies  are  condudors.  But  the  cafes  are  in  no  refped 
fimilar.  Neither  animals  nor  vegetables  accumulate  ca¬ 
loric  in  any  particular  part  of  their  bodies  in  preference 
to  any  other  part.  They  have  no  power  of  retaining 
caloric  in  tlicir  bodies  more  ftrongly  than  any  other 
bodies  do  ;  for  if  they  are  placed  in  a  medium  colder 
than  themfelves,  they  are  continually  imparting  caloric 
to  that  medium.  Neither  is  there  the  fmallcft  proof, 
from  any  experiments  yet  piiblifhed,  that  when  placed 
in  a  medium  warmer  than  themfelves,  they  do  not  con¬ 
tinually  abforb  caloric  from  it.  The  exiilence  of  a  fri- 
gorific  power  in  animals  appears  to  us  exceedingly  pro¬ 
blematical  ;  but  if  it  were  proved  to  exift,  it  would  by 
no  means  demonftrate  that  animals  or  vegetables  have  a 
faculty  of  declining  to  abforb  caloric  from  bodies  warmer 
than  themfelves.  It  is  readily  admitted,  that  animals 
and  vegetables  have  a  power,  within  certain* limits,  of 
preferving  their  temperature  higher  than  that  of  the 
liirrounding  medium  ;  nor  is  there  any  thing  furprifing 
in  this,  as  the  caloric,  wliich  they  arc  continually  recei- 
ving  by  the  decompofition  of  oxygenous  gas,  is  diflipa- 
ted  flowly.  But  if  we  fhould  allov/  that  am'inals  have 
a  fimilar  faculty  of  generating^the  eledric  fluid  ;  from 
the  nature  of  that  fluid  it  muft  be  continually  commu¬ 
nicated,  not  only  to  every  part  of  the  bodies  of  the  ani¬ 
mals  themfelves,  the  whole  of  which  are  condudors,  but 
to  every  conduding  fubflance  contiguous  to  them  : 
and  this  muft  take  place,  not  flowly,  like  the  diflipation 
of  caloric,  but  inftantaneoufly,  fo  as  to  render  any  fenfi- 
ble  accumulation  impoflible. 

Galvanifm  differs  from  eledricity  in  nothing  more  Difference 
remarkably  than  in  the  mode  of  Its  excitement  and  dif-m  their 
charge.  To  produce  the  phenomena  difeovered  by  Gal-^;^^^  ofex» 
vani,  no  operation  at  all  fimilar  to  the  fridion  of  an 
ledric  upon  a  conduding  fubflance  is  neceffary  (  k). 

The  nerves  and  mufcles  have  only  to  be  laid  bare,  and 
a  communication  formed  between  them  by  means  of  the 
excitatory  arc,  when  the  coritradlons  immediately  enfue. 

In  the  cafe  of  eledricity,  a  Angle  difcliarge  having  rc- 
ftored  the  equilibrium,  no  farther  effeds  can  be  produced 
till  this  has  been  again  deflroyed  by  fome  means  capable 
of  producing  a  condenfation  in  one  quarter  and  a  com¬ 
parative  rarefadion  in  another.  The  fad  is  very  dif¬ 
ferent  with  regard  to  galvanifm  ;  for  with  it  the  num- 
ber  of  fhocks  which  may  be  given  appears  to  be  iiiA- 
nite.  Nay,  they  Frequently  become  ftronger  in  propor¬ 
tion  as  they  have  been  longer  continued  :  this  influence 
differing  extremely  in  this  particular,  too,  from  the  elec¬ 
tric  fluid,  which,  befides  being  itfelf  exhaufted,  never 
fails  in  a  remarkable  manner  to  exhaufl  the  contradlle 
power  of  the  mufcles. 

The  permanence  of  the  effeds  of  galvanifm  is  ftill  And  in  the 
more  ftrikirig  in  the  experiments  upon  the  organ  of  of 

tafte.  When  the  metals  are  applied  to  the  tongue,  thcr^S” 

fenfation  • 


leg  had  in  fad  formed  no  part  of  the  circuit  through  which  the  influence  paffed  ;  the  influence  had  been  tranf- 
niitted  by  the  water  in  which  the  leg  was  held. 

(k)  It  is  true,  as  we  have  noticed  above,  that  galvanic  energy  is  fometimes  communicated  to  a  conduding 
fubflance  by  rubbing  it  upon  fome  other  fubflance  ;  but  this  has  no  refemblance  to  the  excitement  of  eledricity 
by  fridion.  The  galvanic  energy  is  communicated  in  this  cafe  to  a  conduding  fubflance,  and  it  fucceeds  as  rea^ 
dily  when  both  the  bodies  are  of  this  clafs  as  when  one  of  them  is  an  idio-eledric.  But  no  eledric  phenomenon 
has  ever  been  produced  by  the  fridion  of  two  conduding  bodies  upon  each  other  y  one  of  them  muft  be  an  idlo^ 
eledric,  and  it  is  in  this  one  that  the  excitement  takes  place.  s  - 
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fenfation  produced  is  not  fuddcn  and  trail fient ;  but  fo 
long  as  the  metals  are  in  cental:  with  the  tongue  and 
with  each  other,  fo  long  does  the  talle  contiiuic  ;  and, 
after  fome  time,  it  becomes  infufFerably  difagreeable* 
M.  Volta,  who  adopts  the  eleiflcric  theory  with  various 
modilications,  fcnfible  of  the  permanence  of  the  effed, 
in  his  curious  experiments  abovementioned  fuppofes, 
that  a  ilream  of  eledricity  paffes  from  the  tin  cup  to 
the  liquor,  from  this  to  the  tongue  pf  the  perfon  making 
the  experiment,  then  through  his  body,  and  returns 
through  the  water  upon  his  hands  to  the  cup  ;  and  thus 
he  fuppofes  the  fluid  to  move  perpetually  in  a  circle. 
It  is  furely  unnecelTary  for  us  to  obferve,  that  the  fiip- 
pofition  of  a  Ilream  of  eledricity  continually  moving  in 
a  circle  in  this  manner,  is  wholly  Inconfillent  with  the 
laws  which  appear  in  every  cafe  to  regulate  the  motions 
of  that  fluid.  The  fame  obfervation  applies  to  the  man¬ 
ner  in  which  lie  explains  moll  of  the  other  phenomena 
of  galvanifm. 

The  eledric  fluid  cannot  be  put  in  motion  but  by 
deflroyiiig  the  equilibrium  to  which  it  perpetually 
tends ;  but  whenever  this  is  deflroyed,  all  that  is  requi- 
red  to  produce  a  difeharge  is,  that  a  liiigle  condudlng 
fubilance  be  placed  between  the  two  points  in  which 
it  is  unequally  dillribiited.  Here  again  there  is  a  very 
wide  diHindlon  between  this  fluid  and  the  influence 
difeovered  by  Galvani.  M.  Volta  divides  all  conduc¬ 
tors  of  galvanifm  into  two  claffes  ;  ill.  Dry  condiidors, 
comprehending  metals,  pyrites,  fome  other  minerals, 
and  charcoal ;  and,  2d,  Molll  condudors.  He  alferts, 
that  it  is  abfolutely  neceffary,  in  order  to  the  produc¬ 
tion  of  the  phenomena,  that  two  condudors  of  the 
firll  clafs  touch  each  other  immediately  on  one  hand, 
while  at  their  other  extremities  they  touch  con¬ 
dudors  of  the  fecond  clafs.  Whether  this  be  admitted 
or  not,  we  have  already  Hated  our  opinion  that  the  ac¬ 
tion  of  two  different  fubHancea  is  abfolutely  necef¬ 
fary  in  order  to  excite  contradions:  and  although  it  is 
contended  by  fome  writers  that  a  Angle  piece  of  metal 
has  fometimes  been  found  fuflicient,  yet  even  they  mull 
allow  that,  in  by  far  the  greater  number  of  cafes,  it  has 
been  found  neceflary  to  make  ufe  of  two  metals,  and 
that  the  elfed  is  even  heighened  in  general  by  em¬ 
ploying  three.  In  the  whole  fcience  of  eledricity,  we 


do  not. know  a  Angle  fad  which  bears  the  flighted  a'- 
nalogy  to  this.  Never  in  a  Angle  inftance  has  it  been 
found,  that  the  effeds  of  a  Leyden  phial  have  been  in- 
creafed  by  ufing  a  condudor  formed  of  tw'o  or  more 
metals  in  procuring  the  difeharge.  31 

Before  leaving  the  fubjed  of  condudors,  we  m^y  Some  men 
take  notice  of  a  very  curious  and  important  fad 
tioiied  by  Dr  Valli.  ‘‘  Amongft  men,’^  fays  he,  “  there 
are  fome  individuals  who  are  good  conductors,  others 
who  are  lefs  fo  ;  and  fome  again  who  appear  to  be  al- 
moH  non-conduClors.  I  was  one  day  carrying  on,  with 
three  of  my  friends,  fome  experiments  upon  frogs.  A 
frog  waB  put  in  water,  and  we  each  by  turn  elTayed  its 
power.  Two  of  us  excited  Hrong  convulAons,  the  ‘ 

third  only  feeble  ones,  and  the  fourth  none  at  all.  This 
experiment  was  repeated  frequently  with  the  fame  re- 
fult.  This  is  not  the  only  example  I  could  adduce  of 
the  reality  of  this  fad,  but  1  do  not  think  it  necelTary 
to  dwell  any  longer  upon  it.’'  We  have  met  with  one 
individual  who  is  not  feiiAble  of  any  peculiar  fenfation 
when  the  metals  are  applied  to  his  tongue.  This 
feems  in  fome  meafure  to  corroborate  Dr  Valli’s  obfer¬ 
vation.  It  is  apprehended,  however,  that  all  men  are 
equally  good  condudors  of  eledricity. 

'Fhere  is  Hill  another  very  marked  diflindion  be¬ 
tween  the  effeds  of  galvanifm  and  eledricity.  No 
fliock  at  ail  refembling  that  produced  by  the  eledric 
fluid  has  ever  been  felt  by  any  perfon  whole  body  was 
made  a  part  of  the  chain  conduding  the  galvanic  in¬ 
fluence,  while  a  very  fmall  quantity  of  the  eledric  fluid  is 
immediately  felt  (l).  In  Dr  Roblfon’s  experiment  with 
the  plates  of  zinc  and  Alver  in  the  cheeks,  there  is  no 
doubt  a  convulAve  twitch  diflindly  felt  in  the  gums  ; 
but,  as  we  have  already  obferved,  the  fenfation  thus 
produced  is  quite  different  from  that  which  is  felt  from 
an  eledric  fhock  (m). 

There  is  an  experiment  related  by  Dr  Valli,  which 
feems  to  flicvv  that  nothing  like  an  eledric  fhock  is 
felt,  even  when  this  influence  is  tranfmitted  through  a 
nerve,  fo  as  to  excite  convulAons.  Having  laid  bare 
the  nerves  of  a  fowl’s  vving,  without  cutting  them,  and 
without  killing  the  fowl,  upon  applying  the  metals 
very  fmart  movements  were  produced,  but  the  animal 
remained  peifedly  tranquil.  Nor  was  this  owing  to  the 


(l)  There  is  an  exception  to  this  rule  which  ought  to  be  taken  notice  of.  M.  Cotngno  informs  us,  that 
when  he  was  one  day  employed  in  diffeding  a  live  moufe,  he  received  a  feriAble  fliock  from  the  animal.  But 
as  neither  he  nor  any  other  perfon  has  ever  been  Amilarly  afteded  in  any  other  inllaiice,  it  leems  pretty^  certain 
that  lie  was  deceived  into  the  belief  of  a  fliock  from  the  fenfation  produced  by  the  llriiggles  of  the  animal  he 
difleded. 

(m)  “  No  one  (fays  M.  Humboldt)  can  Ipeak  more  decidedly  on  this  fubjed  than  inyfelf,  having  made  fe- 
veral  experiments  on  my^  own  perfon,  the  feat  of  which,  in  fome  inllauces,  was  the  iocket  of  a  tooth  which  I 
had  caufed  to  be  extraded  ;  in  others,  certain  wounds  which  I  made  in  my  hand  ;  and  in  others,  the  excoria¬ 
tions  produced  by  four  bliflering  plaftcrs.”  The  following  is  the  refult  of  thele  painful  experiments.  "1  he 
galvanic  irritation  is  always  painful,  and  the  more  fo  in  proportion  as  the  irritated  part  is  more  injured  and  the 
time  of  irritation  more  prolonged.  The  Aril  llrokes  are  felt  but  flightly  ;  the  Ave  or  Ax  following  are  much 
more  fenfible,  and  even  fcarcely  to  be  endured,  until  the  irritated  nerve  becomes  infenfible  from  continued  Hi- 
mulus.  The  fenfation  does  not  at  all  refemble  that  which  is  caufed  by  the  eledric  commotion  and  the  eledric 
bath  ;  it  is  a  peculiar  kind  of  pain,  which  is  neither  fliarp,  pungent,  penetrating,  nor  by  intermifAons,  like  that 
which  is  caufed  by  the  eledric  fluid.  We  may  dillinguilh  a  violent  llrokc,  a  regular  prelTure,  accompanied  by 
an  unintermitting  glow,  which  is  incomparably  move  adive  when  the  wound  is  covered  with  a  plate  of  Alver 
and  irritated  by  a  rod  of  zinc,  than  when  the  plate  of  zinc  is  placed  on  the  wound,  and  the  Alver  pincers  are 
ufed  to  eflablifh  the  communication. 


fowl  being  in  a  ftate  of  infenfibllity  ;  for  when  the 
nerves  were  pricked  or  irritated  it  fereamed  violently. 
But  all  animals  (hew  figns  of  great  uneafniefs  from  an 
eleftric  (hock. 

In  general,  it  muft  be  confelTed,  that  animals  under 
experiments  of  this  kind  feem  reftlefs  and  uneafy. 
The^  great  diftindlion  of  which  we  fpeak  at  prefent, 
conlifts  In  this,  that  the  eledlric  fluid  produces  a  (hock 
and  uneafy  fenfatlon  when  any  part  of  the  body  is  in¬ 
troduced  into  the  condudting  chain;  while  the  influence 
difeovered  by  Galvani,  on  the  contary,  when  merely 
tranfmitted  through  the  body  in  this  manner,  gives  no 
fhock,  nor  any  fenfation  whatever,  infomuch  that  we 
are  not  fenfible  of  its  paflage.  If  this  Influence  be 
made  to  aft  direftly  on  a  nerve,  there  is,  no  doubt,  fome 
kind  of  irritation  produced,  as  appears  from  the  effea 
of  the  metals  upon  the  tongue,  the  eye,  and  other  ner¬ 
vous  parts ;  but  ftill  this  adtion  bears  no  analogy  to 
that  of  the  elcdlric  fluid.  A.s  the  application  of  the 
metals  to  ^the  organs  of  fenfe,  produces  in  each  organ 
the  peculiar  fenfation  for  which  it  is  conflrudled,  as 
tafte  in  the  tongue,  light  in  the  eye,  &c.  fo  when 
nerves  intended  merely  for  mufcnlar  motion  are  fubjedt- 
cd  to  the  adtion  of  galvanifm,  the  effed  produced  is 
motion  in  the  mufcles  on  which  they  are  diflributed. 

If  this  view  of  the  matter  be  juft,  it  will  explain  why 
no  fhock  is  felt  when  the  human  body  is  made  a  part 
of  the  conduding  chain.  In  that  cafe  the  influence 
does  not,  in  all  probability,  ad  diredly  upon  any  nerve  ; 
and  we  fee  that  this  influence  poiTefles  no  power,  like 
the  eledric  fluid,  of  producing  a  convulfive  fhock, 
when  merely  paflTed  through  any  part  of  the  body ;  but 
It  has  this  peculiar  property,  when  paffed  diredly 
through  a  nerve,  it  excites  that  nerve  to  perform  the 
fundfion  for  which  It  was  intended  by  nature.  To 
this  it  will  no  doubt  be  objeded,  that  contradions  may 
be  excited  in  different  parts  of  a  frog  without  any  di- 
vifion  being  made  in  its  fltin  ;  and  here  It  may  be  fup- 
pofed  that  the  influence  is  not  made  to  pafs  diredly 
through  a  nerve.  But  it  ought  to  be  recolleded  that 
the  ikin  of  thefe  animals  is  abundantly  fupplied  with 
nerves,  whofe  trunks  communicate  at  different  places 
with  thofe  which  fupply  the  mufcles;  and  that  the 
contradions  are  always  ftrong  and  eafily  excited,  in 
proportion  as  they  are  applied  near  to  the  courfe  of  any 
of  the  nerves  which  go  to  the  mufcles.  But  though 
we  had  no  doubt  that  the  influence  might  be  tranfmit- 
ted  through  the  bodies  of  thefe  animals,  as  well  as 
through  the  human  body,  without  any  contradions 
being  produced,  we  have  thought  it  worth  while  to 
afcertaiii  the  fad  by  the  following  experiment. 

A  frog  was  prepared  in  the  ufual  manner  by  coat¬ 
ing  its  fciatic  nerve  with  tinfoil,  and  laying  the  leg 
upon  a  plate  of  zinc.  Another  frog,  in  a  very  vigo- 
rous  ftate,  had  its  fore  legs  and  chell  attached  to  a  rod 
of  filver,  and  its  pofterior  extremities  to  a  rod  of  zinc. 
The  filver  rod  was  applied  to  the  tinfoil  and  nerve  of 
the  prepared  frog,  and  the  zinc  rod  to  the  plate  of 
zinc  upon  which  the  leg  was  laid.  Immediately  very 
ftrong  contradions  took  place  in  the. leg;  but  no  mo¬ 
tion,  nor  the  flighteft  mark:  of  uneafinels,  appeared  in 
the  other  frog  through  the  body  of  which  the  influ¬ 
ence  muft  have  paffed.  It  is  neceffary  in  this  experi¬ 
ment  to  dry  the  body  of  the  frog  which  is  to  ferve  as 
a^condudor  very  carefully,  otherwife  the  influence 
outfh.  VoL.  I.  Part  II. 
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might  be  tranfmitted  by  the  water  upon  its  furfacc 
without  pafTing  through  its  body. 

There  is  an  experiment  mentioned  by  Dr  Fowler 
which  flievys  a  ftriking  difFerence  between  ele^lncitv 
aud  galvanilm.  It  was  inftituted  with  a  view  to  afeer- 
the  effects  of  the  latter  upon  the  blood-veffcis. 
1  he  Doaor  relates  it  as  follows  :  Plaving  laid  bare 
and  feparated  from  furrounding  parts  and  from  each 
other,  the  crural  artery  and  nerve  in  the  thigh  of  a  full 
grown  trog,  I  cut  out  the  whole  of  the  nerve  between 
the  pelvis  and  the  knee;  I  then  infinuaced  beneath 
the  artery  a  thin  plate  of  fealfng  wax,  fpread  upon  pa. 
per,  and  broad  enough  to  keep  a  large  portion  of  the 
artery  completely  apart  from  the  rell  of  the  thigh. 
The  blood  ftill  continued  to  flow  through  the  whole 
courfe  of  the  artery  in  an  undiminiftied  ftream.  The 
artery,  thus  partially  infulated,  was  touched  with  filver 
and  zinc,  which  were  then  brought  into  contadl  with 
each  other  ;  but  no  contraction  wliatever  was  pr-#  luced 
in  any  mufcle  of  the  limb.  This  experiment  was  fre¬ 
quently  repeated  upon  feveral  different  frogs,  botli  in 
whom  the  nerve  was,  and  in  whom  it  was  not  divided 
The  refult  was  uniformly  the  fame.  But  vivid  con.! 
tradions  were  produced  in  the  whole  limb  when  an 
eleiftric  fpark,  or  even  a  full  ftream  of  the  aura  was  paf. 
led  into  the  artery.’’  ^ 

Before  taking  leave  of  this  branch  of  our  fubjea 
It  may  be  proper  to  take  notice  of  one  fad,  whicli  may 
be  thought  to  militate  againft  the  doftrine  we  liave  en¬ 
deavoured  to  eftablift).  It  Is  faid  that  a  frog,  exhauft- 
ed  and  brought  near  to  a  charged  ekarophorus,  has 
been  found  to  ref.ime  its  fufeeptibility.  We  think  this 
tact  may  be  accounted  for  without  admitting  any  con- 
nedion  between  galvanifm  and  ekariclty,  merely  by 
l^uppoling  that  the  irritability  of  the  mufcles,  which 
hadjieeii  exhaufted,  was  reftored  by  the  application  of 
a  moderate  ftimulus,  (the  ekaric  fluid),  of  a  hind  dif¬ 
ferent  from  thofe  by  which  It  had  been  exhaufted. 
buch  of  our  readers  as  are  acquainted  with  the  writ- 
ings  of  modern  phyfiologifts  on  the  fubjed  of  mufcular 
irritability,  will  know  that  fads  of  this  kind  are  very 
common.  Thus  it  has  been  found  by  M.  Humboldt, 
that  the  oxygenated  muriatic  acid  has  often  reftored 
irrit^ility.  To  this  explanation  it  will  no  doubt  be 
objeded,  that  the  application  of  other  llimuli,  as  alco- 
hoi  and  a  folution  of  potafli,  inftead  of  reftoring,  total¬ 
ly  deftroy  the  fufeeptibility  of  galvanifm.  Sufpedinrr 
that  although  thefe  fubftances  in  a  concentrated  ftate 
deftroy  the  fufeeptibility,  yet  that  when  fufficiently  di- 
luted,  they  might  be  found  to  have  the  oppofite  effed 
we  tried  the  Mowing  experiment,  which  confirmed  our 
conjecture. 

“  kad  been  decapitated,  had 
ceafed  for  above  an  hour  to  be  capable  of  excitement 
by  the  application  of  the  metals  in  any  way  that  could 
be  devifcd.  A  lew  drops  of  alcohol  being  diluted  with 
about  a  tea-fpoonful  of  water,  the  nerve  and  the 
mufcles  which  had  been  laid  bare,  as  well  as  the  whole 
iKin  of  the  animal,  were  wet  with  it.  Upon  the  an 
plication  of  an  excitatory  arc,  compofed  of  four  pieced 
gold,  zinc,  filver,  and  tinfoil,  a  few  very  ftiglit  contra^'! 
tions  of  the  toes  were  diftindly  obferved.  After  thk 
no  means  that  we  could  think  of  produced  the  fmalklt 
excitement.  Alcohol  was  now  applied  in  a  more  con- 
centrated  ftate,  but  without  any  effed.  The  fame 
4  S  four 
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four  pieces  of  metal  which  produced  the  contraaions 
of  the  toes,  had  been  ufed  before  the  diluted  alcohol 
was  applied,  but  without  effea.  We  have  not  tried 
the  application  of  polafh  much  diluted. 

From  what  has  been  faid,  we  think  we  are  fully 
warranted  in  faying,  that  although  fome  of  the  pheno¬ 
mena  difcovered  by  Galvanl  bear  a  ftriking  refemblance 
to  fome  of  thofe  produced  by  the  ekaric  fluid  ;  yet 
there  are  others,  and  thefe  not  the  leaft.  important, 
which  differ  fo  widely  from  any  effeas  which  have 
ever  been  feen  to  arife  from  that  fluid,  that  they  muft 
derive  their  origin  from  fome  other  caiife.  Onr  read¬ 
ers  may  probably  think  that  we  have  dedicated  too 
much  time  to  this  queftion  ;  but  as  we  conceive  it  to 
be  the  mofl:  important  point  which  can  be  difcufled  on 
this  fubjea,  we  thought  it  worth  while  to  confider  k 
at  fome  length;  and  we  were  the  more  convinced  of  the 
neceflity  of  doing  fo,  from  this  coiilideration,  that  there 
are  flvl  fome  writers  of  high  authority  who  maintain 
the  hypothefis,  that  galvanifm  and  ekarlcity  are  the 
.  fame. 

The  galva-  The  next  queftion  that  occurs  to  us  with  regard  to 
nic  infill-  the  nature  of  galvanifm  is,  whether  or  not  it  depends 
cncepro-  of  animal  life  ?  To  us  it  appears  rather 

from  probable,  that  the  influence  which  incites  the 

mufcles  of  animals  to  contraft  in  the  experiments  of 
Galvanl,  is  fomething  quite  foreign  to  the  animals  them- 
felves;  as  much  fo  as  the  eledric  fluid  of  the  Leyden 
phial  is  to  the  animal  which  receives  a  fliock  from  it, 
in  both  cafes  the  body  of  the  animal  a6ling  as  a  mere 
condudor.  Upon  this  queftion,  however,  we  confefs 
that  we  have  neither  fads  nor  arguments  to  adduce  fuf- 
ficient  to  warrant  our  drawing  any  certain  concluflon. 
It  will  doubtlefs  be  afleed,  if  this  influence  be  fome- 
thing  foreign  to  the  bodies  of  animals,  why  do  we  ne¬ 
ver  find  it  ading  anywhere  but  in  their  bodies  ?  why 
is  it  not,  like  the  eledric  fluid,  cppable  of  being  made 
evident  to  the  fenfes  by  its  effeds  upon  inanimate  mat¬ 
ter  ?  The  only  anfvver  which  we  are  in  a  condition  to 
give  to  this  queftion  is,  that  it  may  very  poffibly  be 
capable  of  producing  important  effeds  upon  inanimate 
matter,  nay,  thefe  effeds  may  be  the  fubjed  of  our 
daily  obfervation  ;  but  for  want  of  our  being  fufficient- 
ly  acquainted  with  galvanifm  to  point  out  the  relation 
between  thefe  effeds  and  their  caufe,  the  effeds  them- 
felves  are  either  not  explained  at  all,  or  afcrlbed  per¬ 
haps  to  fome  other  power,  with  which  they  have  no 
connedion.  In  like  manner,  the  eledric  fluid  has  doubt¬ 
lefs  been  producing  moft  important  effeds  from  the 
beginning  of  time  ;  but,  prior  to  the  difeovery  of  that 
fluid,  thefe  were  either  not  explained  at  all,  or  confi- 
dered  as  originating  from  fome  caufe  which,  in  fad, 
had  no  (hare  in  their  produdion. 

The  great  difficulty  is  to  obtain  fome  tell  by  which 
we  may  deied  the  galvanic  influence  when  adually  pre- 
fent  in  inanimate  matter.  Hitherto  wc  have  no  fuch 
teft  ;  nor  fliould  we  know  that  fuch  an  influence  exifts, 
but  for  the  effeds  which  it  produces  upon  the  bodies 
of  animals  through  the  medium  of  their  nerves.  If  we 
had  any  means  of  afeertaining  its  exiftence,  either  in  a 
feparate  ftate,  or  conjoined  with  inanimate  matter,  the 
fcience  would  make  a  rapid  progrefs,  as  it  would  be 
eafy  to  diverfify  experiments  fo  as  to  difeover  its  na¬ 
ture  and  effeds.  To  deted  it  in  a  feparate  ftate  is,  in 
all  probability,  impofiible ;  but  that  the  zeal  and  inge- 
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nuity  of  philofophers  will  one  day  be  able  to  difeover 
fome  teft  of  its  prefcnce  in-  inanimate  malter,  there 
feems  no  rCafon  to  doubt-  ’ 

We  have  made  many  experiments  with  a  view  to 
difeover  fuch  a  teft,  but  hitherto  without  the  fmalleft 
fuccefs.  In  the  trials  we  have  already  made,  our  views 
have  been  chiefly  confined  to  the  difeovery  of  fome  che¬ 
mical  effeds  of  this  influence  upon  inanimate  matter. 

M.  Volta  and  other  writers,  having  confidered  the  fen- 
fation  produced  by  it  upon  the  tongue  as  fimilar  to  that 
occafioned  by  acicTs,  we  were  not  without  hopes  that  it 
would  be  found  to  refemble  that  clafs  of  fubftances  in 
fome  of  its  other  properties.  We  have  therefore  tranf- 
mitted  it  through  liquids  tinged  with  the  moft  delicate 
vegetable  colours  ;  but  no  change  in  thefe  colours  has 
been  effeded  by  the  tranfmiflion  of  many  galvanic  fhocks. 

We  have  alfo  tried,  in  the  fame  way,  alkaline  liquors, 
without  any  effed.  We  next  diffolved  in  water  diffe¬ 
rent  neutral  falts,  and  other  compound  bodies,  of  which 
the  parts  are  held  together  by  the  weakeft  affinities  ; 
but  no  change  has  been  obferved  to  be  produced  in 
them  by  the  tranfmiflion  of  this  influence.  Our  want 
of  fuccefs,  however,  fhall  not  deter  us  from  continuing 
our  efforts  ;  we  fhall  vary  the  nature  of  our  experiments 
in  every  way  that  fhall  occur  to  us  as  likely  to  be  attend¬ 
ed  with  advantage  ;  and  if  we  fliould  ultimately  fail, 
we  trull  that  others  will  be  more  fortunate.  Every 
new  fad  which  is  difcovered  upon  the  fubjed  tends  to 
facilitate  this  inveftigation,  by  furnlfliing  us  with  new 
guides  to  dired  the  courfe  of  our  experiments'. 

Dr  Fowler  is  of  opinion,  that  this  influence,  what- p)r  Fowler 
ever  it  may  be,  is  not  derived  from  the  metals  alone,  hefitatesoti 
but  that  the  animals  at  leaft  contribute  to  its  produc- point, 
tion,  as  well  as  indicate  its  prefence  ;  and- he  feems  to 
have  been  led  to  adopt  this  theory  chiefly  from  two 
confiderations,  neither  of  which  appears  to  us  to  have 
much  weight.  They  are  the  following  ;  The  neceflity 
of  a  communication  between  the  metals  and  the  mufcles, 
as  well  as  between  the  metals  and  the  nerves ;  and  the 
obfervation,  that  animals  have  a  more  complete  con- 
troul  over  its  effeds  than  one  would  exped  them  to 
have  over  an  influence  wholly  external  to  them.  But 
the  communication  between  the  metals  and  the  mufcles 
may  be  neceffary  to  the  contradion  of  the  latter,  tho^ 
not  to  the  produdion  of  galvanifm  ;  which,  however,  - 
for  want  of  any  obvious  effed,  is  not  obferved.  That 
animals  have  fome  controul  over  the  effeds  of  galva- 
nifm  upon  themfelves,  may  be  very  true  ;  but  this  cir^ 
cumftance  does  not  appear  to  m  capable  of  proving  any 
thing,  as  they  have  a  controul  over  the  effeds  of  other 
ftimuli  in  the  fame  way.  Thus,  an  animal  of  any  refo- 
lution  can  bear,  without  betraying  any  uneafy  fenfatlon, 
a  blow  which,  inflided  unexpededly,  would  have  pro¬ 
duced  a  convulfive  ftart.  The  will  does  not  in  any  de¬ 
gree  controul  the  effeds  produced  by  galvanifm  upon 
our  fenfes  of  tafte,  feeing  &c.;  that  is,  the  fenfations 
are  produced,  though  we  may  have  refolution  not  to 
betray  them.  But,  fays  Dr  Fowler,  the  will  is  not  able 
to  controul  the  effeds  of  eledricity,  when  the  eledrici- 
ty  is  otherwife  fufficicntly  ftroiig  to  excite  mufcles  to 
contradion.  This  argument  may  tend  to  fliew,  that 
galvanifm  differs  from  eledricity  ;  but  as  it  muft  be  ad¬ 
mitted,  that  we  can  refill  the  contradions  naturally 
produced  by  the  application  of  other  foreign  ftimuli,  it 
by  no  means  proves  that  animak  have  any  power  of 

preventing 
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preventing  the  excitement  or  tranfmiflion  of  galvanifm. 
Befides,  though  we  cannot  prevent  an  involuntary  con- 
tradiion  of  our  mufcles  from  takingplace  when  an  elec- 
'  trie  Ihock  of  confiderable  Hrength  is  pafTed  through 

them,  yet  any  man  may  with  his  hand  draw  fparks 
from  the  prime  condu(Slor  of  an  eledric  machine  with- 
.out  flirinking,  though  even  tliefe  fparks  would,  if  he 
34  were  off  his  guard,  produce  a  convulhve  ftart. 

If  the  galvanic  influence  exiited  ready  formed  in  the 
reafon.'^  mufcles  or  nerves  of  animals,  the  only  thing  rcquifite  to 
the  produdion  of„the  contradions  would  be  to  make  a 
communication  between  the  nerves  and  mufcles,  by 
means  of  any  fingle  fubflance  capable  of  conduding 
this  influence  ;  as  water,  for  example  :  but  the  reverfe 
is  known  to  be  true.  It  may  be  faid,  however,  that, 
although  there  is  no  proof  that  any  influence  naturally 
reiides  in  the  nerves  or  mufcles  capable  of  producing 
the  efleds  mentioned  by  M.  Galvani,  thefe  fubflances 
may  ilill,  by  fome  power,  independent  of  the  properties 
they  poffefs  in  common  with  dead  matter,  contribute  to 
the  excitement  of  the  influence,  which  is  fo  well  known 
to  exifl:  in  them  after  a  certain  application  of  metals. 
Upon  this  part  of  the  fubjed,  the  obfervations  of  Dr 
Wells  will  be  found  to  merit  conflderable  attention. 

It  is  known  (fays  that  gentleman),  that  if  a 
rt\u*clc  and  its  nerve  be  covered  with  two  pieces  of 
the  fame  metal,  no  motion  will  take  place  upon  con- 
neding  thofe  pieces  by  means  of  one  or  more  different 
metals.  After  making  this  experiment  one  day,  I  ac¬ 
cidentally  applied  the  metal  I  had  iifed  as  the  connec¬ 
tor,  and  which  I  ftill  held  in  one  hand,  to  the  coating 
of  the  miifcle  only,  while  with  the  other  hand  I  touch¬ 
ed  the  fimilar  coating  of  the  nerve,  and  was  furprifed 
to  find  that  the  mufcle  was  immediately  thrown  into 
contradion.  Having  produced  motions  in  this  way 
fufiiciently  often  to  place  the  fad  beyond  doubt,  I 
next  began  to  confider  its  relations  to  other  fads  for- 
merly  known.  I  very  foon  perceived,  that  the  imme¬ 
diate  exciting  caufe  of  thefe  motions  could  not  be  de¬ 
rived  from  the  adion  of  the  metals  upon  the  mufcle 
and  nerve  to  which  they  were  applied  ;  otherwife  it 
muft  have  been  admitted,  that  my  body  and  a  metal 
formed  together  a  better  condudor  of  the  exciting  in¬ 
fluence  than  a  metal  alone  ;  the  contrary  of  which  I  had 
known,  from  many  experiments,  to  be  the  cafe.  The 
only  fource,  therefore,  to  which  it  could  poflibly  be 
referred,  was  the  adion  of  the  metals  upon  my  own  bo¬ 
dy.  It  then  occurred  to  me,  that  a  proper  opportuni¬ 
ty  now  offered  itfelf  of  determining  whether  animals 
contribute  to  the  produdion  of  this  influence  by  means 
of  any  other  property  than  their  moiflure.  With  this 
view  I  employed  various  moift  fubflances,  in  which 
there  could  be  no  fufpicion  of  life  to  conflitute,  with 
one  or  more  metals,  different  from  that  of  the  coatings 
of  the  mufcle  and  nerve,  a  conneding  medium  between 
thefe  coatings,  and  found  that  they  produced  the  fame 
effed  as  my  body.  A  fingle  drop  of  water  was  even 
fufficient  for  this  purpofe  ;  though,  in  general,  the 
greater  the  quantity  of  the  moiflure  which  was  ufed, 
the  more  readily  and  powerfully  were  contradions  of 
the  mufcle  excited.  But  if  the  mutual  operation  of 
metals  and  moiflure  be  fully  adequate  to  the  excite- 
ment  of  an  influence  capable  of  occafioning  mufcles  to 
contraid,  it  follows,  as  an  immediate  confequence,  that 
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animals  ad  by  their  moiflure  alone  in  giving  origin  to 
the  fame  influence  in  M.  Galvani’s  experiments,  unlefs 
we  are  to  admit  more  caufes  of  an  effed  than  what  are 
fufficient  for  its  produdion.”  We  do  not  quote  the 
above  reafoning  as  perfedly  conclufive,  for  it  by  no 
means  appears  to  us  to  be  fo  ;  but  it  certainly  gives 
fome  probability  to  the  opinion,  that  galvanifm  is,  as 
M.  Volta  fuppofes,  the  refult  of  the  adion  of  two  dry 
condudors,  which  touch  each  other  immediately  on 
one  hand,  while  at  their  other  extremities  they  touch 
condudors  of  what  he  calls  the  fecoiid  dafs,  (that  is, 
moiflure,  for  all  the  condudors  of  the  fecond  clafs  con¬ 
tain  water),  and  that  the  bodies  of  animals  ad  merely 
as  moiflure. 

One  of  M.  Humboldt’s  experiments  related  above, 
appears  to  us  to  flrengthen  the  condiifion,  that  the  in¬ 
fluence  difeovered  by  Galvani  is  foinethlng  perfedly 
foitign  to  the  bodies  of  animals.  Can  it  be  fuppofed 
that  any  fubflance  which  naturally  refides  in  onr  bo¬ 
dies,  fliould,  in  a  few  feconds  after  it  is  put  in  motion, 
convert  the  Ample  ferous  difeharge  of  a  bllfter  into  a 
dark  coloured  fluid,  of  a  nature  fo  acrid  as  to  irritate 
and  violently  inflame  the  flein  wherever  it  touches  it  ? 

We  (Jo  not  fay  that  this  is  impoffible,  for  we  are  too 
little  acquainted  with  the  laws  of  fecretion  to  fay  with 
certainty  what  may,  or  what  may  not,  produce  fucli  a 
change  ;  but  we  know  no  fimilar  alteration  produced, 
in  a  few  feconds y  by  a  mere  change  of  adfion  in  the  vef- 
fels  themfelves. 

We  fhall  not  undertake  to  determine  the  nature  ofThe^f^iife 
the  caufe  which  produces  fiich  aflonifliing  efFcds.  We  which  pro¬ 
think  it  is  certainly  not  the  eledric  fluid,  and  probably 
fomething  which  refides  or  is  formed  in  the  excitatory 
arc  ;  but  we  confider  our  knowledge  of  galvanifm  asknown?" 
flill  in  Its  infancy,  and  our  flock  of  fads  as  infinitely 
too  fmall  to  admit  of  our  forming  a  juft  theory  on  the 
fubjed.  Fortunately,  however,  the  difcovery  of  Gal¬ 
vani  has  attradeci  fo  much  the  attention  of  phllofo- 
phers  in  every  part  of  Europe,  that  new  fads  may  be 
expeded  to  come  to  light  every  day  ;  and  we  hope  the 
time  is  not  veVy  diflant,  when  thefe  may  be  fo  claffied, 
as  to  entitle  the  fubjed  to  be  ranked  among  the  feiences. 

See  Torpedo  In  this  Suppl, 

V^HiLE  this  article  was  in  the  prefs,  we  were  favour¬ 
ed  by  a  friend  with  an  account  of  fome  German  difler- 
tations  on  the  fubjed,  which  we  are  obliged  to  infert 
in  this  irregular  manner. 

Mr  Creve,  furgeon  in  Wurtzburg,  had  an  opportu¬ 
nity  of  obferving  the  galvanic  irritation  on  the  leg  of 
a  boy,  which  had  been  amputated  far  above  the  knee 
in  the  hofpital  of  that  city.  Immediately  after  the  am- 
putation,  Mr  Creve  laid  bare  the  crural  nerve  (knle- 
kehlnerven),  and  furrounded  it  with  a  flip  of  tinfoil. 

He  touched  at  once  the  tinfoil  and  the  nerve  with  a 
French  crownplece.  In  that  inftant  the  moft  violent 
convulfions  took  place  in  the  leg  both  above  and  be¬ 
low  the  knee.  The  remainder  of  the  thighbone  bent 
with  force  toward  the  calf ;  the  foot  was  more  bent 
than  extended.  All  tliefe  motions  were  made  with 
much  force  and  rapidity.  None  were  produced  when 
the  tinfoil  was  taken  away,  or  when  a  Iteel  pincer  was 
ufed  in  place  of  a  piece  of  filver,  or  when  the  tin  or 
iilver  was  covered  with  blood  i  but  they  were  renew- 
..  4  S  2  ed 
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ed  whcu  tiiefe  obfiacles  were  removed*  HThcfe  pbcno- 
iTiena  continued  till  ^8  minutes  after  the  amputation, 
when  the  limb  became  cold.  . 

Dr  Chriftopher  Heinrich  PfafF  {in  Dijfertatiorfe  de 
Eharicitate  Animaliy  Stutgardt,  1 793:  fee  alfo  Gren’s 
Journal  der  Phyfiky  T.  viii.  p.  196,  &c.)  has  clalTed 
the  phenomena  in  a  very  orderly  and  perfpicuous  man¬ 
ner  ;  and  the  refult  of  the  numerous  experiments  made 
by  himfelf  and  others,  correfponds  very  nearly  with  our 
inferences  in  the  preceding  pages. 

I.  Phenomena  of  mufeuhr  contraaion* 

The  general  form  of  his  experiments  is  the  fame 
with  that  ^ which  we  have  placed  at  the  beginning  of 
this  article  ;  but  the  following  varieties  were  obferved  : 

The  nerve  being  coated  with  tinfoil,  it  was  always 
obferved  that  the  contra£lions  were  ftronger  when  the 
iilver  firft  touched  the  mufcle,  and  then  the  coating. 
If  it  touched  the  coating  firif,  the  efFeCls  were  always, 
and  very  fenfibly,  weaker. 

They  were  ftill  ftronger  when  the  filver  did  not 
touch  the  mufcle  at  all,  but  only  the  nerve  and  its 
coating. 

When  the  contradlions  were  weaker  at  the  begin¬ 
ning,  they  alfo  ceafed  fooner. 

No  contradion  enfued  from  touching  the  coating 
only,  or  the  nerve  only,  or  the  mufcle  only,  with  the 
fdver. 

Continuing  the  contad  did  not  occafion  any  repeti¬ 
tion  of  the  contradions,  except  in  fome  cafes,  where 
the  filver  was  drawn  along  different  parts  of  the  coat¬ 
ing,  while  its  other  end  remained  in  contad  with  the 
nerve. 

The  contradions  took  place  only  in  the  mufcles  to 
which  the  nerve  led. 

Their  ftrerigth  and  duration  were  greater  when  the 
furfaces  of  coiitad  were  greater,  and  when  the  two 
metals  touched  each  other  in  points  or  ftiarp  edges. 

A  ligature,  with  a  filk  thread  below  the  coating 
(that  is,  between  the  coating  and  the  mufcle,  or  part 
of  the  nerve  touched  by  the  filver),  prevented  all  con- 
tradion  ;  but  not  if  the  ligature  was  between  the  coat¬ 
ing  and  the  brain.  If  the  nerve  was  cut  through  be¬ 
low  the  coating,  and  the  parts  feparated  a  quarter  of 
an  inch,  no  contradion  followed  by  touching  the  coat¬ 
ing  and  the  nerve  or  mufcle  :  but  it  took  place,  if  the 
parts  were  brought  into  contad  ;  or  even  if  a  piece 
of  any  other  nerve  was  put  between  the  parts. 

If  a  conhderable  part  of  a  bared  nerve  was  infulated 
and  coated,  partly  with  tinfoil  and  partly  with  filver, 
contradions  were  produced  in  the  mufcle  to  which  it 
led  whenever  the  two  metals  were  brought  into  con- 
tad. 

If  one  crural  nerve  be  coated  with  tin,  and  the  o- 
ther  with  filver,  contradions  are  produced  in  both  legs 
by  bringing  the  metals  into  contad. 

If  the  nerve  be  dry  under  the  coating,  or  when  the 
filver  touches  it,  or  in.  both  places,  we  have  no  contrac¬ 
tions  ;  blit  they  begin  as  foon  as  we  moiften  the  nerve. 

Dr  Pfaff  infers  from  thefe  phenomena,  that  the 
nerve  alone  is  fubjed  to  the  irritation  produced  by  the 
two  metals. 

If  the  prepared  frog  be  immerfed  in  water,  fo  that 
the  coating  touches  the  water,  contradions  are  pro¬ 
duced  by  touching  the  coating  above  water  with  the 
Slver,  while  another  part  of  the  filver  touches  the 


nerve,  or  the  mufcle,  or  even  dips  pretty  deep  in  the 
water. 

No  fuch  thing  happens  in  oil ;  or,  at  beft,  the  con¬ 
tradions  are  very  (light. 

Dr  Pfaff  could  not  produce  contradions  without 
employing  two  metals,  or  a  metal  and  charcoal. 

A  very  thin  covering  of  mufcular  flefh  on  the  nerve 
did  not  altogether  prevent  the  contradions,  and  in 
many  cafes  did  not  fenfibly  diminifli  them. 

If  a  piece  of  filver  be  laid  on  the  mufcles  of  the 
breaft  or  belly,  and  be  brought  into  contad  with  the 
tin-coating  on  the  lumbal  region,  only  the  mufcles  of 
the  breaft  or  belly  are  affeded,  but  not  thofe  of  the 
legs. 

Dr  Pfaff  fays,  that  the  involuntary  mufcles  are  not 
affeded  by  galvanifm  ;  and  refers  for  convincing  proofs 
to  a  differtation  b)  Dr  Ludwig,  fhewiiig  that  the  heart 
is  not  furnifhed  with  nerves,  {Scriptor.  neurclog.  minor* 
feka,  vol.  2.). 

II.  Irritation  of  the  Organs  of  Setfe, 

Plere  Dr  PfafF^s  differtation  contains  nothing  re¬ 
markable. 

III.  Confitures  as  to  the  Caufe, 

Dr  Pfaff  ufes  the  fame  arguments  that  we  have  em¬ 
ployed  to  refute  the  opinion  of  a  fimilarity  between'the 
animal  organs  and  the  Leyden  phial,  and  the  opinion 
that  eledricity  is  the  agent.  Pie  mentions  the  opinion 
of  thofe  who  maintain  that  the  agent  is  a  fluid  put  into 
motion  by  means  of  its  relation  to  the  metals  only,  in 
their  adion  on  each  other,  and  who  confider  the  ani¬ 
mal  as  merely  ferving  as  a  condiidor ;  and  alfo  ferving, 
by  its  irritability,  to  give  us  the  information  of  the  pre- 
fence  of  fuch  a  fluid,  in  the  fame  manner  as  another 
kpid  of  irritation,  fomewhat  analogous  to  it,  indicates 
the  prefence  and  agency  of  the  eledric  fluid.  It  may 
therefore  be  called  the  Metallic  Irritation  ;  a  term 
which  will  fufticiently  diftinguifh  it. 

But  Dr  Pfaff  feems  rather  to  v  think  that  the  agent 
refides  in  the  animal,  and  that  the  metals  are  the  con- 
diidors  (See  a  differtation,  entitled,  Farther  Contri^ 
hitions  to  the  Knonvledge  of  Animal  Ekaricityy  in  Gren^s 
Journal  der  Phyjiky  T.  viii.  p.  377.).  This  fluid  he 
conceives  to  be  intimately  blended  with  iht  principle  of 
life  ;  nay,  perhaps,  to  be  the  fame.  He  mentions  a 
thought  of  Profeflbr  Klelmayer,  that  it  may  refemble 
the  magnetic  fluid  in  its  manner  of  ading,  giving  con- 
nedion  to  the  diftant  particles  of  a  nerve,  as  we  obferve 
a  magnet  give  an  inflantaneous  connedion  to  each  of  a 
parcel  of  iron  filings  ;  all  of  which  it  would  arrange  in 
a  certain  prccife  manner,  if  they  were  fufficiently  move- 
able,  by  giving  momentary  polarity  to  each.”  This^ 
fomewhat  refeinbles  NewtoiPs  hypothetical  whim  read 
to  the  Royal  Society,  deferibing  what  may  be  done  by 
means  of  an  aether  (See  Birche*s  Hijlory  of  the  Royal 
Society  ), 

But  all  this  is  vague  conjedure,  and  merits  little  at¬ 
tention.  This  will  be  better  bellowed  on  an  obferva- 
tion  of  M.  Humboldt  of  Jena,  “  that  a  bit  of  frefh  mo* 
relic  (the  Hehella  mitra  of  Linnxus)  may  be  fubftituted 
for  a  bit  of  nerve  in  the  animal  arc  in  thefe  experiments.” 
This  is  the  only  vegetable  fubftance  yet  difcovered  to 
have  this  property.  If  the  nerve  be  laid  on  the  mo- 
relle,  we  have  only  to  touch  the  morelle  with  the  zinc, 
and  the  mufcular  contradions  immediately  follow. 

GARDECAUT- 
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^  IS  that  winch  Itops  the  tuiee  when  wound  up,  and  for 
that  end  is  driven  up  by  the  fpring.  Some  call  it 
Guard-cock  ;  others  Guard  dif  Gut. 

GARDEN  (Francis),  better  known  to  the  public 
by  the  title  of  Lord  Gardtnjlone^  was  born  at  Edin¬ 
burgh  June  24th,  in  the  year  1721.  His  father  was 
Alexander  Garden  of  Troup;  an  opulent  landholder 
in  Aberdeenfliire  ;  his  mother  was  Jane,  daughter  of 
Sir  Francis  Grant  of  Cullen,  S.C.I. 

After  palling  through  the  ufual  courfe  of  liberal 
education  at  the  fchool  and  the  univerfity,  he  betook 
himfelf  to  the  ftudy  t>f  law  for  his  profeflion.  In  the 
year  1744  he  was  admitted  a  member  of  the  Faculty  of 
Advocates,  and  called  to  the  Scottilh  bar. 

In  his  praftice  as  an  advocate  he  foon  began  to  be 
diftinguifhed,  by  a  flrong,  native  re^Iitude  of  under- 
lianding  ;  by  that  vivacity  of  apprehenfion  and  imagi¬ 
nation  which  is  commonly  denominated  Genius ;  by 
manly  enndour  in  argument,  often  more  perfiiafive  than 
fubtlety  and  fophiilical  artifice  ;  by  powers  which,  with 
diligence,  might  eafily  attain  to  the  higheft  eminence 
of  the  profeflion.  But  the  fame  llrength,  opennefs, 
and  ardour  of  mind,  which  diftinguifhed  him  fo  advan- 
tageoufly  among  the  pleaders  at  the  bar,  tended  to 
give  him  a  fondnefs  for  the  gay  enjoyments  of  convi¬ 
vial  intercourfe,  which  was  unfavourable  to  his  progrefs 
in  juridical  erudition.  Shining  in  the  focial  and  con¬ 
vivial  circle,  he  became  lefs  folicitoufly  ambitious  than 
he  might  otherwife  have  been,  of  the  cliara6ler  of  an 
eloquent  advocate,  or  of  a  profound  and  learned  law- 
yer.  The  vivacity  of  his  genius  was  averfe  from  au- 
ftere  and  plodding  ftudy,  while  it  was  captivated  by  the 
fafeinations  of  polite  learning  and  of  the  fine  arts.  Nor 
did  he  always  efcape  thofe  excefles  in  the  purfiiit  of 
pleafure  into  which  the  temptations  of  opening  life  are 
apt  occafionally  to  feduce  the  moft  liberal  and  ingenu¬ 
ous  youth.  But  his  cheerful  conviviality,  his  wit,  hu¬ 
mour,  tafte,  good-nature,  and  benevolence  of  heart,  ren¬ 
dered  him  the  delight  of  all  his  acquaintance.  He  be¬ 
came  his  Majefty^s  Solicitor  July  3d,  1764. 

At  length  the  worth  of  his  charadler,  and  his  abi¬ 
lities  as  a  lawyer,  recommended  him  to  the  office  of  a 
Judge  in  the  Courts  of  Sefiion  and  Jufticiary,  the  fu- 
preme  judicature,  civil  and- criminal,  for  Scotland.  His 
place  in  the  Court  of  Sefiion  he  continued  to  occupy 
till  his  death  ;  but  had,  fome  years  before,  refigned  the 
office  of  a  Commiflioner  of  Jufticiary,  and  in  recom- 
pence  got  a  penfion  of  200I.  per  annum.  Clear  difeern- 
ment,  ftrong  good  feiife,  confciciitious  hoiiefty,  and  ami¬ 
able  benevolence,  remarkably  diftinguifhed  all  his  opi- 
ftions  and  conduct  as  a  judge. 

We  not  unfrequently  fee  the  gay  young  men  of  the 
prefent  age,  to  turn,  as  they  advance  towards  middle  life> 
from  the  iieadlong  purfuit  of  pleafure  to  a  fordid  and 
contradled  felfifhnefs,  which  excludes  even  thofe*  few 
good  qualities  that  feemed  to  accompany  their  firft 
thoughtlefs  days.  Their  life  is  divided  between  fenfu- 
ality  and  that  anxious  inhumane  avarice  and  ambition 
wbofe  ultimate  objedf  is,  to  provide  gratifications  to 
fenfuality  and  pride.  The  kindling  light  of  reditude, 
and  the  firft  fparks  of  generous  humanity,  are  extin- 
guifhed  in  their  breafts  as  foon  as  thofe  ebullitions  of 
youthful  paflion  and  inexperience  are  over,  by  which 
the  ufeful  efficiency  of  their  early  good  qualities  was 


acquainted  with  mankind,  when  the  milk  of  human 
kindnefs  is  turned  into  gall  and  venom  in  their  hearts. 

It  was  far  otherwife  with  Lord  Gardenftone.  As 
he  advanced  in  years,  humanity,  tafte,  public  fpirit,  be¬ 
came  ftill  more  and  more  eminently  the  predominant 
principles  in  his  mind. — He  pitied  the  condition  of  the 
peafantry,  deprefied  rather  by  tlicir  ignorance  of  the 
moft  ft<ilful  modes  of  labour,  and  by  their  remotenefs 
fiom  the  fphere  of  improvement,  than  by  any  tyranny 
or  extortion  of  t^heir  landlords.  He  admired,  protec¬ 
ted,  and  cultivated  the  polite  arts  He  was  the  ardent 
votary  of  political  liberty,  and  friendly  to  every  thing 
that  promifed  a  feafible  amelioration  of  public  econo¬ 
my,  and  the  principles  of  government. 

In  the  year  1762  he  purchafed  the  eftate  of  John- 
fton,  in  the  county  of  Kincardine.  Within  a  few  years 
after  he  began  to  attempt  a  plan  of  the  moft  liberal  im¬ 
provement  of  the  value  of  this  eftate,  by  an  exteiifion 
of  the  village  of  Laurencekirk,  adjoining.  He  oflercd 
leafes  of  fmall  farms,  and  of  ground  for  building  upon, 
which  were  to  laft  for  the  term  of  one  hundred  years  ; 
and  of  which  the  conditions  were  extremely  inviting  to 
the  labourers  and  tradefmeri  of  the  furrounding  coun¬ 
try.  Thefe  offers  were  eagerly  liftened  to.  More  defi- 
rous  to  make  the  attempt  beneficial  to  the  country  than 
to  derive  profit  from  it  to  himfelf,  he  was  induced, 
within  a  few  years,  to  reduce  his  ground-rents  to  one- 
half  of  the  original  rate. — Weavers,  joiners,  fhoemakers, 
and  other  artifans  in  a  confiderable  number,  reforted  to 
fettle  ill  the  rifing  village.  His  Lordfhip’a,  earneftiiefs 
for  the  fuccefs  of  his  projedl,  and  to  promote  the  prd- 
fperity  of  the  good  people  whom  he  had  received  under 
his  protedfion,  led  him  to  engage  in  feveral  underta¬ 
kings  ;  by  the  failure  of  which  he  incurred  confiderable 
Ioffes.  Projedls  of  a  printfield,^  and  of  manufadlures  of 
linen  and  of  ftockings,  attempted  with  fanguine  hopes 
in  the  new  village,  and  chiefly  at  his  Lordfhip's  rifle 
and  expence,  mifgave  in  fuch  a  manner  as  might  well 
have  finally  difgufted  a  man  of  lefs.  fteady  and  ardent 
philanthropy  with  every  fuch  engagement.  But  the 
Village  ftill  continued  to  advance.  It  grew  up  under 
his  Lordfhip’s  eye,  and  was  the  favourite  objedt  of  his 
care.  In  the  year  1779  be  procured  it  to  be  ereded 
into  a  burgh  of  barony  ;  having  a  magiftracy,  an  annual 
lair,  and  a  weekly  market.  He  provived  in  it  a  good 
inn  for  the  reception  of  travellers  ;  and  with  an  un¬ 
common  attention  to  the  entertainment  of  the  guefts 
who  might  refovt  to  it,  furniflied  this  inn  with  a  libra¬ 
ry  of  books  for  their  amiifement.  He  invited  an  artifi 
for  drawing,  from  the  continent,  to  fettle  at  Laurence¬ 
kirk.  He  had  the  pleafure  of  feeing  a  confiderable  li-  ‘ 
nen  rnanufadture  at  length  fixed  in  it.  A  bleachfisld 
was  alfo  eftablilhed  as  a  natural  counterpart  to  the  li¬ 
nen  manufadure.  Before  his  Lordftiip^s  death,  Ue  faw 
his  plan  of  improving  the  condition  of  the  labourers, 
by  the  formation  of  a  new  village  at  Laurencekirk, 
crowned  with  fuccefs  beyond  his  moft  fanguine  hopes. 

He  has  acknowledged,  with  an  amiable  frank nefs,  in 
a  memoir  concerning  this  village,  “  That  he  had 
tried,  in  fome  meafure,  a  variety  of  the  pleafures 
which  mankind  piirfue  ;  but  never  relifhed  any  fo  much 
as  the  pleafure  arifing  from  the  progrefs  of  his  viL 
lage.’^ 

In  the^ycar  1785,  upon  the  death  of  his  elder  bro. 
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thcr,  Alexander  Garden  of  Troup,  M,  P.  for  Aberdeen- 
Ihirt',  Lord  Gardenftone  fucceeded  to  the  poflefliori  of 
the  family  eftates,  which  were  very  confiderable.  Un¬ 
til  this  time  his  Lordfliip^s  income  had  never  been  more 
than  adequate  to  the  liberal  expence  into  which  his 
rank,  and  the  geiierofity  of  his  nature,  unavoidably  led 
him.  But  the  addition  of  a  fortune  of  about  three 
thoiifand  pounds  a-)  ear  to  his  former  revenue,  gave  him 
the  power  of  performing  many  a6ls  of  beneficence  with 
which  he  could  not  before  gratify  his  good  heart.  It 
was  happy,  likewife,  that  his  fuccefiion  to  this  ample 
income,  at  a  period  when  the  vigour  of  his  conllitution 
was  rapidly  yielding  to  the  infirmities  of  old  age,  ena¬ 
bled  him  to  feek  relief,  by  a  partial  cefTation  from  bufi- 
nefs,  by  travel,  and  by  other  means,  which  could  not 
have  been  eafily  compatible  with  the  previous  ftate  of 
his  fortune. 

In  the  m.onth  of  Sept.  1786,  he  fet  out  from  Lon¬ 
don  for  Dover,  and  pafled  over  into  France.  After  vi- 
fiting  Paris,  he  proceeded  to  Provence,  and  fpent  the 
wuhiter  months  in  the  genial  climate  of  Hieres.  In  the 
fpring  of  1787  he  returned  northwards,  vilitirig  Ge¬ 
neva,  Switzerland,  the  Netherlands,  and  the  Dutch  pro¬ 
vinces,  and  pairing  through  Germany  into  Italy.  With 
a  fond  ciiriofity,  attentive  alike  to  tlie  w^onders  of  na¬ 
ture,  to  the  noble  monuments  of  the  arts,  and  to  the 
awful  remains  of  ancient  grandeur,  with  which  Italy 
abounds,  he  vifited  all  its  great  cities,  and  furvey  ed  almofb 
every  remarkable  and  famous  feene  that  it  exhibits. 

His  firll  ohjedl,  in  thefe  travels,  was  to  obtain  the 
reftoration  of  his  declining  health  by  the  influence  of  a 
milder  climate,  by  gentle,  continued,  and  varied  exer- 
>cife  ;  by  that  pleafing  exhilaration  of  the  temper  and 
fpirits,  which  is  the  bell  medicine  to  health,  and  is  moll 
fuccefsfully  produced  by  frequent  change  of  place,  and 
of  the  objedls  of  attention.  But  the  curiofities  of  na¬ 
ture  and  art,  in  thofe  countries  through  which  he  tra¬ 
velled,  could  not  fail  to  attradl,  in  a  powerful  manner, 
the  enriofity  of  a  mind  cultivated  and  ingenious  as  his. 
He,  whole  breall  glowed  with  the  moll  ardent  philan¬ 
thropy,  could  not  view  the  varied  works  and  manners 
of  a  diverlity  of  nations  of  his  fellow  men,  without  be¬ 
ing  deely  interelled  by  all  thofe  circumftaiices  which 
might  appear  to  mark  their  fortunes  as  happy  or 
wretched.  Fie  eagerly  collc£led  fpecimens  of  the  fpars, 
the  Ihells,  the  llrata  of  rocks,  and  the  veins  of  metals, 
in  the  feveral  countries  through  wdiich  he  pafled.  He 
amafled  alfo  cameos,  medals,  and  paintings.  He  en¬ 
quired  into  fcience,  literature,  and  local  mflitiitions. 
He  wrote  down  his  obfervations,  from  time  to  time  ; 
not  indeed  with  the  minute  care  of  a  pedant,  or  the 
oftentatious  labour  of  a  man  travelling  with  a  defign  to 
publiflt  an  account  of  his  travels,  but  Amply  to  aid  me¬ 
mory  and  imagination  in  the  future  remembrance  of  ob- 
jedls  ufeful  or  agreeable. 

After  an  abfence  of  about  three  years  he  returned 
to  his  native  country.  The  lafl:  years  were  fpent  in 
the^dlfcharge  of  the  duties  of  his  office  as  a  judge  j  in 
focial  intercourfe  with  his  friends,  among  whom  was 
the  venerable  Lord  Moiiboddo,  and  others  of  the  moll 
refpedlable  characters  that  our  country  has  to  boall  of ; 
in  the  performance  of  a  thoufand  generous  offices  of 
benevolence  and  humanity ;  in  clierifliing  thofe  fine  ails, 
of  which  he  was  an  eminent  admirer  and  judge  ;  and 
above  all,  in  promoting  the  comfort,  and  encouraging 


the  induflry  of  his  dependants,  and  in  lending  his  aid 
to  ?very  rational  attenqjt  at  the  improvement  of  public 
economy  and  public  virtue. 

St  Bernard’s  Well,  in  the  neighbourhood  of  Edin¬ 
burgh,  had  been,  long  fince,  diftingulflied  for  the  me¬ 
dicinal  virtues  of  its  waters.  But  various  circumftan- 
ces  had  alfo  concurred  of  late  to  throw  it  into  negleCt. 
Yet  its  waters  being  ilrongly  mineralized  by  a  fulpbu- 
rated  hydrogenous,  gas,  w'ere,  by  this  means,  unquU- 
tlonably  qualified  to  operate,  with  highly  beneficial  ef- 
fedls,  ill  the  cure  of  various  difeafes.  The  qualities  of 
this  mineral  water  falling  under  Lord  Garden  Hone’s 
notice,  he  was  Induced  to  purchase  the  property  of  the 
well,  to  direct  it  to  be  cleared  from  furrounding  ob- 
ftacles,  which  contaminated  the  virtues  of  the  water,  or 
made  It  inacceffible  ;  to  ere6t  a  beautiful  and  commo¬ 
dious  ediflee  over  it  ;  and  to  appoint  proper  perfons  to 
dlilribute  the  water,  fur  a  very  trivial  compenfation,  to 
the  public.  The  well  lies  at  a  diftance  from  Edln- 
bugh,  which  Is  very  convenient  for  a  fummtr  morn¬ 
ing’s  walk.  Within  the  few  years  which  ha*ve  pafled 
fince  Lord  Garden  (tone’s  benevolent  care  brought  It 
into  notice,  It  has  attra6ted  many  of  the  inhabitants  of 
that  city  to  vifit  in  the  mornings  of  fpring  and  fummer. 
And,  undoubtedly,  the  agreeable  exercife  to  which  they 
have  thus  been  allured,  and  the  falutary  effedts  of  the 
water,  have  contributed,  In  no  mean  degree,  to  difpel 
difeafe,  and  to  confirm,  or  re-eftablifli  health.  Such 
monuments  are  worthy  to  preferve  the  memory  of  a 
patriotic  and  a  good  man  ! 

As  an  amufement  for  the  lafl  two  or  three  years  of 
his  life,  when  his  increafing  infirmities  precluded  him 
from  more  adllve  exercife,  and  from  mingling  fo  fre¬ 
quently  in  the  fociety  of  his  friends  as  was  agreeable 
to  his  focial  and  convivial  temper,  he  bethought  him- 
ftlf  of  reviling  fome  of  the  Jeux  d'^efprit^  and  light  fugi¬ 
tive  pieces.  In  which  he  had  Indulged  the  gaiety  of  his 
fancy  in  his  earlier  days  ;  and  a  fmall  volume  of  poems 
was  piiblilhed,  in  which  the  beft  pieces  are,  upon  good 
authority,  aferibed  to  Lord  Gardenfloiie.  He  revifed 
alfo  the  memorandums  which  he  had  made  upon  his 
travels,  and  permitted  them  to  be  fent  to  prefs.  The 
two  former  volumes  were  publiflied  one  after  another 
while  his  Lordfliip  was  yet  alive  ;  the  third  after  his 
death.  The}^  met  with  a  very  favourable  reception  iu 
the  world,  and  were  honoured  with  the  high  approba¬ 
tion  of  the  inoft  refpedlable  writers  of  periodical  criti- 
cifm.  They  convey  much  agreeable  information,  and 
befpeak  an  elegant,  enlightened,  and  amiable  mind. 
The  lafl  volume  is  filled  chiefly  with  ineirioranduins  of 
his  Lordfliip’s  travels  in  Italy  ;  and  contains  many  in- 
tereftiiig  criticifms  upon  fome  of  the  noblefl  produc¬ 
tions  of  the  fine  arts  of  painting  and  fciilpture. 

His  Lordfliip’s  health  had  long  been  declining  ;  and 
he  died  a  bachelor  on  the  22d  of  July  1793,  lamented 
by  his  relations  and  friends,  by  his  tenants  and  humble 
dependants,  aod  by  all  true  patriots  and  good  men  to 
whom  his  merits  and  virtues  were  known. 

Such  is  the  account  of  Lord  Gardenftone’s  life, 
which  was  prefixed  to  the  third  volume  of  his  travel¬ 
ling  memorandums  ;  and  though  It  was  no  doubt  an 
effufion  of  fond  friendfhip,  we  believe  that  the  praife 
which  it  beftows  on  his  Lordlhlp  Is  not  much  exagge¬ 
rated,  In  the  latter  years  of  his  life,  it  mull  indeed  be 
confeffed,  that  he  contradled  intimacies  with  men  un- 

worthy 


Garden. 
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Gas  worthy  of  his  regard  ;  and  that  his  attachment  to  li-  between  the  geocentric  p^ace  and  tlic  firft  point  of  Geometri- 
Ccocentrtc  expedations  from  the  French  re-  Aries.  cal, 

— ‘volution,  which  even  the  events  which  he  faw  ought  to  GEOMETRICAL  Method  of  the  Ancients. 
have  repreffed.  But  his  mind  w*as  by  that  time  weak-  The  ancients  eftablilhed  the  higher  parts  of  their  geo- 
ened  by  difeafe  ;  and  it  would  be  very  unjufl:  to  balance  metry  011  the  fame  principles  as  the  clen.ents  of  that 
the  iniprudencies  of  one  or  two  years  againll  the  meri-  fcience,  by  demonllrations  of  the  fame  kind:  and  they 
torious  adions  of  a  whole  life.  Befides  bis  travelling  were  careful  not  to  fuppofe  any  thing  done,  till  by  a 
memorandums  and  his  poems,  his  Lordihip  publifhed  previous  problem  they  had  ihewn  that  it  could  be  done 
^  Letter  to  the  Inhabitants  of  Laurencekirk,  the  mod  va-  by  adually  performing  it.  Much  lefs  did  they  fuppofe 
luabie,  in  our  opinion,  of  all  his  publications  ;  for  it  any  thing  to  be  done  that  cannot  be  conceived  ;  fiich 
contains  perhaps  the  mod  falutary  advices  which  were  as  a  line  or  feries  to  be  aCliially  continued  to  infinity, 
ever  offered  to  the  inhabitants  of  a  nianufaduring  town,  or  a  magnitude  diininiflied  till  it  become  infinitely  lefs 
for  the  regulation  of  their  condud  towards  each  other,  than  what  it  is.  The  elements  into  which  they  refol- 
That  the  people  of  Laurencekirk  have  followed  tiiefe  ved  magnitudes  were  finite,  and  fiich  as  might  be  con- 
advices,  it  would  give  us  pleafure  to  learn  on  good  au-  ceived  to  be  real.  Unbounded  liberties  have  of  late 
.  been  introduced  ;  by  which  geometry,  which  ought  to 

GAS.  See  that  article,  EncycL  and  Chemistry-  be  pcrfedlly  clear,  is  filled  wdth  myfteries. 

Index  in  this  Supplement,  We  have  introduced  the  word  Geometrical  Solution  of  a  problem,  is  when  the 
here,  to  notice  fome  experiments  made  by  Profeffor  problem  is  diredtly  refolved  according  to  the  ftridf  rulea 
Jacquin  of  Vienna,  at  the  defire  ot  Dr  Chladui,  on  the  and  principles  of  geometry,  and  by  lines  that  are  truly 
different  gafes  as  the  vehicle  of  founds.  A  glais  bell  geometrical.  -This  expredfion  is  ufed  in  contradiflinc- 
was  furnifhed  with  a  metallic  Hopper  cemented  to  a  tion  to  an  arithmetical,  or  a  mechanical,  or  inflrumental 
neck  at  the  top;  and  in  the  bore  of  this  cock,  within  foliition,  the  problem  being  refolved  only  by  a  ruler 
the  glafs,  a  fmall  fiute  or  pewter  (etain)  about  fix  inc  hes  and  compaffes. 

in  length  was  fixed.  The  glafs  being  then  placed  on  The  fame  term  is  likewife  ufed  in  oppofition  to  ail 
the  fhelf  of  the  pneumatic  veffel,  and  filled  with  any  indirea  and  inadequate  kinds  of  folutions,  as  by  ap- 
particular  kind  of  gas,  a  bladder  alfo  filled  with  the  proximation,  infinite  feries,  &c.  So  we  have  no  geo¬ 
fame  gas,  and  provided  with  a  cock,  was  adapted  to  the  metrical  way  of  finding  the  quadrature  of  the  circle, 
external  aperture  of  the  cock  belonging  to  the  bell-  the  duplicature  of  the  cube,  or  two  mean  proportionals^ 
glafs.  In  this  difpofition  of  the  apparatus,  the  flute  though  there  are  mechanical  ways,  and  others,  by  in- 
was  made  to  found  by  gently  preffing  the  bladder.  Com-  finite  feries,  5cc. 

parative  experiments  were  made  with  atmofpheric  air,  GEORGIUM  SiDus  (fee  Astronom y-/«^^.y,  En- 
oxygen,  hydrogen,  carbonic  acid,  and  nitrous  gas.  The  cycl.)  has  no  fewer  than  fix  fatellites  revolving  round  it, 
iiitenfity  of  the  found  did  not  vary;  but  when  compa-  all  difeovered  by  Dr  Herfchel.  Of  the  two  which  he 
red  \utn  that  produced  by  atmofpheric  air,  the  oxygen  fiift  difeovered,  one  waa  found  to  revolve  in  8  days 
gas  gave  a  found  half  a  tone  lower;  azotic  gas,  prepa-  17  h.  i  m.  17  fee.  at  the  dillance  of  33''  from  its  pri* 
red  by  different  methods,  conllantly  gave  a  found  half  mary  ;  and  the  other  in  13  d.  1 1  h.  5  m.  1,5  fee.  at  the 
a  tone  lower;  hydrogen  gas  gave  nine  or  eleven  tones  diflance  of  44^^23.  l^'he  planes  of  their  orbits  form 
higher;  carbonic  acid  gas  gave  one-third  lower,  and  nl-  fuch  large  angles  with  that  of  the  planet  itfelf,  and 
trous  gas  alfo  very  nearly  a  third  lower.  A  mixture  of  confeqiiently  of  the  ecliptic,  as  to  be  almofl  perpendi- 
oxygen  gas  and  azot,  in  the  proportions  of  the  atmo-  cuiar  to  it.  To  this  remarkable  departure  from  the 
fpberic  air,  afforded  the  tone  of  this  lafi;  that  is  to  fay,  analogy  of  the  old  planets,  another  flill  more  fingular 
it  was  half  a  tone  higher  than  each  of  the  component  has  been  lately  announced.  They  move  in  a  retrograde 
parts  alone.  When  the  two  gafes  were  not  uniformly  diredion  !  The  new  fatellites  revolve  as  follows,  the 
mixed,  the  found  was  abominably  harfli.  Chladni  in-  periodical  times  being  inferred  from  their  greateft  elon- 
tends  to  give  a  fuller  account  of  thefe  interefling  expe-  gations  :  The  interior  fateliite  in  5  d.  2  i  h.  25  m  at 
Journal  de  Phyfque,  Vol.  IV.  N.  S.  p.  77.  the  difhnce  of  25'  , 5.  A  fateliite  intermediate  between 
G  AZONS,  in  fortification,  tur/s,  or  pieces  of  frefh  the  two  old  ones  in  10  d.  23  h.  4  m.  at  the  diftance  of 
tarth  covered  with  grafs,  cut  in  form  of  a  wedge,  about  38", 57.  The  neareft  exterior  fateliite  at  about  double 
a  foot  long,  and  half  a  foot  thick,  to  line  or  face  the  the  diftance  of  the  fartheft  old  one,  and  confeqiiently 
oiitfide  of  works  made  of  earth,  to  keep  them  up,  and  its  periodical  time  38  d.  i  h.  49  m.  And  the  moft  dif- 
mouldering.  ^  tant  fateliite  full  four  times  as  far  from  its  primary  as 

GEOCENTRIC  place  of  a  planet,  is  the  place  the  old  fecond  fateliite.  Whence  it  will  take  at  leaft 
where  it  appears  to  us  from  the  earth  ;  or  it  is  a  point  107  d.  i6h.  40  m.  to  complete  Its  revolution.  Whe- 
in  the  ecliptic,  to  which  a  planet,  feen  from  the  earth,  ther  the  motions  of  thefe  four  be  diredl  or  .retrograde, 
is  referred.  fuppofe,  not  yet  determined.  ^  * 

Geocentric  Latitude  of  a  Planet,  is  its  latitude  as  feen  From  fome  obfervatlons  of  the  Dodor,  with  an  ex- 
from  the  earth,  or  the  inclination  of  a  line  connediiig  cellent  feven-feet  telefcope,  certain  appearances,  refeni- 
the  planet  and  the  earth  to  the  plane  of  the  earth’s  (or  bling  that  of  two  rings  furrounding  the  planet  and 
true)  ecliptic:  Or  it  is  the  angle  which  the  faid  line  crofting  each  other  at  right  angles,  were  feen  on  feveral 
{ con neding  the  planet  and  the  earth)  makes  with  a  line  different  days.  They  were  not  altered  in  pofition  by 
drawn  to  meet  a  perpendicular  let  fall  from  the  planet  turning  the  fpeculum  in  its  cell ;  but  (fays  Mr  Nicliol- 
to  the  plane  of  the  ecliptic.  fpn)  there  is  little  doubt  that  they  were  optical  decep- 

Geocenteic  Longitude  of  a  Planet,  is  the  diftance  tions,  becaufe  they  kept  their  poiition  with  refped  to 
meaiured  on  the  ecliptic,  in.  the  order  of  the  figns,  the  tube,  after  the  relative  pofttion  of  the  parallel  had 

been 
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rard,  been  much  clianged  by  the  earth’s  rotation,  and  fec- 
caiife  they  did  not  appear  with  larger  tclefcopcs  applied 
during  the  courfe  of  ten  years.  The  difk  ot  the  Geor- 
giiim  Sidus  is  flattened.  It  therefore  revolves  with  con- 
liderable  rapidity  on  its  axis.  From  the  very  faint  light 
of  the  fatellites,  they  are  obferved  to  difappear  in  thofe 
parts  of  their  orbits  which  bring  them  apparently  near¬ 
ed  the  planet.  This  does  not  arife  from  an  atmofphere; 
for  the  eftedi  is  the  fame,  whether  the  fatellite  be  with¬ 
in  or  beyond  the  planet. 

GERARD  (Alexander,  D.D.),  was  the  elded  fon 
of  the  reverend  Gilbert  Gerard  minider  of  Chapel  Ga- 
rioch,  in  the  county  of  Aberdeen,  He  was  bom  on 
the  2 2d  of  February  1728,  and  received  the  fird  rudi¬ 
ments  of  his  education  at  the  parifli  fchool  of  Foveran 
in  the  fame  county. 

It  may  perhaps  be  proper  to  inform  our  Englifh 
readers,  that  in  every  parifli  in  Scotland  there  is  a  fchool 
where,  for  very  fmall  fees,  the  youth  of  the  parifli  are 
not  only  taught  to  read  the  Englifli  language,  to  wu  ite, 
and  to  perform  the  elementary  operations  of  arithmetic, 
but  are  alfo  indru(5led  in  the  Greek  and  Latin  lan¬ 
guages.  Of  thefe  fchools,  many  of  the  maders  were, 
about  fixty  years  ago,  eminent  for  clafiical  learning ; 
and  it  feems  that  Mr  Forbes,  the  mader  of  the  fchool 
of  Fo\feran,  pofleflfed  fuch  fame  as  a  teacher,  that  Mr 
Gerard  judged  it  more  expedient  to  commit  his  fon  to 
hh  care  than  to  have  him  educated  at  the  fchool  of  his 
own  parifli,  and  under  his  own  immediate  iiifpedlion. 
The  attainments  which  that  fon  afterwards  made  in  li¬ 
terature,  evince  that  his  judgment  was  correct,  and  that 
the  fchoolmader  of  Foveran  deferved  the  fame  which 
he  enjoyed. 

Young  Gerard,  however,  did  not  remain  long  at  Fo¬ 
veran.  His  father  died  w^hen  he  was  but  ten  years  old; 
and  his  mother  removing  foon  afterwards  vsuth  her  fa¬ 
mily  to  Aberdeen,  he  was  of  courfe  put  to  the  gram¬ 
mar  fchool  in  that  city :  but  fo  folid  was  the  founda¬ 
tion  which  had  been  already  laid,  that  in  two  years 
time  he  was  deemed  fit  for  the  univerfity,  and  was  ac¬ 
cordingly  entered  a  ftudent  in  Marifchal  college.  Such 
rapid  progrefs  fupplies  the  place  of  that  teflimony  which 
wchave  not  been  able  to  procure,  refpedling  his  early 
attachment  to  literature. 

After  completing  the  ufual  academical  courfe  of  four 
years  in  the  fludy  of  Greek,  Latin,  mathematics,  and 
philofophy,  he  was  admitted  to  the  degree  of  mailer  of 
arts;  and  immediately  afterwards  commenced  the  fludy 
of  theology,  which  he  profecuted  in  the  univerfities  of 
Aberdeen  and  Edinburgh.  In  1748,  when  he  had  little 
more  than  completed  his  20th  year,  he  was  licenfed  to 
preach  in  the  church  of  Scotland,  and  two  years  after¬ 
wards  was  chofen  afliflant  to  Mr  David  Fordyce  pro- 
feflbr  of  philofophy  in  the  Marifchal  college  and  uni- 
verfity  of  Aberdeen.  In  this  capacity  he  performed 
the  duties  of  the  abfent  profeflbr  till  the  7th  of  July 
1752,  when  he  was  appointed  fucceflbr  to  Mr  Fordyce, 
•who  had  been  drowned  on  the  coafl  of  Holland,  as  has 
been  already  related  in  the  Encyclopedia. 

At  that  period  it  was  the  pradlice  in  the  Marifchal 
college,  as  it  continued  to  be  in  the  King’s,  for  the 
fame  profeflbr  to  carry  forward  a  clafs  of  fludents  for 
three  fucceflive  years  through  all  the  different  branches 
of  philofophy  which  were  taught  in  the  college.  Thefe 
were,, Logic,  OiiTOLOGY,  Pneumatics,  Morals, 


Politics,  and  Natural  Philosophy;  and  Mi*  Ge*  Omrd, 
rard  carried  one  clafs  through  this  extenflve  courfe, 
Mathematics  and  the  Greek  language  were  taught 
by  feparate  profeiTors. 

About  the  year  1754,  a  very  material  alteration  waft 
made  in  the  or<^er  of  teaching  philofophy  in  the  univer¬ 
fity  of  Aberdeen  ;  and  in  the  Marifchal  college  each 
profeflbr  was  reftrlcSled  to  one  department  of  fcience. 

The  principal  and  profeflbrs  in  that  college,  juilly  ob- 
ferving  that  the  public  is  interefled  in  every  thing  which 
relates  to  education,  thought  it  incumbent  upon  them 
to  lay  before  that  public  the  reafons  which  had  deter¬ 
mined  them  to  deviate  from  the  arrangement  which 
they  had  hitherto  obferved  ;  and  they  employed  Pro- 
fefibr  Gerard  to  draw  up  thefe  reafons.  This  ta/k  he 
performed  in  a  fmall  pamphlet,  which,  being  printed  by 
the  appointment  of  the  college,  appears  to  have  given 
very  general  fatisfa^lion. 

This,  indeed,  it  could  hardly  fail  to  do  ;  for  the  ju¬ 
dicious  author  points  out  very  clearly  the  inconveniences 
of  the  old,  and  the  advantages  of  the  new  plan  of  aca¬ 
demical  fludy.  Having  obferved  that  the  philofophy 
which  had  fo  long  kept  pofleflion  of  the  fchools,  con-» 
fifted,  in  a  great  meafure,  of  verbal  fubtleties  and  theo¬ 
ries  ill-grounded,  though  ingenioufly  devifed,  he  pro¬ 
ceeds  to  contrail  it  with  the  philofophy  of  Bacon  and 
Locke,  and  to  fliow  of  how  little  value  the  former  is 
when  compared  with  the  latter.  He  then  enters  on  a 
brief  examination  of  the  fcholaflic  logic,  and  proves,  to 
the  conviblion  of  every  impartial  judge,  that  the  art  of 
fyllogiling,  though  a  proper  enough  introduiflion  to  a 
philofophy  which  was  built  on  general  principles,  either 
taken  for  granted,  or  founded  ori  very  narrow  and  in¬ 
adequate  obfervation,  is  by  no  means  fitted  to  afiifl  the 
mind  in  the  cultivation  of  that  fcience  which  is  dedu¬ 
ced  by  indudlion  from  particular  fadls.  ‘‘  The  only 
bafls  of  philofophy  (fays  he)  is  now  acknowledged  to 
be  an  accurate  and  extenflve  hiftory  of  nature,  exhibit¬ 
ing  an  exa£l  view  of  the  various  phenomena,  for  which 
philofophy  is  to  account,  and  on  which  it  is  to  found 
its  reafonings.  This  being  the  reformed  ftate  of  philo¬ 
fophy,  great  inconveniences  mull  be  found  in  profecu- 
ting  the  fcholaflic  order  of  the  fciences.  The  ftudent 
mult  make  a  tranfition  at  once  from  words  and  langua¬ 
ges  to  philofophy,  without  being  previoufly  introduced 
to  the  knowledge  of  fadls,  the  foie  foundation  of,  and 
preparation  for  it ;  he  mull  be  hurried  at  the  firft  into 
the  moll  abftrufe,, difficult,  and  fubtle  parts  of  it ;  he 
mull  be  put  upon  examining  the  nature,  foundation,  and 
different  kinds  of  evidence  and  reafoning,  before  he  is 
acquainted  with  any  fpecimens  of  thefe  kinds  by  which 
they  may  be  illuftrated.  And  in  proportion  as  philo¬ 
fophy  is  more  improved,  and  more  thoroughly  reform¬ 
ed,  thefe  inconveniences  mull  become  nvore  fenflble. 

“  The  view  of  thefe  (continues  he)  induced  the  maf- 
ters  of  the  Marifchal  college  to  thijik  of  altering  the  hi¬ 
therto  received  order ;  and  after  the  moll  mature  deli¬ 
beration,  made  them  at  laft  refolve,  that  their  fludents 
Ihould,  after  being  inftrudled  in  languages  and  claffical 
learning,  be  made  acquainted  with  the  elements  of  liif- 
tory,  natural  and  civil,  of  geography  and  chronology, 
accompanied  with  the  elements  of  mathematics ;  that 
they  Ihould  then  proceed  to  natural  philofophy  ;  and, 
laft  of  all,  to  morals,  politics,  logic,  and  metaphylics.” 

In  vindicating  this  arrangement,  he  labours  with 

great 
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Ger^  great  caroeftaefa,  and  v-e  think  with  complete  fuccefs,  and  correaa  his  tafte  nen-elv^  tl.P  •  •  i  , .  . 
to  f]te«^the  propriety  of  making  logic  tlfe  ka  branch  he  has  foundeTall  hk  indent  thr.rhl^ 
of  academical  dudy.  “  All  fcicnces  (fays  he),  all  de-  the  mean  time  think  of  th  he  did  not  iii 

partments  of  knowledge  whatever,  mull  be  premifed  as  curlty  againft  his  judging  wrong'  Tlds'  mat' 'irft 
=>  _  groimd-work  to  genuine  logic.  Hiftory  has  one  whar  hns  Aii*rJ  _ t  i  iH^ftrate 


Gerard. 


a  groiincl-work  to  genuine  logic.  Hiftory  has  one  what' ha^been  faidVf  die' place^iwikh  kric 
kina  of  evidence,  mathematics  another,  natural  philofo-  amon^  the  fciences  The  oKfprxmf  *  ^ 

phy  one  ftill  different,  the  philofophy  of  human  nature  - '  i-  -  A  ^  made  in  it,  both 

another  diftina  from  all  thefe  ;  the  fubordinate  branches 
of  thefe  fcveral  parts  have  ftill  minuter  peculiarities  in 
the  evidence  appropriated  to  them.  An  unprejudiced 
mind  will  in  each  of  thefe  be  convinced  by  that  fpecies 
of  argument  which  is  peculiar  to  it,  though  It  does  not 
refled  iow  it  comes  to  be  convinced.  By  being  con- 
verfant  in  t^em,  one  is  prepared  for  the  ftudy  of 


the  different  kinds  oi  evidence  and  argument  are  ex¬ 
emplified  ;  from  them  only  tliofe  illuftrations  can  be  ta¬ 
ken,  without  which  its  rules  and  precepts  muft  be  un¬ 
intelligible. 

“  All  jnft  conclufions  concerning  the  works  of  na- 
tiire  muft  be  founded  on  an  indudfion  of  particulars. 
And  as  III  natural  phllofophy  thefe  particulars  arc  fup- 
plied  by  obfervations  and  experiments  on  natural  Lodies  ; 
io  III  logic,  the  particulars,  of  which  an  indudion  muft 
be  made,  are  to  be  learned  only  from  the  body  of  arts 
andfeiences.  Thefe  are  the  fubjeds  on  which  obferva- 
tions  muft  be  made,  in  order  to  lay  down  rules  for  in- 
veftigathig  and  proving  the  truths  of  which  they  are 
made  ;  juft  as  the  genuine  performances  of  any  art 
are  what  muft  be  coiifidered  and  obferved  in  laying 
down  the  rules  of  that  art.  No  folid  precept  can  be 
formed  in  logic,  except  by  examining  arts  and  fcicnces 
and  attending  to  the  method  of  reafoning  ufed  in  them' 
and  to  the  evidence  that  accompanies  it.  In  proper’ 
tion  as  they  are  cultivated,  and  no  farther,  logic  may 
be  improved.  And  what  is  true  of  the  invention  of  lo- 
gic,  IS  true  likewife  of  the  ftudy  of  it.  It  can  be  un' 
■derftood  no  farther,  than  the  fcveral  fcicnces  which  it 
reviews  and  criticifes  are  previoufly  underftood  Ac 
cordingly  we  find,  that  all  the  fyftems  of  logic  which 
have  not  been  compiled  from  a  careful  review  and  ex¬ 
amination  of  the  feveral  fcicnces,  conCft  more  of  inge¬ 
nious  fubtleties  than  of  ufeful  precepts  affifting  to  the 
jniiid  in  the  various  parts  of  knowledge.  And  when 
logic  has  been  learned  before  the  other  fcicnces,  the 
lubftantial  parts  of  it  have  been  fcarce  attended  to  or 
made  any  ufe  of,  in  the  profecution  of  them  ;  no’r  fo 
much  as  underftood,  but  in  as  far  as  the  mind  was  gra- 
dimlly  opened,  and  brought  to  rccolka  them  in  its 
progrefs  through  the  fciences. 

. 's  precifely  the  fame  to  phllofophy  that 
works  of  criticifm  are  to  poetry.  The  rules  of  criti- 
ci.m  aro  formed  by  an  accurate  ferutiny  and  examina¬ 
tion  of  the  beft  works  of  poetry.  To  one  who  had 
never  read  a  poem,  thefe  roles  would  be  obfeure  and 
iilelefs  5  he  could  not  comprehend  them,  far  lefs  would 
fie  be  able  to  form  a  judgment  of  their  juftnefs,  and  of 
the  reafons  on  which  they  are  founded.  If  one  penifes 
the  beft  pmical  performances,  he  will  acquire  fome  de- 
gree  of  tafte,  though  he  has  never  profefledly  ftudied 
the  rules  of  cnticifm  ;  and  he  will,  at  the  fame  time, 
lay  in  materials,  and  obtain  a  flock  of  examples,  which 
inay  render  thefe  rules  intelligible  to  him,  and  enable 
him  to  judge  whether  they  are  juft  or  not.  And  by 
afterwards  ftudying  thefe  roles,  he  improves,  refines, 
SUPPL.  Vok.I.  Part  ir. 


concerning  the  methods  of  invention  and  of  probation, 
art  founded  on,  and  deduced  from,  the  feveral  fciences 
in  which  thefe  methods  are  ufed.  Neither  the  obfer- 
vations  themfelves,  nor  the  reafons  on  which  they  are 
built,  can  be  fully  comprehended  by  one  abfolutely  ig. 
norant  of  thele  fciencts.  In  ftudying  the  partiJulfr 
fciences,  reafoii  will  fjiontaneoully  exert  itfelf-  if  *Iie 

-  ukd,  ti.e 


for  t/.,fupply  him  with  a  fund  ^.'- 

the  different  kinds  oi  evidence  and  argument  are  ex-  '  the  evidence^  and  be  convircef  by  it^tighTdTet 

not  refled  hoav  tins  comes  to  pafs,  nor  explicitly  confi. 


1  .  jiwi  cAuiieiciy  coriii- 

der  according  to  wliat  general  rules  the  iinderftandlng  i*s 

hrrfh  ftudying  t,hefe  rules,  one  will 

fl'e  feveral  fciences; 
the  knowledge  of  the  grounds  and  laws  of  evidence  will 

wro^n  ^  of  rejlettwn,  againft  employing 

wrong  methods  of  proof  and  improper  kinds  of  evE 

Anrth^‘^‘r°'’“  -U  "’’“‘i  natural  genius. 

And  thus  logic  will  greatly  contribute  to  improvement 

m  knowledge  ;  and  more  fo,  when  it  is  ufed  Larevie-w 
of  the  method  taken  in  the  profecution  of  feience,  of 
the  foundations  gone  upon,  and  of  the  general  rules 
that  have  been  obferved,  than  when  it  fs  fpplied  as  an 
tntrodulhon  to  the  elements  of  fcfence  ;  for^k  the  for- 

rotlv  T  underftood,  fuffici- 

ently  illuftrated,  and  put  in  pradice  as  they  are  learned, 
which  in  the  latter  is  quite  impoffible.” 

Having  thus  vindicated  the  new  arrangement  with 

to  the  ftudy  of  lo¬ 
gic,  he  Foceeds  to  inquire  in  what  order  the  other 
Ic.enccs  fhou  d  fucceed  each  other.  »  Ethics  (fays  he) 
or  moral  phllofophy  is  founded  as  well  as  logic  on^pneu- 
matics,  and  muft  therefore  come  after  it.  The  coiiftitu. 
tion  of  man,  and  his  feveral  adive  powers,  muft  be  ex-' 
plained,  before  his  bufmefs,  his  duty,  and  his  happinefs, 
can  be  difeovered.  Jurifprudence  and  politics,  takiinr 
a  more  complex  view  of  man  than  morals,  by  confider" 
mg  his  vanous  ftates,  as  well  as  his  nature  and  powers 

ra:rfi';ft'bii''ftLi7"'"^’ 

r,l,M  deu»  mme  whether  natural 

phllofophy  or  piieumatology  ought,  in  the  order  of 
teathiiig,  to  have  the  preference.  And  many  conlide- 
rations  feeni  to  require  that  the  former  (hould  be  ftu- 

far  dk^-‘  rf  '^T  P"‘''tmatology  would  be  too 
far  disjoined  from  the  pradical  fciences  founded  on  it  • 
one  of  which,  logic,  ought,  as  we  have  feen  to 
..ugh,  bn  of  .1,  Bef,d“.,  ,oo„gl„ 
g.i.  w„h  ,hc  c.Holl  .,,d  „oll  ob.i,,;,  fobjoa’,  and  ,0 
proceed  giadually  to  tne  moft  difficult ;  and  in  order  to 
this,  we  ought  to  comply  a.s  much  as  poffible  with  the 
Moural  openings  and  progrefs  of  the  human  mind. 
Novv  ,t  IS  e^dent,  that  the  mind  receives  firil  of  all  im. 
preffioiis  and  Ideas  of  thofe  fenfible  things  with  which 
n  IS  fnrrounded.  It  is'not  till  after  it  has  exercifed  its 
faculties  about  them  that  it  refleds  on  its  own  opera- 
tioiis,  or  acquires  perceptions  of  them.  We  are  from 
our  earheft  infancy  accuftomed  to  obferve  external 
things,  tnough  often  traiifiently  and  inattentively  ;  they 
4  T  lie 
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Gerard,  lie  always  in  our  view,  they  fore  _ 

- ^ - '  and  we  cannot  avoid  regarding  them  more  or  lefs.  But 

we  feldom  attend  to  the  operations  of  our  minds  in  our 
earlier  years  ;  it  is  late  before  we  acquire  diftiiid  no¬ 
tions  of  them,  or  can  eafily  and  readily  make  them  the 
objeas  of  our  contemplation.  Farther,  external  fenfa- 
tion,  by  which  bodies  are  perceived,  is  a  more  palpable 
kind  of  evidence  than  internal,  from  which  all  our 
knowledge  of  fpirits  is  derived  ;  it  llrikes  and  alTeas  us 
The  philofophy  of  fpirits  ” 


as  well  as  that  of 
bodies,  is  founded  folely  on  experiments  and  obferva- 
tions  ;  but  in  the  latter  it  is  much  eafier  to  make  thefe 
than  in  the  former  :  we  can  put  bodies  in  any  fitiiation 
that  we  pleafe,  and  obferve  at  leifure  their  effeas  on 
one  another  :  but  the  phenomena  of  the  tnhul  are  of  a 
lefs  conllant  nature  ;  we  mull  catch  them  in  an  inllant, 
and  be  content  to  glean  them  up,  by  obferving  their 
effeds  as  they  accidentally  difeover  themfelves  in  the 
ftveral  circumftances  of  life.  The  reafonings  alio  by 
which  conclufions  are  deduced  concerning  mind  are  of 
a  more  abftrufe  and  difficult  nature  than  thofe  employ¬ 
ed  in  the  fcience  of  bodies  ;  the  ideas  about  which  they 
are  converfant  are  apter  to  be  confounded  with  one  a- 
Tiother,  and  are  with  greater  difficulty  kept  diftind. 
On  all  thefe  accounts,  natural  philofophy  muH  be  to 
young  minds  eafier  than  pneumatology,  and  confequent- 
ly  Ihould  be  taught  hrft.” 

For  this  long  digreffion,  if  fuch  it  fhall  be  deemed, 
•we  are  perfuaded  that  thofe  who  retain  any  attachment 
to  the  place  where  their  minds  were  firft  imbued  with 
the  principles  of  fcience,  will  think  no  apology  requi- 
iite,  when  they  are  informed,  that  the  plan  of  edu¬ 
cation,  which  is  here  fo  ably  defended,  was  about  the 
fame  period  adopted  by  both  colleges  in  the  univerlity 
of  Aberdeen  ;  that  the  writer  of  this,  article  had  his 
own  education  in  the  King’s  college  ;  and  that  in  the 
profperity  of  that  college  he  ftill  feels  himfelf  deeply 
intereiied.  Let  it  be  remembered,  too,  that  the  pub¬ 
lication  from  which  this  extract  has  been  made,  fur- 
niflies  a  proof  of  profelTor  Gerard’s  abilities,  and  of  the 
ellimation  in  which  he  was  held  by  his  colleagues  at  a 
very  early  period  of  life  ;  and  then  furely  the  digref¬ 
fion  will  not  be  thought  impertinent. 

He  was  now  profeflbr  of  moral  philofophy  and  logic, 
and  of  thefe  fciences  alone  :  but  though  his  plan  of  <?- 
ducaiion  in  the  Marifchal  College  (hews  the  order  in 
which  his  le<5lures  were  arranged,  we  have  not  been 
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themfelves  upon  us,  foundation  to  moral  virtue;  for  virtue  mud  have  been  Gerard 
“  pradfifed  upon  fofne  fteady  principle  from  the  eailieil  — -y— ^ 
period  of  human  fociety  ;  and  the  moil  eminent  pro- 
fclTor  will  find  fufficient  room  for  the  difplay  of  all  his 
learning  and  ingenuity  in  illuftrating  the  principle  which 
his  own  judgment  has  led  him  to  adopt. 

Of  this  profelTor  Gerard  was  fully  fenfible ;  and 
whilft  he  was  conlcientioufly  difeharging  his  duty  to 
his  pupils,  he  negledled  no  opportunity  of  improving 
himfelf.  He  was  member  of  a  literary  fociety  at 
Aberdeen,  of  which  the  refpedlability  will  not  be  ^ 
queftioned,  when  it  is  known  that  it  confifted  of  fuch 
men  as  the  late  Dodfors  Blackwel,  Gregory,  Reid,  and 
Campbell,  with  Dr  Beattie,  and  many  others  of  per¬ 
haps  equal  talents,  though  not  knowm  to  the  world  as 
authors  (b).  This  fociety  met  regularly  during  the 
winter,  we  believe  once  every  fortnight ;  the  members 
communicated  their  fentiments  with  the  utmoft  free¬ 
dom  ;  every  novel  opinion  was  fure  to  be  canvaffed  on 
all  Tides  with  impartiality  ;  the  underftaiidings  of  the 
members  were  thus  mutually  wffietted  ;  and  hence  ori¬ 
ginated  Reid’s  Inquiry  into  the  Human  Mind^  Grego¬ 
ry’s  Comparative  Vie*w^  Gerard’s  Ejfay  on  Genius^  Beat¬ 
tie’s  EJjay  on  Truths  and  Campbell's  Philofophy  of  Rhe* 
toric. 

On  the  5th  of  September  1759,  Gerard  was  or¬ 
dained  a  minifter  of  the  Church  of  Scotland  ;  on  the 
iith  of  June  1760,  he  was  appointed  profeflbr  of  di¬ 
vinity  in  the  Marifchal  College,  and  minifter  of  the 
Grayfriars  church  in  Aberdeen  ;  and  at  the  fame  time, 
as  we  fuppofe,  created  dodfor  in  divinity. 

On  the  18th  of  June  1771  he  refigned  his  profeflbr- 
fhip  in  Marifchal  College,  together  with  his  church¬ 
living,  and  was  preferred  to  the  theological  chair  in 
the  univerfity  of  King’s  College,  then  become  vacant 
by  the  death  of  profeflbr  Lumifden.  In  that  flat  ion 
he  continued,  profecuting  his  ftudies,  beloved  by  his 
colleagues,  and  revered  by  his  pupils,  till  his  birth- day 
179-  ;  when,  having  jull  completed  his  67th  year,  he 
died  without  a  groan.  His  death  was  occafioned  by  a 
fchirrous  tumor,  which  began  to  appear  on  his  face 
in  the  year  1794J  but  without  confining  him  to  the 
houfe,  or,  except  for  a  very  few  weeks,  interrupting 
his  ufual  purfuits.  It  impaired,  however,  his  health, 
and  gradually  undermined  his  conftitution.  Of  this 
he  w^as  very  foon  fenfible  ;  but  he  faw  his  diflblution 
approaching  with  the  utmoft  compofure  and  refignation. 


able  to  learn  on  what  foundation  he  built  his  fyftem  of  and  preferred  to  all  about  him  fo  much  of  that  equani- 

*  . .  ’  mity  and  placidnefs  of  temper  which  had  marked  the 

whole  courfe  of  his  life,  that  of  him  may  truly  be  faid, 

Multis  illi  multos  annos  precantibus 
Diri  carcinomatis  veneno  contabuit, 

Nexibufque  vitas  paulatim  refolutis, 

E  terris,  meliora  fperans,  emigravit. 

Were  we  to  hazard  an  opinion  of  Dr  Gerard’s  intel¬ 
lectual  powers,  from  having  attentively  perufed  his 

work^, 


ethics.  As  Hutchefon’s  Moral  Philofophy  was  then 
much  read  and  admired,  it  will  not  detraCt  from  Mr 
Gerard’s  merits  to  fuppofe,  that,  with  his  predeceflbr 
Mr  Fordyce,  he  was  an  advocate  for  the  moral fenfe  of 
that  author ;  for  there  are  but  three  or  four  founda¬ 
tions  on  v/hich  a  fyftem  of  ethics  can  be  raifed  ;  and  it 
may  be  doubted  whether  there  be  one  of  them  which  is 
not  as  old  as  the  age  of  Plato.  It  would  indeed  be  ri¬ 
diculous  in  any  modern  (a)  to  aim  at  giving  a  nenv 


(a)  The  friends  of  Mr  Godwin,  who  affea  to  call  his  Political  Juftice  the  philofophy,  will,  of  courfe, 
think  this  a  rafh  aflertioh  ;  but  were  it  worth  while,  it  would  be  no  very  difficult  tafle  to  produce,  from  the 
atheiftical  writers  of  antient  Greece,  fomething  fimilar  even  to  his  wildeft  paradoxes.  Dr  Gerard  was^too  well 
acquainted  wdth  the  fubjeCt,  and  too  warm  a  friend  to  genuine  virtue,  to  pretend  to  novelty  in  moral  fcience. 

(b)  Such  as  ProfelTor  Thomas  Gordon,  who  read  IcClures  in  the  King’s  College  for  63  or  64  years,  and. 
whofe  learning  was  equalled  only  by  his  virtues. 
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Gerard,  works,  we  would  lay  that  he  polTcued  great  rectitude 
of  judgment,  rather  than  any  remarkable  vigour  of 
mind  ;  that  he  was  capable,  by  intenfe  Itudy,  of  be¬ 
coming  mailer  of  almoll  any  fubjefl,  though  perhaps  he 
had  not  the  imagination  requifite  for  making  difcoveries 
in  fcience  ;  and  that  his  attainments  were  folid  rather 
than  brilliant.  What  he  knew,  he  knew  thoroughly  ; 
but  to  us  his  knowledge  feems  to  have  been  the  reward 
of  labour. 

By  one,  to  whom  he  was  well  known,  and  who 
♦  Dr  ^tf«^-himfelf  Hands  high  in  the  republic  of  letters*,  we  are 
allured  that  he  had  improved  his  memory  to  fuch  a  de¬ 
gree,  that,  in  little  more  than  an  hour,  he  ct>uld  get 
by  heart  any  fermon  of  ordinary  length  ;  though  far 
from  availing  himfelf  of  this  talent,  as  many  would 
have  done,  he  compofed  with  care  all  the  fermons  that 
he  preached.  In  early  liU’  he  made  it  a  rule  not  to 
ftudy  after  fupper  ;  and  from  that  rule  he  never  deviat¬ 
ed,  but  amufed  himfelf  after  that  time,  either  with  the 
converfation  of  his  family,  or  with  any  light  reading 
that  came  in  his  w^ay  ;  and  he  was  generally  in  bed  by 
half  pail  eleven.  He  feems  not  to  have  approved  of 
early  more  than  of  late  ftudy  ;  for  though,  for  a  few 
years,  when  as  profeflbr  of  jftiilofophy  he  had  various 
fciences  to  teach,  he  rofe  regularly,  during  winter,  at 
five  in  the  morning,  he  difeontinued  that  pradlice  as 
foou  as  he  had  it  in  his  power,  and  did  not  enter  upon 
ferious  ftudy  till  after  breakfaft,  generally  about  ten 
o’clock.  He  was  indeed  very  laborious  through  the 
day,  and  could  wdth  difiiculty  be  perfuaded  to  take 
any  bodily  exercife  ;  but  being  remarkably  temperate 
in  eating  and  drinking,  he  enjoyed  very  good  health, 
which  was  only  occalionally  interrupted  by  thofe  fto- 
irach  complaints,  to  which  men  of  fedentary  lives  are 
often  fuhjedl. 

The  fruits  of  this  inceflant  ftudy  were,  beftdes  the 
kdlures  which  he  read  to  his  different  clafles,  ly/,  An 
EJj'ay  on  TaJlcj  to  which,  in  1756,  was  adjudged  the 
gold  medal  by  the  Philofophical  Society  of  Edinburgh 
(See  Societies,  EncycL),  which  had  propofed  tafte  as 
the  fubjea  for  a  prize.  Of  this  eflay  there  has  been 
a  fecond,  and  a  third  edition  ;  of  which  the  laft,  which 
was  publifhed  in  1780,  is  confiderably  enlarged  and 
improved,  idy  D'ljfertatwns  on  the  Genius  and  Eviden¬ 
ces  of  publifhed  in  1766.  ^d,  An  EJfay  on 

Genius,  publifhed  in  1774.  4M,  Two  volumes  of  Ser¬ 

mons  ;  of  which  the  firft  was  publifhed  in  1780,  and 
the  fecond  in  17S2.  A  part  of  his  theological 

courfe,  entitled  ’The  Pajloral  Cure,  which  was  piiblifh- 
ed  in  1799  ^7  Oilbert  Gerard,  who  fuc- 

ceeded  him  as  profeftbr  of  divinity  in  the  King’s  col¬ 
lege  and  univerfity  of  Aberdeen.  Beftdes  thefe  works 
Dr  Gerard  piiblillied  many  Angle  fermons,  which  were 
preached  on  occaftonal  fubjedls. 

Of  this  amiable  and  refpedlable  inftru£lor  of  youth, 
we  have  been  favoured  with  the  following  charadler, 

^  talents  and  virtue  f,  who  was  firft 

^U,Oid pupil  and  afterwards  his  friend;  and  though  it 
^srdeen,  made  part  of  a  funeral  fermon,  v/e  believe  that,  by 
thofe  who  were  mod  intimately  acquainted  with  Dr 
Gerard,  the  panegyric  which  it  contains  will  not  be 
deemed  extravagant. 

In  domeftic  life,  his  condu6l  was  amiable  and  ex¬ 
emplary.  He  pofleffed,  in  a  high  degree,  that  kindnefs 
of  heart  and  affability  of  manner  which  interefted  him 


at  all  times  in  the  happinefs  of  his  dependants,  prefer-  Gerard.  - 

ved  good  humour  in  his  houfe,  and  endeared  him  to  his  ' - 

family.  He  knew  how  to  check  improprieties  with¬ 
out  harfliiiefs,  and  when  and  how  to  indulge  without 
impairing  his  authority.  His  natural  good  fenfe,  ftea- 
dinefs,  and  prudence,  prevented  him  from  being  thrown 
into  confufion  by  the  adverfe  incidents  of  life  ;  and  e- 
nableJ  him,  in  preffing  emergencies,  to  adopt  wife 
mealiires,  and  to  adminifter  fahitary  counfel.  His  ten¬ 
der  fympathy  foothed  the  troubled  hour  of  ferrow  ; 
his  rational  and  friendy  advice  guided  his  family  thro’ 
the  perplexities  of  life,  and  he  feelingly  rejoiced  in  all 
their  innocent  enjoyments.  His  attachments  were  not 
confined  to  his  family  or  his  relatives  ;  he  was  fufeep- 
tible  of  warm  fi  iendftiip.  In  feledling  the  objeds  of  it 
he  v/as  cautious,  always  preferring  thofe  vvhofe  merits 
entitled  them  to  confidence  and  regard.  His  attach¬ 
ment,  flowly  formed,  was  not  to  be  fhaken  by  every 
oblique  infinuation,  or  by  every  idle  report  to  the  pre¬ 
judice  of  his  friend.  Steady  in  his  profeftions  of  re¬ 
gard,  he  was  capable  of  confiderable  and  difinterefted 
exertions  to  ferve  thofe  whom  he  really  efteemed.  To 
his  judicious  advice  they  had  ready  accefs  ;  and  his  heft 
efforts  to  promote  their  good  they  could  always  com- 
niand.  As  a  member  of  fociety,  his  houfe  was  ever 
the  feat  of  hofpitality,  and  his  door  was  always  open 
to  the  ftranger.  In  entertaining  his  friends,  he  equal¬ 
ly  avoided  the  extravagance  and  oftentation  which  did 
not  become  his  charader  or  fuit  his  fortune,  and  the 
rigid  economy  which  marks  the  condudl  of  thofe  who 
give  with  a  reludant  and  fparing  hand.  He  neither 
anxioully  courted,  nor  affectedly  fhunned  learned  con¬ 
verfation.  While  he  never  obtruded  upon  company 
fubjefts  which,  by  the  difplay  of  fuperior  knowledge 
or  abilities,  were  calculated  to  gratify  his  own  vanity 
at  the  expence  of  hurting  others,  he  always  ftudied,  as 
far  as  propriety  would  admit,  to  adapt  his  converfa¬ 
tion  to  the  temper  and  inclinations  of  his  affociates. 

To  pleafe  the  young,  and  to  promote  their  liarmlefs 
feftivity,  was  ever  his  delight ;  with  cheerfulnefs  he  de- 
feended  to  their  trivial  amufements,  and  in  his  prefence 
they  felt  no  reftraints  but  thofe  which  virtue  and  de¬ 
cency  impofe.  Though  he  often  left  for  a  little  ftu- 
dies  in  wdiich  he  was  keenly  engaged,  to  enjoy  the  con¬ 
verfation  of  a  friend,  he  never  fuffered  his  love  of  fo¬ 
ciety,  one  of  his  ftrongeft  paffioiis,  to  induce  him  to 
facrifice  any  important  literary  purfuit,  or  to  negled 
any  neceffary  biifinefs. 

“  As  a  clergyman,  the  office  which  he  held  for  Seve¬ 
ral  years  in  Marifchal  college  rendered  it  his  duty  to  be 
a  daily  preacher,  and  gave  him  a  feat  in  the  ecclefiaflical 
courts.  But  the  unavoidable  labour  of  preparing  pre- 
ledions  for  his  theological  pupils,  did  not  prevent  his 
unremitting  attention  to  his  public  exhibitions  in  the 
pulpit.  Thefe  were  marked  by  that  diftinClnefs  of 
arrangement,  that  juftnefs  of  reafoning,  and  that  accu¬ 
racy  of  compofition,  which  effedually  fecured  the  ap- 
probation  of  the  ableft  judges;  while  by  their  plain- 
nefs  and  fimplicity,  they  failed  not  of  promotin or  the 
edification  of  the  meaneft  capacities.  To  the  low  arts 
of  acquiring  popularity  he  never  ftooped  :  But  his 
prudence,  his  good  fenfe,  his  exemplary  condud,  and 
his  minifterial  diligence,  eftablifhed  his  refpedability 
and  ufefulnefs,  and  procured  him  the  full  confidence 
and  efteem  of  his  colleagues.  Pofleffing  more  than  6r- 
4  "T  2  dinaiy 
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Gerard,  dinary  excellence,  envy  never  led  him  to  depreciate  the 

" — - merits  of  other  preachers.  Though  one  of  the  bed  of 

judges,  he  was  always  one  of  the  mod  candid  hearers. 
When  by  his  trandation  to  the  nniverfity  of  King's 
college  he  was  releafed  from  the  labour  of  condant 
preaching,  far  from  (hewing  any  averfion  to  difeharge 
the  mod  public  miniderial-duties,  he  was  always  obe¬ 
dient  to  prelbyterial  appointments  ;  and  while  liealth 
and  drength  remained,  willing  to  oblige  his  clerical 
friends  by  appearing  in  their  pulpits.  Nor  in  private 
life  did  he  ever  lofc  fight  of  the  charader  of  a  clergy¬ 
man.  Having  in  a  publication  ably  defended  its  re- 
fpedlability,  in  oppofition  to  the  feoffs  and  fneers  and 
fophifms  of  modern  fceptics  ;  he  conficlered  it  as  his 
honour,  in  his  life  and  coiiverfation,  to  difplay  its  dig¬ 
nity  and  importance  ;  and  to  (liew  that  the  gravity  of  a 
Chridian  pador  is  perfectly  confident  with  the  good 
breeding  of  a  gentleman,  and  with  the  cheerfulnefs,  af¬ 
fability,  and  eafe  of  an  agreeable  companion. 

‘‘  As  a  man  of  letters,  his  attainments  were  far  above 
thofe  at  which  the  generality  of  dudents  arrive.  In 
his  literary  purfuits,  he  had  all  the  advantages  of  a 
judgment  uncommonly  clear  and  didin£l ;  aided,  from 
his  earlied  years,  by  the  med  indefatigable  and  perfe- 
vering  dudy.  The  well-earned  reputation  with  which, 
before  he  was  promoted  to  tlie  theological  chair,  he 
taught  in  Marifchal  college  different  fciences,  incon- 
tcdibly  proves  that  his  powers,  not  confined  to  one  fub- 
je^f,  juftly  entitled  him  to  eminence  in  feveral  branches 
of  literature.  His  publications,  feveral  of  which  have 
been  tranflated  into  other  languages,  promife  fair  to  ex¬ 
tend  his  fame,  and  to  hand  it  down  to  generations  yet 
unborn  ;  and  his  unremitting  labours  promifed  dill  a  far¬ 
ther  contribution  to  the  general  dock  of  learning. 

‘‘  As  a  profeffor  of  divinity,  he  will  be  long  and  grate¬ 
fully  remembered  by  his  numerous  pupils.  This  was 
liis  peculiar  department,  and  in  this  he  fhone.  Poffef- 
jing  large  dores  of  theological  knowledge,  he  was  ju¬ 
dicious  in  feleding  his  fubjeds,  happy  and  fiiccefsful 
in  his  manner  of  communicating  indrudion.  He  had 
the  merit  of  introducing  a  new,  and  in  many  refpe61s  a 
better  plan  of  theological  education,  than  thofe  on 
which  it  had  been  formerly  conduced.  Liberal,  but 
not  loofe,  in  his  fentiments,  his  great  aim  was,  not  to 
impofe  by  his  authority  upon  his  pupils  any  favourite 
fydem  of  opinions  ;  but  to  imprefs  them  with  a  fenfe 
of  the  importance  of  the  miniderial  office,  to  teach  them 
the  proper  manner  of  difeharging  all  its  duties,  and  to 
enable  them,  by  the  knowledge  of  Scripture,  to  form  a 
^  jud  and  impartial  judgment  on  controverted  fabjecds. 

Solicitous  for  their  improvement,  he  was  ever  ready  to 
encourage  rifing  merit  by  bis  warmed  approbation  ;  and 
reludlant  to  damp  even  unfuccefsful  efforts  of  genius 
by  deferved  cenfuve.  Having  a  condant  eye  to  what 
is  practically  ufeful,  rather  than  to  uiiedifying  fpecula- 
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tion,  he  enjoined  no  duty  which  he  was  tinwilling  to  Gcrmina* 
exemplify  in  his  own  condudt.  Hence,  that  driCl  re- ^ 
gard  to  the  ininiderial  character  which  he  uniformly 
difplayed,  and  hence  his  uncommon  punctuality  in  at¬ 
tending  the  public  ordinances  of  religion.'' 

GERMINATION,  among  botanids,  is  a  very  in- 
tereding  fubjeCt,  on  which  the  late  dlfcoveries  in  che- 
midry  have  thrown  much  light  fince  the  article  Ger¬ 
mination  was  publiffied  in  the  Encychp<sdia,  In  the 
year  1793,  Mr  Humboldt  difeovered  that  fimple  me¬ 
tallic  fubdances  are  unfavourable  to  the  germination  of 
plants,  and  that  metallic  oxides  favour  it  in  proportion 
to  their  degree  of  oxidation.  This  difeovery  induced 
him  to  fearch  for  a  fubdance  with  which^ oxygen  might 
be  fo  weakly  combined  as  to  be  eafily  feparated,  and 
he  made  choice  of  oxigenated  muriatic  acid  gas  mix¬ 
ed  with  water.  Creffes  (lepidium  fativum)  in  the  oxy¬ 
genated  muriatic  acid  firewed  germs  at  the  end  of  fix 
hours,  and  in  common  water  at  the  end  of  32  hours. 

The  aCIion  of  the  fird  fluid  on  the  vegetable  fibres  is 
announced  by  an  enormous  quantity  of  air  bubbles 
which  cover  the  feeds,  a  phenomenon  not  exhibited 
by  water  till  at  the  end  of  from  30  to  ^5  minutes. 

Thefe  experiments,  announced  in  Humboldt's  Flora 
Suhterranea  Frihergenjis^  and  in  his  Aphorifms  on  the 
chemical  pliyfiology  of  Plants,  have  been  repeated  by- 
others  (a).  They  were  made  at  a  temperature  of  from 
12  to  15  Reaumur.  In  the  fummer  of  *796,  Hum¬ 
boldt  began  a  new  feries  of  experiments,  and  found 
that  by  joining  the  dirnulus  of  caloric  to  that  of  oxy¬ 
gen  he  was  enabled  dill  more  to  accelerate  the  pro- 
grefs  of  vegetation.  He  took  the  feeds  of  garden 
creffes  [lepidium  fativum),  peas  [pifum  fathvum)^  French 
beans  [phafeoUs  vulgaris),  garden  lettuce  [latluca  fati- 
va),  mignonette  (refeda  odorata)  ;  equal  quantities  of 
which  were  thrown  into  pure  water  and  the  oxygena¬ 
ted  muriatic  acid  at  a  temperature  of  88^  F.  Creffes 
exhibited  germs  in  three  hours  in  the  oxigenated  mu¬ 
riatic  acid,  while  none  were  feen  in  water  till  the  end 
of  26  hours.  In  the  muriatic,  nitric  (b),  or  fiilphurjc 
acid,  pare  or  mixed  with  water,  there  was  no  germ  at 
all :  the  oxygen  feemed  there  to  be  too  intimately  unit¬ 
ed  with  bales  of  azot  or  fulpluir,  to  be  difengaged  by 
the  affinities  prefented  by  the  fibres  of  the  vegetable. 

The  author  announces,  that  his'  difeoveries  may  one 
day  be  of  great  benefit  in  the  cultivation  of  plants. 

His  experiments  have  been  repeated  with  great  induf- 
try  and  zeal  by  feveral  didinguifhed  philofophers.  Pro¬ 
feffor  Pohl  at  Drefden  caufed  to  germinate  in  oxyge¬ 
nated  muriatic  acid  the  feed  of  a  new  kind  of  euphorbia. 
taken  from  Bocconi’s  colledlion  of  dried  plants,  no  or 
120  years  old.  Jacquin  and  Vander  Schott  at  Vienna 
threw  into  oxygenated  muriatic  acid  all  the  old  feeds 
which  had  been  kept  20  or  30  years  at  the  botanical 
garden,  every  attempt  to  produce  vegetation  in  which 
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(a)  See  Ufiar's  Fragments  of  Phytology,  Plenck's  Pliyfiology,  Villdenow's  Dendrology,  and  FlBionnaire  dt 
Pbyfique  par  Gehler. 

(b)  The  nitric  acid,  however,  diluted  with  a  great  deal  of  water,  accelerates  germination  alfo,  according  to 
the  experiments  of  Candolle,  a  young  naturalift,  wffio  has  applied  with  great  fiiccefs  to  vegetable  phyfiology. 
This  phenomena  is  the  more  interefting,  as  chemiftry  affords  other  analogies  of  the  oxygenated  muriatic  acid 
and  the  nitric  acid.  Profeffor  Pfafs  at  Kiel,  by  purfuing  Humboldt's  experiments,  has  found  that  frogs  luffoca- 
ted  in  oxygenated  muriatic  acid  gas  increafe  in  irritability,  while  thofe  which  periffi  in  carbonic  acid  gas  are  lefs 
fenfible  of  galvaiiifm. 
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had  been  frultlefs,  and  the  greater  part  of  them  were 
ftimulated  with  fiiccefs.  Even  the  hardell  feeds  yicld- 
^ed  to  this  agent.  Among  tliofe  which  germinated 
were  the  yellow  bonduc  or  hickar  tree  {guUandina 
hondvc),  the  pigeon  cytifus  or  pigeon  pea  {cytifus  ca- 
jan)y  the  dodonea  atiguJlifoUa,  the  climbing  mimofa  [mu 
mofa  fcandens),  and  new  kinds  of  the  homea. — There 
are  now  (hewn  at  Vienna  very  valuable  plants  which 
are  entirely  owing  to  the  oxygenated  muriatic  acid, 
and  which  are  at  prefent  from  live  to  eight  inches  in 
height.  Hunrboldt  caufed  to  germinate  the  clu/ta  ro^ 
fea,  the  feeds  of  which  had  been  brought  from  the  Ba¬ 
hama  iflands  by  Boofe,  and  which  before  had  refilled 
every  effort  to  make  them  vegetate.  For  this  pur- 
pofe  he  employed  a  new  procefs,  which  feems  likely  to 
be  much  eafier  for  gardeners  who  have  not  an  oppor¬ 
tunity  of  procuring  oxigenated  muriatic  acid;  He 
formed  a  palle  by  mixing  the  feeds  with  the  black 
oxide  of  manganefe,  and  then  poured  over  it  the  mu¬ 
riatic  acid  diluted  with  water.  Three  cubic  inches  of 
water  were  mixed  with  half  a  cubic  inch  of  the  mu¬ 
riatic  acid.  T.  he  veffel  which  contains  this  mixture 
muft  be  covered,  but  not  clofely  Ihut  ;  elfe  it  might 
readily  biirll.  At  the  temperature  of  95^  the  muriatic 
acid  becomes  flrongly  oxidated  ;  the  oxigenated  muria¬ 
tic  gas  w^hich  is  difengaged  paffes  through  the  feeds  ; 
and  it  is  during  this  paffage  that  irritation  of  the  vege¬ 
table  fibres  takes  '^^^^,-^Philofophical  ATagaz'tne, 

GESCHE  EL  Aube,  or  Gip.  Gir,  a  fpecies  of  grafs 
growing  plentifully  near  Ras  el  Feel  on  the  borders  of 
Abyfijnia.  It  begins,  fays  Mr  Bruce,  to  fhoot  in  the 
end  of  April,  when  it  firll  feels  the  humidity  of  the  air. 
Jt  advances  then  fpeedily  to  its  full  height,  which  is 
about  3  feet  4  inches.  It  is  ripe  in  the  beginning  of 
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Briquas  and  Bremasj  whom  they  confider  as  tribes  of 
Caffres. 

^  With  refpedl  to  fuch  chara6leriftics  as  are  not  ori¬ 
ginal  and  derived  from  nature,  as  the  form  of  their 
drefs,  weapons,  inftruments  of  mufic,  fondnefs  for  hunt¬ 
ing  and  dancing,  and  the  like,  the  GheylTiquas  do  not 
differ  from  the  furrounding  nations,  except  in  having 
adopted  a  particular  colour  for  their  ornaments.  All 
the  ornaments  of  the  Gheyffiquas  are  white,  and  com- 
pofed  of  the  bones  of  a  Iheep’s  leg  or  foot,  to  which 
they  give  a  dazzling  whitenefs  by  procefles  peculiar  to 
themfelves,  Phus,  as  they  fabricate  their  own  neck¬ 
laces  and  other  articles  of  luxury,  and  have  no  occafioii 
to  purchafe  the  materials,  they  have  no  dependence  on 
the  colonies  with  refpe£l  to  trade,  except  for  a  few  iie- 
ceflary  articles,  which  they  want  in  common  with  o- 
ther  favages.  Accordingly  this  nation  is  lefs  k;iowfi 
and  lefs  vifited  than  any  other. 

The  women  are  well  made,  lively,  and  always  ready 
to  laugh  or  dance  :  yet,  with  all  the  gaiety  of  their  dif- 
pofition,  they  have  the  refervednefs  of  manners  to  which 
polifhed  nations  give  the  names  of  modefly  and  deco¬ 
rum,  and  which,  in  fo  warm  a  climate,  and  with  fuch 
aidcnt  conftitutions,  appears  to  be  a  virtue  of  no  eafy 
attainment. 

Our  author  fays  that  he  no  where  met  with  a  nation 
fo  truly  generous.  Though  he  had  nothing  to  give  in 
exchange,  yet  during  two  days  that  he  llaid  with  them, 
he  had  bowls  of  milk  brought  to  him  as  prefents,  night 
and  morning,  from  every  hut.  The  chief  even  obliged 
him  to  accept  a  lamb  ;  and  though  our  traveller’s  at¬ 
tendants  were  not  deilitute  of  provifions,  he  would  give 
them  alfo  feveral  fheep  with  which  to  regale  themfelves; 
a  degree  of  generofity  of  which  a  proper  eftiinate  can 
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. ,  1  ,  n  ^  ,  ,  X  gciicruiiiy  or  wnicn  a  proper  eltiinate  can 

May  ,  and  decay  s,  if  not  deftroyed  by  fire,  very  foon  af-  be  formed  only  by  thofe  who  know  fometliina  of  favaM 
terwards.  manners  and  favage  penury 


The  leaf  is  long,  pointed,  narrow,  and  of  a  feeble 
texture.  The  ftocK  from  which  it  llioots  produces 
leaves  in  great  abundance,  which  foon  turn  yellow  and 
fall  to  the  ground.  The  goats,  the  only  cattle  thefc 
miferable  people  have,  are  very  fond  of  it,  and  for  it  a- 
bandon  all  6ther  food  while  it  is  within  their  reach. 
On  the  leaves  of  Tome  plants  our  author  faw  a  very 
fmall  glutinous  juice,  like  to  what  we  fee  upon  the 
leaves  of  the  lime  or  the  plane,  but  in  much  lefs  quan- 
tity  ;  this  is  of  the  tafte  of  fugar. 

I'rom  the  root  of  the  branch  arifes  a  number  of  ftalks, 
fometimes  two,  but  never,  as  far  as  lie  had  feen,  more 
than  three.  The  flower  and  feed  are  defended  by  a 
wonderful  perfection  and  quantity  of  fmall  parts.  The 
head,  when  in  its  maturity,  is  of  a  purplifh  brown. 

This  fpecies  of  grafs  was  one  of  the  acquifitions  of 
our  author’s  travels.  It  was  not  before  known  in  Eu¬ 
rope,  nor  when  he  publifhed  his  book  had  the  feed 
produced  a  plant  any  where  but  in  the  garden  of  the 
French  king. 

GHEYbSK^TAS,  a  nation  of  Hottentots  which 
inhabits  a  diflriCt  of  South  Africa  bordering  on  the 
country  of  Caffraria.  M.  Vaillaiit  vifitcd  a  horde  of 
this  people  at  no  great  diflance  from  Orange  river,  as 
he  was  returning  from  his  laft  xYfrican  exciirfion  to  the 
Cape,  and  was  fliewn  by  them  a  chain  of  mountains  to 
the  eaft,  which  extending  to  a  diftance  was  loft  in  the 
T'orth,  and  which,  inhabited  by  their  principal  tribes, 
feparated  them  from  the  CafFies,  or  at  lealt  from  the 


The  practice  of  femi-caftratioii  prevails  among  the 
Gheyffiquas,  and  among  them  only  of  all  the  Hotten¬ 
tot  tribes  ;  and  it  prevails  in  all  their  hordes  without 
exception.  Our  author  convinced  himfclf  of  this 
by  his  own  eyes  ;  for  the  men  were  fo  complaifant, 
that,  if  he  had  chofen,  he  might  have  iiifpedtcd  the 
whole  horde.  ^  Many  travellers  have  written  upon  the 
fubjedt  of  this  wliimfical  operation;  but  they  do  not 
agree  either  as  to  its  origin,  the  motives  that  lead  to 
its  invention,  or  the  nations  by  whom  it  is  pradlifed. 
Eolben,  who  fays  that  it  commonly  confifts  in  the  ex- 
tradlion  of  the  left  tefticle,  reprefents  it  as  a  religious 
ceremony,  a  general  and  facred  law,  with  all  the  Hot¬ 
tentots  indiferiminately  ;  but  this  is  uiiqiiellionablv 
falfe.  (See  Hottentots,  EncycL)  Others  attribute 
It  to  the  delire  of  the  Gheyffiquas  to  render  themfelves 
more  fleet  in  running,  an  effea  which  it  furely  is  not 
calculated  to  produce  ;  and  fome  have  faid  that  its  in¬ 
tention  is  to  prevent  the  too  abundant  propagation  of 
the  fpecies.  ^  Yet  Kolheii,  though  he  feems  inclined  to 
this  laft  opinion,  affirms  that  twins  are  not  the  lefs 
common  on  account  of  the  operation.  According  to 
thofe  whom  M.  Vaillant  queftioned  on  the  fiibjedt,  it 
IS  merely  a  mark  of  diftiiiaion,  which  their  arictftors, 
being  at  war  with  the  neighbouring  nations,  invented 
knowing  one  another  ;  but,  as  he 
himfelf  admits,  this  is  a  very  improbable  account  of  the 
matter,  ‘as  they  would  furely  have  adopted,  like  the 
Eoangoes,  Pomboes,  and  Corraantins,  marks  of  diftinc- 

tion 
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Ghirp^onj^.  tjon  more  eaWy  diicerned.  Be  ihh  as  it  may,  the  ope- 

- ration  among  the  Gbeyfliquaa  is  performed  by  the  fa- 

ther,  commonly  at  the  birth  of  the  child,  though  fome- 
times  not  till  he  has  completed  his  third  year. 

GHIRGONG,  the  capital  of  Jjam  in  Hindoftan,  is, 
aceording  to  Mr  Pennant,  iituated  in  latitude  26""  30' 
north.  He  does  not  date  its  longitude.  It  has  four 
gates,  and  the  city  is  encompaffed  with  a  bound  hedge 
of  bamboos.  The  Rajah’s  palace  ife  furrounded  by  a 
caufey,  planted  on  each  fide  with  a  clofe  hedge  of 
bamboos,  which  ferves  inftead  of  a  wall.  On  the  out- 
fide  there  is  a  ditch,  which  is  always  full  of  water. 
The  Rajah’s  feat  is  adorned  with  lattice  work  and  car¬ 
ving.  Within  and  without  have  been  placed  plates  of 
brafs,  fo  well  polifhed,  that  when  the  rays  of  the  fun 
drike  upon  them  they  fliine  like  mirrors.  It  is  an  af- 
certained  fa6f,  that  3000  carpenters  and  12,000  la¬ 
bourers  were  conftantly  employed  in  this  work  during 
two  years  before  it  was  finiflied. 

The  Afiatic  Refearehes  fpeak  much  of  the  wealth  of 
Afam,  and  of  the  plenty  and  excellency  of  its  natural 
produftions,  and  that  it  abounds  in  all  metals  but  tin. 
Gold  is  found  in  every  part  of  the  country  by  wafhing 
the  fand  of  the  rivers,  and  is  one  of  the  fources  of  re¬ 
venue  ;  12,000,  fome  fay  20,000  people,  are  employed 
in  that  work,  each  of  whom  has  from  the  Rajah  cer¬ 
tain  wages.  Its  gum  lac  is  excellent,  and  it  is  very 
produftive  of  fdk. 

Among  the  fruits  which  this  country  produces  arc 
mangoes,  plantains,  jacks,  oranges,  citrons,  limes,  pine 
apples,  and  puniala,  a  fpecies  of  tamarind,  which  has 
fuch  an  excellent  flavour,  that  every  perfon  who  tailes 
it  prefers  it  to  the  plum.  There  are  alfo  eoeoa  nut 
trees,  pepper  vines,  and  arcca  trees.  The  fugar  cane 
excels  in  foftnefs  and  fweetnefs,  and  is  of  three  colours, 
red,  black,  and  white.  There  is  ginger  free  from  fibres, 
and  betel  vines.  The  flrength  of  vegetation  and  fer¬ 
tility  of  the  foil  are  fueh,  that  whatever  feed  is  fown 
or  flips  planted  they  always  thrive.  The  environs  of 
Ghirgong  furnHh  ftnall  apricots,  yams,  and  pomegra¬ 
nates  ;  but  as  thefe  articles  are  wdld,  and  not  afiifted  by 
cultivation  and  engraftment,  they  are  very  indiiferent. 
The  principal  crop  in  this  country  confifls  in  rice  and 
len tiles.  Wheat  and  barley  are  never  fown  ;  lignum 
aloes  is  alfo  a  produ£fion  of  this  country.  The  filks 
are  excellent,  and  refembie  thofe  of  China,  but  they 
manufa^Iure  very  few  more  than  are  required  for  ufe. 
They  are  fuceefsful  in  embroidering  with  flowers  and 
in  weaving  velvet. —  One  of  their  great  forefts  is  inha¬ 
bited  by  abundance  of  elephants  ;  6  or  700  may  be  ta¬ 
ken  in  a  year,  but  they  are  negledfed  by  the  natives, 
who  have  neither  horfes,  camels,  nor  afies,  fuch  as  are 
brought  from  other  countries. 

Aceording  to  our  author,  “  the  people  of  Afam  are 
a  bafe  unprincipled  nation,  and  have  no  fixed  religion. 
They  follow  no  rule  but  that  of  their  own  inclination, 
and  make  their  own  vicious  minds  the  teft  of  the  pro¬ 
priety  of  their  adlions.  They  do  not  adopt  any  mode 
of  worfhip  praftifed  either  by  heathens  or  Mahome- 
daiis,  nor  do  they  concur  wuth  any  of  the  known  fefts 
which  prevail  among  mankind  ;  unlike  the  pagans  of 
Hlndolian,  they  do  not  rejedl  vi6luals  which  have  been 
drefled  by  Moflems,  and  they  abftain  from  no  flefli  ex¬ 
cept  human.  They  even  eat  animals  that  have  died  a 
natural  death.” 
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On  this  paffage,  one  of  the  able  ft  of  our  literary  jour-  Gibbon, 
nalifts  obferves,  that  in  juftice  to  the  people  of  Afam, 
we  mull  remark,  that  the  above  account,  extracted 
from  the  memoirs  of  Mir  Jumla’s  expedition  into  that 
country,  was  compofed  by  a  rigid  Mahomedan,  at  the 
court  of  that  fanatical  tyrant  Aiirengzebe.  The  au¬ 
thor  and  his  mailer  faw,  in  the  Afamefe,  only  idola-  ^ 
ters  ;  and,  in  Idolaters,  the  meaneft  of  mankind.  Their 
diet,  though  lefs  reftridled  than  that  of  the  Hindoos  of 
Bengal,  is  by  no  means  promifcuoiis ;  and  their  reli¬ 
gion  does  not  in  any  way  differ  from  that  of  Hindof- 
tan, — as  might  eafily  be  proved  by  their  coins,  inferib- 
ed  with  the  names  of  Hindoo  deities. 

GIBBON  (Edward,  Efq.),  the  celebrated  hiftoriaii 
of  the  Decline  and  Fall  of  the  Roman  Empire,  w'ds 
born  at  Putney  in  the  county  of  Surre)^  on  the  27th  of 
April  1737.  He  w^as  the  firft  child  of  the  marriage  of 
Edward  Gibbon,  Efq;  and  Judith  Porten,  the  youngeft 
daughter  of  a  merchant  of  London. 

The  family  of  Gibbon  appears  to  be  ancient  and  ho¬ 
nourable  ;  and  our  author  delights  to  trace  his  pedigree 
from  John  Gibbon  architedl  to  King  Edward  III.  who 
poffefled  lands  in  the  hundred  and  parifh  of  Rolvendcn, 
in  the  diftridl  w^hieh  is  now  called  the  Weald  of  Kent. 

In  that  diftrid  the  elder  branch  of  the  family  ftill  ad¬ 
heres  to  its  native  foil,  without  much  increafe  or  dimi¬ 
nution  of  property  ;  but  the  fortunes  of  the  younger 
branch,  from  which  fprung  the  fubjeft  of  this  memoir, 
were  fluduating.  It  is  not,  however,  with  his  family, 
but  with  himfelf,  that  we  are  concerned. 

So  feeble  was  his  conftitution,  and  fo  precarious  his 
life  during  his  childifh  years,  that  at  the  baptifm  of  each 
of  his  brothers  (and  they  were  five  in  number)  his  fa¬ 
ther’s  prudence  fuceeflively  repeated  the  name  of  Ed¬ 
ward,  that,  in  cafe  of  the  death  of  the  eldeft  fon,  this 
patroiiymiek  appellation  might  ftill  be  perpetuated  in  the 
family.  His  brothers  and  a  filler  were  all  fnatched  away 
in  their  infancy;  and,  in  terms  of  affedlionate  gratitude, 
he  attributes  bis  own  prefervation  to  the  more  than  ma¬ 
ternal  eare  of  a  maiden  aunt,  his  mother’s  eldeft  filler. 

“  Many  anxious  and  folltary  days  (fays  he)  did  that 
dear  and  excellent  woman  confiime  in  the  patient  trial 
of  every  mode  of  relief  and  amufement.  Many  wake¬ 
ful  nights  did  Ihe  fit  by  my  bed-fide  in  trembling  expec¬ 
tation  that  each  hour  would  be  my  laft.  Suffice  it  to  fay, 
that  while  every  pradlitloner  from  Sloane  and  Ward  to 
the  Chevalier  Taylor  was  fueeeffively  fiimmoned  to  tor¬ 
ture  or  relieve  me,  the  care  of  my  mind  was  too  fre¬ 
quently  negle<iiled  for  that  of  my  health.  Coinpaffion 
always  fuggefted  an  exeufe  for  the  Indulgence  of  the 
mailer,  or  the  idlenefs  of  the  pupil  ;  and  the  chain  of 
my  education  was  broken  as  often  as  1  was  called  from 
the  fchool  of  learning  to  the  bed  of  ficknefs.” 

His  education  feems  Indeed  to'  have  been  far  from 
fyftematical.  At  the  age  of  feven  he  was  delivered  in¬ 
to  the  hands  of  Mr  John  Kirby,  who  exercifed  about 
eighteen  months  the  office  of  his  domeftic  tutor,  and  of 
whom  he  writes  in  terms  of  refpedl.  This  man  had 
been  an  indigent  curate  in  Cumberland,  and  when  for¬ 
ced  by  diftrefs  to  leave  his  native  country,  he  was  in¬ 
troduced  by  his  learning  and  his  virtue  to  the  family  of 
Mr  Gibbon,  from  whom  he  might  have  found  at  lead 
a  temporary  fhelter,  had  not  an  a£l  of  indiferetion  again 
driven  him  into  the  world.  One  day  reading  prayers 
in  the  parifti  church,  he  moft  unluckily  forgot  the  name 
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Gibbon,  of  Kmg  George  ;  and  his  patron,  a  loyal  fubjea,  dif- 
“v  ^  miffed  him  with  fome  reliidance  and  a  decent  reward. 
As  our  author  defcribes  his  anceftors  as  hereditary  To¬ 
ries,  and  fome  of  them  as  Jacobites,  we  think  it  not  im¬ 
probable  that  Mr  Kirby  may  have  been  accuftomed  to 
omit  tiie  name  of  the  King  when  reading  prayers  in  the 
tamity  ;  for  otherwife  he  would  have  pronounced  it  me¬ 
chanically  in  the  church. 

Be  this  as  it  may,  ouraiitlior,  upon  the  difmiffion  of 
his  tutor,  was  fent  to  Kingfton  upon  Thames,  to  a 
fehool  of  feventy  boys  kept  by  DrWooddefon  and  his 
affillants  He  does  not  reprefent  himfelf  either  as  happy 
or  as  having  made  great  progrefs  at  that  fehool.  The 
want  of  llrcngth  and  activity  difqtialified  him  for  the 
fports  of  the  field  ;  his  companions  reviled  him  for  the 
fins  of  his  Tory  anceftors  ;  and  his  ftudies  were  fre¬ 
quently  interrupted  by  ficknefs.  After  a  real  or  no¬ 
minal  refidence  of  near  two  years  at  Kingfton,  he  was 
finally  recalled  (Dec.  1747)  by  the  death  of  his  ruotlier. 
By  tliis  time  he  was  well  acquainted  with  Pope’s  Ho¬ 
mer,  the  Arabian  Nights  Entertainments,  Dryden’s 
Virgil,  and  a  tranflation  of  Ovid’s  Metainorphofes  ;  and 
the  entertainment  which  he  received  from  thefe  books 
gave  him  a  tafte  for  defultory  reading. 

After  living  a  year  with  his  maternal  aunt,  during 
which  period  he  read  many  books  on  religious  fubjedts 
too  deep  for  the  comprehenfton  of  a  boy,  he  was  in  Ja¬ 
nuary  1749  entered  in  Weftminfter  fehool,  of  which 
Dr  John  Nicholl  was  at  that  time  head  mafter.  «  There 
(fays  he)  in  the  fpace  of  two  years,  interrupted  by  dan¬ 
ger  and  debility,  I  painfully  climbed  into  the  third 
‘  form  ;  and  my  riper  age  was  left  to  acquire  the  beauties 
of  the  Latin  and  the  rudiments  of  tiie  Greek  tongue. 
Inftead  of  audscioufly  mingLng  in  the  fports,  the  quar¬ 
rels,  and  the  conneaions  of  our  little  world,  1  w^as  ftill 
cheriftied  at  home  under  the  maternal  wing  of  my  aunt, 
who  now  lived  in  College-ftreet  ;  and  my  removal  from 
Weftminfter  long  preceded  the  approach  of  manhood.” 

He  was  firft  carried  to  Bath  for  the  recovery  of  his 
health;  then  to  Winchefter,  where  he  lived  in  the  houfe 
of  a  phyfician  ;  then  to  Bath  again,  where  he  read  with 
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whole  days  and  weeks  were  fuffered  to  elapfe  without 
labour  or  amufement,  without  advice  or  account.”  We  ' 
fhall  make  no  other  remark  on  this  paflage,  than  that 
from  gentlemen,  who  muft  have  been  contemporary 
w’ith  Mr  Gibbon  at  Magdalen,  w^e  have  received  differ¬ 
ent  accounts  of  the  college  ;  and  it  is  fiirely  a  very  fin- 
gular  circiimftancc,  that  at  this  period  of  idlenefs,  our 
author  ftiould  have  become  enamomed  of  Sir  John 
Marfliain’s  Canon  Chronlcus^  and  have  conceived  the 
idea  of  writing  'av\  JCJpiy  on  the  ag^  of  Sefflris,  Such, 
however,  w^as  the  cafe.  Not  only  was  the  effay  plan¬ 
ned,  but  part  of  it  w^as  written  ;  and  though  he  never 
finifhed  it,  he  declares,  that  his  folution  of  fome  difB- 
culties  in  chronology  was  not  devoid  of  ingenuity  ;  but 
he  goes  on  to  vilify  Oxford.  “  It  might  at  leaft  be  ex- 
pe£ted  (fays  he),  that  an  tcclefiaftical  fehool  fhould  in¬ 
culcate  the  ortf  odox  principles  cf  religion.  But  our 
venerable  mother  had  contrived  to  unite  the  oppofite 
extremes  of  bigotry  and  indifference  :  an  heretic,  or  un¬ 
believer,  was  a  moiifter  in  her  eyes  ;  but  file  wa?,  al<waysy 
or  often^,  ox  fometanes  (a),  remlfs  in  the  fpiritual  educa¬ 
tion  of  her  own  children.  Without  a  fingle  le<5lure, 
either  public  or  private,  either  Chriftian  or  Proteflant, 
without  any  academical  fubfeription,  without  any  E- 
plfcopal  confirmation,  I  was  led  by  the  dim  light  of  my 
catechifin  to  grope  my  way  to  the  chapel  and  commu¬ 
nion  table,  where  I  was  admitted  without  a  queftion, 
how  far,  or  by  what  means,  1  miglit  be  qualified  to  re¬ 
ceive  the  facranaent.  Such  almoft  incredible  negle£l 
was  produdive  of  the  vvorft  mifehiefs.  From  my  child¬ 
hood  T  had  been  foud  of  religious  difputation  ;  nor  had 
the  elaftlc  fpring  been  totally  broken  by  the  weight  of 
tlie  atniofphere  of  Oxford.  Tlie  blind  adtlvity  of  idlenefs 
urged  me  to  advance  without  armour  into  the  danger- 
ous  mazesof  controverfy ;  and,  at  the  age  of  fixteen,  1  be¬ 
wildered  myfelf  in  the  errors  of  the  church  of  Rome.” 

Thus  anxious  is  our  author  to  account  for  his  recon- 
ciliation  to  the  Romifh  church  by  the  negligence  of  the 
tutors  of  his  college.  This  event  took  place  on  the  8th 
of  June  1753,  when,  at  the  feet  of  a  prieft  in  London,  he 
folemnly,  though  privately,  abjured  the  errors  of  herefy. 
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«  r  A  r  Tj  ^  ’  VT  iwicuiiiiy,  iiKHigu  privaieiy,  aojurea  tiie  errors  ot  herefy 

a  clerpman  ^^ome  odes  of  Horace  and  fome  epifodes  of  An  elaborate  controverfial  epiftle,  approved  by  his  direc 
\  irgil;  alter  which  an  unfuccefsfiil  trial  was  made  t-n  re-,  tnr.  and  addvr>tr<^d  - - j _ 1  •  /i*r' 


Virgil;  after  which  an  unfuccefsfiil  trial  was  made  to  re 
new  his  attendance  at  Weftminfter  fehool.  “  It  might 
now  be  apprehended  (fays  he)  that  I  fhould  continue 
for  life  an  illiterate  cripple  ;  but  as  I  approached  iny 
fixteenth  year.  Nature  difplayed  in  my  favour  her  mv- 
fterious  energies:  my  conftitution  was  fortified  and  fixed; 
and  my  diforders  inftead  of  g^^owing  with  my  growth, 
and  ftrengthening  with  my  ftrength,  moft  wonderfully 
vanifhed.  In  confequence  of  this  he  was  carried  to 
Oxford  ;  and  before  he  had  accompliflied  his  fifteenth 
year,  was,  on  April  3.  1752,  matriculated  a  geiuleinaii 
commoner  of  Magdalen  college, 

For  the  honour  of  that  celebrated  imiverrity,  we 
would  fain  hope  that  the  account  which  Mr  Gibbon 
gives  of  Magdalen  college  is  greatly  exaggerated.  He 
reprefents  his  tutors  as  totally  regardlefs  of  his  morals 
or  his  ftudies.  Speaking  of  the  firft  and  bell  of  them, 
for  he  had  two,  he  fays,  ‘‘  No  plan  of  ftudy  was  recom¬ 
mended  for  my  ufe  ;  no  exercifes  were  preferibed  for  his 
infpedlion  ;  and,  at  the  moft  precious  feafon  of  youth, 
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tor,  and  addrefted  to  his  father,  announced  and  juftified 
the  flep  he  had  taken  ;  and  the  old  gentleman,  in  the  firft 
fally  of  j)afIion,  divulging  the  fccrer,  the  gates  of  Mag¬ 
dalen  college  were  lliut  againft  the  convert.  It  was  ne- 
cefTary  therefore  to  form  a  new  plan  of  education  ;  and 
our  young  Catholic,  by  the  advice  of  Mr  Eliot  (after¬ 
wards  Lord  Eliot),  was  fettled,  on  the  of  June,, 
under  the  roof  and  tuition  of  Mr  Pavilliard,  a  Calvinift 
rninifter  at  Laufanne  in  Switzeiland, 

Fie  reprefents  his  fituation  there  as  at  firft  extremely 
uncomfortable.  *He  could  not  avoid  contrafting  a  fmali 
chamber,  ill  contrived  and  ill  furnifhed,  with  his  elegant 
apartment  in  Magdalen  college  ;  and  M.  Pavilliard  be- 
ing  entrnfted  with  the  management  of  his  cxpences,  he 
felt  himfelf  degraded  from  the  rank  of  gentleman  com¬ 
moner  to  that  of  a  fchool-boy^.  He  began,  however, 
gradually  to  be  reconciled  to  his  fate  ;  and  his  love  of 
reading  returned,  which,  he  fays,  had  been. chilled  by 
the  air  of  Oxford.  lie  rapidly  acquired  the  French 
language  ;  and  of  kis  tutor  he  fays,  «  My  obligations 
— _ _ _  to 
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Uion.  to  the  leffons  of  Mr  PavilHard  gratitude  will  not  fuffer 
ixiQ  to  forgpt.  He  was  endued  with  a  clear  head  and  a 
warm  heart  ;  his  innate  benevolence  had  alTiiaged  the 
fpirit  of  the  church  ;  he  was  rational,  becaufe  he  was 
moderate  ;  in  the  courfe  of  his  (Indies,  he  had  acquired 
a  jnft,  though  fuperficial  knowledge  of  mod  branches 
of  literature  ;  by  long  practice  he  was  (Idlled  in  the  arts 
of  teaching  ;  and  he  laboured  with  afTidnous  patience  to 
know  the  charaCfer,  gain  the  affedion,  and  open  the 
mind  of  his  Englidt  pupil.’’ 

Under  the  tuition  of  this  amiable  preceptor  he  de- 
fcribes  his  progrefs  in  the  French  and  Latin  claflics,  in 
hidory,  geography,  logic,  and  metaphyfics,  as  uncom¬ 
monly  rapid  ;  and  he  allows  to  the  fame  man  a  hand- 
fome  (hare  of  the  honour  of  reclaiming  him  from  the 
errors  of  popery.  The  various  diferiminating  articles 
of  the  Romifh  creed  disappeared  like  a  dream  ;  and,  af¬ 
ter  a  full  conviaion,  on  Chriftmas-day  1754,  he  recei¬ 
ved  the  facrament  in  the  church  of  Laiifanne.  Thus 
had  our  author  communicated  with  three  different  fo* 
cieties  of  Chriftians  before  the  completion  of  his  eigh¬ 
teenth  year;  and  as  fuch  changes  from  church  to  church 
arc  always  dangerous,  we  need  not  w^onder  that,  in  a 
mind  fo  ill-furni(hed  as  Mr  Gibbon’s  then  was  for  the¬ 
ological  invedigations,  they  paved  the  way  for  his  lad 
change  to  Deifm.  At  prefent,  however,  he  fufpended 
his  religious  inquiries,  acquiefeing  (as  he  fays)  with  im¬ 
plicit  belief  in  the  tenets  and  myderies  which  are  adopt¬ 
ed  by  the  general  confent  of  Catholics  and  Protedants. 

He  continued  to  profecute  his  dudies  with  ardour. 
Under  Mr  Pavilltard  he  learned  the  Greek  alphabet, 
the  grammar,  and  the  pronunciation  of  the  language 
according  to  the  French  accent,  and  foon  made  himfelf 
mader  of  the  works  of  Homer,  Flerodotus,  and  Xeno¬ 
phon.  During  two  winters  he  attended  the  private  lec¬ 
tures  of  M.  de  Traytorrens,  who  explained  the  elements 
of  algebra  and  geometry  as  far  as  the  conic  fedions  of 
the  Marquis  de  PHopital ;  but  in  mathematics  he  was 
content  (he  fays)  to  receive  the  paiTive  imprelfioii  of  his 
profeffor’s  ledures,  without  any  adive  exercife  of  his 
own  powders.  In  the  writings  of  Grotius  and  Puffen- 
dorf  he  dudled  the  duties  of  a  man,  the  rights  of  a  ci¬ 
tizen,  the  theory  of  judice,  and  the  laws  of  peace  and 
war,  which  have  had  fome  influence  on  the  pradice  of 
modern  Europe.  Locke’s  treatife  on  government 
(fays  he)  indruded  me  in  whig  principles,  which  are 
founded  rather  in  reafon  than  experience  ;  but  my  de¬ 
light  was  in  the  frequent  perufal  of  Montefquieu,  whofe 
energy  of  dyle  and  boldnefs  of  hypothefis  were  power¬ 
ful  to  awaken  and  dimulate  the  genius  of  the  age  ” 

We  have  been  thus  minute  in  our  account  of  Mr 
Gibbon’s  dudies,  becaufe  it  furnidies  perhaps  the  mod: 
iifeful  leifon  which  can  be  drawn  from  the  whole  hidory 
of  his  life.  Flis  education  had  been  rendered  irregular, 
and  had  been  often  interrupted  by  ill-health  and  a  fee¬ 
ble  conditiition  ;  but  as  foon  as  he  was  able,  and  had  an 
opportunity,  he  applied  with  ardour  to  the  cultivation 
of  letters,  and  his  works  bear  witnefs  that  his  labour 
was  crowned  with  fuccefs.  “  This  part  of  his  dory 
therefore  (to  ufe  the  words  of  Johnfon)  well  deferves 
to  be  remembered.  It  may  afford  ufeful  admonition 
and  powerful  encouragement  to  men  whofe  abilities  have 
been  made,  for  a  time,  iifelefs,  and  who,  having  lod  one 
part  of  life  m  idlenefs,  are  tempted  to  throw  away  the 
remainder  in  defpair.” 


In  the  year  17  57  Voltaire  arrived  at  Lufann^,  and  Oihhnti, 
our  young  dudeiit’s  dedre  to  fee  the  man  who  was  at*— 
once  a  poet,  an  hidorian,  and,  as  he  deemed  himfelf,  the 
prince  of  philofophers,  was  ardent,  and  eafily  gratified.  ' 

He  was  received  by  the  vain  and  arrogant  Frenchman 
with  civility  as  an  Englidi  youth,  but  could  not  boad: 
of  any  peculiar  notice  or  didindfion.  The  higheft 
gratification  (fays  he)  which  I  received  from  Voltaire’s 
reddence  at  Laiifanne,  was  the  uncommon  circiimdance 
of  hearing  a  great  poet  declaim  his  ov/n  produdfions  on 
the  diige.  Flis  declamation  was  falhioned  to  the  pomp 
and  cadence  of  the  old  dage  ;  and  he  expreffed  the  en- 
thudafm  of  poetry  rather  than  the  feelings  of  Nature.” 

About  this  time  Mr  Gibbon  became  eiiamoured  of 
Madeinoifelle  Sufan  Curchod,  the  daughter  of  the  mi- 
nider  of  Cralfe,  in  the  mountains  which  feparate  the 
Pays  de  Vaud  from  the  county  of  Burgundy.  In  terms 
of  rapture  he  deferibes  this  lady  as  poffeffed  of  every  ac- 
complifliment  which  could  adorn  her  fex,  She  lidened 
to  the  voice  of  truth  and  paflion  ;  her  parents  honour¬ 
ably  encouraged  the  connedlion  ;  and  our  author  indul¬ 
ged  in  the  dream  of  felicity  ;  but  on  his  return  to  Eng¬ 
land,  he  difeovered  that  his  father  would  not  hear  of  this 
drange  connedion,  and  that  without  his  confent  he 
w'as  deditute  and  helplefs.  After  a  painful  druggie 
(fays  he)  I  yielded  to  my  fate.  1  (ighed  as  a  lover,  I 
obeyed  as  a  fon,  and  my  wound  was  infenflbly  healed 
by  time,  abfence,  and  the  habits  of  a  new  life.”  The 
lady  confoled  herfelf  by  giving  her  hand  to  M.  Neckar, 
then  a  rich  banker  of  Paris,  afterwards  the  minider, 
and  at  lad  one  of  the  dedroyers  of  the  French  mo¬ 
narchy. 

In  the  fpring  of  the  year  1758  our  author  w^as  recal¬ 
led  to  England.  On  his  arrival  in  London  he  hadened 
to  the  hoiiie  of  his  aunt,  Mrs  Porten,  w'ho  had  been  the 
guardian  of  his  tender  years  ;  for  though  his  father  w^as 
ill  town  awaiting  his  arrival,  he  knew  not  how  he  (hould 
be  received  by  a  parent  who  had  parted  with  him  in 
anger,  and  given  him  a  depmother  in  his  abience.  His 
reception  was  more  agreeable  than  he  expcdled.  His 
father  received  him  as  a  man  and  a  friend ;  and  the 
manners  of  Mrs  Gibbon  were  fuch,  that,  after  fome-re- 
ferve  on  his  (ide,  (he  and  he  eafily  adopted  the  tender 
names  and  genuine  chara6lers  of  mother  and  fon  ;  and,, 
by  the  indulgence  of  thefe  parents,  he  was  left  at  liberty 
to  confult  his  own  fade  or  reafon  in  the  choice  of  place, 
of  company,  and  of  amufements.  In  London  he  had 
few  acquaintances,  and  hardly  any  friends  ;  and  being 
accudomed  to  a  very  fmall  fociety  at  Laufanne,  he  pre¬ 
ferred  the  retirement  of  the  country  to  the  budle  of 
that  over-grown  metropolis,  where  he  found  hardly  any* 
entertainment  but  in  the  theatres. 

Before  he  left  Laufanne  he  had  begun  a  work  on  the 
ftudy  of  ancient  literature,  which  was  fiiggcded  by  the 
delire  of  jullifying  and  praidng  the  obje(S^  of  a  favourite 
purfuit.  “  In  France  (fays  he),  to  which  my  idea« 
were  confined,  the  learning  and  language  of  Greece  and 
Rome  were  negleded  by  a  philofopbic  age.  The  guar¬ 
dian  of  thofe  dudies,  the  Academy  of  Infcriptions,  was 
degraded  to  the  lowed  rank  among  the  three  royal  fo- 
cieties  of  Paris  :  The  new  appellation  of  Erudits  was  ^ 
contemptuoufly  applied  to  the  fuccclTorsof  Lipfius  Difeours 
Cafaiibon  ;  and  1  was  provoked  to  hear  *,  that  the  tin-  Preliminatrt 
ercife  of  the  memory,  their  foie  merit,  had  been 
feded  by  the  nobler  faculties  of  the  imagination  and  the 
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Oiblion,  jqilgment,  I  was  ambitious  of  proving  by  my  own  ex- 
ample,  as  well  as  by  my  precepts,  that  all  the  faculties 
of  the  mind  may  be  exercifed  and  difplayed  by  the  ftu- 
dy  of  ancient  literature.’^  This  laudable  ambition  con¬ 
tinued  ;  and  in  his  father’s  lioufe  at  Bcriton  in  Hamp- 
fhire  he  finiflied  his  EJfai  fur  V  Etude  de  la  Literature  ; 
which,  after  being  revifed  by  Mallet  the  poet  and  Dr 
Maty  of  the  Britifh  mufeum,  was,  in  1761,  publiflied 
in  a  fmall  i2mo  volume. 

The  iubjedfs  of  tafle,  criticifm,  and  philofophy,  which 
in  this  work  came  under  our  young  aiitbor\s  confider- 
ation,  could  hardly  promife  much  novelty  of  remark. 
Some  former  obfervations,  however,  he  appears  to  have 
placed  in  a  new  and  pleaflng  point  of  view' ;  advancing, 
moreover,  fome  ingenious  conjedtures,  and  difplaying  no 
iiiconfiderable  erudition.  Yet,  by  his  own  account,  he 
w^as  at  this  time  ahnoil  a  ftranger  to  the  writers  of 
Oreece  ;  and  when  he  quotes  them,  it  is  probable  that 
the  quotations  are  given  at  fecond  hand.  To  this  ef- 
fay  was  prefixed  a  dedication  to  his  father  in  the  Eng- 
lifh  language,  which  exhibits  the  author  hirnfelf  in  a 
very  amiable  light  ;  but  if  his  reputation  had  depended 
folely  upon  this  youthful  attempt,  the  name  of  Gibbon 
would  have  been  lofi  in  oblivion.  Yet  he  feems,  even 
in  his  riper  years,  to  have  been  delighted  with  it  him- 
felf,  and  to  have  confidered  its  merits  as  equal  to  thofe 
of  his  later  produdtions  ;  but  Milton,  it  is  faid,  prefer¬ 
red  the  Paradife  Regained  to  the  Paradifc  Loft. 

Before  the  publication  of  this  effay ,  the  author,  at  his 
owm  defire,  had  been  appointed  a  captain  in  the  South 
Plampftiire  militia,  in  which  he  ferved  upw'ards  of  tw’O 
years.  At  firft,  the  company  of  ruftic  and  illiterate  of¬ 
ficers,  and  the  buftlc  of  a  military  life,  were  extremely 
difagreeable  to  him,  as  they  interrupted  his  ftudies  ;  but 
he  admits,  that  his  military  fervices,  his  bloodlefs  and 
inglorious  campaigns,  as  he  calls  them,  were,  on  the 
whole,  beneficial,  as  they  brought  him  acquainted  with 
Englifti  manners,  EngMfh  parties,  and  Englifii  prin¬ 
ciples,  to  which  his  foreign  education  and  referved  tem¬ 
per  had  hitherto  kept  him  an  entire  ftranger.  In  the 
camp  and  in  quarters  he  had  even  found  leifure,  after 
the  firft  feven  or  eight  months  of  his  fervice,  to  read  a 
great  deal  of  Greek,  and  to  plan  different  hiftorical 
wairks,  to  the  compofition  of  which  he  feems  to  have 
thought  that  he  was  born  with  an  innate  propenlity. 
He  always  talks  of  hirnfelf  as  a  philofopher  ;  but  furely 
a  more  unpbilofopliical  perfuafion  than  this  has  feldom 
been  admitted. 

At  the  end  of  the  w^ar  he  went  again  abroad,  and 
reached  Paris  on  the  28th  of  January  1763,  only  36 
days  after  the  diftjanding  of  the  militia  in  which  he  had 
borne  the  commiflion  of  a  captain.  In  that  metropolis 
he  flaid  not  long.  He  vifited  palaces,  churches,  gar¬ 
dens,  and  theatres,  and  w^as  introduced  to  D’Alembert 
and  Diderot,  then  confidered  as  at  the  head  of  French 
icience.  From  Paris  he  proceeded  to  Switzerland,  and 
once  more  took  up  his  refidence  at  his  favourite  Lau- 
fanpe.  Voltaire’s  impieties  had  forced  him  from  ^hat 
towm  to  his  own  caftle  at  Ferney,  where  our  author 
once  vifited  him,  without  (he  fays)  courting  his  more 
intimate  acquaintance. 

The  fociety  in  which  Mr  Gibbon  moft  delighted  du¬ 
ring  his  fecond  refidence  at  Laufanne  was  a  very  fingu- 
lar  one.  “  It  confifted  of  fifteen  or  twenty  unmarried 
ladies  of  genteel  families  ;  the  eldefl  perhaps  about 
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twenty,  all  agreeable,  feveral  handfome,  and  two  or 
three  of  exquifite  beauty.  At  each  other’s  houfes 
they  afl'emblcd  almoft  every  day,  without  the  controul, 
or  even  the  prefence  of  a  mother  or  an  aunt  ;  they  were 
trufted  to  their  own  prudence,  among  a  cro^vd  of  young 
men  of  every  nation  in  Europe.  They  laughed,  they 
fuiig,  they  danced,  they  played  at  cards,  they  a6led  co¬ 
medies  ;  but  in  the  midft  of  this  carelefs  gaiety,  they 
refpeded  ihcmfelvcs,  and  were  refpc^Ied  by  the  men"; 
the  invifibic  line  between  liberty  and  licentioiifnefs  was 
never  tranfgreffed  by  a  gefture,  a  word,  or  a  look,  and 
their  virgin  chaftity  was  never  fullied  by  the  breath  of 
fcandal  or  fufpicion.” 

,  V/c  readily  agree  with  our  autlit)!*  that  this  fingiilar 
inftitution  was  expreftive  of  the  innocent  fimplicity  of 
Swifs  manners  ;  and  we  only  regret  that  he  had  not  tlie 
fame  refpedl  for  the  hulies  of  his  own  country  as  for 
thofe  frolic  females  of  Switzerland.  He  would  not,  in 
that  cafe,  have  ftained  fome  of  his  moft  brilhaiit  pages 
with  obfeene  ribaldry. 

We  ftiall  not  follow  him  in  his  ramble  through  Italy, 
or  repeat  his  remarks  on  the  towns  which  he  vifited.  It 
is  fufficient,  in  fuch  a  ft:etch  as  this,  to,  inform  our  rea¬ 
ders,  that  it  was  at  Rome  on  the  15th  of  O^lober  176:1 , 
as  he  fat  mufing  amidft  the  ruins  of  the  Capitol,  that 
the  idea  of  his  great  work  full  ftarted  into  his  mind. 
Blit  his  original  plan  was  circumferibed  to  the  decay  of 
the  city  rather  than  of  the  empire. 

From  carrying  even  this  contraded  plan  into  execu¬ 
tion  he  was  for  fome  years  diverted.  On  the  25th  of 
June  1765  he  arrived  from  Italy  at  his  father’s  houfe  in 
Hampfhire,  and  found  that  he  had  filial  duties  to  per- 
form  which  interrupted  his-'  ftudies  and  diilurbed  his 
quiet.  His  father  had  involved  hirnfelf  in  dilhculties 
from  which  he  could  be  extricated  only  by  felling  or 
mortgaging  part  of  his  eftate  ;  and  to  fuch  fale  or 
mortgage  our  author  cheerfully  confented.  He  regrets 
on  this  occafion  that  he  had  not  “  embraced  the  lucra¬ 
tive  purfuits  of  the  law  or  of  trade,  the  chances  of  civil 
office  or  India  ac^venture,  or  even  the  fat  fiumbers  of 
the  church  and  it  is  to  be  hoped  that,  when  he 
thought  even  of Jlumberitig  in  the  church,  he  had  ftill 
fome  faith  in  revealed  religion.  He  wafted  fome  time 
in  planning  a  hiftoiy  of  the  revolutions  of  Switzerland, 
and  even  wrote  part  of  it  in  the  French  language,  wliich, 
by  the  advice  of  friends,  he  however  fuppre&d.  We 
next  find  him  engaged  with  a  friend  in  a  Journal  en¬ 
titled  Memoires  Littraires  de  la  Grande  llrelagney  of 
which  two  volumes  for  the  years  1767  and  1768  were 
publifiied,  and  a  third  almoft  completed,  when  his  friend, 
a  native  of  Sw'itzerland,  was  engaged,  through  liis  in- 
tereft,  as  travelliug  governor  to  Sir  Richard  Woriley, 
and  the  Journal  was,  of  courfe,  abandoned.  He  then 
entered  the  lifts  with  Waibiiitoii  ;  whofe  interpretation 
of  the  lixth  book  of  the  iEneid  he  attacked  with  great 
petulance  and  with  much  fuccefs.  The  biftiop  of  Glo- 
cefter  was  by  this  time  in  a  ftate  of  great  mental  decay, 
which  was  peculiarly  unfortunate  for  our  author  ;  for 
bad  Ills  Lordfhip  enjoyed  his  priiliiie  vigour,  he  would 
probably  have  given  Mr  Gibbon  fuch  a  chaftiferm  nt  as 
might  have  made  him  more  inoJeil  afterwards  when 
writing  the  hiftory  of  the  Decline  and  Fall  of  the  Ro¬ 
man  Empire. 

To  that  great  work  he  now  fat  down  ferioufly^  and 
the  hiftory  which  he  gives  of  his  preparatory  ftudies 
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Gibbon,  fufficlently  accounts  for  the  maccnracy  of  his  quotations. 

Through  the  darknefs  of  the  middle  ages  he  explored 
his  way  in  the  annals  and  antiquities  of  Italy  by  the 
learned  Muratori  and  other  moderns  ;  and  feems  to  ac¬ 
knowledge  that,  from  the  beginning  to  the  end  of  his 
work,  he  frequently  contented  himfelf  with  authorities 
furniihed  at  fecond  hand. 

At  laft,  in  1776,  the  hrll  volume  of  his  hiftory  was 
piibliflied  by  Cadell  the  bookfeller  and  Strahan  the 
printer  ;  and  the  fuccefs  of  it  far  furpalTed  his  expedta- 
tion.  The  encomiums  lavifhed  on  it  by  Dr  Robertfon 
and  Mr  Hume  in  letters  to  the  author,  and  the  fulfome 
compliments  which  thofe  three  eminent  hillorians  paid 
to  each  other,  are  melancholy  fpccimens  of  lettered  little- 
nefs  and  vanity.  The  fecond  and  third  volumes  appear¬ 
ed  in  1781  ;  the  fourth,  fifth,  and  fixth  in  1787  ;  and 
Mr  Gibbon’s  fame  was  ellablifhed  as  a  hiftorian.  The 
work  was  admired  both  by  natives  and  by  foreigners, 
and  tranflated  into  feveral  of  the  languages  of  Europe. 
Dr  Z  immerman  reprefents  the  author  as  excelling  per¬ 
haps  Hume  and  Robertfon,  who  were  liiftorians  of  the 
£rft  rank.  All  the  dignity  (he  adds),  all  the  charms 
of  hiftoric  (lyle,  are  united  in  Gibbon  :  his  periods  are 
melody  itfelf,  and  all  his  thoughts  have  nerve  and  vi¬ 
gour.”  This  praife,  however,  mull  not  be  admitted 
without  exception.  Few  writers,  indeed,  were  poflefled 
of  fuch  popular  talents  as  our  hiftorian.  The  acutenefs 
of  his  penetration,  and  the  fertility  of  his  genius,  have 
been  feldom  equalled,  and  fcarcely  ever  furpaffed.  He 
feizes,  with  fmgular  felicity,  on  all  the  moft  interefting 
faffs  and  fitiiations ;  and  thefe  he  embellifhes  with  the 
utmoft  luxuriance  of  fancy  and  elegance  of  ftyle.  His 
periods  are  full  and  harmonious  ;  his  language  is  al¬ 
ways  well  chofen,  and  is  frequently  dillinguifhed  by  a 
new  and  peculiarly  happy  adaptation.  His  epithets, 
too,  are  in  general  beautiful  and  happy  ;  but  he  is  ra¬ 
ther  too  fond  of  them.  The  uniform  ftatelinefs  of  his 
dldtion  fometimes  frnparts  to  his  narrative  a  degree  of 
obfeurity,  unlefs  he  defeends  to  the  miferable  expedient 
of  a  note,  to  explain  the  minuter  circumftances.  His 
Jtyle,  on  the  whole,  is  much  too  artificial ;  and  this  gives 
a  degree  of  monotony  to  his  periods,  which  extends,  we 
had  almofl  faid,  to  the  turn  of  his  thoughts. 

A  more  ferious  objeffion  is  his  attack  upon  Chrifti- 
anity  ;  the  loofe  and  difrefpeftful  manner  in  which  he 
mentions  m.any  points  of  morality  regarded  as  important 
on  the  principles  of  natural  religon  ;  and  the  indecent 
alluhons  and  expreflions  which  too  often  occur  in  the 
work. 

An  attack  upon  Chriiliaiiity  is  not  cenfurable  merely 
as  fuch  •,  it  may  proceed  from  the  pureft  and  moft  vir¬ 
tuous  motives  ;  but,  in  that  cafe,  the  attack  will  never 
be  carried  on  in  an  infidious  manner,  and  with  improper 
weapons,  and  Chriftianity  Itfelf,  fo  far  from  dreading, 
will  invite  every  mode  of  fair  and  candid  difcuflion. 
Our  hiftorian,  it  muft  bfc  couftfled,  often  makes,  when 
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he  cannot  readily  find,  an  opportunity  to  irifnlt  the  Gibbon* 
Chriftian  religion.  Such,  indeed,  is  his  eagernefs  in 
the  caufe,  that  he  ftoops  to  the  moft  defpicable  pun,  or 
to  the  moft  awkward  perverfiort  of  language,  for  the 
pleafure  of  turning  the  feripture  into  ribaldry,  or  call¬ 
ing  Jefiis  an  impoftor. 

Yet  of  the  Chriftian  religion  has  Mr  Gibbon  bimfclf 
obferved,  that  it  “  contains  a  pure,  benevolent,  and  uni- 
verfal  fyftem  of  ethics,  adapted  to  every  duty  and  every 
condition  of  life.”  Such  an  acknowledgment,  and  from 
fuch  a  writer,  too,  ought  to  have  due  weight  with  a  cer¬ 
tain  clafs  of  readers,  and  of  authors  likewife,  and  lead 
them  ferioufly  to  confider,  how  far  it  is  confident  with 
the  character  of  good  citizens,  to  endeavour,  by  fly  in- 
finuatlons,  oblique  hints,  indecent  fneer,  and  profane  ri¬ 
dicule,  to  weaken  the  influence  of  fo  pure  and  benenyolent 
a  fyftem  as  that  of  Chriftianity,  acknowledgd  to  be  ad¬ 
mirably  calculated  for  promoting  the  happinefs  of  indi¬ 
viduals,  and  the  welfare  of  fociety. 

Mr  Flayley,  in  his  poetical  Effay  on  Hiftory,  after 
a  fplendid  panegyric  on  the  arduous  labours  of  his 
friend,  laments  the  irreligious  fpirit  by  which  he  was 
actuated. 

Think  not  my  verfe  means  blindly  to  engage 
In  rafh  defence  of  thy  profaner  page  i 

Though  keen  her  fpirit,  her  attachment  fond,  | 

Bafe  fervice  cannot  fuit  with  Fricndfliip’s  bond  ; 

Too  firm  from  Duty’s  facred  path  to  turn,  S 

She  breathes  an  honeft  figh  of  deep  concern, 

And  pities  Genius,  when  his  wild  career 
Gives  Faith  a  vround,  or  Innocence  a  tear. 

Humility  herfelf  divinely  mild. 

Sublime  religion’s  meek  and  modeft  child. 

Like  the  dumb  fon  of  Creefus,  in  the  flrife^ 

Where  force  atTail’d  his  father’s  facred  life. 

Breaks  filence,  and  with. filial  duty  warm. 

Bids  thee  revere  her  parent’s  hallowed  form  (b)  ! 

The  part  of  the  hiftory  which  gave  fuch  offence  to 
his  own  friend,  as  well  as  to  the  friends  of  the  Chriftian 
religion  in  general,  was  the  account  which  our  hiftorian 
has  given  of  the  progrefs  and  eftabliftiment  of  Chriftia¬ 
nity  in  the  two  laft  chapters  of  his  firft  volume  ;  in  which 
he  endeavours  to  prove,  that  the  wonderful  triumph  of 
that  religion  over  all  the  eftablifhed  religions  of  the 
earth,  was  not  owing  to  any  miraculous  atteftations  to 
its  truth,  but  to  five  fecondary  caufes  which  he  enume¬ 
rates  ;  and  that  Chriftianity,  of  courfe,  could  not  be  of 
divine  origin.  Several  anfwers  appeared  on  this  occa- 
fion,  written,  as  we  may  naturally  fuppofe,  with  diffe¬ 
rent  degrees  of  temper  and  ability  (c). 

One  of  them  only,  Mr  Davis,  who  had  undertaken 
to  point  out  various  inftances  of^  mifreprefentation,  in¬ 
accuracy,  and  even  plagiarifm  in  his  account,  did  our 
hiftorian  condefeend  particularly  to  anfwer,  and^  that  in 
a  tone  of  proud  contempt  and  confident  fuperiority.  To 

this 


(b)  Herodotus  relates,  that  a  Perfian  foldier,  at  the  ftorming  of  Sardis,  was  preparing  to  kill  Croefus,  whofe 
perfon  he  did  not  know,  and  who,  giving  up  all  as  loft,  negledled  to  defend  his  own  life.  A  fon  of  the  unfortu¬ 
nate  monarch,  who  had  been  dumb  from  his  infancy,  and  who  never  fpoke  afterward,  found  utterance  in  that: 
trying  moment,  and  preferved  his  father  by  exclaiming,  ‘  O  kill  hot  Creefus  I’ 

'  (c)  Dr  Chelfura,  Dr  Randolph,  Dr  Watfon  (biftiop  of  I^laqdaff),  Lord  Hailes,  Dr  White,  Mr  ApthorpCa- 
Mr  Davis,  and  Mr  Taylor,  |:he  author  of  ‘  The  Letters  of  Ben  Mordecai.’  " 
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.  .  P  ^  ®  [  7°7  ] 

__  Davis  replied  ;  and  it  is  but  juftice  to  obferve,  dearefl  Swifs  friend, 

that  his  reply  bears  evident  marks  of  learning,  judgment) 
and  Cl  itical  acumen,  and  that  he  has  convidted  our  au¬ 
thor  of  fomctimes  quoting  inaccurately  to  ferve  a  pur- 
pofe.  At  Ins  other  anfwerers  Mr  Gibbon  merely  glan¬ 
ced,  treating  I3r  Watfon,  however,  with  particular  re- 
fpedl  ;  but  his  pofthunious  memoirs  fliew  how  much  he 
felt  the  attacks  made  on  him  by  Lord  Hailes,  Dr 
White  of  Oxford,  and  Mr  Taylor.  To  Dr  Prieflley, 
who,  in  his  H'ljlory  of  the  Corruptions  of  Chrifllanity, 
threw  down  his  gauntlets  at  once  to  Bi/hop  Hurd  and 
the  hiftorian  of  the  Roman  empire,  and  who  prefentcd 
the  latter  with  a  copy  of  Ins  book,  declaring  at  the 
fame  time,  that  he  fent  it  not  as  a  gift  but  as  a  chal¬ 
lenge  ;  he  wrote  in  fuch  terms  as  prorluced  a  corre- 
fponclence,  which  certainly  added  not  to  the  honour  of 
the  diffenting  divine. 

_  At  the^  beginning  of  the  memorahle  conteft  between 
Great  Britain  and  America,  our  author  was  returned, 
by  the  intereft  of  Mr  Eliot  (now  Lord  Eliot),  for  the 
borough  of  Liilceard,  and  fuppoi  ted,  with  many  a  fin- 
cerc^  and  filent  vote,  the  rights,  though  not,  perhaps, 
the  intereft,  of  the  mother  country.  “  After  a  fleet- 
^  ing  illufiveiiope,  prudence  condemned  me  (fays  he)  to 
acquiefce  in  the  humble  ftation  of  a  mute."  I  was  not 
armed  by  Nature  and  education  with  the  intrepid  ener¬ 
gy  of  mind  and  voice. 

V^'incentein  frepltus ^  et  iiatiiin  rehiis  agendls. 

Timidity  was  fortified  by  pride  ;  and  even  the  fuccefs 
of  my  pen  difcouraged  the  trial  of  my  voice.’^ 

That  pen,  however,  was  ufeful  to  the  miniftry  whom 
he  could  not  fupport  by  his  eloquence  in  the  houfe. 

At  the  requefi:  of  the  Lord  Chancellor  and  Vifcount 
Weymouth,  then  fecretary  of  Hate,  he  vindicated,  in  a 
very  able  manner,  againft  the  French  mariifefto,  the 
juflice  of  the  Britilh  arms  ;  and  his  Memoir e  J^iflifcatif 
was  delivered  as  a  Hate  paper  to  the  courts  of  Europe. 

He  was  rewarded  for  this  fervice  with  the  place  of  one 
of  the  lords  commiflTioners  of  trade  and  plantations;  and 
kept  It,  till  the  board  was  abolifhed  by  Mr  Burke’s  re- 
form  bill.  For  accepting  this  place  he  was  feverely, 
but  moft  unjuftly,  blamed  by  fome  of  the  leaders  of  the 
cppofition,  as  if  he  had  deferted  a  party  in  which  he 
had  never  enlifted,  and  to  the  principles  of  which  he  was 
rendered  inimical  both  by  family  prepofTeEion  and  by 
his  own  judgment.  ^ 

On  the  downfal  of  Lord  North’s  adminiftration,  Mr 
Gibbon  was  of  courfe  in  the  oppofition  deprived  of  an 
office,  without  the  falary  of  which  he  could  not  conve¬ 
niently  fupport  the  expence  of  living  in  London.  The 
coalition  was  indeed  foon  formed,  and  his  friends  were 
again  in  power  ;  but  having  nothing  to  give  him  imme¬ 
diately,  they  could  not  detain  him  in  parliament  or  even 
in  England.  He  was  tired  of  the  buftle  of  the  metro- 
poll's,  and  fighed  once  more  for  the  retirement  of  Lau- 
fanne,  at  which  he  arrived  before  the  overthrow  of  the 
coalition  miniflry,  and  where  he  lived  happily  till  the 
laft  years  of  his  life.  It  was  in  this  retreat  that  he 
wrote  the  fourth,  fifth,  and  fixth  volumes  of  his  hiftorv; 
and  he  left  it  only  for  a  year  to  fuperintend  the  publi¬ 
cation  of  thefe  volumes  in  London.  This  great  work 
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Laufanne  had  now  loft  much  of 
its  attraaion  ;  the  French  revolution  had  crowded  it 
with  unfortunate  emigrants,  who  could  not  be  cheeiful 
themfelyes  or  excite  the  cheerfiilnefs  of  others  ;  and  the 
demons  of  democracy  had  begun  to  poifon  the  minds 
of  the  fober  citizens  with  principles  which  Mr  Gibbon 
had  always  held  in  abhorrence.  Speaking  of  thefe  prin¬ 
ciples  and  their  effeas  in  Switzerland,  he  adds,  1  beg 
leave  to  fiibfcribe  my  aflent  to  Mr  Burke’s  creed  on 
the  revolution  of  France.  I  admire  his  eloquence,  I’ 
approve  his  politics,  I  adore  his  chivalry,  and  I  can  al- 
moft  excufe  his  reverence  for  church  eftabliihnients. 
While  the  ariftocracy  of  Berne  protcas  the  bappmefs. 
It  is  fuperfluoiis  to  inquire  whether  It  be  founded  in  the, 
rights  of  men  :  the  economy  of  the  ftatc  is  liberally  fup- ' 
phed  without  the  aid  of  taxes  ;  and  the  magiftrates  mujl 
reign  with  prudence  and  equity,  fince  they  are  unarmed 
in  the  midft  of  an  armed  nation.” 

B  was  againft  the  beneficent  and  mild  government 
of  Berne  that  the  emiflaries  of  France  contrived  to  ex- 
cite  the  difeontents  of  the  people,  by  iiiftilling  into 
their  fimple  and  untutored  minds  their  own  wild  no- 
^ons  of  liberty  and  equality.  From  the  eftbas  of  this 
Gallic  frenzy,  which  began  to  he  very  vifible  fo  earlv 
as  the  beginning  of  the  year  1792,  Mr  Gibbon  refol'- 
yed  to  take  (helter  in  England,  and  to  abandon,  for 
fome  time  at  leaft,  what  he  called  his  paradife  at  Lau- 
fanne.  Difficulties  intervened,  and  forced  him  to  poft- 
pone  his  journey  from  week  to  week,  and  from  month 
to  month  ;  but  on  receiving  the  accounts  of  Lady  Shef- 
field’s  death,  he  liaftcned  to  adminifter  confolation  to 
his  friend,  and  arrived  fafe  in  London  in  the  beginnintr 
of  June  1793. 

He  continued  in  good  health  and  fpin'ts  through  the  ^ 
whole  of  the  fummer  ;  but  his  conftitution  had  fuffered 
much  from  repeated  attacks  of  the  gout,  and  from  an* 
incipient  dropfy  in  his  ancles.  The  fwelling  of  his.^ 
ancles,  however,  fubfided  ;  but  it  was  only  in  confe- ^ 
quence  of  the  water  flowing  to  another  place  :  and  be-  ’ 
mg  repeatedly  tapped  for  a  hydrocele,  he  at  lall  funk  iin: 
der  it,  and  died  at  his  lodgings  in  St  James’s  ftreet,.,' 
London,  on  the  i6tli  of  January 

To  draw  a  charadter  at  once  general  and  juft  of  this 
extraordinary  man,  would  be  difficult  perhaps  to  one 
who  had  enjoyed  the  pleaiuie  of  liis  acquaintance,  and 
mnil  be  impoffible  to  thofe  to  wbcm  his  perioii  v.is  a 
Itrangcr.  Of  the  extent  of  his  erudition  there  can  be 
but  one  opinuni  ;  but  various  opinie  ns  may  Lt  lu ‘d  re- 
fpcaing  the  accuracy  of  his  knowledge.  Lord  8heflh  Id' 
who  knew  him  well,  and  loved  him  miieh  afTuics  us* 
that  his  converfation  was  ftill  more  captivating  than  his 
writings  :  but  this  could  not  refnit  from  the  briiliaiicv  ■ 
of  his  wit  ;  for  of  wit  he  declares  himfelfthat  he  had  ’ 
none.  His  memory  was  capacious  and  retentive,  his  ’ 
penetration  uncommon,  and  his  colloquial  eloquence 
ready  and  elegant  ;  fo  that  he  could  illuftrate  almoft 
any  topic  of  converfation  from  the  copious  ftores  of  his 
own  mind.  I'rom  his  private  correfpci  dei.ee-,  and  a 
journal  not  written  for  the  public  eye,  he  appears  to 
have  been  a  dutiful  fon,  a  loyal  fubjea.  and  an  affec 
tionate  and  Iteady  friend  ;  but  It  is  difficult  to  reconcile 
with  fo  much  moral  and  political  evorth  his  unfair  and' 
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rakar.  c^clopadla.  Nothing,  howeviii*,  is  in  that  article  faid  of 
^ — '  the  natural  hiftory  of  the  mountain  on  which  the  for- 
trefs  is  built,  though,  to  men  of  fcience,  that  fubjedt 
muft  be  as  interefting  as  a  detail  of  fieges.  *1.  his  defect 
we  are  enabled  to  fupply  by  means  of  Major  Imrie’s 
mineralogical  defcription  of  Gibraltar,  which  is  publifh- 
cd  in  the  fourth  volume  of  theTranfadtions  of  the  Royal 
Society  of  Edinburgh  ;  and,  we  are  perfuaded,  the  fol¬ 
lowing  abftradt  of  that  elegant  memoir  will  aflbrd  ra¬ 
tional  entertainment  to  many  of  our  readers. 

The  form  of  this  mountain  is  oblong  ;  its  fummit  a 
/harp  craggy  ridge  ;  its  diredtion  is  nearly  from  north 
to  fouth  ;  and  its  greateft  length,  in  that  diredtion,  falls 
very  little  (hort  of  three  miles.  Its  breadth  varies  with 
the  indentations  of  the  iliore,  but  it  nowhere  exceeds 
thict  quarters  of  a  mile.  The  line  of  its  ridge  is  undu¬ 
lated,  and  the  two  extremes  are  fonrcwhai  higher  than 
its  centre.  ^ 

The  fummit  of  the  Sugar  I.ouf,  which  is  the  point 
of  its  c:reateri  elevation  towards  the  fouth,  is  14^9  feet; 
the  Ro(  k  Mortar,  which  is  the  higlieft  point  to  the 
worth,' is  and  the  Signal  Honfe,  which  is  nearly 

the  central  point  betvreen  tliefc  two,  is  1276  feet  above 
the  level  of  the  fca.  Tlie  wthtrn  fide  of  the  mountain 
is  feries  of  rugged  flopCs,  interi  perfed  with  abrupt  pre- 
cipice^.  Its  northern  extremity  is  perftdly  perpendi- 
cular,  except  towards  the  north- well,  where  what  are 
called  the  Lines  intervene,  and  a  narrov/  paflage  of  flat 
ground  that  leads  to  the  illhmus,  and  Is  entirely  cover¬ 
ed  with  fortification.  The  eaitern  fide  of  the  moiin- 
'  fain  moftly  conlills  of  a  range  of  precipices;  but  a  bank 
of  fand,  rifing  from  the  Mediterranean  in  a  rapid  accli¬ 
vity,  covers  a  third  of  its  perpendicular  height.  Its 
fouthern  extremity  falls.  In  a  rapid  flope  from  the  fiim- 
mlt  of  the  Sugar  Loaf,  Into  a  rocky  flat  of  cOnfiderable 
extent,  called  Windmill  Hill. 

♦*  The  principal  mafs  of  the  mountain  rock  conflfts 
of  a  grey,  denfe  (what  is  generally  called  primary)  mar¬ 
ble  ;  tlie  different  beds  of  which  are  to  be  examined  In 
a  face  of  1  3  50  feet  of  perpendicular  height,  which  it 
preffents  to  Spain  In  a  conical  form.  Thefe  beds,  or 
ilrata,  are  of  various  thicknefs,  from  20  to  upwards  of 
40  feet,  dipping  in  a  dire£lion  from  eaft  to  weft,  nearly 
at  an  angle  of  3  ^  degrees.  In  fome  parts  of  the  folid 
mafs  of  this  rock  are  found  teftaceous  bodies  entirely 
tranfmuted  Into  the  conftituent  matter  of  the  rock,  and 
their  Interior  hollows  filled  up  with  calcareous  fpar  ;  but 
thefe  do  not  occur  often  In  Its  compofition,  and  its  beds 
are  not  feparated  by  any  Intermediate  ftrata. 

‘‘  The  caves  of  Gibraltar  are  many,  and  fome  of  them 
of  great  extent.  That  which  moft  deferves  attention 
and  examination  is  called  St  MichaePs  Cave,  which  is 
fituated  upon  the  foiithern  part  of  the  mountain,  almoft 
equally  diftant  from  the  Signal  Tovver  and  the  Sugar 
Loaf.  Its  entrance  is  1000  feet  above  the  level  of  the 
fea  ;  This  entrance  is  formed  by  a  rapid  flope  of  earth, 
which  has  fallen  into  it  at  various  periods,  and  which 
leads  to  a  fpacloiis  hall,  incrufted  with  fpar,  and  appa¬ 
rently  fupported  in  the  centre  by  a  large  mafiy  ftaladli- 
tical  pillar.  To  this  fucceeds  a  long  feriefe  of  caves  of 
difticult  accefs.  In  thefe  cavernous  recefles,  the  forma¬ 
tion  and  procefs  of  ftalaftites  is  to  be  traced,  from  the 
fiimfy  quilt-like  cone,  fufjpended  from  the  roof,  to  the 
robuft  trunk  of  a  pijlar^  three  feet  in  dimeteiv  which 


rifes  from  the  floor,  and  feems  intended  by  Nature  to  Gibraltar, 
fupport  the  roof  from  which  it  originated. 

“  The' only  inhabitants  of  thefe  caves  are  bats,  fome 
of  which  are  of  a  large  fize.  The  foil,  in  general,  upon 
the  mountain  of  Gibraltar  is  but  thinly  fown  ;  and  In 
many  parts  that  thin  covering  has  been  w'aflied  off  by 
the  heavy  autumnal  rains,  which  have  left  the  fuperfi- 
cies  of  the  rock,  for  a  confiderable  extent,  bare  and 
open  to  infpe6tion.  *  In  thofe  fitnations,  an  obferving 
eye  may  trace  the  effedls  of  the  flow,  but  conftant,  de- 
compofition  of  the  rock,  caufed  by  its  expofure  to  the 
air,  and  the  corrofion  of  fea-falts,  which,  in  the  heavy- 
gales  of  eafterly  winds,  are  depolited  with  the  fpray  on 
every  part  of  the  mountain.  Thofe  uncovered  parts  of 
the  mountain  rock  alfo  expofe  to  the  eye  a  phenomenon 
worthy  of  fome  attention,  as  it  tends  clearly  to  demon- 
ftrate,  that,  however  high  the  furface  of  this  rock  may 
now  be  elevated  above  the  level  of  the  fea,  it  has  once 
been  the  bed  of  agitated  waters.  This  phenomenon  is 
to  be  obferved  in  many  parts  of  the  rock,  and  is  con- 
ftantly  found  In  the  beds  of  torrents.  It  confifts  of  pot¬ 
like  holes,  of  various  fizes,  hollowed  out  of  the  folid 
rock,  and  formed  apparently  by  the  attrition  of  gravel 
or  pebbles,  fet  in  motion  by  the  rapidity  of  rivers  or 
currents  in  the  fea. 

Upon  the  weft  fide  of  the  mountain,  towards  its 
bafe,  fome  ftrata  occur,  which  are  heterogeriial  to  the 
mountain  rock  :  the  firft,  or  higheft,  forms  the" fegment 
of  a  circle  ;  its  convex  fide  is  towards  the  mountain^ 
and  it  flopes  alfo  in  that  diredlion.  This  ftratum  con¬ 
fifts  of  a  number  of  thin  beds  ;  the  outward  one,  being 
the  thinneft,  is  in  a  ftate  of  decompofition,  and  is  moul¬ 
dering  down  into  a  blackifti  brown  or  ferruginous  co¬ 
loured  earth.  The  beds,  inferior  to  this,  progrellively 
increafe  in  breadth  to  17  inches,  where  the  llratification 
refts  upon  a  rock  of  an  argillaceous  nature. 

‘‘  This  laft  bed,  which  is  17  inches  thick,  confifts  of 
quartz  of  a  blackifh  blue  colour,  in  the  fepta  or  cracks 
of  which  are  found  fine  quartz  cryftals,  colourlefs,  and 
perfectly  tranfparent.  Thefe  cryftals  are  compofed  of 
18  planes,  difpofed  in  hexangular  columns,  terminated 
at  both  extremities  by  hexangular  pyramids.  The  lar- 
geft  of  thofe  that  Major  Imrie  faw  did  not  exceed  one- 
fourth  of  an  inch  in  length  :  They,  in  general,  adhere 
to  the  rock  by  the  fides  of  the  column,  but  are  detach¬ 
ed  without  difficulty.  Their  great  degree  of  tranfparen- 
cy  has  obtained  them  the  name  of  Gibraltar  diamonds, 

Much  has  been  faid  of  the  foffil  bones  found  in  the 
rock  of  Gibraltar  ;  and  the  general  idea  which  exifts 
concerning  them  Is,  that  they  are  found  in  a  petrified 
ftate,  and  enclofed  in  the  folid  calcareous  rock^  but 
this,  fays  Major  Imrie,  is  a  miftake,  which  could,  arlfe 
only  from  inaccurate  obfervatlon  and  falie  defcription. 

“  In  the  perpendicular  fiftpres  of  the  rock,  and  in 
fome  of  the  caverns  of  the  mountain  (all  of  which  afford 
evident  proofs  of  their  former  communication  with  the 
furface),  a  calcareous  concretion  is  found,  of  a  reddifh 
brown  ferruginous  colour,  with  an  earthy  fra6lure,  and 
confiderable  induration,  enclofing  the  bones  of  various 
animals,  fome  of  which  have  the  appearance  .of  , being 
human.  Thefe  bones  are  of  various  fizes,  and  lie  in  all 
diredlons,  Intermixed  with  fhells  of  fnails,  fragments  of 
the  calcareous  rock,  and^particles  of  fpar  ;  aU  of  which, 
txiaterials  are  ftili  to  , be  feen  in  their  natural  uucomhlned 
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ilates,  partially  fcattered  over  the  furface  of  the  moun 
tain.  Thefe  having  been  fwept,  by  heavy  rains  at  dif¬ 
ferent  periods,  from  the  furface  into  the  htiiations  above 
defcribed,  and  having  remained  fora  long  ferics  of  years 
in  thofe  places  of  red,  expofed  to  the  permeating  adion 
of  water,  have  become  inveloped  in,  and  cemented  by, 
the  calcareous  matter  which  it  depofits. 

The  bones,  in  this  compofition,  have  not  the  finalleft 
appearance  of  being  petrified  ;  and  if  they  have  under¬ 
gone  any  change,  it  is  more  like  that  of  calcination  than 
that  of  petrifadion,  as  the  mod  folid  parts  of  them  ge¬ 
nerally  admit  of  being  cut  and  fcraped  down  with  the 
fame  eafe  as  chalk, 

Bones  combined  in  fuch  concretions  are  not  peculiar 
to  Gibraltar :  they  are  found  in  fuch  large  quantities 
in  the  country  of  Dalmatia,  and  upon  its  coads  in  the 
iflands  of  Cherfo  and  Ofero,  that  fome  naturalids  have 
been  induced  to  go  fo  far  as  to  afTerr,  that  there  has 
been  a  regular  dratum  of  fuch  matter  in  that  country, 
and  that  its  prefent  broken  and  interrupted  appearance 
has  been  caufed  by  earthquakes,  or  other  convulfions, 
experienced  in  that  part  of  the  globe.  But,  of  late 
years,  a  traveller  (Abbe  Alberto  Fortis)  has  given  a 
minute  defeription  of  the  concretion  in  which  the  bones 
are  found  in  that  country  ;  And  by  his  account  it  ap¬ 
pears,  that  with  regard  to  fitiiation,  compofition,  and 
colour,  it  is  perfedly  fimilar  to  that  f^ound  at  Gibraltar. 
By  his  defcrjption,  it  alfo  appears  that  the  two  moun- , 
tain  rocks  or  Gibraltar  and  Dalmatia  confid  of  the  fame 
fpecies  of  calcareous  done  ;  from  which  it  is  to  be  pre¬ 
fumed,  that  the  concretions  in  both  have  been  formed 
in  the  fame  manner  and  about  the  fame  periods. 

“  Perhaps  if  the  fiffures  and  oaves  of  the  rock  of  Dal- 
matia  were  dill  more  minutely  examined,  their  former 
cornmunications  with  the  furface  might  yet  be  traced, 
as  in  thofe  defenbed  above  ;  and,  in  that  cafe,  there 
would  be  at  lead  a  drong  probability,  that  the  materials 
of  the  concretions  of  that  country  have  been  brought 
together  by  the  fame  accidental  caufe  which  has  pro¬ 
bably  coIlt6led  thofe  found  in  the  cavernspf  Gibraltar. 
Major  Imrie  traced,  in  Gibraltar,  this  concretion,  from* 
the  lowed  part  of  a -deep  perpendicular  fidure,  up  to 
the  furface  of  the  mountain.  As  it  approached  to  the 
furface,  the  concretion  became  lefs  firmly  combined, 
and,  when  it  had  no  covering  of  the  calcareous  rock. 
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fmall  degree  of  adhefion  only  remained,  which  was  evi- 
dently  produced  by  the  argillaceous  earth,  in  its  com- 
pofition,  having  been  moidened  by  rain  and  baked  by 
the  fun.  ^ 

“  The  depth  at  which  thefe  materials  had  been  pene¬ 
trated  by  that  proportion  of  daladitical  matter,  capable 
of  giving  to  the  concretion  its  greated  adhefion  and  fo- 
Hdity,  he  found  to  vary  according  to  its  fitiiation,  and 
to  the  quantity  of  matter  to  be  combined.  In  fiffures, 
narrow  and  contradled,  he  found' the  concretion  poffcf- 
fing  a  great  degree  of  hardnefs  at  fix  feet  from  the  fur¬ 
face  ;  but  in  other  frtuatious  more  extended  :  and  where 
a  larger  quantity  of  the  materials  had  been  accumula¬ 
ted,  he  found  it  had  not  gained  its  greated  degree  of 
adhefion  at  double  that  depth.  In  one  of  the  caves, 
where  the  mafs  of  concretion  is  of  confiderable  fiz^e,  he 
perceived  it  to  be  divided  into  different  beds,  each  bed 
being  covered  with  a  cruft  of  the  ftaladiticalTpar,  from 
one  inch  to  an  inch  and  a  half  in  thicknefs ;  which  feems 
indicate,  that  the  materials  have  been  carried  in  at 


various  periods,  and  that  thofe  periods  have  been  very 
remote  from  each  other. 

“  At^  Rofia  Bay,  upon  the  weft  fide  of  Gibraltar,  this 
concretion  is  found  in  what  has  evidently  been  a  cavern 
originally  formed  by  huge  unfhapely  mafles  of  the  rock 
which  have  tumbled  in  together.  '  The  fiffure,  or  ca¬ 
vern  formed  by  the  difruption  and  fubfidence  of  thofe 
mafies,  has  been  entirely  filled  up  with  the  concretion, 
and^  is  now  expofed  to  full  view  by  the  outward  mafs 
having  dropped  down  in  confequence  of  the  encroach¬ 
ments  of  the  fea.  It  is  to  this  fpot  that  ftrangers  are 
generally  led  to  examine  the  phenomenon  ;  and  the 
compofition,  having  here  attained  to  its  greatefl  degree 
of  hardnefs  and  foTfidity,  the  hally  obferver,  feeing^the 
bones  inclofed  in  what  has  fo  little  the  appearance  of 
having  been  a  vacuity,  examines  no  further,  but  imme¬ 
diately  adopts  the  idea  of  their  being  incafed  in  the  fo¬ 
lid  rock.  The  corpmiinication  from  this  former  ehafm 
to  the  furface  from  which  it  lias  received  the  materials 
of  the  concretion,  is  ftill  to  be  traced  in  the  face  of  the 
rock,  but  its  opening  is  at  prefent  covered  by  the  bafe 
of  the  line  wall  of  the  garrifon.  Here  bones  arc  found 
that  are  apparently  human  ;  and  thofe  of  them  that  ap¬ 
pear  to  be  of  the  legs,  arms,  and  vertebrae  of  the  back, 
are  fcattered  among  others  of  various  kinds  and  fizes, 
even  down  to  the  fmalleft  bones  of  fmall  birds.  Major 
Imrie  found  here  the  complete  jaw-bone  of  a  ilieep  ;  it 
^  contained  its  full  complement  of  teeth,  the  enamel  of 
which  was  perfedl,  and  its  whitenefs  and  luftre  in  no 
degree  impaired.  In  the  hollow  parts  of  fome  of  the 
large  bones  was  contained  a  minute  cryftallization  of 
pure  and  coloiirlefs  calcareous  fpar  ;  but,  in  moft,  the 
interior  part  confifted  of  a  fparry  cruft  of  a  reddifh  co¬ 
lour,  fcarcely  in  any  degree  tranfparent. 

“  At  the  northern  extremity  of  the  mountain,  the  con¬ 
cretion  is  generally  found  in  perpendicular  figures.  The 
miners  there,  employed  upon  the  fortifications  in  exca¬ 
vating  one  of  thofe  fiffures,  found,  at  a  great  depth  from 
the  furface,  two  fkulls,  which  were  fuppofed  to  be  hu~- 
man  ;  but,  to  the  Major,  one  of  them,  if  not  both,  ap¬ 
peared  to  be  too  fmall  for  the  human  fpecies.  The  bone 
i^f  each  was  perfectly  firm  and  folid  ;  from  which  it  is 
to  be  prefumed,  that  they  were  in  a  ftate  of  maturity 
before  they  were  inclofed  in  the  concretion.  Had  thev 
appertained  to  very  young  children,  perhaps  the  bone 
would  have  been  more  porous,  and  of  a  lefs  firm  tex- 
ture.  The  probability  is,’t]]dt  they  heloiigecito  a  fpe- 
ciesof  monkey,  which  ftill  continues-to  inhabit,  in  con- 
fidcrable  numbers,  thofe  parts,  of  the  rock  which  are  tO' 
us  inacceflible. 

“This  concretion  varies,  in  its  compofition,  according 
to  the  fituation  in  which  it  is  found.  At  the»cxtremity 
of  Princes  Dines,  high  in  the  rock  which  looks  towards, 
Spain,  it  is  found  to  confift  only  of  a  reddifh  calcareous 
earth,  and  the  bones  of  fmall  birds  cemented  thereby. 
The  rock  around  this  fpot  is. inhabited  by  a  number  of 
hawks,  that,  in  the  breeding  fcafon,  neftle  here  and  rear 
their  young ;  the  bones  in  this  concretion  are  probably 
the  remains  of  the  food  of  thofe  birds.  At  the  bafe  of 
the  rock,  bdow  King’s  Lines,  the  concretion  confifts  of 
pebbles  of  the  prevailing  calcareous  rock..  In  this  con¬ 
cretion,  at  a  very  confiderable  depth  under  the  furface,. 
was  found  the  under  parts  of  a  glafs  bottle,  uncom¬ 
monly  fhaped,  and  of  great  thicknefs  ^  the  colour  of  the 
glaft  was  of  a  dark  green. 

Ma  i  or.  - 
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Cibraltar.  Major  Imrie  wakes  an  apiology  for^ giving  fo  rninute 
^  a  defeription  of  thefe  fofiil  bones  ;  but,  in  our  opinion, 
the  public  is  indebted  to  him  for  beftovving  fo  much  a£* 

.  tention  on  a  fubjedl  which  all  muft  admit  to  be  curious, 
and  which,  from  the  ilrange  inferences  drawn  from  fimi- 
lar  phenomena  by  modern  philofopliers,  has  become  im¬ 
portant  as  well  as  curious. 

We  cannot  difmifs  this  article  without  noticing  the 
fubterraneous  galleries  conftrudled  in  the  rock  not  only 
for  the  prote£lioii  of  the  men  during  a  fiege,  but  alfo 
for  placing  cannon,  to  annoy  the  enemy,  in  lituations 
inacctffible  but  by  fuch  means.  The  idea  of  forming 
thefe  galleries  was  conceived  by  the  late  Lord  Heath- 
field  when  governor,  and  by  him,  in  fome  meafiire,  car¬ 
ried  into  execution  ;  though  the  plan  was  not  com¬ 
pleted  till  lately  by  General  OTIara.  Of  thefe  gal¬ 
leries  we  have  in  the  Monthly  Magazine  for  April  i  ypS 
an  animated  account,  which  we  fitall  iiifert  in  the  wri¬ 
ter’s  own  words. 

Hie  fubterraneous  galleries  are  very  extenfive, 
pierce  the  rock  in  feveral  places  and  in  various  direc¬ 
tions,  and  at  various  degrees  of  elevation  ;  all  of  them 
have  a  communication  with  each  other,  either  by  flights 
of  fteps  cut  in  the  rock,  or  by  wooden  flairs  where  the 
paflages  are  required  to  be  very  perpendicular. 

The  centiiiels  may  now  be  relieved  during  a  fiege 
from  one  poft  to  another  in  perfedl  fafety  ;  whereas,  pre- 
vioufly  to  the  conllrnfllng  of  thefe  galleries,  a  vaft  num¬ 
ber  of  men  were  killed  by  the  Spaniards  while  march¬ 
ing  to  their  feveral  (lations.  The  width  of  thefe  gal¬ 
leries  is  about  twelve  feet,  their  height  about  fourteen. 
The  rock  is  broken  through  in  various  places,  both  for 
the  piirpofe  of  giving  light  and  for  placing  the  guns  to 
bear  on  the  enemy.  In  different  parts  there  are  fpaci- 
ous  receffes,  capable  of  accommodating  a  confiderable 
number  of  men.  To  thefe  receffes  they  give  names, 
fuch  as  St  Patrick’s  Chamber,  St  George’s  Hall,  &:c. 
The  whole  of  thefe  lingular  flrudlures  have  been  form¬ 
ed  out  of  the  folid  rock  by  blafling  with  gunpowder. 
Through  the  politenefs  of  an  officer  on  duty,  a  place 
called  Smart’s  Refervoir  was  opened  for  our  infpe<&ion, 
which  is  a  great  curiofity,  and  not  generally  permitted 
to  be  fhewn.  It  is  a  fpring  at  a  confiderable  depth  in 
the  body  of  the  rock,  and  is  above  700  feet  above  the 
level  of  the  fea  ;  we  defeended  into  the  cavern  that  con¬ 
tains  it  by  a  rope  ladder,  and  with  the  aid  of  lighted 
candles  proceeded  through  a  narrow  palfage  over  cryftal- 
lized  protuberances  of  the  rock  till  wc  came  to  a  hollow, 
which  appears  to  have  been  opened  by  fome  convulfion 
of  Nature.  Hero,  from  a  bed  of  gems,  arifes  the  filu- 
tary  fount,  clear  as  the  brilliant  of  the  eafl,  and  cold  as 
the  icicle.  We  hailed  the  nymph  of  the  grot,  and,  pro- 
Ilrating  ourftlves,  quaffed  liygean  nedfar  from  her  fparry 
urn.  When  reftored  to  the  light  of  day,  we  obtained, 
through  the  medium  of  the  fame  gentleman,  the  key  of 
St  George’s  Hall,  at  which  we  arrived  by  a  very  intri¬ 
cate  and  gloomy  path  to  the  fpacious  excavation,  which 
is  upwards  of  an  hundred  feet  in  length,  its  height  near¬ 
ly  the  fame.  It  is  formed  in  a  fernicircular  part  of 
the  rock;  fpacious  apertures  are  broken  through,  where 
cannons  of  a  very  large  calibre  command  the  ifthmus, 
the  Spanifli  lines,  and  a  great  part  of  the  bay.  The 
top  of  the  rock  is  pierced  through,  fo  as  to  introduce 
fufficient  light  to  enable  you  to  view  every  part  of  it. 
It  appears  almoft;  incrediblew  that  fo  large  an  excavation 
could  be  formed  by  gunpowder,  without  blowing  up 
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the  whole  of  that  part  of  the  rock,  and  flitl  more  fo^  Gimbob 
that  they  fhould  be  able  to  dircdl  the  operations  of  fuch  ^ 
an  inflrument,  fo  as  to  render  it  fubfervieiit  to  the  pur-  , 
pofe  of  elegance.  We  found  in  the  hall  a  table,  pla- 
ced,  I  fiippofe,  for  the  conveniency  of  thofc  who  are 
traverfing  the  rock.  The  cloth  was  fpread,  the  wine 
went  round,  and  we  made  the  vaulted  roof  refound  with 
the  accents  of  mirth  and  the  fongs  of  conviviality.” 

Thefe  excavations  are  indeed  very  extraordinary 
works  ;  but  as  the  whole  rock  abounds  with  caverns, 
we  wifh  that  our  author  had  inquired  more  particularly 
than  he  feems  to  have  done,  whether  St  George’s  Hall 
be  wholly  the  work  of  art.  From  one  of  the  paffages  ♦ 
which  we  have  extradled  from  Major  Imrie’s  memoir, 
we  are  led  to  think  that  it  is  not,  or  at  lead,  that  the 
concretion  removed  had  not  acquired  the  confiftence  of 
the  more  folid  parts  of  the  rock.  If  this  was  the  cafe, 
much  of  the^wonder  will  vaiiifh,  fince  the  pick-axe  and 
chifel  were  probably  employed  to  give  elegance  to  the 
vault,  and  even,  in  fome  degree,  to  dire(5l  the  operation 
of  the  gunpowder. 

GIMBOLS,  are  the  brafs  rings  by  which  a  fea- 
compafs  is  fufpended  in  its  box  that  ufually  (lands  in 
the  binacle. 

GIRT,  in  timber-meafuring,  is  the  circumference  of 
a  tree,  though  fome  ufe  this  word  for  the  quarter  or 
4th  part  of  the  circumference  only,  on  account  of  the 
great  ufe  that  is  made  of  it  ;  for  the  fquare  of  this  4th 
part  is  efteemed  and  ufed  as  equal  to  the  area  of  the 
fedlion  of  the  tree  ;  which  fquare  therefore  multiplied 
by  the  length  of  the  tree,  is  accounted  the  folid  con¬ 
tent.  This  content,  however,  is  always  about  one- 
fourth  part  lefs  than  the  true  quantity  ;  being  nearly 
equal  to  what  this  will  be  after  the  tree  is  hewed 
fquare  in  the  ufiial  way  :  fo  that  it  feems  intended  to 
make  an  allowance  for  the  fquaring  of  the  tree. 

Girt  Liney  is  a  line  on  the  common  or  carpenter’s 
Aiding  rule,  employed  in  cafting  up  the  contents  of 
trees  by  means  of  their  girt. 

GLASS  Etching,  or  Engravwg  upon^  is  in  the  ar¬ 
ticle  Chemistry  (^Encycl.)  faid  to  be  a  new  art  ;  and 
as  that  acid  which  diflblves  filiceous  earth,  and  alfo 
glafs,  was  firll  difeovered  in  the  year  1771  by  Scheele, 
one  might  naturally  imagine  that  the  art  of  etching 
with  it  upon  glafs  could  not  be  older.  By  many  o- 
thers,  as  well  as  by  us,  it  has  indeed  been  noticed  as  a 
new  invention  ;  yet  ProfeiTor  Beckmann,  whole  labo¬ 
rious  refearches  have  brought  many  things  to  light, 
has  proved,  that  fo  early  as  the  year  1670  the  art  of 
et r  iling  upon  glafs  was  difeovered  by  Henry  Sch wan- 
hard,  fon  of -George  Schwanhard,  who  was  a  cele¬ 
brated  glafs-cutter,  patronized  by  the  Emperor  Ferdi¬ 
nand  Ill.  about  the  middle  of  the  lall  century.  At 
the  time  of-his  death,  r667,  the  father  praclifed  his  art 
at  Prague  and  Ratifbon.  Whether  the  fon  followed 
the  fame  bufmefs  at  the  fame  towns,  or  removed  to 
Nuremberg,  is  not  very  evident  from  the  profeffor’s 
liifiory  ;  but  in  the  year  above-mentioned,  fome  aqua 
regia  (nitro  muriatic.  having  accidentally  fallen 

on  his  fpe6laclcs,  he  was  furprifed  to  find  the  glafs 
corroded  by  it,  and  become  quite  foft.  He  thus  found 
himfelf  in  pofleflion  of  a  liquid  by  which  he  could  etch 
writing  and  figures  upon  plates  of  glafs. 

Such  is  our  information  ;  but  if  it  be  admittfed  (and 
it  would  difplay  unreafonable  fcepticifm  to  queftion  it), 
Schwanhard  niuft  cither  have  improved  the  nitro-muriatic 

acid 
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Olafs  acid  by  Tome  means  or  other  unknown  to  us,  or  have 
Gh  iTocom- Ills  etchings  to  fome  particular  kinds  of  glafs  5 
for  the  Jiuoric  is  the  only  acid,  with  which  we  are  ac¬ 
quainted,  that  corrodes  all  glafs.  (See  Chemistry- 
itukx  in  tins  Supplement),  M.  Beckmann  indeed  feems 
to  think  that  he  had  difeovered  the  fluoric  acid  itfelf ; 
for  in  the  year  1725  there  appeared  in  a  periodical 
work  the  following  receipt  for  making  a  powerful  acid, 
by  which  figures  of  every  kind  can  be  etched  upon  glafs. 

When  the  pplrttus  ntiri  per  dljlillationem  has  paf- 
fed  into  the  recipient,  ply  it  with  a  flrong  fu'e,  and 
when  well  dephlegmated,  pour  it,  as  it  corrodes  ordi¬ 
nary  glafs,  into  a  Weldenburg  flafle.  Then  throw  in- 
to  it  a  pulverifed  green  Bohemian  emerald,  otherwife 
called  hefphorits  (which,  wdieii  reduced  to  powder,  and 
heated,  emits  in  the  dark  a  green  light),  and  place  it  in 
warm  fand  for  24  hours.  Take  a  piece  of  glafs  well 
cleaned,  and  freed  from  all  greafe  by  means  of  a  ley ; 
put  a  border  of  w^ax  round  it,  about  an  inch  in  height, 
and  cover  it  all  over  with  the  above  acid.  '^I  he  longer 
you  let  it  (land  fo  much  the  better  ;  and  at  the  end  of 
fotne  time  the  glafs  will  be  corroded,  and  the  figures 
which  have  been  traced  out  wu'th  fulphnr  and  varnifh 
will  appear  as  if  raifed  above  the  pane  of  glafs. ’’ 

T  hat  the  Bohemian  emerald  or  hefphorus  mention¬ 
ed  in  this  receipt  is  green  fparry  floor,  cannot,  fays  the 
profeffor,  be  doubted  ;  and  he  feems  to  have  as  little 
doubt  of  the  receipt  itfelf  having  paffed  from  Schwan- 
hard  and  his  fcholars  to  the  periodical  work  of  1725, 
from  which  it  has  been  lately  inferted  in  the  CEkono- 
mifclie  Encyclopedic  of  Krunitz.  This  fuppofition 
certainly  acquires  a  confiderable  degree  of  probability 
from  the  fimilarity  of  Schwanhard^s  method  of  etching 
to  that  which  is  here  recommended,  and  which  is  fo 
different  from  what  is  now  follow^ed.  At  prefent,  the 
glafs  is  covered  with  a  varnifh  either  of  ifinglafs  dif- 
folved  in  water,  or  of  turpentine  oil  mixed  with  a  little 
white  lead,  through  which  the  figures  to  be  etched  are 
traced  as  on  copper  ;  but  Schw'anhard,  when  he  had 
drawn  his  figures,  covered  them  w'ith  varnifii,  and  then 
by  his  liquid  corroded  the  glafs  around  them.  His  fi¬ 
gures,  therefore,  when  the  varnifh  was  removed,  re¬ 
mained  fmooth  and  clear,  appearing  raifed  from  a  dim  or 
dark  ground  ;  and  M.  Beckmann,  who  perfuaded  fome 
ingenious  artifis  to  make  trial  of  this  antient  method 
of  etching,  declares,  that  fuch  figures  have  a  much  bet¬ 
ter  effedf  than  tliofe  which  are  cut  into  the  glafs; 

Before  concluding  this  article,  it  may  be  worth  while 
jufl  to  mention  a  propofal  which  has  been  lately  made 
to^  employ  glafs' inflcad  of  copper  for  throwing  off 
prints  ill  the  rolling  prefs.  That  it  is  poffible  to  ufe 
glafs  plates  of  great  thicknefs  for  this  purpofe,  it  would 
be  rafh  to  deny  ;  but  the  fuperiority  of  fuch  plates  to 
thofe  of  copper  we  cannot  conceive.  If  not  broken 
in  pieces  in  the  rolling  prefs,  they  would  doubtlefs  Jafl 
longer  ;  but  the  expence  of  them  at  firfl  would  pro¬ 
bably  be  greater,  and  the  engraving  on  them  could  not 
be  fo  fine. 

GLOSSOCOMMCN,  in  mechanics,  is  a  name  gi¬ 
ven  by  Heron  to  a  machine  compofed  of  divers  dented 
wheels  with  pinions,  ferving  to  raife  huge  weights. 
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GLUCINA  (a),  a  peculiar  earth  difeovered  by 
Vauquelin  in  the  beryl  and  the  emerald.  Its  general 
properties  are  as  follows  :  1.  It  is  white  ;  2.  Infipid  ; 
3.  Infolnble  in  water;  4.  Adhefive  to  the  tongue;  5! 
Infufible  ;  6.  Soluble  in  the  fixed  alkalis  ;  7.  lufoluble 
in  ammoniac  ;  8.  Soluble  in  the  carbonat  of  ammo¬ 
niac  ;  p.  Soluble  in  alinoft  every  one  of  the  acids  (ex¬ 
cept  the  carbonic  and  phofphoric  acids),  and  forming 
falts  of  a  faccharine  tafle  ;  10.  Fufible  with  borax  into 
a  trarifparent  glafs;  ii.  Abforbs  one  fourth  of  its 
weight  of  carbonic  acid;  12.  Decompofes  the  alumi¬ 
nous  falts;  13.  Is  not  precipitable  by  well  faturated 
hydro-fulpluirets. 

The  fpecific  charaders  of  glucina,  which  are  united 
in  none  of  the  other  known  earths,  are  :  i.  Its  falts  are 
facchaiMne,  and  flightly  allringent  ;  2.  It  is  very  fo- 
luble  in  the  fu)phuric  acid  by  excels  ;  3.  It  decompofes 
the  alumiiious  falts  ;  4.  It  is  foluble  in  the  carbonat 
of  ammoniac  ;  5.  Is  completely  precipitated  from  its 
folutloiis  by  ammoniac  ;  6.  Its  affinity  for  the  acids  is 
intermediate  between  magnefia  and  alumlne. 

One  hundred  parts  of  beryl  contain  16  of  p-liicina  ; 
but  for  the  beil  method  of  analyzing  the  beryf,  and  of 
com fe  obtaining  the  earth,  vve  muft  refer  our  readers 
to  the  article  Mineralogy  in  this  Supplement  i  and 
ffiall  conclude  this  fiiort  article  with  a  valuable  and  ju¬ 
dicious  remark  of  Vauquelin’s. 

“  It  almoil  always  happens  (fays  this  able  chemift)^ 
in  the  fciences  of  obfervation,  and  even  in  the  fpecu- 
lative  fciences,  that  body,  a  principle,  or  a  property, 
formerly  unknown,^  though  it  may  often  have  been 
11  fed,  or  even-  held  in  the  hands,  and  referred  to  other 
fimple  fptcies,  may,  when  once  difeovered,  be  after¬ 
wards  found  in  a  great  variety  of  fituations,  and  be  ap¬ 
plied  to  many  ufeful  purpofes.  Cliemiftry  affords  mL 
ny  recent  examples  of  this  truth.  Klaproth  had  no 
fooner  difeovered  the  different  fubftances  with  vvliick 
he  has  enriched  the  fclence,  but  they  were  found  in  va¬ 
rious  other  bodies  ;  and  if  I  may^  refer  to  miy  own  pro- 
ceffes,  it  will  be  feen,  that  after  I  had  determined  the 
charadlers  of  chrome,  firft  found  in  the  native  red  lead, 

I  eafily  recognized  It  in  the  emerald  and  the  ruby! 
The  fame  has  happened  with  regard  to  the  earth  of 
the  beryl.  I  have  likewife  detected  it  in  the  emerald 
in  which,  neverthelefs,  it  was  overlooked  both  by  Kla! 
proth  and  myfelf  in  our  firil  analyfis  :  fo  difficult  it  is 
to  be  aware  of  the  prefence  of  a  new  fubftance,  parti¬ 
cularly  when  .it  poffeffes  fome  properties  fefembling 
thofe  already  known  I/’  ® 

GOLD,  the  moll  perfed  of  all  the  metals.  See 
CnEMisTRY-A^/eA;  in  this  Supplement, 

^  It  has  been  a  very  common  opinion  among  metallur- 
gifts,  that  tin  has  the  property  of  deftroying  the  dudi- 
lity  of  gold,  on  being  melted  with  it  even  in  very  fmall 
quantities  ;  and  Dr  Lewis  adds,  that  even  the  vapours 
which  arife  from  tin  in  the  fire,  make  gold  fo  brittle, 
that  it  flies  in  pieces  under  the  hammer.  This  opi¬ 
nion  was  controverted  by  Staneffiy  Alchorne,  Efq ;  of 
his^  Majefty  s  mint,  who  made  a  fet  of  experiments, 
which,  in  his  opinion,  authorife  a  very  different  conclu- 
fion,  viz.  that  though  tin,  like  other  inferfor  metals, 
_ _ _ _  will 


Glucina, 

Gold. 


(a)  This  name  was  given  to  the  earth  of  beryl  by  the  editors  of  the  Annales  de  Chimk.  Its  moll  charaae 
riftic  property  being  that  it  forms  falts  of  a  faccharine  talle,  they  gave  it  a  name  derived  from  “  charaae. 

Met.  According  to  this  etymology,  Ihould  not  the  name  be 


Memoirs 
of  the  Aca¬ 
demy  of  Sci¬ 
ences  at  Pa¬ 
ris  for  the 
yearx-jgo. 


G  O  L  [  71 

will  coiltarninaite  gold  in  proportion  to  the  quantity 
mixed  with  it,  yet  there  doC'?  not  appear  in  tin  any 
thing  fpecifically  inimical  to  that  precious  metal. 

As  we  have  elfcvvhere  (fee  Chemistry,  n'^  lopr,  &c. 
enumerated  thefe  experiments,  aixi  admitted 
the  conchifion  drawn  from  them,  it  becomes  our  duty, 
in  tliis  place,  to  ftate  what  has  been  urged  againll  that 
conchifion. 

M.  '^I'illet,  being  in  his  ow  n  mind  perfuaded  that  tin 
renders  gold  fo  brittle  that  it  cannot  be  reduced  to  thin 
leaves,  and  far  lefs  be  made  to  pafs  through  the  wdre- 
plate  but  by  virtue  of  repeated  annealing,  and  peculiar 
treatment,  which  gold  of  the  iifual  duftility  does  not 
require,  dtjtermined,  from  refpeA  to  M.  Alchorne,  to 
repe-'it  his  experiments. 

His  hrft  experiment*  confifted  in  mixing  24  grains 
of  fine  gold  with  one  of  tin  which  contained  no  arfe* 
nic.  He  w'rapped  the  grain  of  tin  in  the  24  grains  of 
gold  reduced  to*  a  very  thin  leaf,  and  placed  the  wliole 
upon  a  piece  of  charcoal,  fo  hollowed  out  as  to  fupport 
the  mixed  metal  during  fufion.  He  even  fprinkled  a 
fmall  quantity  of  calcined  borax  upon  the  metal,  in  or¬ 
der  that  the  fufion  might  be  more  fudden,  that  the 
metal  might  flow  together,  and  the  tin  unite  with  the 
gold,  without  allowing  time  for  it  to  become  calcined. 
This  alloy  was  fpeedily  fufed  by  the  enameiler’s  lamp, 
and  reduced  into  a  fmall  button  without  any  lofs  of 
weight.  It  was  then  flattened  carefully , beneath  the 
hammer;  but,  notwithftanding  his  utmofl  precaution  in 
this  refpeft,  it  cracked,  and  at  lafl;  broke  into  three 
pieces,  its  tbicknefs  then  being  a  quarter  of  a  line  or 
thereabouts.  He  repeated  this  experiment  with  a 
double  quantity  as  well  of  pure  gold  as  of  tin,  and  the 
i‘efulc  was  the  fame. 

He  next  alloyed  4  ounces  of  gold,  of  the  finenefs  of 
22  carats,  with  i  gros  24  grains  of  tin  deprived  of  ar- 
feiiic,  or,  in  other  words,  with  4  pennyweights  of  tin  ; 
and  thefe  two  metals  being  reduced  into  fmall  pieces, 
were  mixed  together,  put  into  a  crucible,  and  urged 
bv  the  flrong  heat  of  a  forge  with  two  pair  of  bellow^s. 
When  their  fufion  appeared  to  be  complete,  he  poured 
the  metal  into  a  fmall  ingot  mould  proportioned  to  the 
quantity. 

The  ingot  thus  obtained  had  lofl  fcarcely  any  thing 
of  the  weight  of  the  two  metals  that  compofed  it ; 
which  was  a  proof  that  the  tin  had  united  and  incor¬ 
porated  wuth  the  four  ounces  of  gold.  But  on.attempt- 
ing  to  bend  the  ingot,  wTich  was  about  fix  inches 
long,  and  not  more  than  two  or  three  lines  thick,  he 
remarked,  contrary  to  the  nature  of  gold  of  2  2  carats, 
that  it  was  rigid,  and  wmiild  have  required  a  confider- 
ablc  effort  to  give  it  any  degree  of  curvature,  or  bring 
it  to  the  flexibility  it  would  have  poflefTed  if  no  tin  had 
entered  into  its  compofition.  Not  fatisfied,  however, 
with  the  inference  naturally  flowing  from  this  circum- 
ftance,  he  proceeded  to  the  proper  tefl  by  hammering, 
particularly  with  the  edge  of  the  hammer,  in  order 
that  the  bar  might  be  lengthened,  and  by  that  means 
fubmitted  to  the  moft  dccifivc  proof.  He  did  not  ob- 
ferve,  during  the  continuation  of  this  procefs,  till  the 
bar  was  reduced  to  about  two-thirds  of  its  firft  thick - 
nefs,  that  its  edges  were  cracked,  or  exhibited  much 
of  the  appearance  of  brittlenefs  ;  but  as  he  was  appre- 
henfive  that  this  accident  might  happen  by  too  long 
hammering,  he  divided  the  bar  by  cutting  off  the  part 
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which  had  been  hammered  out.  This  part  was  placed  0  »!ci. 
in  the  midd  of  lighted  charcoal,  in  order  that,  by  a  " 
moderate  annealing,  it  might  recover  the  date  of  nial- 
leahility  it  pofTcffed  before  it  was  hammered.  But  wlien 
he  Vent  to  take  it  out  of  the  fire,  where  it  had  under¬ 
gone  no  greater  heat  than  a  cherry-red,  he  found  it  di¬ 
vided  into  two  parts.  After  having  fuffered  thefe  to 
cool,  he  forged  them  again.  They  were  extended  with 
confiderable  cafe,  though  with  fome  cracks  at  the  edges; 
but  they  did  not  yet  fatisfy  the  whole  of  his  enquiries. 

He  tlierefore  annealed  one  of  the  two  lad  mentioned 
pieces  a  fecond  time,  and  referved  the  other  in  its  hard- 
hammered  date  to  be  paOed  between  the  laminating 
rollers.  The  annealed  part,  which  might  have  the 
tbicknefs  of  about  a  (hilling,  broke  in  the  fire,  though 
the  heat  was  very  gentle,  into  four  or  five  portions. 

The  longed  of  thefe  portions,  which  bed  redded  the 
aAion  of  the  dre,  bent  and  twided  itfelf,  and  fhevved, 
by  this  date  of  flrong  contraAion  in  different  diredions, 
that  it  had  tended  to  break  and  become  divided  into 
fmall  portions,  dmilar  to  thofe  which  had  already  fepa- 
rated  from  it. 

Satisfied  by  this  experiment  that  the  piece  of  the 
mixed  ingot  which  he  had  kept  in  its  hammer-harden¬ 
ed  date  would  not  bear  annealing,  lie  determined  to 
extend  it  dill  more  between  the  rollers,  fetting  them 
up  very  gradually,  in  order  that  the  fradure,  if  it  ffould 
take  place,  might  be  principally  owing  to  the  brltlle- 
nefs  of  the  material,  and  not  to  the  force  of  compref- 
don  to  wdiieh  it  was  fubjeded.  By  this  management 
he  fuccCeded  in  extending  the  metal  to  double  its 
length  notwithdanding  its  hardnefs,  and  rendering  it  as 
thin  as  drong  paper  ;  though  the  edges  w'crc  cracked 
through  their  whole  length  like  the  teeth  of  a  faw. 

But  this  accident  is  not  at  all  furpridng,  when  it  is 
conddered  that  gold,  though  alloyed  (imply  wath  cop¬ 
per,  whatever  may  be  the  caufe,  does  not  poffefs  its 
ufual  dudility, particularly  when  it  Is  laminated  very  thin, 
without  repeated  annealing  as  tlie  metal  becomes  hard. 

Aware  that  the  fradure  of  the  pieces  of  gold  might 
be  attributed  to  an  incomplete  fudon,  or  unequal  mix¬ 
ture  of  the  tw'o  metals,  he  melted  the  whole  ingot  over 
again  with  the  utmod  precaution  ;  but  in  vain.  The 
metal  was  as  brittle  as  formerly,  and  would  not  bear 
annealing. 

He  next  fufed  dx  ounces  of  pure  gold  of  24  carats 
with  2  gros,  or  6  penny-weights  of  tin,  taking  every 
podible  precaution  to  have  the  metals  completely  mix¬ 
ed.  When  the  w'bole  was  In  perfed  fudon,  he  poured 
the  mixture  into  an  ingot  mould,  and  obtained  an  in¬ 
got  rather  longer  and  cleaner  than  the  two  fonyier. 

As  foon  as  It  was  cold  he  forged  one  of  its  extremities 
with  the  edge  of  the  hummer.  It  was  lengthened 
without  any  perceptible  crack  ;  and  when  it  was  re¬ 
duced  to  the  thicknefs  of  one  line,  or  thereabouts,  lie 
cut  it  off  for  feparate  treatment.  By  moderate  anneal¬ 
ing  it  maintained  Its  integrity  ;  and,  with  the  excep¬ 
tion  of  a  few  cracks,  It  paffed  the  laminating  rollers 
without  breaking.  As  he  was  fearful,  iieverthelefs, 
that  it  might  break  in  fome  part  if  he  continued  to  la¬ 
minate  it,  he  gave  It  a  flight  annealing.  It  had  fcarce¬ 
ly  acquired  a  clierry-rednefs  between  the  charcoal,  be¬ 
fore  it  broke  Into  live  or  dx  parts,  fome  of  which  w^ere 
dmply  bended  or  twifted,  and  others  fiat  as  they  quit¬ 
ted  the  rollers.  Among  the  annealed  pieces  of  this 

extremity 


Go!d. 
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extremity  of  the  Ingot,  there  was  one  fufficlently  lonij,^ 
though  a  l.ttle  curled,  which  he  laminated  a  fecond 
time,  with  the  determination  of  rendering  it  very  thin 
wu  lout  the  leaft  annealing.  It  acquired  at  lead  double 
the  length  it  had  at  firft  without  breaking;  and,  if  we 

were  cracked, 

the  body,  or  mam  piece,  was  entire.  It  was  fpongy, 
and  might  be  coiilidered  as  if  formed  out  of  an  ingot 
of  common  gold  containing  no  tin,  but  not  poffe fling 
the  whole  of  its  natural  dudility.  ® 

tl,  experiments,' 

that  gold,  whether  fine  or  alloyed,  when  perfedly  fufed 
with  a  Imall  portion  of  the  fineft  tin,  acquires  rigidity 
and  hardnefs  by  the  mixture  ;  that  It  lofes  fomewhat  of 
Its  d.ftinguiflung  colour  ;  and  that  It  may,  indeed,  by 
careful  management,  be  extended  to  a  certain  degree 
by  the  hammer,  or  Hill  better  bv  the  rollers  ;  but  that 
as  It  cannot  be  annealed  without  danger  of  breaking.  It 
is  by  this  defed  deprived  of  the  eflential  advantage  of 
recovering  its  original  foftnefs  after  It  has  been  ftrong- 
ly  hanamer-hardened.  It  Is  not  but  by  careful  managl 
iiient  in  the  ufe^of  the  hammer,  and  by  frequent  an. 
neahng,  that  artifts  employed  on  works  of  gold  and  (11- 
ver  lucceed  in  obtaining  them  without  cracks,  and 
bringing  them  to  a  ftate  of  perfedlon,  without  being 
obliged  to  have  recourfe  to  folder  to  repair  the  defeds 
which  ex^ffive  hardnefs  under  the  hammer  would  oc 
calion.  How  much,  therefore,  ought  gold- workers, 
who  continually  have  this  metal  in  their  hands,  to  be 
attentive  to  prevent  the  introdudion  of  tin  in  their 
workfliops,  and  never  to  employ  fuch  compounds  of 
gold  as  are  fubjed  to  break,  or  even  to  warp,  while 
.mnealmg?  The  expence  of  refining,  which  they  would 
pay  tor  depurating  fuch  compounds,  would  be  of  lefs 
confequence  to  them  than  the  lofs  of  time  requiivd  for 
the  careful  management  of  fuch  gold  contaminated  by 
in,  even  if  they  did  fucceed  in  ufiiig  it,  and  were  not 
often  to  abandon,  after  much  labour,  a  work 

nearly  nniflied. 

“  Kit  be  allowable  (continues  our  author)  to  form 
conjedures  on  the  caufe  of  the  fradure  of  plates  of  gold 
containing  tin,  when  fnbjeded  to  the  annealing  heal  it 
may  be  prefumed,  fince  tin  very  fpeedily  melts,  while 
gold  requires  a  ftrong  heat  for  its  fufion,  that  the  parts 
of  the  tin  intermixed  in  a  fort  of  proportional  equality 
with  thofe  of  the  gold,  tend  to  feparate  by  a  fpeedy  fu¬ 
fion  and  at  a  very  gentle  degree  of  heat  ;  that  they  re- 
iiiain  without  confiftence  between  the  parts  of  the  <rold, 
while  the  latter  preferve  the  whole  of  their  folidity,  and 
do  not  ofe  it  even  by  the  annealing  heat  :  whence  It 
eems,  that  the  parts  of  the  precious  metal,  when  iTni- 
ted  among  the  coals,  having  no  longer  the  folid  con- 
nedbon  formed  by  the  tin,  but,  on  the  contrary,  having 
an  infinite  number  of  fmall  cavities  occupied  by  parti- 
cles  of  that  metal  m  fufion,  mull  tend  to  difumon  ; 
whereas  the  fame  accident  does  not  take  place  in  the 
pieces  which  have  refifted  the  annealing,  and  have  been 
laminated  after  cooling,  becaufe  the  particles  of  tin 
have  become  folid  by  cooling,  and  have  recovered  their 
original  ftate  of  union  with  the  gold. 

“This  fradure  of  the  compound  does  not  take  place 
with  an  alloy  of  pld  and  copper,  for  an  oppofite  rea- 
on  to  that  which  has  here  been  explained ;  namely, 
hecaufe  thefe  two  metals  require  nearly  the  fame  heL 
or  heir  fufion.  The  efFed  of  annealing  being  there- 
Suppu  VoL.  I.  Partll.  ^  ^ 
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fore  equal  upon  both,  the  metals,  notwithftandlng  this 
treatment,  preferve  their  natural  confiftence,  even  tho’ 
tlic  heat  be  carried  near  the  point  of  fufion  ” 

Gold- Leaf.  See  Go/LLf..u  {EncycL),  where  a  full 
account  is  given  from  Dr  Lewis  of  the  procefs  of  gold- 
beating.  In  that  article  we  have  fald  that  gohl-Ieaf 
ought  to  be  prepared  from  the  fineft  gold  ;  but  Mr  Ni- 
cholfon,  who  11,  all  probability  knows  mud.  more  of  the 
matter  than  the  author  from  whom  our  account  was  co¬ 
pied,  alTures  us  that  this  is  a  niiftake,  and  that  pure  gold 
is  too  dudile  to  be  worked  between  the  gold-beater’s 
Ikin.  riie  newdl  fltins  will  work  the  fineft  gold,  and 
OM  leaf,  becaufe  they  are  the  fmootheft. 

Old  fttins,  being  rough  or  foul,  require  coarfer  gold. 
The  finer  gold,  the  more  dudile;  infonmeh  that 
pure  gold,  when  driven  out  by  the  hammer,  is  too  foft 
to  force  itfelf  over  the  irregularities,  but  would  pafs 
round  them,  Md  by  that  means  become  divided  nito 
narrow  flips  The  fineft  gold  for  this  purpofe  has  three 
grains  of  alloy  in  the  ounce,  and  the  coarfeft  twelve 
grams.  In  general,  the  alloy  i.s  fix  grains,  or  one- 
e.ght.eth  part.  That  which  is  called  pale-gold  con. 
tains  three  pennyweights  of  filver  in  the  ounce.  The 
alloy  of  leaf-gold  IS  hlver,  or  copper,  or  both,  and  the 
colour  13  produced  of  various  tints  accordingly.  Two 
ounces  and  two  pennyweights  of  gold  is  delivered  by 
the  mafter  to  the  workman,  who,  if  extraordinary  Ikil. 
fill,  returns  two  thoufand  leaves,  or  eighty  books  of 
gold,  together  with  one  ounce  and  fix  pennyweights  of 
w'afte  cuttings.  Hence  one  book  weighs  4.8  frains  • 
and  as  the  leaves  meafnre  3.3  inches  in  the  fii,  "he 
thicknels  of  the  leaf  is  one  twm  hundred  and  eighty,  two 
thoufandth  part  of  an  inch.  ^  ^ 

The  yellow  metal  called  Dutch  gold  is  fine  brafs.  It 
^  f^aid  to  be  ma^e  from  copperplates,  by  cementation 
with  calamine,  without  fubfequent  fufion.  Its  thick 
nefs  compared  with  that  of  leaf  gold,  proved  as  ,9  tJ 
4.  and  under  equal  fiirfaccs  it  is  confiderably  more  than 
truce  as  heavy  as  the  gold.  Nicho/fon’s  Journal,  vol. 

GOLDONI  (Charles),  was  born  at  Venice  in  the 
year  lycy^  He  gave  early  indications  of  his  humour¬ 
ous  charaaer,  as  well  as  his  invincible  propenfity  to 
thofe  ftud.es  which  have  rendered  his  name  immortal. 

His  father,  perceiving  that  the  darling  amufement  of 
IS  ion  was  dramatic  performances,  had  a  fmall  theatre 
eretted  in  his  own  houfe,  in  which  Goldoni,  while  vet 
an  infant,  amiifed  hiinfelf  with  three  or  four  of  his  com- 
panions,  by  adiiig  comedies.  Before  he  w'as  fent  to 
fchool,  his  genius  prompted  him  to  become  an  author. 

In  the  revet, th  and  eighth  years  of  his  age,  ere  he  had 
fcarcely  learned  to  read  correctly,  all  hi!  time  was  de- 
voted  to  the  perufmg  comic  writers,  among  whom  was 
Ctcogmm,  a  Horentine,  little  known  in  the  dramatic 
commonwealth.  After  having  well  ftudied  thefe,  he 
ventured  to  fketch  out  the  plan  of  a  comedy,  which 
needed  more  than  one  eye-witnefs  of  the  greateft  pro¬ 
bity  to  verify  its  being  the  produaion  of  a  child. 

_  After  having  fi  milled  his  grammatical  ftudies  at  Ve 
nice,  and  his  rhetorical  ftudies  at  the  Jefuit’s  colleg-  in 
Perugia,  he  was  fent  to  a  boarding-fehool  at  Rftninr 

.0  ii.6y  pHiofoph,  Th.  I  ofTi; r 

ever  fuperfeded  with  him  the  ftudy  of  Ariftotle’s 

‘  >".';°gue  m  thofe  times.  He  frequent¬ 
ed  the  theatres  with  uncommon  curiofity;  and  palling 
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gradually  from  the  pit  to  the  Ib.gc,  entered  into  a  fa¬ 
miliar  acquaintance  with  the  actors.  When  the  lea- 
fon  of  comic  performances  was  over,  and  the  a£lors 
were  to  remove  to  Chiozza,  young  Goldoni  made  his 
cfcape  in  their  company.  This  was  the  firft  fault  he 
committed,  which,  according  to  his  own  confeffion, 
drew  a  great  many  others  after  it.  His  father  had  in¬ 
tended  him  to  be  a  phyfician,  like  himielf:  the  young 
man,  however,  was  wholly  averfe  to  the  ftudy.  He 
propofed  afterwards  to  make  him  an  advocate,  and  fent 
him  to  be  a  pradlltiorer  in  Modena.  An  horrid  cere¬ 
mony  of  ecciefiaftical  jurifdidfion,  at  which  he  was  pre- 
fent,  infpired  him  with  a  melancholy  turn,  and  he  de¬ 
termined  to  become  a  capuchin. 

His  father,  perceiving  the  whimhcal,  incondant  hu¬ 
mour  of  his  fon,  feigned  to  fecond  this  propofal,  and 
promifed  to  go  and  prefent  him  to  the  guardian  of 
the  capuchins  in  Venice,  in  the  hope  that,  after  lome 
day  in  that  extenfive  and  merry  city,  his  melancholy 
fit  wmuld  ceafe.  The  feherne  fucceeded  ;  for  the  young 
man,  indulging  in  all  the  fafhionable  dilTipation  of  the 
place,  was  cured  of  his  fooliOi  refolution.  It  was  how- 
ever  neceffary  for  him  to  be  fettled  in  fome  employ¬ 
ment  ;  and  he  was  prevailed  upon  by  his  mother,  after 
the  death  of  his  father,  to  exercife  the  profeffion  of  a 
lawyer  in  Venice.  By  a  fudden  reverfe  of  fortune  he 
was  compelled  to  quit  at  once  both  the  bar  and  Ve¬ 
nice.  He  then  went  to  Milan,  where  he  w^as  employ¬ 
ed  by  the  rtfident  of  Venice  in  the  capacity  of  fecre- 
t?4y  ;  where  becoming  acquainted  with  the  manager  of 
the  theatre,  he  wrote  a  farce,  entitled  //  Gondollere  V f- 
ne%tano^  the  Venetian  Gondolier;  which  was  the  firft 
comic  produdfion  of  his  that  was  performed  and  print¬ 
ed.  Some  time  after,  Goldoni  broke  with  the  Vene¬ 
tian  refident,  and  removed  to  Verona. 

There  was  in  this  place,  at  that  time,  the  company 
of  comedians  of  the  theatre  of  St  Samuel  of  Venice, 
and  among  them  the  famous  a£for  Cofali^  an  old  ac¬ 
quaintance  of  Goldoni,  w'ho  introduced  him  to  the  ma¬ 
nager.  He  began  therefore  to  work  for  the  theatre, 
and  became  infenfibly  united  to  the  company,  for  which 
he  coinpofed  feveral  pieces.  Having  removed  along 
with  them  to  Genoa,  he  was  for  the  firll  time  feized 
with  an  ardent  pafTion  for  a  lady,  who  foon  afterwards 
became  his  wife.  He  returned  with  the  company  to 
Venice,  where  he  difplayed,  for  the  firft  time,  the 
powers  of  his  genius,  and  executed  his  plan  of  reform¬ 
ing  the  Italian  ftage.  He  wrote  the  Momolo,  Courti- 
fan,  the  Squanderer,  and  other  pieces,  which  obtained 
univerfal  admiration. 

Feeling  a  ftrong  inclination  to  refide  fome*  time  in 
Tufeany,  he  repaired  to  Florence  and  PIfa,  where  he 
wrote  ’The  Footman  of  Tnvo  Maflers,  and  The  Son  of 
Harlequin  loft  and  found  again.  He  returned  to  Ve¬ 
nice,  and  let  about  executing  more  and  more  his  fa¬ 
vourite  fcheme  of  reform.  He  was  now  attached  to 
the  theatre  of  St  Angelo,  and  employed  himfelf  in 
writing  both  for  the  company  and  for  his  own  pur- 
pofes.  The  conftant  toils  he  underwent  in  thefe  en¬ 
gagements  impaired  his  health.  He  wrote,  in  the 
courfe  of  twelve  months,  fixteen  new  comedies,  be- 
lides  forty-two  pieces  for  the  theatre  ;  among  thefe 
many  are  confidered  as  the  bell  of  his  produftions. 
The  firft  edition  of  his  works  was  publifhed  in  I753> 
in  xo  vols*  8 VO*  As  he  wrote  afterwards  a  great  num- 
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her  of  new  pieces  for  the  theatre  of  St  Luca,  a  fepa*  Gniff’om, 

rate  edition  of  thefe  was  publiihed,  under  the  title  of - ^  " 

The  New  Comic  Theatre  :  among  thefe  was  the  Te* 
rence,  called  by  the  author  his  fa^vcnirite,  and  judged  to 
be  the  mafter-piece  of  his  works.  He  made  another 
journey  to  Parma,  on  tlie  invitation  of  Duke  Philip, 
and  from  thence  lie  pafied  to  Rome.  He  had  com- 
pofed  59  other  pieces  fo  late  as  the  year  1761,  five  of 
which  were  defigned  for  the  particular  ufe  of  Marqne 
Albergati  Capacelli,  and  confeqiiently  adapted  to  the 
theatre  of  a  private  company.  Here  ends  the  literary 
life  of  Goldoni  in  Italy. 

Through  the  channel  of  the  French  Ambafiador  in 
Venice,  he  had  received  a  letter  from  Mr  Zeiiuzzi,  the 
firft  a£lor  in  the  Italian  theatre  at  Paris,  containing  a- 
propofal  for  an  engagement  of  tvzo  years  in  that  city. 

He  accordingly  repaired  to  Paris,  where  he  found  a 
feledi  and  numerous  company  of  excellent  performers 
ill  the  Italian  theatre.  They  were,  however,  charge¬ 
able  with  the  fame  faults  which  lie  had  corre6led  in 
Italy  ;  and  the  French  fupported,  and  even  applauded 
in  the  Italians,  what  they  would  have  reprobated  on 
their  own  ftage.  Goldoni  wifiied  to  extend  even  to 
that  country  his  plan  of  reformation,  without  confider- 
ing  the  extreme  difficulty  of  the  undertaking.  Scurri¬ 
lities  and  jefts,  which  are  ever  accompanied  by  a^Iions, 
geftures,  and  motions,  are  the  fame  in  all  countries,  and 
almoft  perfe6fly  underftood  even  in  a  foreign  tongue  ; 
while  the  beauties  of  fentiment  and  dialogue,  and  o- 
tlier  things  which  lead  to  the  underftanding  of  charac¬ 
ters  and  intrigues,  require  a  familiar  acquaintance  with 
the  tongue  of  the  writer. 

The  firft  attempt  of  Goldoni  towards  his  wifhed-for 
reform,  was  the  piece  called  The  Father  for  Love  ;  and 
its  bad  fuccefs  was  a  fufficient  warning  to  him  to  defift 
from  his  undertaking.  He  continued,  during  the  re¬ 
mainder  of  his  engagement,  to  produce  pieces  agree¬ 
able  to  the  general  taftc,  and  publilhed  twenty-four  co¬ 
medies  ;  among  which  The  Love  of  Zelinda  and  Lindor 
is  reputed  the  heft. 

The  term- of  two  years  being  expired,  <  Goldoni  was 
preparing  to  return  to  Italy,  when  a  lady,  reader  to 
the  dauphinefs,  mother  to  the  late  king,  introduced 
him  at  court,  in  the  capacity  of  Italian  mafter  to  the 
princefles,  aunts  to  the  kingi.  He  did  not  live  in  the 
court,  but  reforted  there  at  each  fumraons,  in  a  poft- 
chaife  feiit  to  him  for  the  piirpofe.  Thefe  journeys 
were  the  caufe  of  a  diforder  in  the  eyes,  which  afflifted 
him  the  reft  of  his  life  ;  for  being  accuftomed  to  read 
while  in  the  chaife,  he  loft  his  fight  on  a  fudden,  and 
in  fpite  of  the  moil  potent  remedies,  he  could  never  af¬ 
terwards  recover  it  entirely.  For  about  fix  months 
lodgings  were  provided  him  in  the  chateau  of  Verfailles. 

The  death,  however,  of  the  dauphin,  changed  the  face 
of  affairs.  Goldoni  loft  his  lodgings,  and  only,  at  the 
end  of  three  years,  received  a  bounty  of  100  loiiis  in  a 
gold  box,  and  the  grant  of  a  penfion  of  four  thoufand 
livres  a-year.  This  fettlement  would  not  have  been 
fufficient  for  him,  if  he  had  not  gained,  by  other  means, 
farther  fums.  He  wrote  now  and  then  comedies  for 
the  theatres  of  Italy  and  Portugal ;  and,  during  thefe 
occupations,  was  defirous  to  fhew  to  the  French  that 
he  merited  a  high  rank  aiuoiig  their  dramatic  writers* 

For  this  purpofe,  he  negle<fted  nothing  which  could  be 
of  ufe  to  render  himfelf  mafter  of  the  French  language. 

He 
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GoMnnl,  He  fpoke,  and  converfed  fo  much  It,  that,  in 

kis  6  2d  year,  he  ventured  to  write  a  comedy  in  French, 
to  have  it  reprcfented  in  the  court  theatre,  011  the 
occaiion  of  the  marriage  of  the  king. 

This  piece  was  the  Bourru  Bknfaifant  ;  and  it  met 
with  To  great  fuccefs,  that  the  author  received  a  hotjn- 
ty  of  150  loi]is  from  the  king,  another  gratification 
from  the  performers,  and  confiderable  fums  from  the 
bookfellers  who  publirned  it.  He  publifhed,  fooa  after, 
another  comedy  in  French,  called  IJJvare  Fajlueux, 
After  the  death  of  Louis  XV.  Goldoni  was  appointed 
Italian  teacher  to  the  Princefs  Clotilde,  the  prefent 
princefs  of  Piedmont  ;  and  after  her  marriage  he  at¬ 
tended  the  late  inifort unate  Princefs  Elizabeth  in  the 
fame  capacity. 

The  approach  f>f  old  age  obliged  him  to  quit  Ver- 
failles,  an,d  to  live  in  Paris,  the  air  of  which,  lefs  fharp, 
was  better  adapted  to  his  conllitution.  The  lafl  work 
of  Gulaoni  was  The  Volponk  written  after  his  retire¬ 
ment  from  court ;  from  which  time  he  bade  a  ialiing  a- 
dieu  to  writing.  Unfortunately  for  him,  he  lived  to  fee 
ins  penfions  cut  off  at  the  revolution,  like  others,  and 
he  (pent  his  laff  days  in  poverty  and  diitrefs.  He  died 
in  1792,  at  a  crifjs  when,  according  to  the  exprcffioii 
of  a  deputy  in  the  Convention,  the  French  nation  was 
ready  to  repay  him  every  debt  of  gratitude. 

Goldoni  is  on  a  par  with  the  greateft  comic  poets  of 
modern  times,  with  regard  to  dramatic  talents,  and  is 
thought  fuperior  to  them  all  with  regard  to  the  ferti¬ 
lity  of  his  genius.  His  works  were  printed  at  Leg- 
horn  in  1788—91,  in  31  vols.  8vo.  He  has  been  ge- 
nerally  called  the  Moliere  of  Italy  ;  and  Voltaire,  in 
one  of  his  letters  to  Marquis  Albergati,  llyles  him  The 
Painter  of  Nature.  Goldoni  is  one  of  thofe  authors 
whofe  writings  will  be  relinked  in  the  moft  remote 
countries,  and  by  the  lateft  pofterity. 

GOOD-HOPE,  or  Cape  of  Good  Hope,  \yas  ta¬ 
ken  by  the  Britifh  on  17th  Auguft  1796  with  very  little 
diHicuhy.  At  this  we  need  not  be  much  fiirprifed,  if 
to  the  difconteiit  which  muff  have  prevailed  among  the 
planters  and  towntinen  with  the  new  order  of  things, 
be  added  the  manners  of  the  people.  M.  Vaillaiit, 
who  vvas  at  the  Cape  during  the  laff  war,  when  the 
garrifon  expcdled  to  be  every  day  attacked  by  a  Bri- 
ti/h  fquadron,  and  when  the  people  were  not  ahfolute- 
ly  difgufted  with  their  own  government,  reprefents 
them,  however,  as  rendered  fo  completely  frivolous  by 
imitating  the  manners  of  their  French  allies,  that, 
though  the  place  was  llrongly  fortified,  it  could  hardly 
be  expedled  to  hold  out  long  againll  a  vigorous  and 
well  condudfed  fiege. 

The  females  of  the  Cape  (fays  he),  when  I  faw 
them  for  the  firff  time,  had  really  excited  my  aftoiiifh- 
ment  by  their  drefs  and  their  elegance  ;  but  I  admired 
in  them,  above  all,  that  modefty  and  referve  peculiar  to 
the  Dutch  manners,  which  nothing  as  yet  had  cor¬ 
rupted. 

>  “  In  the  courfe  of  fix  months,  a  great  change  had  ta- 

ken  place.  It  was  no  longer  the  French  njodes  that 
they  copied;  it  was  a  caricature  of  the  French.  Plumes, 
feathers,  ribbons,  and  tawdry^  ornaments  heaped  toge¬ 
ther,  without  tafte,  on  every  head,  gave  to  the  prettieff 
figures  a  grotefque  air,  which  often  provoked  a  fmile 
ivhen  they  appeared.  This  mania  had  extended  to 
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the  neighbouring  plantations,  where  the  women  eouM  OnoJ  Hops 

fcarcely  be  known.  A  mode  of  drefs  entirely  new' - • - - 

was  everywhere  introduced  ;  but  fo  fantaftical,  that  it 
would  have  been  difficult  to  determine  from  what  couii. 
try  It  hid  been  imported.*’ 

At  that  time  a  French  and  a  Swifs  regiment  were  in 
the  garrifon  ;  and  though  the  tov.m  wss  occupied  oidv 
witu  warlike  preparations,  and  though  an  attack  from 
fleet  vvas  every  moment  expeded,  the 
French  officers  had  already^  introduced  a  talle  for  plea- 
mre.  Employed  in  the  morning  at  their  exercife,  the 
Ij^rench  foldiers  in  the  evening  aded  plays.  A  part  of 
the  barracks  was  transformed  into  a  theatre;  and  as 
women  capable  of  performing  female  charaders  could 
not  be  found  in  the  town,  they  affigned  tliHe  parts  to 
lome  of  their  comrades,  vyhofe  youth,  delicate  features, 
and  freihnefs  of  complexion,  feemed  bed  calculated  to 
favour  the  deception.  Thefe  heroines,  of  a  new  kind, 
heightened  the  curiollty  cf  the  fpedators,  and  render- 
ed  the  entertainment  dill  more  lively  and  intereding. 

To  add  to  the  general  pleafure,  ladies  of  the  firff 
rank  coulidered  it  as  incumbent  on  them  to  lend  to  the 
military  adors  and  adreffes,  their  laces,  jewels,  rich 
drelles,  and  moft  valuable  ornaments.  But  fome  of 
them  had  caufe  to  repent  of  their  condefeenfion  ;  for 
It  happened  more  than  once  that  the  Countefs  of  Al- 
maviva  having  left  iu  pledge  at  the  futtling-houfe  her 
borrowed  decorations,  the  owner,  to  recover  them,  was 
obliged  to  dtfeharge  not  only  the  bill  due' for  brandy 
and  tobacco,  but  all  the  other  debts  of  the  heroine. 

During  the  intoxication  and  giddinefs  occa.fioiied  by 
thefe  amufements,  I..ove  alfo  did  not  fail  to  ad  his 
part;  and  certain  little  intrigues  were,  from  time  to 
tune,  brought  to  light,  which  gave  employment  to  the 
tongue  of  fcandal,  and  introduced  unhappinefs  into  fa¬ 
milies.  Hymen,  it  is  true,  amidil  thefe  adventure^ 
fometimes  intervened  to  repair^  the  follies  of  his  bro¬ 
ther  ;  and  many  marriages,  which  refiored  every  thing 
to  order,  were  the  refult  of  liis  negotiations  ;  but  the 
complaints,^  though  llified,  did  not  left  exifi.  The 
watchfuhiefs  of  the  mother  was  alert.  The  huffand, 
by  fo  much  the  more  fecretly  irritated  as  he  faw  him- 
fflf  obliged  to  conceal  his  jealoufy,  curfed  in  his  heart 
both  adors  and  theatre  ;  while  the  matronly  part  of 
the  coirmunity,  leis  on  the  referve,  declaimed  with  bit- 
ternefs  agairiff  the  licentioufnefs  that  prevailed,  which 
they  wholly  imputed  to  this  mode  of  theatrical  enter¬ 
tainment.  At  laff,  to  the  great  mortification  of  the 
young,  but  to  the  high  fatisfadion  of  the  old  w^omen 
mid  hufbands,  the  theatre  was  on  a  fudden  Ihut  up. 

The  caufe  tliat  affeded  this  was  altogether  foreign  to 
the  complaints  that  were  made,  and  of  a  nature  that  it 
was  impoffible  to  forefte.  Two  of  the  French  adors, 
who.  It  muff  be  remembered,  were  oliicers  in  the  army, 
thought  proper  to  imitate  the  paper  money  of  the 
company,  and  to  put  their  forged  notes  in  circulation 
The  forgery  was  deteded,  and  traced  to  its  authors  ; 
the  two  theatrical  heroes  were  banifiied  from  the  Cape- 
and  the  company,  alhamed  of  the  adventure,  dared  LC 
ther  feek  others  to  fupply  the  vacant  places,  nor  re¬ 
lume  their  ftage  entertainments. 

Intoxicating  as  were  thefe  pleafures,  government 
meanwhile  had  not  been  inattentive  to  the  danger 
which  threatened  the  colony.  As  they  daily  expected 
4X2  '  to 
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Good  Hope  to  be  attacked  by  the  Britifh  fleet,  they  had  increafed 
the  nleans.of  defence,  and  ordered  different  works  and 
new  fortifications  to  be  conflrudled. 

At  firft,  the  bufinefs  was  carried  on  with  adlivity 
and  ardour  ;  becaufe  the  inhabitants,  infligated  by  their 
private  intereft,  which  was  then  confidered  as  involved 
with  that  of  the  public,  had  voluntarily  offered  their 
fervices,  and  mingled  with  the  workmen.  Young  and 
old,  foldiers  and  magiftrates,  failors  and  planters,  all 
folicited  the  honour  of  co -operating  for  the  general 
good  and  common  fafety.  To  behold  this  heteroge¬ 
neous  multitude — fome  loaded  with  pick-axes,  and  fome 
with  fpades,  or  other  fimilar  implements — marching 
out  in  the  morning  from  the  town,  and  proceeding  in 
high  fpirits  to  the  new  fortifications,  was  a  fight  truly 
admirable. 

But  this  patriotic  fervowr  was  of  no  long  conti¬ 
nuance.  Under  pretence  of  fparing  their  ftrength,  and 
that  they  might  not  weary  then.felves  to  no  purpofe, 
they  foon  caufed  their  flaves  to  follow  them  with  the 
tools  and  inftruments.  In  a  little  time  they  contented 
themfelves  with  fending  their  flaves  only  ;  and  at  lafl 
thefe  fubftitutes  themfelves,  in  imitation  of  their  maf- 
ters,  or'  perhaps  by  their  fecret  orders,  gave  over  going 
alfo.  Their  enthufiafm,  in  fhort,  from  the  firfl  mo¬ 
ment  of  its  breaking  out  till  the  period  when  it  was 
thus  entirely  cooled,  had  been  the  affair  of  fomething 
lefs  than  a  fortnight. 

This  taile  for  frivolity  which,  almofl  twenty  years 
ago,  was  introduced  among  the  Dutch  in  Cape  town 
by  their  good  friends  the  French,  fpread  rapidly  thro’ 
the  planters,  who  are  thus  deferibed  by  M.  Vaillant, 
who  certainly  had  the  bell  opportunities  of  knowing 
them. 

The  planters  of  the  Cape  may  be  divided  into  three 
claffes  ;  thofe  who  refide  in  the  vicinity  of  the  Cape, 
within  a  diflance  of  five  or  fix  leagues ;  thofe  who  live 
farther  off  in  the  interior  parts  of  the  colony  ;  and 
laflly,  thofe  who,  more  dillant  flill,  are  found  at  the 
extremity  of  the  frontiers  among  the  Hottentots. 

The  firfl,  who  are  opulent  proprietors,  and  have 
handfome  country  houfes,  may  be  likened  to  what  was 
formerly  called  in  France  petits  feigneurs  terriers^  and 
differ  extremely  from  the  other  planters  in  eafe  and 
luxury,  and  particularly  in  their  manners,  w“»vjh  are 
haughty  and  difdainful.  Such  is  the  refult  of  wealth. 
The  fecond,  Ample,  kind,  hofpitable,  are  cultivators, 
who  live  upon  the  fruits  of  their  labour.  Here  we  have 
an  example  of  the  good  effedls  of  mediocrity.  The 
laft,  poor  enough,  yet  too  indolent  to  derive  fubfiflence 
from  the  foil,  have  no  other  refource  than  the  produce 
of  fome  cattle,  which  they  feed  as  they  can.  Like 
the  Beduin  Arabs,  they  think  much  of  the  trouble  of 
driving  them  from  canton  to  canton,  and  from  one 
pallurage  to  another.  This  wandering  life  prevents 
them  from  building  any  fettled  habitations.  When 
their  flocks  oblige  them  to  fojourn  for  a  while  in  the 
fame  place,  they  conftrii^l,  in  hafte,  a  rude  kind  of 
hut,  which  they  cover  with  matts,  after  the  manner  of 
the  Hottentots,  whofe  cuftoms  they  have  adopted,  and 
from  whom  they  in  no  refpe6l  differ,  but  in  their  com¬ 
plexion  and  features.  And  here  the  evil  is,  that  there 
is  no  precife  fituation  in  focial  life  to  which  thefe  mi- 
ferable  beings  belong. 

Thefe  fluggifli  tribes  are  held  in  horror  by  their  in- 
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dutlrious  neighbours,  w  ho  dread  their  approach,  and  Hope 
remove  as  far  from  them  as  they  can  ;  becaufe,  having 
no  property  of  their  own,  they  fteal  without  fcruple 
that  of  others,  and,  when  in  want  of  pafturage  for  their 
cattle,  condudl  them  fecretly  to  the  firft  cultivated 
piece  of  ground  that  comes  in  their  way.  They  flat¬ 
ter  themfelves  they  fhall  not  he  difeuvered,  and  they 
remain  till  every  thing  ig  devoured.  If  detedled  in 
their  thefts,  fquabbles  and  contentions  enfue,  and  af¬ 
terwards  a  luit  at  law,  in  which  recourfe  is  had  to  the 
magiftrate,  and  which  commonly  terminates  in  making 
three  men  enemies,  the  robber,  the  perfori  robbed,  and 
the  judge. 

Nothing  can  be  fo  mean  and  cringing  as  the  condudl 
of  the  firll  defeription  of  planters,  when  they  have  any 
thing  to  tranfa£l  with  the  principal  officers  of  the  com¬ 
pany,  who  may  have  fome  influence  over  their  lot;  and 
nothing  fo  abfurdly  vain  and  fo  fuperlatively  infolent 
as  their  behaviour  to  perfons  from  whom  they  have  no¬ 
thing  to  hope  and  nothing  to  fear.  Proud  of  their 
wealth,  fpoiled  by  refiding  near  a  town,  from  whence 
they  have  imbibed  only  a  luxury  that  has  corrupted, 
and  vices  that  have  degraded  them,  it  is  particularly  to¬ 
wards  flrangers  that  they  exercife  their  furly  and  piti¬ 
ful  arrogance.  Though  neighbours  to  the  planters 
who  inhabit  the  interior  of  the  country,  you  muft  not 
fuppofe  they  regard  them  as  brethren  ;  on  the  contrary, 
in  the  true  fpirit  of  contempt,  they  have  given  them 
the  name  of  Ratiw-boer,  a  word  anfwering  to  the  low- 
eft  defeription  of  clown.  Accordingly,  when  thefe 
honeft  cultivators  come  to  the  town  upon  any  kind  of 
bufinefs,  they  never  flop  by  the  way  at  the  houfes  of 
the' gentry  of  whom  we  are  fpeaking  ;  they  know  too 
well  the  infulting  manner  in  which  they  would  be  re¬ 
ceived.  One  might  fuppofe  them  to  be  two  inimiced 
nations  always  at  war,  and  of  whom  fome  individuals 
only  met  at  diftant  intervals,  upon  bufinefs  that  related 
to  their  mutual  interefts. 

What  is  the  more  difgufting  in  the  infolence  of  thefe 
Africans  is,  that  the  majority  of  them  are  defeended 
from  that  corrupt  race  of  men,  taken  from  prifons  and 
hofpitals,  w^hom  the  Dutch  company,  defirous  of  form¬ 
ing  a  fettlement  at  the  Cape,  fent  thither  to  begin,  at 
their  rifle  and  pearl,  the  population  of  the  country.. 

This  fliameful  emigration,  of  wdiich  the  period  is  not 
fo  remote  but  that  many  circumftances  of  it  are  re¬ 
membered,  ought  to  render  particularly  modeft  thofe 
who  are  in  the  moft  diftant  manner  related  to  it.  On 
the  contrary,  it  is  this  very  idea  that  moft  contributes 
to  their  arrogance  ;  as  if  they  flattered  themfelves  that, 
under  the  guife  of  fupercilious  manners,  they  could 
hide  the  abjeclnefs  of  their  origin.  If  a  ftranger  ar¬ 
rives  at  the  Cape  with  the  defign  of  remaining  and 
fettling  there,  they  conceive  him  to  be  driven  from  his 
country  by  the  fame  wretched  circumftances  which 
formerly  baniflied  their  fathers,  and  they  treat  him 
with  the  moft  fovereign  contempt. 

This  melancholy  failing  is  the  more  to  be  lamented 
as  the  contagion  has  fpread  through  almoft  every  refi- 
dence  about  the  Cape,  which  is  in  reality  a  very  charm¬ 
ing  canton.  Embellifhed  by  cultivation,  by  its  nume¬ 
rous  vineyards  and  pleafant  country  houfes,  it  every¬ 
where  exhibits  fo  varied  and  delicious  a  profpe£l,  that, 
were  it  occupied  by  other  inhabitan.ts,  it  would  excite 
no  fenfations  but  thofe  of  pleafure. 
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Good  Hope  As  we  advance  into  the  country^  the  planters  are  a 
fort  of  farmers  ;  and  Conflitute,  by  their  manners,  ciif- 
toms,  and  occupations,  a  clafs  by  themfelves,  perfe<itly 
diftindl  from  what  we  have  been  defcribing.  Situated 
farther  from  the  Cape,  and,  of  confequence,  not  ha 
ving  the  fame  opportunities  for  difpofing  of  their  com 
inodities,  they  are  lefs  rich  than  the  iird.-  We  fee  a 
mong  them  none  of  thofc  agreeable  country  houfes 
w^hich,  placed  at  different  diflances  from  the  tow  ri,  em 
bellidi  the  country  as  v^e  pafs,  and  afford  fuch  charm 
ing  profpe6ls.  Their  habitation,  which  is  about  the 
fize  of  a  large  coach-houfe,  is  covered  with  thatch,  and 
divided  into  three  rooms  by  means  of  two  partitions, 
which  reach  only  to  a  certain  height.  The  middle  a- 
partment,  in  which  is  the  entrance  to  the  houfe,  ferves 
at  once  both  as  a  parlour  and  eating-room.  It  is  there 
that  the  family  refide  during  the  day,  and  that  they 
receive  their  tea  and  other  vihtors.  Of  the  tw'o  other 
rooms,  one  forms  a  chamber  for  the  male  children,  and 
the  other  for  the  females,  w'ith  the  father  and  mother. 
At  the  back  of  the  middle  apartment  is  a  farther  room 
ferving  for  a  kitchen.  The  refl  of  the  building  con- 
fiils  of  barns  and  flables. 

Such  is  the  diftribution  which  is  generally  followed 
in  the  interior  plantations  of  tiie  colony^  but  nearer  to 
the  frontiers,  where  there  does  not  prevail  the  fame 
eafe  of  circumftances,  the  habitations  are  much  Itfs 
commodious.  They  are  merely  a  barn,  confifting  of  a 
fingle  room,  without  any  divifion,  in  which  the  w'hole 
family  live  together,  without  feparating  either  day  or 
night.  They  deep  upon  flieep  ddns,  which  ferve 
them  alfo  for  covering. 

The  drefs  of  thefe  planters  is  fimple  and  ruftic.  That 
of  the  men  confids  of  a  check  fhirt,  a  waillcoat  with 
fleeves,  a  large  pair  of  trowfers,  and  a  hat  half  iinloop- 
ed.  The  women  have  a  petticoat,  a  jacket  fitted  to 
their  fliape,  and  a  little  round  bonnet  of  mufiin.  Un- 
lefs  upon  extraordinary  occafions,  neither  fex  wear 
dockings.  During  a  part  of  the  year,  the  wmmen  e- 
ven  walk  witb  their  feet  quite  naked.  The  occupa¬ 
tions  of  the  men  require  that  theirs  fhould  have  fome 
covering;  and  this  covering  they  make  from  a  piece  of 
the  hide  of  an  ox,  applied  and  fhaped  to  the  foot  foon 
after  the  animal  is  killed,  and  while  the  hide  is  yet 
frefh.  Thefe  fandals  are  the  only  article  of  their  drefs 
which  they  make  themfelves  ;  the  red  is  the  bufinefs  of 
the  women,  who  cut  out  and  prepare  their  whole  ward¬ 
robe.  Though  the  equipment  we  have  mentioned  con- 
ditute  the  every-day  drefs  of  the  planter,  he  has,  how¬ 
ever,  a  coat  of  handfome  blue  cloth,  which  he  wears 
upon  days  of  gala  and  ceremony.  He  has  then  alfo 
dockings  and  flioes,  and  is  dreffed  exadly  like  an  Eu¬ 
ropean.  But  this  finery  never  makes  its  appearance 
but  when  he  goes  to  the  Cape  ;  and  then,  indeed,  is 
not  put  on  till  he  arrives  at  the  entrance  of  the  town. 

It  is  commonly  in  thefe  journeys  that  they  purcliafe 
fuch  things  as  they  may  want  to  refit  their  wardrobe. 
There  is,  at  the  Cape,  as  well  as  in  Paris  and  London, 
a  fpecies  of  old-clothes-men,  wEo  deal  in  commodities 
of  this  fort ;  and  who,  from  their  enormous  profits,  and 
the  extortion  they  pradife,  they  have  obtained  the 
name  of  Capfe  Smoufe^  or  Cape  Jews.  Thefe  traffick¬ 
ers  contrive  at  all  times  to  fell  their  goods  at  a  dear 
rate  ;  but  they  vary  their  price  in  proportion  as  their 
dock  is  great  or  fmall :  of  courfe  they  bear  no  fixed 


price  ;  and  the  planter  who  comes  from  the  defert,  andGoodHc^e 
who  can  iinderiland  but  little  of  this  fluduation,  is  fure  — 
to  be  duped. 

On  the  other  hand,  the  regular  fhopkeeper,  who 
knows  the  probity  of  thefe  farmers,  and  how  pundual 
they  are  in  the  payment  of  their  debts,  exerts  every  ef¬ 
fort  to  prevail  on  them  to  open  an  account  with  him. 

He  tempts  them  by  the  pretended  cheap  price  and  ex¬ 
cellent  quality  of  his  duffs,  and  offers  to  remit  the  pay¬ 
ment  till  their  next  journey  in  the  following  year.  It 
is  feldom  that  thefe  people,  fimple  and  unexperienced 
as  they  are,  perceive  the  craft  that  is  prefentedto  them 
under  this  guife  of  kindnefs  and  civility.  If  they  fuf- 
fer  themfelves  to  be  prevailed  upon,  they  are  fiiackled 
for  life.  Upon  their  return,  there  are  new  purchafes 
to  be  made  upon  the  fame  conditions  ;  and  thus,  year 
after  year,  always  in  debt,  always  buying  without 
prompt  payment,  they  become  the  prey  of  an  extor¬ 
tioner,  who  raifes  to  himfelf  a  fortune  out  of  their 
weaknefs. 

Jt  is  true,  thefe  buyers,  after  being  thus  duped  at 
the  Cape,  commonly  return  home  only  to  make  dupes 
of  others.^  The  cunning  that  has  been  employed  to 
deceive  them,  they  employ  in  their  turn  to  tempt  the 
Hottentots  who  are  in  their  fervice.  The  remnants  of 
duff,  or  the  frippery  garments  which  they  bring  back, 
are  fold  to  theie  unfortunate  fervants  with  fo  great  a 
profit,  that  commonly  the  wages  of  a  year  are  inade¬ 
quate  to  the  payment  ;  and  they  find  themfelves,  like 
their  maders,  in  debt  for  the  year  that  is  to  come.  In 
the  end,  therefore,  it  is  the  poor  Hottentot  that  pays 
for  the  extortion  at  the  Cape. 

Cudom  has  rendered  the  planters  infenfible  to  the 
want  of  fruit  and  pulfe,  tlioiigh  the  foil  is  admirably 
adapted  to  the  cultivation  of  both.  The  facility  with 
which  they  rear  their  cattle  makes  up  for  this  priva¬ 
tion,  as  their  flocks  afford  them  plenty  of  provilion. 

The  chief  food  is  mutton  ;  and  their  tables  are  loaded 
with  fuch  profufion  as  to  dlfgud  one  at  the  fight. 

hrom  this  mode  of  living,  cattle  are  in  the  colonies, 
as  In  other  places,  not  only  a  uftful  objed,  but  an  ar¬ 
ticle  of  the  fil’d  neceflity.  The  planter  undertakes 
himfelf  the  care  of  watching  over  his  flocks.  Every 
evening,  when  they  return  from  the  field,  he  dands  at 
his  door,  with  a  dick  in  his  hand,  and  counts  them  over 
one  by  one,  in  order  to  be  fare  that  none  of  tliem  are 
mifling. 

People  who  have  no  other  employment  than  a  little 
agriculture,  and  the  fuperintendance  of  a  flock,  mud 
have  long  intervals  of  idleiiefs.  It  is  thus  with  the 
planters,  particularly  thofc  who  live  in  the  Interior  parts 
of  the  country,  and  who  being  unable,  on  account  of 
their  dldance  from  the  Cape,  to  difpofe  of  their  corn, 
never  raife  more  than  is  fufficlent  for  their  own  con- 
fumption.  From  the  profound  inadlion  in  wdiich  they 
live,  one  would  fuppole  their  fupreme  felicity  to  confift 
in  doing  nothing.  They  fometimes,  however,  vifit 
pch  other ;  and  upon  thefe  occafions  the  day  is  fpent 
in  fmokiiig,  and  drinking  tea,  and  in  telling,  or  liden- 
ing  to  tales  of  romance,  that  are  equal  neither  in  merit 
nor  morality  to  the  dory  of  Blue-beard. 

As  every  man  always  carries  with  him,  wherever  he 
goes,  both  a  pipe,  and  a  tobacco-pouch  made  of  the 
fl<in  of  the  fea-calf,  he  is  fure  in  thefe  vifits  to  have  one 
fource  of  amufement.  When  any  one  of  the  company 
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a3ood'Hnj>e  Is  dtfnous  of  lightiag  his  pipe,  lie  takes  out  his  pouch, 
and,  having  filled,  pafTes  it  to  the  rell.  This  is  a  civi¬ 
lity  that  is  never  omitted.  However  niimeroiis  may 
'be  the  party,  ever)'  body  fmokes  ;  the  coiifequence  of 
which  is  a  cloud,  that,  rifing  at  hrft  to  the  upper  part 
of  the  room,  increafes,  by  degrees,  till  it  tills  the  whole 
houfe,  and  becomes  at  lail  fo  thick  that  it  is  impoftible 
for  the  fmokers  to  fee  one  another. 

When  a  granger  travelling  through  the  country  is 
received  by  the  mailer  of  a  houfe,  he  inflantly  becomes 
a  member  of  the  family.  Acculfomed  to  a  domeflic 
life,  the  planters  delight  In  the  ties  of  afhnity,  and  con- 
fider  in  the  light  of  a  relative  every  perfon  whom  they 
love.  Upon  entering  a  houfe,  the  form  of  falutation  Is, 
to  diake  hands  firft  with  the  mailer,  and  then  with  eve¬ 
ry  male  perfon  in  the  company  arrived  at  years  of  ma¬ 
turity.  If  there  happens  to  be  any  one  whom  we  do 
not  like,  tlie  hand  is  refufed  to  him  ;  and  tin's  relufal,  of 
fo  common  a  tefllmony  of  friendfhip,  is  looked  upon  as 
a  ftirmal  declaration  that  the  vifitor  confiders  him  as 
his  enemy.  It  is  not  the  fame  with  the  females  In  the 
company.  They  are  all  embraced  one  after  another  ; 
and  to  make  an  exception  would  be  a  fignal  ailront. 
Old  or  young,  all  mull  be  kilfed.  It  Is  a  benefice  with 
tlie  duties  attached  to  It. 

At  whatever  time  of  the  day  you  enter  the  houfe  of 
a  ])lanter,  you  are  fiire  to  find  the  kettle  and  tea-things 
upon  the  table.  This  pradllce  is  univerfal.  The  Inha¬ 
bitants  never  drink  pure  water.  If  a  ftranger  prefents 
himfclf,  it  is  tea  they  orfer  him  for  refreihment.  This  is 
their  common  liquor  in  the  interval  of  meals,  and  In  one 
feafon  of  the  year,  when  it  often  happens  that  they  have 
neither  beer  nor  wine*  is  their  only  beverage. 

If  a  ilranger  arrives  at  dinner-time  before  the  cloth  is 
taken  away,  he  fhakes  hands,  embraces,  and  Immediately 
feats  himfelf  at  the  table.  If  he  wifhes  to  pafs  the 
night,  he  ilays  without  ceremony,  fmokes,  drinks  tea, 
alks  the  new's,  gbes  them  all  he  knows  in  his  turn  ; 
and  the  next  day,  the  kifiing  and  fhaking  hands  being 
repeated,  he  goes  on  his  way,  to  perform  elfewhere  the 
fame  ceremony.  To  offer  money  on  thefe  occafions 
-would  be  regarded  as  an  Infiilt. 

Thefe  particulars  of  a  people,  whofe  condition  It  is 
to  be  hoped  that  the  generofity  of  the  Britifh  charac¬ 
ter,  and  the  mildnefs  of  the  Britifh  government,  w'ill 
gradually  meliorate,  cannot  but  be  acceptable  to  many 
of  our  readers.  We  fliall,  therefore,  make  no  apology 
for  the  length  of  this  article. 

GOMASHTEH,  in  the  language  of  Bengal,  one 
cent. 

GONIOMETRY,  a  method  of  meafuring  angles, 
fo  called  by  M.  de  Lagny,  who  gave  f^veral  papers  on 
this  method  in  the  Memoirs  of  the  Royal  Acad,  anno 
1724,  172^,  1729.  M.  de  Lagny’s  method  of  gonio- 
metry  confifts  in  meafuring  the  angles  with  a  pair  of 
compaffes,  and  that  without  any  fcale  whatever,  except 
an  undivided  femicircle.  Thus,  having  any  angle  drawn 
upon  paper  to  be  meafured,  produce  one  of  the  fides 
of  the  angle  backwards  behind  the  angular  point ;  then 
with  a  pair  of  fine  compaffes  deferibe  a  pretty  large 
femicircle  from  the  angular  point  as  a  centre,  cutting 
the  fides  of  the  propofed  angle,  which  w'lll  Intercept  a 
part  of  the  femicircle.  Take  then  this  intercepted  part 
very  exactly  betw'een  the  points  of  the  compaffes,  and 
turn  them  fucceffively  over  upon  the  arc  of  the  femi- 
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circle,  to  find  how  often  it  is  contained  in  ife,  after  wnlch 
there  is  commonly  fome  remainder  :  then  take  this  re¬ 
mainder  in  the  compafies,  and,  in  like  manner,  find  how 
often  it  is  contained  ia  the  lafl  of  the  integral  parts  of 
the  firfl  arc,  with  again  fome  remainder  :  find,  in  like 
manner,  how  often  this  laii  remainder  is  contained  in 
the  former;  and  fo  on  continually,  till  the  remainder 
become  too  fmall  to  be  taken  and  applied  as  a  ineafure. 
By  this  means  he  obtains  a  feries  of  quotients,  or  frac¬ 
tional  parts,  one  of  another,  which  being  properly  redu¬ 
ced  into  one  fraction,  give  the  ratio  of  the  firil  arc  to 
the  femicircle,  or  of  the  propofed  angle  to  two  right  an¬ 
gles,  or  180  degrees,  and  confequently  that  angle  itfelf 
in  degrees  and  minutes. 

Wc  have  given  this  account  of  goniometry  from  Dr 
Hutton,  and  frankly  acknowledge  that  we  had  never 
thought  of  it  till  we  periifed  his  excellent  Dictionary  of 
Mathematics  and  Phllofopliy.  To  have  omitted  the 
method  w'hen  pointed  out  to  us  would  have  been  wrong  ; 
though  we  mifiakc  much  if  mathematicians  in  general 
W'ill  not  look  upon  it  as  a  method  of  very  little  value. 

GOTHIC  Architecture.  See  Gothic  Architec¬ 
ture  In  this  Suppl.  and  Roof,  EncycL 

GOUVERNANTE,  the  Spanifh  name  of  a  plant 
which  the  Indian^  of  California  ufe  in  decoCTon  as  a 
fudorific  drink  for  the  cure  of  the  venerial  difeafe.  It 
is  thus  deferibed  in  the  third  volume  (Englifh  tranfla- 
tion)  of  Peroufe’s  Voyage  round  the  World. 

Calyx  quadrified,  egg-lhaped,  of  the  fame  llze  with 
the  corolla  ;  placed  beneath  the  fruit,  deciduous.  Co¬ 
rolla  pcilypetalous ;  petals  four,  fmall,  entire,  egg-fha- 
ped,  fixed  upon  the  receptacle.  Stamina,  eight,  fixed 
to  the  receptacle,  of  the  fame  length  as  the  corolla  : 
threads  channelled,  concave  011  the  one  fide,  and  con¬ 
vex  on  the  other;  wings  veiled,  antherte  fimple.  Piilil, 
germ  oblong,  covered,  w'ith  live  angles,  and  five  cells ; 
feeds  oblong  ;  pericarpiiim  covered  with  fine  hairs. 

This  plant  is  a  fhrub  of  middle  fize  ;  the  branches 
are  angular  and  knotty,  and  covered  with  an  adhefive 
varnifli  ;  the  lateral  branches  are  alternate,  and  placed 
very  near  to  each  other:  the  leaves  are  fmall,  petiola- 
ted,  bilobed,  oppofite,  fmooth  on  the  upper  fide,  the 
under  fide  indillindlly  veined  ;  the  bloffoms  are  axillary, 
fometimes  terminating,  pedunculated,  folitary,  but  fome- 
times  in  pairs. 

From  this  defcription,  the  gouvernante  appears  to 
be  a  new  fpecies  of  daphne, 

GRAVIMETER,  the  name  given  by  citizen  Guy¬ 
ton  (Morveau)  to  an  inllrument  of  glafs,  conflru6ied 
in  all  refpefts  on  the  principle  of  Nicholfoids  Hydro¬ 
meter,  deferibed  in  the  article  Hydrostatics,  11^  iB. 
EncycL  It  Is  therefore  needlefs  to  give  a  defcription 
of  this  iuftruuient  here  ;  as  every  artill  in  glafs,  w'ho  has 
feen  NIcholfon’s  hydrometer,  or  underllands  our  de¬ 
fcription  of  it,  may  conilrudf  the  gravimeter  of  Mor¬ 
veau  ;  and  every  man  who  has  made  himfelf  mailer  of 
our  article  Specific  Gravity^  may  apply  the  gravimeter 
to  every  purpofe  to  which  it  is  applicable.  It  may  juH 
be  proper  to  obferve,  that  Morveau,  having  at  firft  load¬ 
ed  the  fmall  fcale  or  bafon  G  (Plate  240,  fig..* 9-  En- 
cycl. )  with  a  bulb  of  glafs  containing  a  fufficient  quan¬ 
tity  of  mercury,  found  It  expedient  afterwards  to  fub- 
ftitute  In  the  place  of  this  bulb  a  fmall  mafs  of  folid 
glafs,  brought  to  the  proper  form  and  weight  by  grind¬ 
ing.  For  a  minute  accouht  of  this  inftrumeiit^.^if  any 
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of  our  readers  can  be  fuppofcd  to  require  a  minute  ac- 
count  of  It,  we  muft  refer  to  the  third  number  of  Ni- 
cholfon’s  yottrnal  of  Phllofophy,  Chemtjlry^  and  the  Arts^ 

GREEN,  though  one  of  the  feven  original  or  prif- 
matic  colours,  is  among  dyers  a  compound  of  blue  and 
yellow.  Of  the  European  methods  of  dyeing  green, 
and  of  the  principles  on  which  thefe  methods  are 
founded,  a  fufficient  account  will  be  found  in  the  En~ 
cyclopadia^  under  the  articles  Colour- Making  and  Dye¬ 
ing,  and,  in  this  Supplement,  under  Animal  and  Vegetable 
Substances  ;  but  it  may  be  worth  while,  in  this  place, 
to  infert  the  method  pradifed  at  Aftracan,  in  giving  to 
cotton  yarn  that  beautiful  green  colour  for  which  the 
Oriental  cotton  is  fo  juftly  admired. 

The  principal  dye  is  the  blue,  which  is  employed 
both  for  cotton  and  filk.  To  prepare  it,  the  indigo 
or  blue  dye-ftulf  is  finely  pounded,  and  diflblved  in  wa¬ 
ter  by  a  gentle  heat  in  large  earthen  jars,  feven  of 
which  fiand  in  brick-work  over  the  fire-place,  at  the 
diftance  of  about  an  ell  and  a  half  from  each  other. 
About  two  pounds  are  put  Into  each  velTel.  Five 
pounds  of  foda  finely  pounded,  together  with  two 
pounds  of  pure  lime  and  one  pound  of  clarified  honey, 
are  added  to  each  ;  when  thefe  ingredients  have  been 
well  mixed,  the  fire  is  firengthened  ;  and  w^hen  the 
whole  begins  to  boil,  the  dye  is  ftirred  carefully  round 
in  all  the  veflels,  that  every  thing  may  be  completely 
difiblved  and  mixed.  After  the  firft  boiling  the  fire 
is  flackened,  and  the  dye  is  fufFered  to  Hand  over  a 
gentle  heat,  while  it  is  continually  ftirred  round  :  this 
is  continued  even  after  the  furnace  is  cooled,  till  a 
thick  feum  arifes  in  the  neck  of  each  jar,  and  foon  af¬ 
ter  difappears.  The  dye  is  then  allowed  to  ftand  two 
days,  until  the  whole  is  incorporated,  and  the  dye 
thickens. 

The  dyers  afiert,  that  with  this  dye  they  can  pro¬ 
duce  three  fhades  of  blue,  and  that,  as  the  dyeing  par¬ 
ticles  gradually  diminiHi,  they  can  dye  alfo  a  green  co¬ 
lour  by  the  addition  of  yellow. 

When  a  manufadurer  gives  cotton  yarn  to  a  blue 
dyer,  he  firft  boils  it  at  home  in  a  ley  of  foda  (,kala- 
kar)i  then  dries  it,  wafhes  it,  and  dries  it  again.  The 
blue  dyer  lays  this  y^arn  to  fteep  in  pure  water,  preftes 
out  the  fuperfluous  water  with  the  hands,  and  then  im¬ 
mediately  begins  to  dip  it  in  the  blue  jar,  often  wring¬ 
ing  it  till  it  is  completely  penetrated  by  the  dye.  This 
firft  tint  is  generally  given  to  yarn  in  fuch  jars  as  Have 
had  their  colouring  matter  partly  exhaiifted.  It  is  then 
dried,  rinfed,  and  again  dried ;  after  which,  it  is  put  in¬ 
to  the  frefti  blue  dye,  properly  faturated;  and,  after  the 
colour  has  been  fufficiently  heightened,  it  is  dried  for  the 
laft  time. 

For  a  yellow  dye,  the  dyers,  of  Aftracan  employ 
partly  faw-wort,  brought  from  Ruftia,  and  partlv  the 
leaves  of  the  kiflar  beige  or  fumacE  The  procefs  is  as 
follows;  The  yarn  is  firft  boiled  for  an  hour  in  a  ftroiig 
ICy  of  foda  j  it  is  then  dried,  afterwards  rinfed  and  laid 
wet  to  fteep  for  twelve  hours  in  a  folution  of  alum 
with  warm  water.  When  it  has  been  dried  in  the  air, 
it  Is  laid  to  foak  feveral  times  in  troughs  with  the  dye 
which  has  been  boiled  thick  in  kettles  from  the  above^ 
mentioned  plants,  till  it  has  acquired  the  wifiiedTor  co¬ 
lour,  care  being  taken  to  dry  it  each  time  it  is  foaked. 

It  is  then  rinfed  in  running  water,  and  dried  for  the 
laft  time. 


On  this  yellow  colour  a  green  is  often  dyed.  After 
the  yarn  has  been  dyed  yellow,  it  is  given  out  to  the 
blue  dyer,  who  immediately  dips  it  in  the  blue  jars,  the 
dye  of  which  has  been  already  partly  exhaufted  ;  and 
if  the  green  colour  is  not  then  fufficivntly  high,  the  o- 
peratioii  is  repeated,  the  yarn  being  dried  each  time. 
See  Neue  Nordifehe  Beytrage,  by  Piofeftbr  Pallas  ;  or 
Philojophical  Magazine,  11''  2. 

GREGORY  (David),  was  a  fon  or  the  Rev.  John 
Gregory,  minifter  of  Drumoak,  in  the  county  of  Aber¬ 
deen,  and  elder  brother  to  Mr  James  Gregory,  the  in¬ 
ventor  of  the  moft  common  refiedling  telefcope.  He 
was  born  about  the  year  1627  or  1628  ;  and  though 
he  poftefied  all  the  genius  of  the  other  branches  of  his 
family,  he  was  educated  by  his  father  for  trade,  and 
ferved  an  apprenticeftiip  to  a  mercantile  houfe  in  Hol¬ 
land.  Having  a  ftronger  paftion,  however,  for  know¬ 
ledge  than  for  money,  he  abandoned  trade  in  165:5; 
and  returning  to  his  own  country,  he  fucceeded,  upon 
the  death  of  an  elder  brother,  to  the  eftate  of  Klnaf- 
die,  fituated  about  forty  miles  north  from  Aberdeen, 
where  he  lived  many  years,  and  where  thirty-two  child¬ 
ren  were  born  to  him  by  two  wives.  Of  thefe,  three 
fons  made  a  conjpicuous  figure  in  the  republic  of  let¬ 
ters,  being  all  profeflbrs  of  mathematics  at  the  fame 
time  in  three  of  the  Britifh  iiniverfities,  viz.  David  at 
Oxford,  James  at  Edinburgh,  and  Charles  at  St  An¬ 
drews, 

Mr  Gregory,  the  fubjedl  of  this  memoir,  while  he 
lived  at  Kinardie,  was  a  jell  among  the  neighbouring 
gentlemen  for  his  ignorance  of  what  was  doing  about 
his  own  faim,  but  an  oracle  in  matters  of  learning  and 
pbilqfophy,  and  particularly  in  medicine,  which  he  had 
ftudied  for  his  amufement,  and  began  to  pradlife  among 
his  poor  neighbours.  He  acquired  fuch  a  repuCatiort 
in  that  fcience,  that  he  was  employed  by  the  nobility 
and  gentlemen  of  that  county,  but  took  no  fees.  His 
hours  of  ftudy  were  lingular.  Being  much  occupied 
through  the  day  with  thofe  who  applied  to  him  as  a 
phyficlan,  he  went  early  to  bed,  rofe  about  two  of 
three  in  the  morning,  and,  after  applying  to  his  ftudies 
for  fome  hours,  went  to  bed  again  and  dept  an  liouf  ‘ 
or  two  before  breakfaft. 

He  was  the  firft  man  in  that  country  who  had  a  ba¬ 
rometer  ;  and  having  paid  great  attention  to  the  chan¬ 
ges  in  it,  and  the  correfponding  changes  in  the  wea¬ 
ther,  he  was  once  in  danger  of  being  tried  by  the  pref- 
bytery  for  witchcraft  or  conjuration.  A  deputation 
of  that  body  waited  upon  him  to  enquire  into  the 
ground  of  certain  reports  that  had  come  to  their  ears 
but  he  fatisfied  them  fo  far  as  to  prevent  the  profecution 
of  a  man  known  to  be  fo  extenfively  ufeful  by  his  know¬ 
ledge  of  medicine.  ' 

^  About  the  beginning  of  this  century  he  removed  with 
his  family  to  Aberdeen,  and  in  the  time  of  Queen ^ 
Anne's  war  employed  his  thoughts  upon  an  improve¬ 
ment  in  artillery,  in  order  to  make  the  ftiot  of  great 
guns,  more  deftrudive  to  the  enemy,  and  executed  a' 
model  of  the  engine  he  had  conceived.  Dr  Reid  in¬ 
forms  us,  that  be  converfed  with  a  clock-maker  in  A- 
berdeen  who  had  been  employed  in  making  this  model ; 
but  having  made  many  different  pieces  by  diredion 
without  knowing  their  intention,  or  how  they  v/ere  to* 
be  put  together,  he  could  give  no  account  of  the  ‘ 
whole,.  After  making  fome  experiments  with  this  ino¬ 
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Gregory,  del,  wbicli  fatisficd  him,  the  old  gentleman  was  fo  fan- 
Giindmg.^  guine  in  the  hope  of  being  ufeful  to  the  allies  in  the 
war  againft  France,  that  he  fet  about  preparing  a  field 
equipage  witli  a  view  to  make  a  campaign  in  Flanders, 
and  in  the  mean  time  fent  his  model  to  his  fon  the  Sa- 
vilian  profcITor,  that  he  might  have  his  and  Sir  Ifaac 
Newton’s  opinion  of  it.  His  fon  fhewed  it  to  New¬ 
ton,  without  letting  him  know  that  his  own  father  was 
the  inventor.  Sir  Ifaac  was  much  difplcafed  with  it, 
faying,  that  if  it  had  tended  as  much  to  the  preferva- 
tion  of  mankind  as  to  their  deflrudiion,  the  inventor 
would  have  deferved  a  great  reward  ;  but  as  it  was  con¬ 
trived  folcly  for  deftrudlion,  and  would  foon  be  known 
by  the  enemy,  he  rather  deferved  to  be  punifhed,  and 
urged  the  profeflbr  very  ftrongly  to  deftroy  it,  and  if 
poffible  to  fupprefs  the  invention.  It  is  probable  the 
profeflbr  followed  this-  advice.  He  died  foon  after, 
and  the  model  was  never  found. 

If  this  be  a  juft  account  of  the  matter,  and  Dr 
Reid’s  veracity  is  unqucftionable,  we  cannot  help 
thinking  that  Newton’s  ufual  fagacity  had,  on  that 
occafion,  forfaken  him.  Were  the  implements  of  war 
much  more  deftruftive  than  they  are,  it  by  no  means 
follows  that  more  men  would  be  killed  in  battle  than 
at  prefent.  Mufl<ets  and  cannons  are  furely  more  de- 
ftru6live  weapons  than  javelines  and  bows  and  arrows  ; 
and  yet  it  is  a  wHl  known  faci,  that  fmee  the  inven¬ 
tion  of  gunpowder  buttles  are  not  half  fo  bloody  as 
they  were  before  that  period*  The  oppofite  armies 
now  feldom  come  to  clofe  quarters,  a  few  ronndvS  of 
miiflietry  and  artillery  commonly  decide  the  fate  of 
the  day  ;  and  had  Mr  Gregory’s  improvement  been 
carried  into  effebl,  ftill  fewer  rounds  would  have  decid¬ 
ed  it  than  at  prefent,  and  the  carnage  would  confe- 
quently  have  been  lefs. 

When  the  rebellion  broke  out  in  1715,  the  old  gentle¬ 
man  went  a  fecond  time  to  Holland,  and  returned 
when  it  was  over  to  Aberdeen, '  where  he  died  about 
1720,  aged  93,  leaving  behind  him  a  hiftory  of  his 
own  time  and  country,  which  was  never  publifhed. 

Gregory  (Dr  David).  In  addition  to  the  ac¬ 
count  given  in  the  Encyclop(sdla  of  this  envinent  mathe¬ 
matician,  it  may  be  proper  to  add,  that  he  was  a 
moft  intimate  and  confidential  friend  of  Sir  Ifaac  New¬ 
ton,  and  was  intrufted  with  a  mannfeript  copy  of  the 
Prlnctpla,  for  the  purpofe  of  making  obfervations  on 
it.  Of  thefe  Newton  availed  himfelf  in  the  iecond 
edition,  they  having  come  too  late  for  his  firft  publica¬ 
tion,  which  was  exceedingly  hurried  by  Dr  Halley, 
from  fears  that  Newton’s  backwardnefs  would  not  let 
it  appear  at  all.  There  is  a  complete  copy  of  thefe 
obfervations  preferved  in  the  library  of  the  univerfity 
of  Edinburgh,  prefented  to  it  by  Dr  James  Gregory, 
the  prefent  profeflbr  of  the  pradlice  of  medicine.  Thefe 
contain  many  fiiblime  mathematical  difcuffions,  many 
valuable  commentaries  on  the  Prmcipia^  and  many  jn- 
terefting  anecdotes.  There  are  in  it  fome  paragraphs 
in  the  hand-writing  of  Huyghens  relative  to  his  The¬ 
ory  of  Light.  It  would  appear  that  this  work  of 
confidential  friendfhip  was  the  foundation  of  that  fyf- 
tem  of  phyfical  and  mathematical  aftronomy  which  has 
raifed  Dr  Gregory  to  great  eminence  in  the  republic 
of  letters. 

GRINDING,  in  Cutlery,  a  well-known  operation, 


by  which  edge-tools  are  fharpened.  As  commonly  G-inding*. 
pra6lifed,  the  grinding  of  tools  is  attended  with  great 
inconveniency,  arifing  from  the  production  or  develop^, 
ment  of  heat  by  friction.  The  faCt  of  fparks  flying 
from  a  dry  grindftone  when  a  piece  of  iron  or  ftecl  is 
applied  to  its  furface  during  the  rotation,  has  been  feen 
by  every  one.  The  heat  produced  during  this  procefs 
is  fuch  that  the  fteel  very  foon  becomes  ignited,  and 
hard  tools  are  very  frequently  foftened  and  fpoiled,  for 
want  of  care  during  the  grinding.  When  a  cylindri¬ 
cal  ftoiie  is  partly  immerfed  in  a  trough  of  water,  the 
rotation  muft  be  moderate  and  the  work  flow,  other- 
wife  the  water  would  foon  be  thrown  off  by  the  cen¬ 
trifugal  force  ;  and  when  this  fluid  is  applied  by  a  cock 
from  above,  the  quantity  is  too  finall  to  preferve  the 
reqnifite  low  temperature.  It  is  even  found,  that  the 
point  of  a  hard  tool,  ground  untier  a  confiderable  mafs 
of  water,  will  be  foftened,  if  it  be  not  held  fo  as  to 
meet  the  ftream  ;  fparks  being  frequently  afforded  even 
under  the  water. 

To  find  a  remedy  for  this,  Mr  Nicholfon  was  led, 
by  fome  accounts  which  he  received  of  German  cut¬ 
lery,  to  make  the  following  experiment.  He  procured 
a  Newcaftle  grindftone  of  a  fine  grit  and  ten  inches  in 
diameter,  and  alfo  a  block  of  mahogany  to  be  ufed 
with  emery  on  its  face.  Both  the  ftone  and  the  wood¬ 
en  block  were  mounted  on  an  axis,  to  be  occafionally 
applied  between  the  centres  of  a  ftrong  lathe.  In  this 
fituation  both  were  turned  truly  cylindrical,  and  of  the 
fame  diameter.  The  face  of  the  wood  was  grooved 
obliquely  in  oppofite  direClions,  to  afford  a  loagement 
for  the  emery.  The  face  of  the  ftone  was  left  fmooth, 
and  there  was  a  trough  of  proper  fize  applied  beneath 
the  ftone  to  hold  water.  The  grindftone  was  then 
ufed  with  water,  and  the  wooden  cylinder  was  faced 
with  emery  and  oil.  The  Inftruirent  ground  was  a 
file,  out  of  which  it  was  propofed  to  grind  all  the 
teeth.  The  rotation  was  produced  by  the  meclianifm 
of  the  lathe  ;  the  velocity  being  fuch  as  to  turn  the 
grinding  apparatus  about  five  revolutions  in  a  fecond. 

The  ftone  operated  but  flowdy,  and  the  water  from  the 
trough  was  foon  exhaufted,  with  inconvenience  to  the  • 
workman,  who  could  fcarcely  be  defended  from  it  but 
by  flackenlng  the  velocity.  The  emery  cylinder  cut 
rather  fafter.  But  notwithftanding  the  friction  was 
made  to  operate  fuccefflvely  and  by  quick  changes  on 
the  whole  furface  of  the  file,  it  foon  became  too  much 
heated  to  be  held  with  any  convenience  ;  and  when  a 
cloth  was  ufed  to  defend  the  hand,  the  work  not  only 
became  awkward,  but  the  heat  increated  to  fuch  a  de¬ 
gree  that  the  oil  began  to  be  decompofed,  and  emitted 
an  empyreumatic  fmell.  The  ftone  was  then  fiiffered 
to  dry,  and  the  file  tried  upon  its  face.  It  almoft  im- 
m^ediately  became  blue,  and  foon  afterwards  red-hot. 

Both  the  cylinders  were  then  covered  with  tallow,  by 
applying  the  end  of  a  candle  to  each  while  revolving, 
and  emery  was  fprinkled  upon  the  cylinder  of  wood. 

The  fame  tool  was  then  applied  to  the  grindftone  in 
rapid  motion.  At  the  firft  inftant  the  friclioii  was 
fcarcely  perceptible  ;  but  very  fpeedily  afterwards  the 
zone  of  tallow  prefled  by  the  tool  became  fufed,  and 
the  ftone  cut  very  faft.  The  tool  was  fcarcely  at  all 
heated  for  a  long  time  ;  and  when  it  began  to  feel 
warm,  its  temperature  was  immediately  lowered  by  re¬ 
moving 
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^  moving  it  to  a  new  zone  of  the  cylinder.  The  fame 
efFed  took  place  when  the  experiment  was  repeated 
with  the  wooden  cylinder. 

It  is  not  difficult  to  explain  this  by  the  modern  doc¬ 
trine  of  heat.  When  oil  was  ufed  upon  the  wooden 
cylinder,  the  heat  developed  by  the  fridion  was  em¬ 
ployed  in  raifing  the  temperature  of  the  tool  and  of  the 
fluid  oil :  but  when  tallow  was  fubftitutcd  inftead  of 
the  oil,  the  greatell  part  of  the  heat  was  employed  in 
fufing  this  confident  body.  From  the  increafed  capa¬ 
city  of  the  tallow,  when  melted,  this  heat  was  abforb- 
cd,  and  became  latent,  inftead  of  being  employed  to 
raife  the  temperature  r  and  W'henever,  by  continuing 
the  procefs,  the  tallow  already  melted  began  to  grow 
hot,  together  with  the  tool,  it  was  eafy  to  reduce  the 
temperature  again  by  employing  the  heat  on  another 
zone  of  confiilent  tallow.  He  uled  thefe  two  cylinders, 
with  much  fatisfadion,  in  a  confidcrablc  quantity  of 
work.  ^ 

i  his  prornifes  to  be  a  valuable  difcovery  ;  and  the 
public  is  obliged  to  the  ingenious  author  of  the  Philo- 
fophical  Journal  for  being  at  fo  much  pains  on  this,  as 
well  as  on  other  occafions,  to  render  his  fcience  fubfer- 
vieiit  to  the  iifefiil  arts. 

GrROSE  (Francis,  Efq;  F.  A.S.)  was  born,  we  be- 
heve,  in  1731.  He  was  the  fon  of  Mr  Francis  Grofe 
of  Richmond,  jeweller,  who  filled  up  the  coronation 
crown  of  George  11.  and  died  1769.  By  his  father 
he  was  left  an  independent  fortune,  which  lie  was  not 
of  a  difpofition  to  add  to,,  or  even  to  preferve.  He 
early  entered  into  the  Surrey  militia,  of  which  he  be¬ 
came  adjutant  and  paymafter  ;  but  fo  much  had  difiipa- 
ron  taken  pofieffion  of  him,  that  in  a  fituation  which 
above  all  others  required  attention,  he  was  fo  carelefs  as 
to  have  for  fome  time  (as  he  nfed  pleafiintly  to  tell) 
only  two  books  of  accounts,  viz.  his  right  and  left 
hand  pockets.  In  the  one  he  received,  and  from  the 
other  paid  ;  and  this  too  with  a  want  of  circumfp^c- 
tion  which  may  be  readily  fuppofed  from  fuch  a  mode 
ot  book-keeping.  His  lofes  on  this  occafion  roiifed 
his  latent  talents.  With  a  good  claffical  education 
he  united  a  fine  tafte  for  drawing  ;  and  encouraged  by 
his  friends,  as  well  as  prompted  by  his  fituation,  he 
undertook  the  work  from  which  he  derived  both  pro¬ 
fit  and  reputation  ;  we  mean,  his  Views  of  Antiqui- 
ties  in  England  and  Wales,  which  he  lirft  began  to 
pubbfh  in  numbers  io  the  year  1773,  and  finilhed  in 
the  year  1776.  The  next  year  he  added  two  more 
volumes  to  his  Engliih  Views,  in  which  he  included 
the  iflands  of  Guernfey  and  Jerfey,  which  were  com- 
pletcd  m  1787.  This  work  anfwered  his  moft  fan- 
guiiie  expeftations  ;  and,  from  the  time  he  began  it  to 
the  end  of  his  life,  he  continued  without  intermiflion 
to  publiih  various  works  (a  lift  of  which  we  fubjoin), 
generally  to  the  advantage  of  his  literary  reputation, 
and  almoll  always  to  the  benefit  of  his  finances.  His 
wit  and  good  humour  were  the  abundant  fource  of  fa- 
tisfaftion  to  liimfelf,  and  entertainment  to  liis  friends. 

He  vifited  almoft  every  part  of  the  kingdom,  and  was 
well  received  wherever  he  went.  In  the  fummer  of 
1789  he  fet  out  on  a  tour  in  Scotland;  the  refiilt  of 
winch  he  began  to  comniunicate  to  the  public  in  1700 
in  numbers.  Before  be  had  concluded  this  work,  h.> 
proceeded  to  Ireland,  intending  to  furnilh  that  kiiig-- 
dom  with  views  and  deferiptions  of  her  antiquities,  hi 
bcppL.  VoL.  I.  Part  II. 
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the  fame  manner  he  had  executed  tliofe  of  Great  Bn*, 
tain  ;  but  foctn  after  his  arrival  in  Dublin,  being  at  the  * 
boiife  of  Mr  Horne  there,  lie  fuddenly  was  feized  at 
table  with  an  apopleftic  fit,  on  the  6th  May  1791, 
and  died  immediately.  He  was  interred  in  Dublin. 

_  “  His  literary  hiftory  (fays  a  friend),  refpeaable  as 
It  IS,  was  exceeded  by  his  good  humour,  conviviality, 
and  friendfhip.  Hiving  much  abroad,  and  iii  the  bcfl 
company  at  home,  he  had  the  eafiefl  habits  of  adapt¬ 
ing  lumfelf  to  all  tempers  ;  and,  being  a  man  of  gene-- 
ral  knowledge,  perpetually  drew  out  fomc  converfatiou 
that  was  either  iifeful  to  himfeif  or  agreeable  to  the 
party.  He  could  obferve  upon  rnofl  things  with  pre- 
cifion  and  judgment  ;  but  his  natural  tendency  was  to 
humour,  in  wffiich  he  excelled  both  by  the  feledion  of 
anecdotes  and  his  manner  of  telling  them  :  it  may  be 
laid,  too,  that  his  figure  rather  affilhed  him,  which  was 
in  faa  the  very  title-page  to  a  joke.  He  had  neither 
the  pride  nor  malignity  of  authorffiip  :  he  felt  the  in- 
dependency  of  his  own  talents,  and  was  fatisfied  witfi 
them,  without  degrading  others.  His  friendfhips  were 
of  the  fame  call  ;  conllant  and  fincere,  overlooking 
fome  faults,  and  feeking  out  greater  virtues.  He  had 
a  good  heart  ;  and,  abating  thole  little  indifcretioiis  na¬ 
tural  to  moft  men,  could  do  no  wrong.’" 

He  married  at  Canterbury,  aivd  relided  there  fome 
years,  much  beloved  and  rcfpedled  for  his  wit  and  vi¬ 
vacity  ;  “  which  (another  friend  obferves),  thouirh 
he  polfefied  iu  an  extreme  degree,  was  but  littF  tinl-- 
tured  with  the  cauftic  fpirit  fo  prevalent  among  fpirits 
of  that  clafs.  His  humour  was  of  that  nature  which 
exhilarates  and  enlivens,  without  leaving  behind  it  a 
fting  ;  and  though  perhaps  none  poirefted  more  than 
himfelf  the  faculty  of  “  kiting  the  table  in  a  roar,”  it 
was  never  at  the  expence  of  virtue  or  good  manners. 

Uf  him  indeed  may  be  faid  m  the  words  of  Shakc- 
fpeare, 


Grofe. 


— — ^ — - a  merrier  man, 

V7ithin  the  limits  of  becoming  mirth, 

I  never  fpent  an  hour’s  talk  withal  ; 

His  eye  begets  occafion  for  his  wit  ; 

And  every  objed  that  the  one  doth  catch, 
t  he  other  turns  to  a  itiirth-nioving  jsft. 


Of  the  moft  carelefs,  open,  and  artlefs  difpolltiori. 
lie  was  often  (particularly  in  the  early  part  of  his  life) 
the  prey  of  the  dtfigniiig  ;  and  has  more  than  once  (it 
believed)  embarralfed  himfelf  by  too  implicit  confi¬ 
dence  m  the  probity  of  others.  A  tale  of  diftrefs  never 
tailed  to  draw  conimiferation  from  his  heart  ;  and  often 
has  the  tear  been  difeovered  gliding  down  that  check 
wlirnli  a  moment  before  was  fluftied  with  jocularity  ” 
He  was  father  of  Daniel  Grofe,  Efq;  captain  of  the 
royal  regfment  of  artillery  (who,  after  feveral  cam¬ 
paigns  in  America,  was  appointed  in  1 790  deputy  eo- 
vernor  of  the  new  fettlement  at  Botany  Bay),  and  fomc 
Other  children. 

His  works  are  as  follow  ; 

1.  The  Antiquities  of  England  and  Wales,  8  vols. 
4to  and  8vo.  2.  The  Antiquities  of  Scotland,  ? 
VO  s.  4to  and  8vo.  3.  The  Antiquities  of  Ireland,  z 
vols.  4to  and  8vo.  4.  A  Treatife  on  ancient  Armour 
and  Wepons,  4to,  1785  5.  A  Claffical  Diaio.iary 

of  the  Vulgar  Tongue,  8vo,  ,785.  6.  Military  An- 

tiquities  ;  being  a  Hulory  of  the  Englifi,  Army  from 
4  V  the 
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Guerite,  the  Conqueft  to  the  prefeiit  tiire,  2  vols 
Guillotine,  j-ygg,  The  Hiftory  of  Dover  Caflle,  'by  the  Rev, 

*  '  William  Danell,  4to,  1786.  8.  A  Provincial  Glof- 

fary,  with  a  Colledion  of  local  Proverbs  and  popular 
Superftitions,  8vo,  1788.  9.  Rules  for  drawing  Ca¬ 
ricatures,  8vo,  1788.  10.  Supplement  to  the  Treatife 

on  Ancient  Armour  and  Weapons,  4to,  1789.^  ii. 
A  Guide  to  Health,  Beauty,  Honour,  and  Riches  ; 
being  a  colleftion  of  humorous*  Advertifements,  point¬ 
ing  out  the  Means  to  obtain  tliofe  bleflings  ;  with  a 
fultable  introductory  Preface,  8vo.  12.  The  Olio  ;  be¬ 
ing  a  Collection  of  Effays  in  8vo,  1793. 

GUERITE,  in  Fortification,  a  centry-box  ;  being 
a  fmall  tower  of  wood,  or  ftone,  ufually  placed  on  the 
point  of  a  baftion,  or  on  the  angles  of  the  fhoulder,  to 
hold  a  centinel,  who  is  to  take  care  of  the  ditch,  and 
watch  againft  a  furprife. 

GUILLOTINE,  a  new  term  introduced  into  the 
languages  of  Europe  by  the  mournful  effeCts  of  fanati- 
clfm  in  the  holy  caufe  of  liberty.  Our  readers  are  not 
ignorant  that  this  is  the  name  given  by  the  National 
Afiembly  of  France  to  the  engine  of  decapitation,  which 
thofe  ufurpers  of  the  legifiative  authority  decreed  to  be 
the  foie  punifhment  of  thofe  condemned  to  death  for 
their  crimes.  This  decree  was  iffued  on  March  20tb 
1792. 

We  do  not  imagine  that  the  world  will  derive  much 
ufeful  inftruClion  from  a  minute  defcription  of  this  ter¬ 
rible  inftrument  of  public  juftice  ;  and  therefore  con*- 
Plate  tent  ourfelves  with  giving  two  figures  of  it,  fufficiently 
XXiX.  expreflive  of  its  conftruCfion.  It  is  only  the  revival  of 
an  inftrument  ufed  in  former  times.  The  earlieft  ac¬ 
counts  that  we  have  of  it  Is,  that  it  was  ufed  In  the  ba¬ 
rony  of  Halyfax  in  Yorkflilre.  It  was  alfo  fet  up  In 
Scotland;  but  we  have  no  certain  information  that  it  lias 
ever  been  ufed  ;  and  it  is  ftill  fhewn  as  a  fort  of  curlofity 
by  the  name  of  the  May  den.  See  Maiden,  EncycL 

Eratofthenes  could  not  think  of  abetter  v/ay  of  hand- 
ing  down  his  name  to  future  ages  than  by  burning  the 
temple  of  Diana  at  Ephefus  *,  Dr  Gulllotin,  phyficlan 
at  Lyons,  and  member  of  the  felfinamed  National  Af- 
fembly  of  France,  thought  himfelf  honoured  by  the  de¬ 
cree  which  affociated  his  name  with  this  Inftrument  of 
popular  vengeance.  It  was  indeed  propofed  by  him 
as  an  Inftrument  of  mercy,  in  a  ttudled  harangue,  filled 
with  that  fentimental  Hang  of  philanthropy,  which 
cofts  fo  little,  promifes.  fo  much,  and  has  now  corrupt¬ 
ed  all  the  languages  of  Europe.  His  invention  is  in¬ 
deed  one  of  the  moft  expenfive  fpecimens  of  Gallic  phi¬ 
lanthropy,  whofe  tender  mercies  are  cruel  ;  and  was  ac¬ 
cordingly  received  with  loud  applaufes,  both  from  the 
houfe  and  from  the  galleries.  To  proceed,  however, 
with  impofiiig  dignity,  it  was  referred  to  the  confidera- 
tion  of  a  committee,  \yith  ir.junftions  to  afli  the  opinion 
of  able  fiirgeons  of  its  efilclency.  Mr  Louis,  a  celebra¬ 
ted  furgeon  of  Paris,  declared  it  well  fitted  for  the  tafit.  In 
a  long  pedantic  diflertation  ;  in  which  he  takes  occafion 
to  deliver,  with  academic  coldnefs,  a  theory  of  the  ope¬ 
ration  of  cutting  inftruments  ;  and  fays  that  he  had 
examined  the  edge  of  the  guillotine,  and  other  fuch 
inftruments,  with  a  microfeope,  and  had  difeovered 
that  the  fined  edges  were  toothed  like  a  faw.  M.  Guil- 
lotin,  he  faid,  had  therefore  with  great  judgment  made 
the  axe  of  his  engine  of  death  with  a  Hoping  edge,  by 
which  means  i/  d^une  fagon  Infinitment  plus  douce* 


This  diflertation  was  fo  much  to  the  tafte  of  the  hii-  GnillotiEeH 
mane  legiflature,  that  they  rewarded  Mr  Louis  wdth  ii  ■ 
2000  livres,  and  publiflied  it  in  the  Paris  Journals.  As 
to  the  inventor,  he  reaped  all  the  benefit  from  it  which 
he  fo  kindly  intended  for  the  nation,  by  the  trial  of  it  H 

on  his  owm  perfon,  wheiPhe  fell  under  the  diTplealure  H 

of  Robefpierre.  I 

We  acknowledge,  that  In  as  far  as  this  Inftrument  I 

leffens  the  duration  of  the  horrid  confli<d  with  the  king  B 

of  terrors,  and  probably  diminifties  the  corporeal  fuffei  -  LI 

ance,  it  may  be  called  merciful  (alas  1  the  day!)  ;  but 
we  queftion  much,  whether  the  dreadful  agitation  of  foul 
is  not  rather  increafed  by  the  long  train  of  preparatory 
operations.  The  hands  of  the  convidl  are  tied  behind 
his  back  :  he  Is  then  ftretched  along  on  his  face  011  a 
ftrong  plank,  and  his  preclfe  pofition  adjufted  to  the  in- 
ftrument.  When  faftened  to  the  plank,  it  Is  pufhed 
forward  into  its  place  under  the  fatal  edge,  his  neck  ad- 
jufted  to  the  block,  and  a  bafleet  placed  juft  before  his 
eyes  (for  the  face  of  Louis  XVL  was  not  covered)  to 
receive  his  head.  This  muil  employ  a  good  deal  of 
time,  and  every  moment  is  terrible. 

The  conftrudlon  has  received  many  alterations  and 
refinements ;  and  has  at  laft  been  made  fo  compendious 
and  portable,  as  to  become  part  of  the  travelling  equi¬ 
page  of  a  commiflioner  from  the  National  Affembly, 
fent  on  a  provincial  or  fpecial  vifitation.  Thus  did  the 
fovereign  people  become  terrible  in  majefty.  So  fen- 
fible  was  the  afiembly  of  the  advantages  of  this  awful 
imprefiion,  or  fo  intoxicated  with  the  enjoyment  of  Irre- 
fiftible  power,  that  they  have  thought  their  coins  orna¬ 
mented  by  this  attribute  of  their  fupremacy  :  and  as 
Jupiter  is  diftinguifhed  by  his  thunderbolt,  fo  the  m^.^ 
jefty  of  the  people  is  diftinguiflied  by  the  no  lefs  fatal 
axe.  We  have  feen  a  piece  of  ten  fotis,  ftruck  at  Mentz 
in  1793,  and  iflued  as  current  money,  at  the  very  time 
that  they  w^ere  planting  the  tree  of  liberty  in  that  illu¬ 
minated  city  by  the  hands  of  Cuftine  and  his  troops. 

The  device  is  the  fafees  and  axe  of  ancient  Rome, 
crowned  with  a  red  cap,  and  furrounded  by  a  laurel 
wreath.  The  infeription  is,  Repuhltque  Frangoife^^  I793» 
an,  2d.  Fully  imprefied  with  the  fame  fentiments, 

Lequinio,  the  fentimental  novelllft  of  France,  whom 
Mercier  compares  with  the  tender,  the  heart-touching. 

Sterne — Lequinio,  now  commiflioner,  fent  by  the  Na-  * 

tional  Aflembly  to  regenerate  Normandy  and  Brittany,, 

writes  to  his  mafters,  that  “  he  is  very  fuccefsfiil  In  con-  ^ 

verfions  from  fuperftition  to  found  reafon.”  He  oppofes 

to  the  Bible  and  the  reli£ls  of  the  faints  the  conttltu- 

tion  and  the  guillotine.  “  And  you  would  wonder  (fays 

he)  at  my  fuccefs  — The  wife  (but  they  are  few)  give. 

up  their  prejudices  at  once  ;  but  the  multitude,  the  ftu- 

pid  worfhippers  of  Notre  JDame^  look  at  our  lady  the 

guillotine;  are  filent,  becomes  ferious,  and  their  doubts 

vanifh  ;• — they  are  converted.  \s  your  laharum — » 

in  hoc  figno  vinces,'^* 

GULA,  Gueule,  or  Go  la,  in  Arcbitedlure,  a 
wavy  member  whofe  contour  refembles  the  letter  S,  | 

commonly  called  an  Ogee.  . 

GUNPOWDER,  as  we  have  obferved  in  the  Ency^  j 

clopadm  under  the  word  Gun,  has  been  known  in  the 
eaft,  and  particularly  in  China,  from  a  period  of  very 
remote  antiquity.  No  man,  however,  feems  to  have 
fufpe6led  that  the  knowledge  of  it  was  conveyed  from 
the  eaft  into  Europe  ;  but  all  have  agreed  to  allow  the  j 

merits  ■ 


Ounpovr. 

der. 


Tranfac- 
lions  of  the 
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merits  of  the  invention  both  to  friar  Bacon  and 
Bartholomew  Schwartz.  This  generally  received  opi¬ 
nion  has  been  lately  controverted  by  citizen  Langles, 
who,  in  a  memoir  read  in  the  French  national  iiillitiite, 
contends,  that  the  knowledge  of  gunpowder  was  con¬ 
veyed  to  us  from  the  Arabs,  on  the  return  of  the  Cru- 
faders  to  Europe.  He  aflures  us  that  the  Arabs  made 
ufe  of  it  in  690  at  the  fiege  of  Mecca  j  and  he  adds, 
that  they  derived  it  from  the  Indians,  among  whom 
it  muft  have  been  known  in  the  remoteft  ages,  lince 
their  facred  books  (the  Vedam)  forbid  the  ufe  of  it  in 


It  is  indeed  extremely  probable,  that  the  compofi- 
tion  of  gunpowder  was  known  in  India  at  a  very  early- 
period  ;  for  in  whatever  country  nature  forms  nitre  in 
the  greateft  plenty,  there  its  deflagrating  quality  is 
mod  likely  to  be  firft  obferved  ;  and  a  few  experiments 
founded  on  that  obfei  vation,  will  lead  to  the  compofi- 
tion  which  produces  fuch  fudden  and  violent  effedfs. 
“  Nitre  (fays  Sir  George  Staunton)  is  the  natural 
and  daily  produce  of  China  and  India;  and  there  accor- 
dingly  the  knowledge  of  gunpowder  feems  to  be  co¬ 
eval  with  that  of  the  moR  diftant  hiftoric  events.  A- 
mong  the  Chinefe,  it  has  been  applied  at  all  times  to 
Ufeful  purpofes  ;  fuch  as  blafting  rocks,  and  rClnoviiig 
great  obtlruCtions,  and  to  thofe  of  amufement  in  ma¬ 
king  a  vaft  variety  of  fire-works.  It  was  alfo  ufed  as 
a  defence  by  undermining  the  probable  pafl'age  of  the 
enemy,  and  blowing  him  up.  But  its  force  had  not 
been  direded  through  llrong  metallic  tubes  as  it  was 
by  Europeans  foon  after  they  had  difeovered  it.  And 
though,  in  imitation  of  Europe,  it  has  been  introduced 
into  the  armies  of  the  Eaft,  other  modes  of  warfare  are 
fometimes  ilill  preferred  to  it.” 

Of  gunpowder  manufadured  by  thofe  who  have 
manufadured  it  fo  long,  it  h  defirable  to  know  the 
compofition  and  the  qualities.  It  was  therefore  na- 
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to  there  is  fcarcely  a  fubjed  concerning  which  the  moft 
a])proved  writers  have  fo  much  diflered.  Mr  Robins, 
who  has  done  more  towards  perfeding  the  art  of  gun¬ 
nery-  than  any  other  individual,  Rates  the  cxplofive  force 
of  gunpowder  to  be  1000  times  greater  than  the  mean 
preflure  of  the  atmofphere;  while  the  celeh-ated  Daniel 
Barnouilli  determines  it  to  be  not  lefs  than  j  0,000  times 
this  prtfTure.  Such  a  difference  of  opinion  led  Count 
Riimford  to  purfue  a  courfe  of  experiments,  of  which 
fome  were  publiflied  in  the  Tranfadions  of  the  Royal 
Society  for  the  year  1781,  and  the  remainder  in  the 
Tranfadions  of  the  fame  Society’'  for  1797  »  ^'i^h  the 
view  principally  of  determining  the  initial  exparifive 
force  of  gunpowder.  By  one  of  thefc  experiments,  it 
appeared,  that  caiciuating  even  on  Mr  l^obins*s  own 
principles,  the  force  of  gunpowder,  iiiRead  of  being 
jooo  times,  miiR  at  leaR  be  1308  times  greater  than 
the  mean  preffure  of  the  atmofphere.  From  this  ex¬ 
periment,  the  Count  thought  himfelf  warranted  in  con- 
eludjng  that  the  principles  aRumed  by  Mr  Robins  were 
erroneous,  and  that  his  mode  of  afeertaining  the  force 
of  gunpowder  could  never  fatisfadorily  determine  it. 
Defpairing  of  fuccefs  in  that  ivay,  he  refolved  to  make 
an  attempt  for  afeertaining  this  force  by  adujl  niea- 
furement ;  and  after  many  unfuccefsful  experiments,  he 
was  at  length  led  to  conclude,  that  thus  force  was  at 
leaR  50,000  times  greater  than  the  mean  preilure  of  the 
atmofphere.  * 

Mr  Robins  apprehends  that  the  force  of  fired  gun¬ 
powder  confiRs  in  the  adion  of  a  permanently  elaRic 
fluid,  fimilar  in  many  refpeds  to  common  atmofpheri- 
cal  air  ;  and  this  opinion  has  been  very  generally-  re¬ 
ceived  :  but  Count  Rumford  thinks,  that  though  the 
permanently  elaRic  fluids,  generated  in  ihe  combuRion 
of  gunpowder,  afliR  in  producing  the  efleds  w  hich  re- 
fult  from  its  explofion,  its  enormous  force,  allow  ing  it 
to  be  50,000  times  greater  than  the  mean  preflure  of 


.  1  r  ..n  TJ  XT  •  1  “  r  ^  ^ ^  Lijuii  LUC  luccia  preiiure  or 

tural  tor  the  Hon.  George  Napier,^  when  fuperintend-  the  atmofphere,  cannot  be  explained,  without  fuppofinff 
insr  the  roval  laboratory  at  Woolwich,  and  malnnrp  pv.  fKnc  if  r _ ..l  _  .1  *.  r  .t  ° 


ing  the  royal  laboratory  at  Woolwich,  and  making  ex¬ 
periments  upon  fo  neceflary  an  implement  of  modern 
war,  to  procure  fome  Chinefe  powder  from  Canton. 

This  he  did  ;  and  analyzing  tw^o  ounces  of  it,  he 
found,  after  repeating  the  operation  fix  times,  that  the 
mean  refult  gave  the  following  proportions  *.  Nitre 
I  oz.  10  dwts.  charcoal  6  dwts.  fulphur  3  dw^ts.  14 


R^yallrijh  grs.  Here  is  a  deficiency  in  weight  of  ten  grains. 


which  M.  Napier  fuppofes  the  confequence  of  fome  de- 
fed  in  his  procefs  ;  but  as  M.  Baume,  a  French  che- 
mifl,  made  a  variety  of  experiments  to  obtain  a  total  fe- 
paration  of  the  fulphur  from  the  charcoal  of  gunpow¬ 
der,  and  w>^as  never  able  to  effed  it,  one  fourteenth  part 
remaining  united,  three  grains  muR  be  deduded  from  the 
charcoal  and  added  to  the  fulphur  to  give  the  accu¬ 
rate  proportion  of  the  ingredients;  which  by  turning  to 
the  article  Gunpowder,  EncycL  the  reader  wu‘11  per¬ 
ceive  differs  fomewhat  from  the  proportion  of  the  fame 
ingredients  in  the  gunpow^der  of  Europe.  This  Chi¬ 
nefe  powder  was  ufually  large-grained,  and  not  Rrong, 
but  very  durable.  It  had  been  made  many  years  when 
our  author  got  it ;  yet  there  was  no  vifible  fymptom  of 
decay,  the  grain  being  hard,  well  coloured,  and  though 
angular,  it  was  even-fized,  and  in  perfed  prefervation. 


that  it  arifes  principally  from  the  elaflicity  of  the  a- 
queous  vapour  generated  from  the  powder  in  its  com¬ 
buRion. 

“  The  brilliant  difeoveries  of  modern  chemiRs  (fays 
he)  have  taught  us,  that  both  the  conRituent  parts  of 
which  water  is  compofed,  and  even  w^ater  itfelf,  exIR  in 
the  materials  which  are  combined  to  make  gunpowder  ; 
and  there  is  much  reafon  to  believe  that  \va ter  is  Ac¬ 
tually  formed,  as  well  as  difengaged,  in  its  combuRion^ 
M.  Lavoifier,  I  know,  imagined  that  the  force  of  fired 
gunpowder  depends  in  a  great  ineafure  upon  the  ex- 
panfive  force  of  uneombined  caloric^  fuppofed  to  be  let 
loofe  in  great  abundance  during  the  coinbiiRion  or  de- 
flagration  of  the  powder  :  but  it  is  not  only  dangerous 
to  admit  the  adion  of  an  agent  whofe  exiRence  is  not 
yet  clearly  demonRrated  ;  but  it  appears  to  me  that 
this  fuppofition  is  quite  unneceffary,  the  elaRic  force 
of  the  heated  aqueous  vapour,  whofe  exiRence  can 
hardly  be  doubted,  being  quite  (Sufficient  to  account  for 
all  the  phenomena.  It  is  well  known  that  the  elaRi- 
cicy  of  aqueous  vapour  is  incomparably  more  augment¬ 
ed  by  any  given  augmentation  of  temperature  than  that 
of  any  permanently  elaRic  fluid  whatever  ;  and  thofe 
who  are  acquainted  with  the  amazing  force  of  Ream, 


TTTi  rj  .L  •  ^  .  r.  . -  wiLn  LUC  amazing  rorce  ot  Iteam. 

When  we  confider  the  operations  in  which  gunpow-  when  heated  only  to  a  few  degrees  above  the  boni'm^ 
der  IS  employed,  it  is  obvious  that  it  muft  be  an  objeft  point,  can  eafily  perceive  that  its  elaaicity  mua  be  ah 
o  importance  to  afeertain  its  cxplofive  force  j  and  yet  mofi  infinite  when  greatly  condenfed  and  heated  to  the 
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teTTJpernturc  of  red-hot  iron  ;  and  this  I'.eat  it  malt  cer¬ 
tainly  acquire  in  the  cxploiioii  ol  gi.npowder.  But  it 
the  force  of  fired  gunpowder  principally  from  the 

claft'c  force  of  heated  aqueous  vapour,  a  cannon  is  no¬ 
thin. ^  more  than  fitarn  engine  upon  a  peculiar  con- 
firudHon  ;  and  upon  iletennining  the  ratio  of  the  elaU 
ticity  of  this  vapour  to  its  denfity,  and  to  its  tempera¬ 
ture,  a  law  will  be  found  to  obtain  very  dnferent  from 
tliat  affumed  by  Mr  Robins  in  his  Treatife  on  Gun¬ 
nery/' 

In  ord^*r  to  meafure  the  elaftic  force  of  fired  gun¬ 
powder,  Count  Rumford  adopted  a  new  plan  ;  and,  in- 
Itead  of  caufing  the  generated  elaftic  ftuid  to  acl  on  a 
moveable  body  through  a  determined  fpace,  which  he 
had  found  to  be  inefteclual  to  his  purpofe,  he  contrived 
an  apparatus  in  which  this  fluid  ftionld  be  made  to  adf, 

by  a  determined  fnrface,  againft  a  weight,  which,  by 
being  increafed  at  pleafure,  ftiould  at  laft  be  fach  as 
would  juft  be  able  to  confine  it,  and  which  in  that  caie 
would  juft  counterbalance  and  eonfequently  meafure  the 
elaftic  force/' 

Having  fticeeeded  in  fetting  fire  to  the  powder, 
v/Ithout  any  communication  witli  the  external  air,  “  by 
raiding  tlje  heat  employed  for  that  pnrpofe  to  pafs 
through  the  folid  fubftajiee  of  the  barrel,  it  only  re¬ 
mained  to  apply  fueh  a  weight  to  an  opening  made  in 
the  barrel,  as  the  whole  fi>rce  of  the  generated  elaftic 
fluid  ftiould  not  be  able  to  lift,  or  difplace."  Many 
precautions  v/ere  nccelfary.  A  folid  block  of  very  hard 
ftone,  four  feet  four  inches  fqiiare,  was  placed  upon  a 
bed  of  folid  mafonry,  which  defeended  fix  feet  below 
the  furface  of  the  earth.  Upon  this  block  of  ftone, 
which  ferved  as  a  bafe  to  the  whole  machinery,  was 
placed  tlie  finall  barrel,  in  which  the  explofions  were 
made,  with  its  opening  dire£fly  upwards.  This  open¬ 
ing  was  clofed  by  a  folid  heinifpliere  of  hardened  ft  eel, 
on  vvhicii  the  weight  to  be  overcome  by  the  cxplofion 
was  laid.  Having  charged  the  barrel  with  10  grains 
of  pow^der,  its  whole  contents  being  about  28  grains, 
and  a  24  pounder,  weighing  8081  lbs.  avoirdupois,  be¬ 
ing  jftaced  on  its  cafcabcl  fo  as  by  its  weight  to  con¬ 
fine  the  generated  elaftic  fluid,  a  heated  iron  ball  was 
applied  to  the  end  of  the  vent  tube  (a  fmall  folid  pro- 
je^ion  from  the  centre  of  the  bottom  of  the  barrel). 
In  a  few  moments  the  powder  took  fire,  though  the 
cxplofion  made  a  ve;vy  feeble  report  ;  and  when  the 
weight  was  raifed,  the  coaf  ned  elaftic  vapour  rufhed 
out  of  the  barrel.  The  flight  efie^l  produced  by  this 
cxplofion  induced  fome  of  the  attendants  on  this  occa- 
fion  to  undervalue  the  importance  of  this  experiment, 
and  to  form  a  very  inadequate  idea  of  the  real  force  of 
the  elaftic  fluid  that  had  been  thus  almoft  infeiifibly 
difeharged.  In  a  fecond  experiment,  the  barrel  was 
filled  with  powder,  and  the  fame  weight  laid  on  as  be¬ 
fore.  The  barrel  was  made  of  the  beft  hammered  iron, 
and  uncommonly  ftrong.  The  charge  of  powder  a- 
mounted  to  little  more  than  -s^oth  of  a  cubic  inch,  which 
is  not  fo  much  as  would  be  required  to  load  a  fmall 
poeket-piftol,  and  not  one-tenth  part  of  the  quantity  fre¬ 
quently  ufed  for  the  charge  of  a  common  mufttet.  Yet 
this  inconfiderable  quantity  of  powder,  when  fet  on  fire, 
exploded  with  a  force  that  burft  the  barrel,  and  wfith  a 
loud  report  that  alarmed  the  whole  neighbourhood. 

The  author  proceeds  to  make  an*eftimate,  from  the 
know'U  ftrength  of  iron,  and  the  area  of  the  fradlure  of 


the  barrel  in  the  preceding  experiment,  of  the  real  force  Gunpow* 
employed  by  the  elaftic  vapour  to  burft  it ;  and  he  com- 
putes  that  it  muft  have  been  equal  to  the  prelfure  of  a 
weight  of  4i252plbs.;  which,  by  another  computation, 
he  found  to  be  55004  times  greater  than  the  mean 
preffure  of  the  atmofphcre.  By  another  procefs,  he  in- 
veftigates  the  ftrength  of  the  iron  of  which  the  barrel 
was  made  ;  and  he  thence  finds  that  the  force  required 
to  burft  it  was  equal  to  the  preflhre  of  a  weight  of 
410624-5  lbs.  This  weight,  reduced  into  atmofpheres, 
gives  if47 50  atmofpheres  for  the  meafure  of  the  force 
exerted  by  the  elaftic  fluid  in  the  prefent  inftance.  This 
force  muft  be  contiderably  lefs  than  the  initial  force  of 
the  elaftic  fluid  generated  in  the  combuftion  of  gun¬ 
powder,  before  it  has  begun  to  expand;  “(or  it  is  more 
than  probable  (fays  Count  Rumford)  that  the  barrel 
M'RS  in  fa61:  burft  before  the  generated  elaftic  fluid  had 
exerted  all  its  force,  or  that  this  fluid  would  have  been 
able  to  have  burft  a  barrel  ftill  ftronger  than  that  ufed 
in  the  experiment/' 

After  having  fhewn  the  extreme  force  of  fired  gun¬ 
powder,  the  Count  adverts  to  an  objecStion  which  may 
be  made  againll  his  dedudtions.  How  does  it  happen 
that  fire-arms  and  artillery  of  all  kinds,  w  hich  certainly 
are  not  calculated  to  withftaml  fo  enormous  a  force,  are 
not  alw^ays  burft  w'hen  they  are  ufed  ?  Inftcad  of  an- 
fwering  this  qiieftidn,  by  aflting  how  it  happened  that 
the  extremely  ftrong  barrel  ufed  in  his  experiment  could 
be  burft  by  the  force  of  gunpow'der,  if  this  force  be  not 
in  fa(ft  much  greater  than  it  has  ever  been  fuppoied  to 
be,  he  proceeds  to  fliew  that  the  combuftion  of  gun¬ 
powder,  inftead  of  being  iiiftaritaneous,  as  Mr  Robins's 
theory  fuppofes,  is  much  lefs  rapid  than  has  hitherto 
been  apprehended  ;  an  obfervation  which,  if  eftablifhed, 
is  certainly  fufticient  to  anfwcr  the  objetftion. 

He  remarks,  that  it  is  a  well-known  fa6l  that,  on  the 
difeharge  of  fire-arms  of  all  kinds,  there  is  always  a 
conliderable  quantity  of  unconfumed  grains  of  gunpow^- 
dcr  blown  out  of  them;  and  what  is  very  remarkable,  as 
it  leads  diredfly  to  a  difeovery  of  the  caufe  of  thiseffedl, 
thefe  unconfumed  grains  are  not  merely  blown  out  of  the 
muzzles  of  fire-arnis,  but  come  out  alfo  by  their  vents  or 
touch-holes,  where  the  fire  enters  to  inflame  the  charge, 
as  many  perfons  who  have  bad  the  misfortune  to  ftand 
with  their  faces  near  the  touch- hole  of  a  mufltet,  when 
it  has  been  difeharged,  have  found  to  their  coft. 

It  appears  extremely  improbable  to  our  author,  if 
not  abfolutely  impofiible,  that  a  grain  of  gunpowder  ac¬ 
tually  in  the  chamber  of  the  piece,  and  completely  fur- 
rounded  by  flame,  fliould,  by  the  a<ftion  of  that  very 
flame,  be  blown  out  of  it  without  being  at  the  fame 
time  fet  on  fire.  And,  if  this  be  true,  he  confiders  it 
as  a  moft  decifive  proof,  not  only  that  the  combuftion 
of  gunpowder  is  lefs  rapid  than  it  has  generally  been 
thought  to  be,  but  that  a  grain  of  gunpowder  actually 
on  fire,  and  burning  with  the  utmoft  violence  over  the 
whole  of  its  furface,  may  be  projected  with  fuch  a  velo¬ 
city  into  a  cold  atmofphere,  as  to  extinguifti  the  fire,  and 
fuffer  the  remains  of  the  grain  to  fall  to  the  ground  un¬ 
changed,  and  as  inflammable  as  before. 

This  extraordinary  fa6l  was  afeertained  beyond  all. 
pofiibility  of  doubt  by  the  Count’s  experiments.  Ha- 
vjng  procured  from  a  powdermill  in  the  neighbourhood 
of  the  city  of  Munich  a  quantity  of  gunpowder,  all  of 
the  fame  mafs,  but  formed,  into  grains  of  very  different 
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fizes,  fonie  as  ftnall  as  the  grains  of  the  fincft  Battel 
powder,  he  placed  a  number  of  vertical  fcreens  of  very 
thin  paper,  one  behind  another,  at  the  diflance  of  i  2 
inches  from  each  other  ;  and  loading  a  common  mufl<et 
repeatedly  with  this  powder,  fometimes  without  and 
fometimes  with  a  wad,  he  fired  it  againft  the  foremoll 
fcreen,  and  obferved  tlie  quantity  and  efFed;s  of  the  un- 
confumcd  grains  of  powder  which  impinged  againft  it. 
The  fcreens  were  fo  contrived,  by  means  of  double 
frames  united  by  hinges,  that  the  paper  could  be  chan¬ 
ged  with  v^ry  little  trouble,  and  it  was  adually  chan¬ 
ged  after  every  experiment. 

The  diftance  from  the  muzzle  of  the  gun  to  the  firft 
fcreen  was  not  always  the  fame;  in  fome  of  the  expe¬ 
riments  it  was  only  8  feet,  in  others  it  was  to,  and  in 
fome  I  2  feet. 

The  charge  of  powder  was  varied  in  a  great  number 
of  different  ways;  but  the  muft  interefting  experiments 
v/ere  made  with  one  fingle  large  grain  of  powder,  pro¬ 
pelled  by  fmaller  and  larger  charges  of  very  line  grain- 
ed  powder. 

Thefe  large  grains  never  failed  to  reach  the  fcreen  ; 
and  though  they  fometimes  appeared  to  have  been  bro¬ 
ken  into  feveral  pieces  by  the  force  of  the  explofion, 
yet  they  frequently  reached  the  fcreen  entire  ;  and 
fometimes  pafTed  through  all  the  fcreens  (five  i.n  num¬ 
ber)  without  being  broken. 

When  they  were  propelled  by  large  charges,  and 
confequently  with  great  velocity,  they  were  feldom  on 
fire  when  they  arrived  at  the  firft  fcreen  ;  which  was 
evident,  not  only  from  their  not  fetting  fire  to  the  pa¬ 
per  (which  they  fometimes  did),  but  alfo  from  their 
being  found  flicking  in  a  foft  board,  againft  which  they 
llruck,  after  having  paffed  through  all  the  five  fcreens  ; 
or  leaving  vifible  marks  of  their  having  been  impinged 
againft  it,  and  being  broken  to  pieces  and  difperfed  by 
the  blow.  Thefe  pieces  were  often  found  lying  on  the 
ground  ;  and  from  their  forms  and  dimenfions,  as  well 
as  from  other  appearances,  it  was  often  quite  evident 
that  the  little  globe  of  powder  had  been  on  fire,  and 
that  its  diameter  had  been  diminifhed  by  the  combuf- 
tion  before  the  fire  was  put  out,  on  the  globe  being 
projedled  into  the  cold  atmofphere. 

That  thefe  globes  or  large  grains  of  powder  were  al¬ 
ways  fet  on  fire  by  the  combiiftion  of  the  charge,  can 
hardly  be  doubted.  ^Fhis  certainly  happened  in  many 
of  the  experiments  ;  for  they  arrived  at  the  Tcreeiis  on 
fire,  and  fet  fire  to  the  paper  ;  and  in  the  experiments 
in  which  they  were  projedled  with  fmall  velocities, 
they  were  often  feen  to  pafs  through  the  air  on  fire 
and  when  this  was  the  cafe,  no  veftige  was  to  be 
found.  They  fometimes  pafled  on  fire  through  feve- 
ral  of  the  foremoft  fcreens  without  fetting  them  on  fire^ 
and  let  fire  to  one  or  more  of  the  hindmoft,  and  then 
went  on  and  impinged  againft  the  board  which  was 
phdced  at  the  diftance  of  twelve  inches  behind  the  laft 
fcreen. 

The  Count  then  proceeds  to  mention  another  expe¬ 
riment,  in  which  the  progreftive  combuftion  of  gun¬ 
powder  was  fhewn  In  a  manner  ftill  more  ftriking,  and 
KOt  lefs  conclufivc. 

A  fmall  piece  of  red  hot  iron  being  dropped  dov/n 
into  the  chamber  of  a  common  horfe  piftol,  and  the 
piftol  being  elevated  to  an  angle  of  about  45  degrees, 
upon  dropping  down  into  its  barrel,  one  of  the  fmall. 
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globes  of  powder  (of  the  fize  of  ;i  pea),  it  toot  fire,  and  Gianpew- 
was  projeded  into  the  atmofphere  by  the  elaftic  fluid 
generated  in  Its  own  combuftion,  leaving  a  very  beauti- 
ful  train  of  light  behind  it,  and  difappearing  all  at  once 
like  a  falling  ftar.  This  amufing  experiment  was  re¬ 
peated  very  often,  and  with  globes  of  different  fizes. 

When  very  fmall  ones  were  ufed  fiugly,  they  were  com¬ 
monly  confiimed  entirely  before  they  came  out  of  the 
barrel  of  the  piftol ;  but  when  feveral  of  them  were 
ufed  together,  fome,  if  not  all  of  them,  were  common¬ 
ly  projected  into  the  atmofphere  on  fire. 

As  the  ftovvnefs  of  the  combuftion  of  gunpowder  is 
undoubtedly  the  caiife  which  has  prevented  its  enor¬ 
mous  and  almoft  incredible  force  from  being  difeover- 
cd,  onr  author  deduces,  as  an  evident  confequence,  that 
the  readied  way  to  Increafe  its  efftds,  is  to  contrive 
matters  fo  as  to  accelerate  its  inflammation  and  com- 
bnftlon.  This  may  be  done  in  various  ways  ;  but,  in 
his  opinion,  the  moft  fimple  and  moft  cffedtual  manner 


oi  doing  it  would 
ftioot 


be  to  let  fire  to  the  charge  of  pow¬ 


der,  by  ftiooting  (through  a  fmall  opening)  the  ilam» 
of  a  fmaller  charge  Into  the  rnidft  of  it. 

He  contrived  an  inftrument  on  this  principle  for 
firing  cannon  three  or  four  years  ago;  and  it  was  found, 
on  repeated  trials,  to  be  ufeful,  convenient  in  pradice, 
and  not  liable  to  accidents.  It  likewife  fuperfedes  the 
neceftity  of  ufing  priming,  of  vent  tubes,  port-fires,  and 
matches  ;  and  on  that  account  he  imagined  it  might  be 
of  ufe  in  the  BritilTi  navy,  but  it  does  not  appear  to 
have  been  received  into  pradice. 

Another  infallible  method  of  increafing  very  confi- 
derably  the  effed  of  gunpowder  in  fire-arms  of  all  forts 
and  dimenfions,  would  be  to  caufe  the  bullet  to  fit  the 
bore  exadly,  or  without  windage,  in  that  part  of  the 
bore  at  lead  where  the  bullet  refts  on  the  charge  ;  for 
when  the  bullet  does  not  completely  clofe  the  opening 
of  the  chamber,  not  only  much  of  the  elaftic  fluid,  ge- 
nerated  in  the  firft  moment  of  the  combuftion  of  the 
charge,  efcapes  by  the  fide  of  the  bullet ;  but  what  is 
of  ftill  greater  importance,  a  conliderable  part  of  tlic 
iinconfiimed  powder  is  blown  out  of  the  chamber  along 
with  it  in  a  Hate  of  adual  combuftion,  and,  gettinm  be¬ 
fore  the  bullet,  continues  to  burn  on  as  it  paffes  through, 
the  whole  length  of  the  bore 4  by  which  the  motion  ot 
the  bullet  is  muoh  impeded. 

The  lofs  of  force  which  arlfes  from  this  caufe,  Is  in 
fome  cafes  almoft  incredible;,  and  it  is  by  no  means  dif¬ 
ficult  to  contrive  matters  fo  as  ta  render  it  very  appa¬ 
rent,  and  alfo  to  prevent  it. 

If  a  common  horle-piftol  be  fired  with  a  loofe  baU, 
and  fo  fmall  a  charge  of  powder  that  the  ball  flaall  not 
be  able  to  penetrate  a  deal  board  fo  deep  as  to  ftick  in 
it  when  fired  againft  it  ffom  the  diftance  of  fix  feet 
the  fame  ball,  difcliarged  from  the  fame  piftol  with  the 
fame  charge  of  powder,,  may  be  made  to  pafs  quite 
through  one  deal  board,  and  bury  itfelf  in  a  fecond 
placed  behind  it,  merely  by  preventing  the  lofs  of  force 
which  arlfcs  from  what  is  called  windage,  as  he  found 
more  than  once  by  adlual  experiment. 

The  Count  has  in  his  poffeflion  a  muffet,  from 
which,  with  a  common  charge  of  powder,  he  fires  two^ 
bullets  at  once  with  the  fame  velocity  that  a  fingle  bul¬ 
let  is  difeharged  from  a  innfliet  on  the  common  con- 
ftrudion  with  the  fame  quantity  of  powder.  And,., 
what  renders  the  experiment  ftill  more  llriking,  the 

diameteri' 
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Oun4:o\^"-  diameter  ofsthe  bore  of  his  muflcet  is  exadlly  the  fame  this  new  powder  wliich  was  made  at  V/oolwich,  and 

I  ^  .  as  that  of  a  common  muilcet,  except  only  in  that  part  found  it  of  about  double  the  ftrength  ^of  the  ordinary 

of  it  where  it  joins  the  chamber,  in  wdiich  part  it  is  fort  ;  but  it  is  not  likely  to  come  into  common  and  ge- 
juft  fo  much  contradled,  that  the  bullet,  which  is  next  neraliiCe,  for  the  preparation  of  the  acid  is  difficult  and 
to  the  powder,  may  ftick  faft  in  it.  He  adds,  that  cxpenfive  (See  CH£MisrrkY-/W^:c  in  this  SuppL),  and 
though  the  bullets  are  of  the  common  fize,  and  are  con-  the  powder  which  is  made  of  it  catches  lire  and  ex- 
•fequcntly  confiderably  lefs  in  diameter  than  the  bore,  plodes  from  the  fmalleft  degree  of  heat,  and  without 
means  are  ufed  which  effectually  prevent  the  lofs  of  the  aid  of  a  fpark.  It  is  to  this  circuniftance,  how- 
force  by  windage  ;  and  to  this  laft  circumftance  he  ever,  that  its  fuperior  ftrength  feems  to  be  in  a  great 
concludes,  it  is  doubtlefs  owing,  in  a  great  meafure,  meafure  owing. 

that  the  charge  appears  to  exert  fo  great  a  force  in  GUNTEiOs  Chain.  See  Geometry,  Encyclopa- 
propelling  the  bullets.  dia.  Part  II,  chap.  i. 

That  the  conical  form  of  the  lower  part  of  the  bore  GUT-tis,  a  dangerous  difeafe  to  wffiich  oxen  and 
where  it  unites  with  the  chamber  has  a  confiderable  male  calves  are  rendered  liable  by  an  improper  mode  of 
ffiare  in  producing  this  extraordinary  effecl,  is,  how-  caftration.  In  fome  places,  and  particularly  in  Here- 
ever,  very  certain,  as  he  has  found  by  experiments  made  forclfhire,  the  breeders  of  cattle,  when  they  caftrate 
with  a  view  merely  to  afcertain  that  faCf.  their  calves,  open  the  feroium^  take  hold  of  the  teftlcles 

At  the  clofe  of  the  Count's  laft  memoir,  we  have  a  with  their  teeth,  and  tear  them  out  with  violence  ;  by 
computation,  defigned  to  ftiew  that  the  force  of  the  e-  which  means  all  the  veffels  thereto  belonging  are  rup- 
laftic  fluid  generated  in  the  combuftion  of  gunpowder,  tiired.  The  ^afa  di^trentWy  entering  by  the  holes  of 
‘enormous  as  it  is,  may  be  fatisfaClorily  explained  on  the  the  tranfverfe  and  oblique  mufcles  into  the  abdomen, 
fuppofition  that  it  depends  on  the  elafticity  of  pafs  over  the  ureters  in  acute  angles;  at  which  turning, 

watery  vapour,  or  fleam.  From  experiments  made  in  by  their  great  length  and  elaftic  force,  the  peritoneum 
France  in  the  year  1790,  it  appears  that  the  elafticity  is  ruptured  ;  the  vafa  deferenfia  are  fevered  from  the 
of  fleam  is  doubled  by  every  addition  of  temperature  teftlcles,  and,  fpringing  back,  form  a  kind  of  bow  from 
equal  to  30®  of  Fahrenheit's  thermometer.  As  the  the  urethra,  where  they  are  united,  over  the  ureters,  to 
heat  generated  in  the  combuftion  of  gunpowder  can-  the  tranfverfe  and^  oblique  mufcles,  and  there  again  unite, 
not  be  hfs  than  that  of  red-hot  iron^  it  may  be  fup-  where  they  firft  entered  the  abdomen  ;  the  part  of  the 
pofed  equal  to  JOOO^'of  Fahrenheit's  fcale  : -^but  the  gut  that  is  tied  is  the  jejunum,  at  its  turning  from 
elaftic  force  of  fteam  is  juft  equal  to  the  mean  preffiire  the  left  fide  to  the  right,  and  again  from  the  right  to 
of  the  atmofphere,  when  its  temperature  is  equal  to  the  left,  forming  right  angles  under  the  kidney,  and  at- 
that  of  boiling  water,  or  to  212°  of  Fahrenheit's  ther-  tached  to  the  duplicature  of  the  peritoneum,  to  which 
mometer  ;  confequently  zii^  +  30“  s:  240°  will  rep  re-  it  was  united,  where  the  rupture  happened.  There  the 
fent  the  temperature,  when  ks  elafticity  will  be  equal  bow  of  the  gut  hangs  over  the  bow  of  the  vafa  defe- 
to  the  preffure  of  two  atmofpheres  ;  and,  purfiiing  the  retUta,  which,  by  a  fudden  motion,  or  turn  of  the  beaii, 
calculation,  at  602^,  or  2*^  above  the  heat  of  boiling  form  a  hitch  or  tie  of  the  firing  round  the  bow  of  the 
linfeed  oil,  its  elafticity  will  be  equal  to  the  preffure  of  gut  (filled  with  air),  fimilar  to  what  a  carter  makes  on 
8192  atmofpheres,  or  above  eight  ^imes  greater  than  his  cart  line.  This  caufes  a  ftoppage  in  the  bowels, 
the  utmoft  force  of  the  fluid  generated  in  the  cembuf-  and  brings  on  a  mortification,  which,  in  two  days,  or 
tion  of  gunpowder,  according  to  Mr  Robins’s  compu-  four  at  moft,  proves  fatal :  And  to  this  accident  is  the 
tation  ;  but  the  heat  in  this  cafe  is  much  greater  than  beaft,  when  caftrated  as  above,  liable  from  the  day  that 
that  of  602*'  of  Fahrenheit  ;  and  therefore  the  elafticity  he  was  caftrated  till  the  time  of  his  being  fiaughtered. 
of  the  fteam  generated  from  the  water  contained  in  the  The  fymptoms  of  the  gut-tie  are  the  fame  as  thofe 
powder  muft  be  much  greater  than  the  preffure  of  8192  of  an  incurable  colic,  volvulus,  or  mortification  of  the 
atmofpheres.  At  722^^,  the  elafticity  wall  be  equal  to  bowels.  The  beaft  affedled  with  this  complaint  will 
the  preffure  of  131,072  atmofpheres  ;  and  this  tempe-  kick  at  its  belly,  lie  down,  and  groan  ;  it  has  alfo  a  to- 
rature  is  lefs  than  the  heat  of  iron,  which  is  vifibly  red-  tal  ftoppage  in  its  bowels  (except  blood  and  mucus, 
hot  in  day-light,  by  39^*'^:— but  the  flame  of  gunpow-  which  it  will  void  in  large  quantities),  and  a  violent 
der  has  been  found  to  melt  brafs,  which  requires  a  heat  fever,  &c.  To  diftlngiilfli  with  certainty  the  gut-tie 
equal  to  that  of  3807^  of  Fahrenheit  ;  2730^  above  from  the  colic,  &c.  the  hand  and  arm  of  the  operator 
the  heat  of  red-hot  iron,  or  3805"  higher  than  the  tem^  muft  be  oiled,  and  Introduced  into  the  anus,  through  the 
perature  wffilch  gives  to  fteam  an  elafticity  equal  to  the  redlum,  beyond  the  os  pubis,  turning  the  hand  dovvu  to 
preffure  of  131,072  atmofpheres.  That  there  is  in  the  tranfverfe  and  oblique  mufcles,  where  the  veffels  of 
gunpowder  water  fiifficlent  for  fupplying  the  neceffary  the  tefticles  enter  the  abdomen.  There  the  ftring  will 
quantity  of  fteam,  the  author  has  very  fatlsfadlorily  e-  be  found  united  to  the  mufcles,  and  is  eafily  traced  to 
vinced ;  but  we  muft  not  purfue  his  curious  iiiveftiga-  the  ftrldure  by  the  hand,  without  pain  to  the  beaft. 
tions  any  farther.  Thofe  who  want  a  fuller  account  From  the  general  view  of  the  agriculture  of  the  conn, 
of  them,  will  find  it  either  in  the  original  memoirs  ty  of  Hereford,  drawn  up  by  Mr  Clark  of  Builth,  Bre- 
themfelves,  or  in  a  very  accurate  abridgment  of  thefe  confliire,  we  learn  that  Mr  Harris  farmer  at  Wickton, 
memoirs  in  the  firft  volume  of  Nicholfon's  yournal  of  near  Leomlnfter,  had  been  uncommonly  fuccefsful  in 
Natural  Philofophy,  &c.  the  cure  of  the  gut-tie.  That  gentleman  informs  us, 

We  cannot  conclude  this  article  v/ithout  mentioning  that  he  had  cut  cattle  for  this  difeafe  from  the  age  of 
a  new  kind  of  gunpowder,  invented  fome  years  ago  in  three  months  to  that  of  nine  years  ;  and  as  it  is  a  mat- 
France,  in  which  the  marine  acid  is  fubftituted,  in  ter  of  great  importance,  we  ffiall  ft  ate  his  method  of 
equal  quantity,  for  nitre.  Dr  Hutton  tried  fome  of  operating  in  his  own  words, 

«  The 
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“  The  only  method  of  cure  (fays  he)  that  can  be  well  in 
faFely  ventured  upon  is,  to  make  a  perpendicular  incifion, 
four  inches  under  the  third  vertebra  of  the  loins,  on 
the  left  fide,  over  the  paunch  or  ftomach,  and  introduce 
the  arm  to  find  the  part  affcdcd  ;  if  pofiible,  keep  the 
beafl  {landing  by  the  help  of  proper  afiiftants.  Tlie 
knife  [  mcdte  ufe  of  to  fevere  the  firing  is  in  the  form 
of  a  large  fifh-hook,  with  an  edge  on  the  concave 
‘  •  it  is  fixed  to  a  lyng,  which  fits  the  middle  finger. 


-  o,  . . . . 

which  finger  crooks  round  the  back  of  the  knife,  the 
end  of  the  thumb  being  placed  on  its  edge.  The  in- 
flrument,  by  being  thus  held  in  tlie  liand,  is  fecured 
from  w'ounding  the  furrounding  inteilines  ;  with  it  I 
divide  the  firing  or  firings,  and  bring  out  one  or  both, 
as  circiimftaiices  require.  Hcic  it  is  to  be  obferved, 
that  great  care  mufi  be  taken  by  the  operator  not  to 
wound  or  divide  tlie  ureters,  which  would  be  certain 
death.  I  then  few  up  the  divided  lips  of  the  perito¬ 
neum  very  clofe,  with  a  furgeon’s  needle  threaded  with 
firong  thread,  eight  or  ten  double,  fufficiently  waxed  ; 
1  alfo  few  up  the  fkin,  leaving  a  vacancy  at  the  top 
and  bottom  of  the  wound  fufficiently  wide  to  introduce 
a  tent  of  furgeon’s  tow^  fpread  with  common  digeftive 
and  traumatic  balfam  ;  covering  the  incifion  with  a  pla- 
fter  made  of  the  whites  of  eggs* and  wheat  flour.  The 
wound,  thus  treated,  and  dreifed  every  day,  will  be 
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a  fortnight.  The  medicine  I  give  to  remove 
the  ftoppage  in  the  three  ftomachs  occafioned  by  the 
tie,  and  to  carry  off  the  fever,  is  four  ounces  of  Glau¬ 
ber’s  fait,  two  ounces  of  cream  of  tartar,  and  one  ounce 
of  fenna,  infuled  in  two  pounds  of  boiling  w^ater,  adding 
half  a  pound  of  olive- oil,  and  w’orking  it  off  with  plen¬ 
ty  of  gruel,  mixed  with  a  large  quantity  of  infufion  of 
mallows  and  elder-bark.  I  adminifter  the  gruel  and 
infufion  for  at  leaft  two  or  three  days  ;  by  which  time 
the  beafi  will  be  well,  will  eat  his  provender,  and  chew 
the  cud,  and  will  forever  be  relieved,  and  remain  fafe 
from  this  fatal  diforder. 

^  «  The  following  fimple  and  eafy  method  of  caftra- 
tion  will  effedually  prevent  the  gut-tie.  Open  the 
ferotum,  loofen  out  the  tefticles,  and  tie  the  feveral  vef- 
fels  with  a  waxed  thread  or  filk  ;  or  fear  them  with  a 
hot  iron,  to  prevent  their  bleeding,  as  in  the  common 
w'ay  of  cutting  colts.  This  method  can  never  dlfplace 
the  vefTels  of  the  telbcles,  bladder,  kidneys,  or  intef- 
tincs  ;  all  of  whicli  remain  covered  or  attached  to  the 
peritoneum,  or  lining  of  the  abdomen  of  the  beafi, 
which  renders  it  impoffible  that  there  fiiould  ever  be 
a  ftrldurc  or  tie  on  the  gut.” 

GIJZ,  an  Indian  meafure,  varying  in  different  places, 
but  v>ffiich  may  be  reckoned  about  an  Eiigliffi  yard. 
The  guz  of  Akbarwas  41  fingers. 


Gun  tie, 
Guz. 
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Hances  YTANCES,  Hatches,  Haunches,  or  Hanfesy  in  ar¬ 
il.  chitedlure,  are  certain  fmall  intermediate  parts  of 

arches  between  the  key  or  crown  and  the  fpring  at  the 
bottom,  being  perhaps  about  one-third  of  the  arch,  and 
fituated  nearer  the  bottom  than  the  top  or  crown  ;  and 
are  otherwife  called  the  fpandrels.  See  Arch  in  this 
Supplement, 

HANSPIKE,  or  Hands  PEC,  a  lever  or  piece  of 
firong  wood,  for  railing  by  the  hand  great  weights, 
&c.  It  is  five  or  fix  feet  long,  cut  thin  and  crooked  at 
the  lower  end,  that  it  may  get  the  eafier  between  things 
that  are  to  he  feparated,  or  under  any  thing  that  is  to 
be  raifed.  It  is  better  than  a  crow  of  iron,  Lecaufe  its 
length  allows  a  better  poife. 

HARRIOT  (Thomas)' was  a  very  eminent  mathe¬ 
matician  of  the  16th  and  17th  centuries,  of  whom  fome 
account  has  been  given  in  the  Encyclopedia  Britannica, 
In  that  article  it  has  been  fhewn,  that  Des  Cai  tes  had 
feen  fome  improvements  of  Harriot’s  in  algebra,  and 
publifhed  them  to  the  w^^orld  as  his  own  \  but  this  piece 
of  plagiarifm  has  been  more  completely  proved  in  the 
Aftronoinical  Ephemeris  for  the  year  1788,  by  Dr 
Zache,  aftronomer  to  the  Duke  of  Saxe- Gotha  ;  who 
iikewife  fhews  that  Harriot  was  an  aftronomer  as  well 
as  an  algebraifi. 

“  I  here  prefent  to  the  world  (fays  the  Doftor)  a 
fhort  account  of  fome  valuable  and  curious  manuferipts, 
which  I  found  in  the  year  1784  at  the  feat  of  the  earl 
of  Egremont,  at  Petworth  in  Suflex. 


A  predecefibr  of  the  family  of  lord  Egremont, 
viz.  that  noble  earl  of  Northumberland,  named  Henry 
Percy,  was  not  only  a  generous  favourer  of  all  good 
learning,  but  alfo  a  patron  and  Maecenas  of  the  learned 
men  of  his  age.  Thomas  Harriot,  the  author  of  the 
laid  manuferipts,  Robert  Hues  (well  known  by  his 
Treatife  upon  the  Globes),  and  Walter  Warner,  all 
three  eminent  mathematicians,  who  were  known  to  the 
earl,  received  from  him  yearly  penfions  ;  fo  that  when 
the  earl  was  committed  prifoner  to  the  Tower  of  Lon- 
don  in  the  year  1606,  our  author,  with  Hues  and  War. 
ner,  were  his  confiant  companions  ;  and  were  ufually 
called  the  earl  of  Northumberland’s  three  Magi. 

Thomas  Harriot  is  a  known  and  celebrated  mathe¬ 
matician  among  the  learned  of  all  nations,  by  his  excel¬ 
lent  work,  Artis  Analytice  Praxis y  ad  equationes  alge-- 
Iraicas  nova  expeditata  lyf  generali  nieihodoy  rcfolvendas^ 
"Traaatus  pn/lhumus  ;  London  1631  :  dedicated  to  Hen! 
ry  earl  of  Northumberland  ;  publifhed  after  his  death 
by  Walter  Warner.  It  is  remarkable,  that  the  fame 
and  the  honour  of  this  truly  great  man  were  conftantly 
attacked  by  the  French  mathematicians,  who  could  not 
endure  that  Harriot  fliould  in  any  way  diminifh  the 
fame  of  their  Vieta  and  Des  Cartes,  efpecially  the  lat¬ 
ter,  who  was  openly  accufed  of  plagiarifm  from  our  au¬ 
thor. 


Harrloti. 


“  Des  Cartes  publifhed  his  Geometry  fix  years  after 
Harriot’s  work  appeared,  viz,  in  the  year  1637.  Sir 
Charles  Cavendift,  then  ambaffador  at  the  French  court 


at: 
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Hnn-t5t.  at  Paris,  obferved  to  the  famous  geometrician  Rover- 

" — - -  val,  that  thefe  improvements  in  analylis  had  been  already 

made  thefe  fix  years  in  England,  and  (hewed  him  af¬ 
terwards  Harriot’s  Artis  Analytic^  Praxis;  which,  as 
Rovervjl  was  looking  over,  at  every  page  he  cried  out. 
Out!  out!  il  I* a  v:i  /  Tes  !  yes!  he  has  feen  it  !  Des  Cartes 
had  alfo  been  in  England  before  Harriot’s  death,  and  had 
heard  of  liis  new  improvements  and  inventions  in  analyfis. 

“  Kow  all  this  relates  to  Harriot  the  celebrated 
analyil  ;  but  it  has  not  hitherto  been  known  that  Har- 
riot  was  an  eminent  allronomer,  both  theoretical  and 
pra-^llcal,  which  firll  appears  by  tliefe  manulcripts ; 
among  which,  the  moli  remarkable  are  199  obferva- 
tions  of  the  fun’s  fpots,  with  their  drawings,  calcula¬ 
tions,  and  determination  of  the  fun’s  rotation  about  bis 
axis.  There  is  the  greatetl  probability  that  Harriot 
the  firft  difeoverer  of  tliefe  fpots,  even  before  either 
Galileo  or  Scheiner.  The  earlieft  intelligence  we  have 
of  the  firll:  difeovered  folar  fpots  is  of  one  Job.  Fabri- 
cius  Phryfius,  who  in  the  year  16  ii  piiblilhed  at  Wit- 
temberg  a  fmall  treatife,  intitled,  De  Maculis  in  Sole  ob^ 
fcr^alts  lA  apparent e  eorum  cum  Sole  con^oerjione  nar ratio, 
Galileo,  who  is  commonly  accounted  the  hrft  difeoverer 
of  the  folar  fpots,  publilhed  his  book,  IJiorta  e  Dimon- 
Jlra^ioni  intorne  alle  Machie  Solar e  e  loro  accidente^  at 
Rome  in  the  year  1613.  His  firll  obfervatiou  in  this 
work  is  dated  June  2d  1612.  Angelo  de  Filiis,  the 
editor  of  Galileo’s  work,  who  wrote  the  dedication  and 
preface  to  it,  mentions,  page  3.  that  Galileo  had  not 
only  difeovered  thefe  fpots  in  the  month  of  April  in  the 
year  1611,  at  Rome,  in  the  Quirinal  Garden,  but  had 
(hewn  them  feveral  months  before  {^molti  mefi  tnnanzi) 
to  his  friends  in  Florence  ;  and  that  the  obfervations 
of  the  difguifed  Apelles  (the  Jefuit  Scheiner,  a  pre¬ 
tender  to  this  firfl  difeovery)  were  not  later  than  the 
month  of  06lober  in  tlie  fame  year;  by  which  the 
epoch  of  this  difeovery  was  fixed  to  the  beginning  of 
the  year  1611.  But  a  paflage  in  the  firfi  letter  of  Ga¬ 
lileo’s  works,  pa.  11,  gives  a  more  precife  term  to  this 
difeovery.  Galileo  there  fays  in  plain  terms,  that  he 
had  obferved  the  fpots  in  the  fun  18  months  before. 
The  date  of  this  letter  is  May  24.  1612;  which  brings 
the  true  epoch  of  this  difeovery  to  the  month  of  Novem¬ 
ber  1610.  However,  Galileo’s  firll  produced  obferva¬ 
tions  are  only  from  June  2.  1612,  and  thofe  of  father 
Scheiner  of  the  month  of  Odlober  in  the  fame  year. 
But  now  it  appears  from  Harriot’s  manuferipts,  that 
hfs  firfl  obfervations  of  thefe  fpots  are  of  Dec.  8.  1610. 
It  is  not  likely  that  Harriot  could  have  this  notice 
from  Galileo,  for  I  do  not  find  this  mathematician’s 
name  ever  quoted  in  Harriot’s  papers ;  But  I  find  him 
quoting  book  i.  chap.  2.  of  Jofeph  a  Cofla’s  Natural 
and  Moral  Hiflory  of  the  Wejl  Indies  ;  in  which  he  re¬ 
lates,  that  in  Peru  there  are  fpots  to  be  feen  in  the  fun 
which  are  not  feen  in  Europe  :  and  hence  it  is  pro¬ 
bable,  that  Harriot  took  the  hint  of  looking  for  fuch 
fpots.  Befides,  it  is  not  unlikely,  that  living  with  fo 
.  rruiiilficent  a  patron,  Harriot  got  from  Holland  the  new 
invented  telefcopes  much  fooner  than  they  could  reach 
Galileo,  who  at  that  time  lived  at  Venice.  Harriot’s 
very  careful  and  exa6l  obfervations  of  thefe  fpots,  fhew 
alio  that  he  was  in  pofTeffion  of  the  befl  and  moll  im¬ 
proved  telefcopes  of  that  time  ;  for  it  appears  he  had 
fomc  with  magnifying  powers  of  10,  20,  and  30  times. 
At  lead  there  are  no  earlier  obfervations  of  the  folar 
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fpots  extant  than  bis;  they  run  from  December  8.  Harriot. 
1610,  till  January  18.  1613.  1  compared  the  corre- 

fponding  ones  with  thefe  obferved  by  Galileo,  between 
which  I  found  an  exa6l  agreement.  Had  Harriot  had 
any  notion  about  Galileo’s  difeoveries,  he  certainly 
would  have  alfo  known  foniething  about  the  phafes  of 
Venus  and  Mercury,  and  efpecially  ab«ut  the  fingular 
fhape  of  Saturn,  fird  difeovered  by  Galileo  ;  but  I  find 
not  a  word  in  all  his  papers  concerning  the  particular 
figure  of  that  planet.  ^ 

“  I  found  likewlfe  (continues  Dr  Zach)  among  the 
papers  of  Harriot  a  large  fet  of  obfervations  on  the  fa- 
tellites  of  Jupiter,  with  drawings  of  them,  their  pofi- 
tions,  and  calculations  of  their  revolutions  and  pentHl^. 

His  fird  obfervation  of  thofe  difeovered  fatellites,  I  find 
to  be  of  January  16.  1610;  and  they  go  till  February 
26.  1612.  Galileo  pretends  to  have  difeovered  them 
January  7.  1610  ;  fo  that  it  is  not  improbable  tliat 
Harriot  was  likewlfe  the  fird  difeoverer  of  thefe  attend¬ 
ants  of  Jupiter. 

“  Among  his  other  obfervations  of  the  moon,  of  e- 
clipfes,  of  the  planet  Mars,  of  foldices,  of  refradlion,  of 
the  declination  of  the  needle,  &c.  there  are  remarkable 
ones  of  the  comet  of  fboy,  and  the  latter  comet  (for 
there  were  two)  of  1618.  They  were  all  obferved 
with  a  crofs-dalf,  by  meafuring  their  didances  from 
fixed  dars  ;  whence  thefe  obfervations  are  the  more  va¬ 
luable,  as  comets  bad  before  been  but  grofsly  obferved. 

Kepler  himfelf  obferved  the  comet  of  1607  only  with 
the  naked  eye,  pointing  out  its  place  by  a  coarfe  edi- 
inatlon,  without  the  aid  of  an  Indrument  ;  and  the  ele¬ 
ments  of  their  orbits  could,  in  defeft  of  better  obferva¬ 
tions,  be  only  calculated  by  them.  The  obfervations  of 
the  comet  of  the  year  (607  are  of  the  more  Importance, 
even  now  for  modern  allronomy,  as  this  is  the  fame 
comet  that  fulfilled  Dr  Halley’s  prediflion  of  its  return 
in  the  year  1759.  That  predidlion  was  only  grounded 
upon  the  elements  afforded  him  by  thefe  coarfe  obferva¬ 
tions  ;  for  which  reafon  he  only  affigned  the  term  of  its 
return  to  the  fpace  of  a  year.  The  very  intricate  cal¬ 
culations  of  the  perturbations  of  this  comet,  afterwards 
made  by  M.  Clairaut,  reduced  tlie  limits  to  a  month’s 
fpace.  But  a  greater  light  may  now  be  thrown  upon 
this  matter  by  the  more  accurate  obfervations  on  tlus' 
comet  by  Mr  Harriot.  In  the  month  of  October 
1785,  when  I  converfed  upon  the  fubjedl  of  Harriot’s 
papers,  and  efpecially  on  this  comet,  with  the  celebra¬ 
ted  mathematician  M.  de  la  Grange,  diredor  of  the 
Royal  Academy  of  Sciences  at  Berlin,  he  then  fugged- 
ed  to  me  an  idea,  which,  if  brought  into  execution,  will 
clear  up  an  important  point  in  adronomy.  It  is  well 
known  to  adronomers  how  difficult  a  matter  it  is  to  de¬ 
termine  the  mafs,  or  quantity  of  matter,  in  the  planet 
Saturn  ;  and  how  little  fatisfadory  the  notions  of  it  are 
that  have  hitherto  been  formed.  The  \^hole  theory  of 
the  perturbations  of  comets  depending  upon  this  uncer¬ 
tain  datum,  feveral  attempts  and  trials  have  been  made 
towards  a  more  exad  determination  of  it  by  the  moll 
eminent  geometricians  of  this  age,  and  particularly  by 
la  Grange  himfelf ;  but  never  having  been  fatisfied  with 
the  few  aud  uncertain  data  heretofore  obtained  for  the 
refolution  of  this  problem,  he  thought  that  Harriot’s 
obfervations  on  the  comet  of  1607,  and  the  modern 
ones  of  the  fame  comet  in  1759,  would  lugged  a  vvay 
of  refolving  the  problem  a  pojieriori;  that  of  determining 
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by  them  the  elements  of  its  ellipfis.  x  ne  retardafon 
of  the  comet,  compared  to  its  period,  may  clearly  be 
aid  to  the  account  of  the  attradion  and  perturbation  it 
has  fuffered  in  the  region  of  Jupiter  and  Saturn  ;  and 
as  the  part  of  it  belonging  to  Jupiter  is  very  well  known, 
tlie  remainder  mull  be  the  fliare  which  is  dne  to  Saturn  • 
whence  the  mafs  of  the  latter  may  be  inferred.  In 


s 


luc  icuLcr  may  oe  interred.  In 
confequence  of  this  confideration,  I  have  already  bejrun 
to  reduce  mod  of  Harriot’s  obfervations  of  this  comet, 
in  order  to  calculate  by  them  the  true  elements  of  its 
mbit  on  an  elliptical  hypothefis,  to  complete  M.  de  la 
Lrrange  s  idea  upon  tins  matter. 

I  forbear  to  mention  here  any  more  of  Harriot’ 
analytical  papers,  which  I  found  in  a  very  great  num¬ 
ber.^  Ihey  contain  feveral  elegant  foliitions  of  qua- 
diatic,  cubic,  and  biquadratic  equations;  with  fome 
otuer  loluiioiis  and  /ocy  geon.etrua,  that  fliew  his  eminent 
qiialihcatioiis,  and  will  ferve  to  vindicate  them  a^ainfl 
the  attacks  or  feveral  French  writers,  who  refufe  him 
the  juhice  due  to  Lis  f]<ill  and  accomplillimeuts,  merely  to 
lave  Des  Cartes’s  honour,  who  yet,  by  fome  impartial 
menot  his  own  nation,  was  acciifcd  of  public  placriarifm  ” 
HASSEI  QUIST  (Frederick)  "^.vas  born  in  the 
pioMiice  of  Eait  Gothland  m  1722,  and  lludied  medi¬ 
cine  and  botany  m-  the  univerfity  of  Upfal.  Linnseus 
had  in  his  ledures  reprefeiited  the  extraordinary  merits 
and  great  celebrity  which  a  young  Undent  mijrht  ob< 
tain  by  travellinp-  throucrh  PaIhOi'iw:.  ; _ • 
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The  retardation  of  the  Tandy  deferts  of  Arabia  had  affeAed  his  lunirs- 
he  reached  Smyrna  in  a  ftate  of  illnefs,  in  which  he 
languifhcd  for  fome  time,  and  died  February  o.  171-2 
in  the  3t-'fb  year  of  his  age,  ^ 

The  fruits  of  his  travels  were,  however,  preferved 
through  the  liberality  of  a  great  priiicefs.  He  had  been 
obliged  to  conti  aa  debts.  The  Turks,  ihcrcfore,  feized 
upon  all  his  c  ollections,  and  threatened  to  expofe  them 
to  public  fale.  The  Swedifli  conful  prevented  it.  He 
fent,  with  the  intelligence  of  the  unhappy  exit  of  his 
countryman,  an  account  of  the  diftreffes  under  which  he 
reprefentation  of  Dean  Baeck,  Queen 
Louifa  Ulrica  granted  the  fum  of  14,000  dollars  in  cop. 
per  fpecie  to  redeem  all  his  colleftions.  They  arrived  af. 
terwards  in  good  prefervation  at  Stockholm  ;  confilHi.g 
of  a  gyeat  quantity  of  antiques,  Arabian  nianufcripts. 
(hells,  birds,  leipents,  infeAs,  &c.  and  were  kept  in  the 
cabinets  at  Ulriclifdale  and  Drottningholm  The  (peci 
mens  of  the  natural  turiofities  of  thefe  mufeums  being 
double  or  treble  111  number,  Linriseus  obtained  fome  of 
them,  and  pubhlhed  the  voyage  of  his  ill-fated  friend, 
and  honoured  his  memory  with  a  plant  w  hidi  he  called 
Hajfelqutfi'ia.  Hasselquista,  Anryc/. 
HAT-making  is  a  mechanical  procefs,  which  is  de- 
tailed  in  the  Encyclopedia  from  the  bed;  information 
that  could  then  be  obtained.  We  have  lately  learned 
however,  that  our  detail  is  fometimes  dchaivc,  and 


tain  by  travelling  through  Palediiie  and^bv'Tf/^’  ”  '  fometimes  dchaivc,  and 

into  and  defcribfng  the  Ltura^^h  orv  tS,  erroneous;  and  it  is  our  duty  to  fupply  thofe 

which  was  till  the®  unknl';.  al!d  defeAs,  and  to  correct  thofe  errors.  But,  llrLU  as 

greateft  importance  to  interpret  the  bible  and  to  nn  the  bii.inefs  of  hat-making,  we  diould  not 

derfland  ealiern  philology.  Haflelqiiill  was  fired  with  fufpeded,  that  we  had  been  miFcd  by  the 

ambition  to  accomplifh  an  objeA  fo  ^portant  in  it^ it  F  \v' 

and  fo  warmly  recommended  by  his  Lloved  mafer’  ® writer  m  Nicholfon’s  Philofophical 
Thci-c  being  no  fund  arifing  from  tl  Hb  ra  t  of  the  whT  T  ’  rnanufaauring  of  hats. 

crown,  private  colleaio„sleremaL,  wh  ch  poured  ?n  rJ  t 

very  copioufly,  efpecially  from  the  If  IZ  l  )  ‘'"•‘’“git 

the  young  traveller  All  the  faniltiec;  r»f  i-h  '  J  urnal  itfclf  for  a  more  accurate  account  of  ti  e 

of  T/of.l  tir..  P^‘>f  wf  convinced,  that  the  liberal-minded  author 

01  that  work  would  not  havf-  _ _ -n  i 
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of  Upfal  alfo  granted  him  a  ftipend. 

Thus  proteAed,  he  commenced  liis  Journey  in  the 
fummerof  1749  %  the  interference  of  Lagerftroem, 

he  had  a  free  palfage  to  Smyrna  in  one  of  the  Swedilh 
Haft  Indiamen.  He  arrived  there  at  the  concliifion  of 

Kv  '".‘he  moft  friendly  manner 

y  Mr  A.  Ryydel,  the  Swedi(h  conful.  In  the  begin¬ 
ning  o  1 750  he  fet  out  for  Egypt,  and  remained  nine 
months  at  Cairo  the  capital.  Hence  he  fent  to  Lin- 
r.aus,  and  to  the  learned  focieties  of  his  country,  fome 
fpecimens  of  his  refearches.  They  were  publilhed  in 
the  public  papers,  and  met  with  the  greateft  approba- 
tion  ;  and  upon  the  propofition  of  Dean  Baeck  and  Dr 
Wargentin,  ftcretai  y  of  the  Royal  Academy  of  Scien- 
ces,  a  colleAion  of  upwards  of  10,000  dollars  in  copper 
monev  was  maHp  frkr  -  r  .1  - 
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ot  that  work  would  not  have  pointed  out  our  miflakes 
without  making  us  welcome  to  avail  ourfelves  of  his 
aid  to  correA  them.  Our  readers  will  therefore  be  in- 
debted  only  to  Mr  Niciiolfon  and  bis  coriefpondent  for 
whatever  inftruAion  they  may  derive  from  this  article  • 
and  as  we  wifh  not  to  deck  ourfelves  in  borrowed’ 
plumes,  wc  (iiall  communicate  that  indruAiun  in  the 
words  of  Its  author. 

Having  vifited  the  inanufaAory  of  Mtffrs  Colliiifoii.s 
hatters  m  Gravel-lane,  Southwark,  Mr  Nicholfon  gives’ 
tlie  following  account  of  their  procedure  ; 

‘‘  Ihe  materials  tor  making  hats  are  rabbits  fur  cut 
off  from  the  ffin,  after  the  hairs  have  been  plucked  out, 
together  with  wool  and  beaver.  The  two  former  are 
mixed  111  various  proportions,  and  of  different  qualities 


money  was  made  for  the  continiiliice  of  the  travX^^f  proportions,  and  of  different  qualities 

young  Haffelquift.  Counfellors  Lagerftroem  anTuor^  nXf  “Fir°  "  "  ,  ‘  J 

dencrantz  were  the  moft  aAive  in  rfifing-  fubfmW  "  r  ""‘’'"r  believes  to  be  univerfally  ufet 

at  Stockholm  and  Gothenburgh.  In  ®the  fS  "f  articles,  and  never  for  the  bo^dy  01 

1751.  he  repaired  to  his  deftinatin,  and  paffed  thnfue“h  cTn"  n"?  ‘hefe  material 

Jaffa  to  Jernfalpm.  together,  unlci’s  ail  th( 

fibres  be  firfl  fenarated  X"  T*\  1 1  f  n  ^  ^  e-\  jT  ♦  • 


Jaffa  to  Jerufalem,  Jericho,  &c.  He  returned'after- 

Tlfiff  Scio  to  Smyrna.  Thus  he 

fulfilled  all  the  cxpeAations  of  his  country,  but  he  was 
not  to  reap  the  reward  of  his  toils.  The  burning  heat 
SuppL.  Von,  I.  Part  II.  ® 


fik.  k  c  n  r  •'  ’  togerner,  unicis  all  the 

fibres  be  firft  feparated,  or  put  into  the  fame  ftate  with 
regard  to  each  other.  This  is  the  objeA  of  the  firft 
procefs,  called  ^oeeing.  The  material,  without  any  pre¬ 
vious  preparation  (a),  is  laid  upon  a  platform  of  wood, 
4  Z  or 


- - -  ^  o: 

(a)  Some  writers  mention  a  partial  wetting  of  the  fur  while  on  the  fkm  K  v  r 

t..n  of  „„mo  of  mroor,  g,„  f,  ,  o„|.  (..Uinfoo,  d,  i,,'  ’  ““ 
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Hat.  or  of  wire,  fomewbat  more  than  four  feet  fquare,  called 
'  a  hurdle,  which  is  fixed  againll  the  wall  of  the  work- 
(hop,  and  is  enlightened  by  a  fmall  window,  and  fepa-’ 
rated  by  two  fide  partitions  from  other  hurdles  v/hich 
occupy  the  reft  of  the  fpace  along  the  wall.  The  hurdle, 
if  of  wood,  is  made  of  deal  planks,  not  quite  three 
inches  wide,  difpofed  parallel  to  the  wall,  and  at  the 
diftaiice  of  one-fortieth  or  one-fiftieth  of  an  inch  from 
each  other,  for  the  puipofe  of  fiiffering  the  dull,  and 
other  impurities  of  llic  ftuff,  to  pafs  through  ;  a  pur- 
pofe  ftill  more  elfeaually  anfwered  by  the  hurdle  of 
wire. 

“  The  workman  is  provided  with  a  bow,  a  bow- pin,  a 
bafket,  and  fcveral  cloths.  The  bow  is  a  pole  of  yellow 
deal  wood,  between  feven  and  eight  feet  long,  to  which 
are  fixed  two  bridges,  fomewhat  like  that  which  re¬ 
ceives  the  hair  in  the  bow  of  the  violin  (li).  Over 
ihefe  is  ftretched  a  catgut,  about  one-twelfth  part  of  an 
inch  in  thicknefs.  The  bow  pin  is  a  ftick  with  a  knob, 
and  is  ufed  for  plucking  the  bow-ftring.  The  bafleet  is 
S' fquare  piece  of  ozier  work,  confifting  of  open  ftralt 
bars  with  no  crofling  or  interweaving,  its  length  acrofs 
the  bars  may  be  about  two  feet,  and  its  breadth  eigh¬ 
teen  inches.  The  fides  into  which  the  bars  are  fixed 
are  flightly  bended  into  a  circular  curve,  fo  that  the 
bafket  may  be  fet  upright  on  one  of  thefe  edges  near 
the  right  hand  end  of  the  hurdle,  where^  it  iifually 
ftandsf  The  cloths  are  linen.  Befides  thefe  implements, 
the  workman  is  alfo  provided  with  brown  paper. 

“  The  ho^juhig  commences' by  {hovelling  the  material 
towards  the  right  hand  partition  with  the  bafl<et  ;  upon 
which,  the  workman  holding  the  bow  horizontally  in 
bis  left  hand,  and  the  bow-pin  in  his  right,  lightly 
pieces  the  bow-ftring,  and  gives  it  a  pluck  with  the  pin. 
The  firing,  in  its  return,  ftiikes  part  of  the  fur,  and 
caiifes  it  to  rife,  and  fiy  partly  acrofs  the  hurdle  in  a 
light  open  form.  By  repeated  ftrokes,  the  w^hole  is  thus 
fnbjeded  to  the  bow  ;  and  this  beating  is  repeated  till 
all  the  original  clots  or  maffes  of  the  filaments  are  per- 
ff^lly  opened  and  obliterated.  The  quantity  thus  treat¬ 
ed  at  once  is  called  a  hait^  and  never  exceeds  half  the 
quantity  required  to  make  one  hat. 


When  the  batt  is  fufticiently  bowed,  it  is  ready  for 
hardening  ;  which  term  denotes  the  firft  commencement 
of  felting.  The  prepared  material  being  evenly  difpo¬ 
fed  on  the  hurdle,  is  firft  preffed  down  by  the  convex 
fide  of  the  bafltet,  then  covered  with  a  cloth,  and  preffed 
fucceffively  in  its  various  parts  by  the  hands  of  the 
workman.  The  preffure  is  gentle,  and  the  hands  are' 
very  flightly  moved  back  and  forwards  at  the  fame  time 
through  a  fpace  of  perhaps  a  quarter  of  an  inch,  to  fa¬ 
vour  the  hardening  or  entangling  of  the  fibres  (See 
Felting  in  this  SuppL)  In  a  very  fhort  time,  indeed, 
the  fluff  acquires  fufiicient  firmnefs  to  bear  careful 
handling.  The  cloth  is  then  taken  off,  and  a  fheet  of 
paper,  with  its  corners  doubled  in,  fo  as  to  give  it  a  tri¬ 
angular  outline,  is  laid  upon  the  batt,  which  laft  is  fold¬ 
ed  over  the  paper  as  it  lies,  and  its  edges,  meeting  one 
over  the  other,  form  a  conical  cap.  The  joining  is  foon 
rrade  good  by  preffure  wuth  the  hands  on  the  cloth. 
Another  batt,  ready  hardened,  is  in  the  next  place  laid 
on  the  hurdle,  and  the  cap  here  mentioned  placed  Upon 
it,  with  the  joining  downwards.  This  laft  batt  being 
alfo  folded  up,  will  confequently  have  its  place  of  jundlion 
diametrically  oppofite  to  that  of  the  inner  felt,  which  it 
muft  therefore  greatly  tend  to  ftrengtlien.  The  prin¬ 
cipal  part  of  the  hat  is  thus  put.  together,  and  now  re¬ 
quires  to  be  worked  with  the  hands  a  confiderable  time 
upon  the  hurdle,  the  cloth  being  alfo  occafionally  fprink- 
led  with  clear  water.  During  the  whole  of  this  ope¬ 
ration,  which  h  called  bafoning  (c),  the  article  becomes 
firmer  and  firmer,  and  contrads  in  its  dimenfions.  It 
may  ealily  be  underftood,  that  the  chief  ufe  of  the  pa¬ 
per  is  to  prevent  the  Tides  from  felting  together. 

“  The  bafoning  is  followed  by  a  ftill  more  effedlual 
continuation  of  the  felting,  called  working  (d).  This  is 
done  in  another  fhop,  at  an  apparatus  called  a  battery^ 
confining  of  a  kettle  (containing  water  flightly  acidula- 
ted  with  fulphuric  acid,  to  which,  for  beaver  hats,  a 
quantity  of  the  grounds  of  beer  is  added,  or  elfe  plain 
water  for  rinfing  out),  and  eight of  wood  joined 
together  in  the  form  of  a  fruftum  of  a  pyramid,  and 
meeting  in  the  kettle  at  the  middle.  T.  he  outer  or 
upper  edge  of  each  plank  is  about  two  feet  broad,  and 
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U)  Mr  NicholfonVcorrefpondent,  who  is  himfelf  a  hatter,  fays  that  the  bow  ts  beft  made  of  afh  ;  that  .t 
coipofed  of  the>«^  or  handle  ;  that  the  bridge  at  the  fmaller  end,  or  that  which  ,s  neared  the  window  in  he 
aft  d-  bowing,  is  eallid  the  cock  ;  and  that  the  other  bridge,  which  is  nearer  to  the  workman  s  hand,  is  called  the 

Mr  Nicholfoii’s  (iorrefporident  fays,  that  after  bowing,  and  previous  to  the  byoning,  a  hardening  Jhin^ 
that  is,  a  large  piece  of  fkin,  aLut  four  feet  long  and  three  ^et  broad,  of  leather  alumed  or  ^  J" J 

upon  the  bat,  to  bring  it  by  an  eafier  gradation  to  a  compaft  appearance  ;  after  which  it  is  bafoned,  being  dill 
kept  upon  the  hurdle^  This  operation,  the  bafoning,  derives  its  name  from  the  procefs  ox  mode  of  working, 
beL  the  fame  as  that  praftifed  upon  a  wool  hat  after  bowing  ;  the  lad  being  done  upon  a  piece  ^ 
four^et  acrofs,  of -a  circular  diape,  called  a  bafon  ;  the  joining  of  each  batt  is  made  good  here  by  diuffling  the 
hand,  that  is,  by  rubbing  the  edge  of  each  batt  folded  over  the  other  to  excite  the  progreflive  motion  of  each  o 
the  filaments  in  felting,  and  to  join  the  two  together.  Many  journeymen,  to  hurry  tins  w-ork,  ufe  a  quantity  of 
vitriol  (fulphuric  acid),  and  then,  to  make  the  nap  rife  and  How,  they  kill  the  vitriol,  and  open  the  ^ 

by  threnving  in  a  handful  or  two  of  oatmeal  ;  by  this  means  they  get  a  great  many  made,  though,  ^e  lame 
time,  they  leave  them  quite  grainy  from  the  want  of  labour,  ihis,  in  handling  ti  e  ry  giey  aw  > 

may  be  in  part  difeovered  ;  but  in  part  only.  ,  ,  r 

(d)  The  intelligent  writer  who  has  been  fo  often  quoted,  fays,  that  before  this  operation  is  begun,  the  hat  iS 
dipped  into  the  boiling  kettle,  and  allowed  to  He  upon  the  plank  until  cold  again  •,  tins  13  called that  u 
biing  perfealy  fatuiated  with  the  hot  licpior  :  if  they  are  put  in  too  hadily  in  tins  date,  ‘hey  arejien  only 
bowed  and  bafoned,  they  would  bui-d  from  the  edges,,  each  batt  not  being  fufficicntly  felted  into  the  other. 
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riTes  a  little «tnore  than  two  feet  and  a  half  above  the 
“  ground  ;  and  the  flope  towards  the  kettle  is  confider- 
ably  rapid,  fo  that  the  whole  battery  is  little  more  than 
fix  feet  in  diameter.  The  quantity  of  fulphuric  acid 
added  to  the  liquor  is  not  fulheient  to  give  a  four  tah.e, 
but  only  renders  it  rough  to  the  tongue.  In  this  li¬ 
quor,  heated  rather  higher  than  unpradtifed  hands  could 
bear,  the  article  is  dipped  from  time  to  lime,  and  then 
worked  on  the  planks  with  a  roller,  and  alfo  by  foldiiiQ- 
or  rolling  it  up,  and  opening  it  again  ;  in  all  which,  a 
certain  degree  of  care  is  at  firfl  iieccffary,  to  prevent 
the  fides  from  felting  together  j  of  which,  in  the  more 
advanced  (lages  of  the  operation,  there  is  no  danger. 
The  imperfedlioiis  of  the  work  now  prefent  themfelves 
to  the  eye  of  the  workman,  who  picks  out  knots  and 
other  hard  fubilances  with  a  bodkin,  and  adds  more  felt 
upon  all  fucb  parts  as  require  llrengthcning.  This 
added  felt  is  patted  down  with  a  wet  brufn,  and  fooii 
incorporates  with  the  reft.  The  beaver  is  laid  on  to¬ 
wards  the  conclufion  of  this  kind  of  working.  Mr 
Nicholfon  could  not  difliiidly  learn  why  the  beer 
grounds  were  ufed  with  beaver-hats.  Some  workmen 
faid,  that  by  rendering  the  liquor  more  tenacious,  the 
hat  was  enabled  to  hold  a  greater  quantity  of  it  for  a 
longer  time ;  but  others  faid,  that  the  mere  acid  and 
water  would  not  adhere  to  the  beaver  facing,  but  would 
roll  off  immediately  when  the  article  v/as  laid  on  the 
plank.  It  is  probable,  as  he  obferves,  that  the  manu- 
fafturers  w^ho  now  follow  the  eftabliftied  practice,  may 
not  have  tried  what  are  the  inconveniences  this  addition 
is  calculated  to  remove/’ 

Our  author’s  correfpondent,  however,  afiigns  fcveral 
reafons  for  the  addition  of  thofe  dregs,  which,  he  fays, 
ought  to  be  thick,  and  the  foureft  that  can  be  got! 

I.  Vitriol  (fulphuric  acid)  would  harden  the  hat  too 
much,  which  is  kept  mellow  by  the  dregs.  2.  The 
dregs  are  faid  by  the  workmen  to  hold  or  till  the  body, 
whilft  a  little  vitriol  cleanfes  it  of  the  dirt,  &c.  that 
may  be  on  the  rabbit  or  other  wools.  3.  Another  ad¬ 
vantage  attending  the  ufe  of  dregs,  whether  of  beer, 
porter,  or  wine,  is,  that  as  the  boiling  of  the  dyeing 
does  not  draw  out  much  of  the  mucilage  from  e«ch  hat 
when  it  comes  to  be  ftiffened,  the  dregs  form  a  body 
within  the  hat,  fufficiently  llrong  or  retentive  to  keep 
the  glue  from  coming  through  amongft  the  nap.  4. 
Vitriol  (fulj  huric  acid)  alone  purges  or  weakens  the 
goods  too  much  ;  confequently  half  of  the  quantity 
does  better  with  the  addition  of  dregs,  as  it  allows  the 
body  to  be  made  clofer  by  more  work. 

Of  thefe  four  reafons  for  the  ufe  of  dregs,  the  laft 
alone  appears  to  us  perfpicuoiis  or  at  all  fatisfadlory. 
But  be  this  as  it  may,  acid  of  fome  kind  gives  a  rough- 
nefs  to  the  furface  of  the  hair,  which  facilitates  the  me¬ 
chanical  adion  of  felting ;  and  Mr  Collinfon  informed 
Mr  Nicholfon,  that  in  a  procefs,  called  carotting,  they 
make  ufe  of  nitrous  acid.  In  this  operation,  the  ma¬ 
terial  is  put  into  a  mixture  of  the  nitrous  and  fulphuric 
acids  in  water,  and  kept  in  the  digefting  heat  of  a  Hove 
all  night  ;  by  which  means  the  hair  acquires  a  ruddy 
or  yellow  colour,  and  lofes  part  of  its  ftrength. 

“  It  muft  be  remembered,  that  our  hat  ftill  pofTeffes 
the  form  of  a  cone,  and  that  the  whole  of  the  feveral 
adhions  it  has  undergone  have  only  converted  it  into  a 
foft  flexible  felt,  capable  of  being  extended,  though  with 
fome  difficulty,  in  every  diredion.  The  next  thing  to 
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be  done  is  to  give  it  the  form  required  by  the  wearer, 
bor  this  pnrpofe,  the  workman  turns  up  the  edge  or 
rim  to  the  dipth  of  about  an  inch  and  a  half,  and  then 
returns  the  point  back  again  through  the  centre  or  axis 
of  the  cap,  fo  far  as  not  to  take  out  tin’s  fold,  but  to 
produce  another  inner  fold  of  the  fame  depth.  The 
point  being  returned  back  again  in  the  fame  manner,' 
produces  a  third  fold  ;  and  thus  the  workman  procteds, 
until  the  whole  has  acquired  the  appearance  of  a  flat 
circular  piece,  confifling  of  a  number  of  concentric  un¬ 
dulations  or  folds,  with  the  point  in  the  centre.  This 
IS  laid  upon  the  plank,  where  the  workman,  keeping 
tlie  j)iece  wet  with  the  liquor,  pulls  out  the  point  w'ith 
his  fingers,  and  prdfes  it  down  with  his  hand,  at  the 
fame  time  turning  it  round  on  its  centre  in  contad  with 
the  plank,  till  he  has,  by  this  means,  rubbed  out  a,  flat 
portion  equal  to  the  intended  crowm  of  the  hat.  In 
the  next  pLice,  he  takes  a  block,  to  the  crown  of  which 
he  applies  the  flat  central  portion  of  the  felt,  and  by- 
forcing  a  ftriiig  down  the  fides  of  the  block,  he  caufts 
the  next  part  to  affume  the  figure  of  the  crown,  which, 
he  continues  to  wet  and  work,  until  it  has  properly  dif- 
pofed  itfelf  round  the  block.  1  he  rim  now  appears 
like  a  flounced  or  puckered  aj)pendage  round  the  edge 
of  the  crown  ;  but  the  block  being  fet  upright  on  the 
plank,  the  requilite  figure  is  loon  given  by  working, 
rubbing,  and  extending  this  part.  Water  only  is  ufed 
in  this  operation  of  fafliioning  or  blocking;  at  the  con- 
clufion  of  which  it  is  prelTcd  out  by  the  blunt  edge  of 
a  copper  implement  for  that  purpofe. 

Pi  evious  to  the  dyeing,  the  nap  of  the  hat  is  raifed 
or  loofened  out  with  a  wure  brufii,  or  carding  iiillru- 
ment.  ^  The  fibres  are  too  rotten  after  the  dyeing  to 
bear  this  operation.  The  dyeing  materials  are  logwood, 
and  a  mixture  of  the  fulphates  of  iron  and  of  copper, 
known  in  the  market  by  the  names  of  green  copperas 
and  blue  vitriol.  Af  the  time  of  Mr  Collinfon  was  limit- 
cd,  and  my  attentioiq  fays  Mr  Nicholfon,  was  more  par- 
ticularly  direded  to  the  mechanical  procefies,  I  did  not 
go  into  the  dyc-houfe  ;  but  I  have  no  doubt  that  the 
hats  are  boiled  with  the  logwood,  and  afterw'ards  im- 
merfed  in  the  faline  folutlon.  I  particularly  afleed  whe¬ 
ther  galls  were  ufed,  and  was  aiifwered  in  the  negative. 

‘‘  The  dyed  hats  are,  in  the  next  place,  takc-i'to  the 
Itiffening  fliop.  One  w^orkmanj  affifted  by  a  boy,  does 
this  part  of  thebufinefs.  He  has  two  velTels,  or  boil¬ 
ers,  the  one  containing  the  grounds  of  ftrong  beer, 
which  cofts  feven  fliillnigs  per  barrel,  and  the  other  vef- 
fel  containing  melted  glue,  a  little  thinner  than  it  is 
ufed  by  carpenters.  Our  author  particularly  aficed, 
whether  this  laft  lolution  contained  any  other  ingre¬ 
dient  befides  glue,  and  v/as  alTured  that  it  did  not.  The 
beer  grounds  arc  applied  in  the  infide  of  the  crown  to 
prevent  the  glue  from  coming  through  to  the  face,  and 
alio,  as  he  fuppofes,  to  give  the  requifite  flrmnefs  at  a 
lels  ex  pence  than  could  be  produced  by  ghie  alone.  If 
the  glue  were  to  pafs  through  the  hat  in  difrercnt  places. 

It  miofht,  he  imagines,  be  more  difficult  to  produce  an 
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even  glofs  upon  the  face  i‘n  the  fubfequent  finifthiff. 
The  glue  flifFeni'ng  is  applied  after  the  beer  grounds 
are  dried,  and  then  only  upon  the  lower  face  of  the 
flap,  and  the  infide  cf  the  crown.  For  this  purpofe 
the  nat  is  put  into  another  hat,  called  a  iliffening  hit, 
the  crown  of  which  is  notched,  or  flit  open  in  varioui 
N  directions.  1  htfe  are  then  placed  in  a  hole  in  a  d^al 
4  2  board, 
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Hat.  board,  which  fupports  the  flap,  and  the  glue  is  applied 
with  a  brufli. 

The  dry  hat,  after  this  operation,  is  very  rigid,  and 
its  figure  irregular.  The  lafl  drefling  is  given  by  the 
application  of  moillure  and  heat,  and  the  ufe  of  the 
brulh  and  a  hot  iron,  fomewhat  in  the  fhape  of  that  ufed 
by  tailors,  but  fliorter  and  broader  on  the  face.  The 
hat  being  foftened  by  expofure  to  lleam,  is  drawn  upon 
a  block,  to  which  it  is  iecurely  applied  by  the  former 
method  of  forcing  a  ftring  down  from  the  crown  to 
the  commencement  of  the  rim.  The  jiidgmeat  of  the 
workman  is  employed  in  moifttning,  bruO^ing,  and  iron¬ 
ing  the  hat,  in  order  to  give  and  preferve  the  proper 
figure.  AVhen  the  rim  of  the  hat  is  net  intended  to 
be  of  an  equal  width  throughout,  it  is  cut  by  means  of 
a  wooden,  or  perhaps  metallic  pattern  ;  but  as  no  fuch 
hats  are  now  in  fafliion,  Mr  Nicholfoii  faw  only  the 
tool  for  cutting  them  round.  The  contrivance  is  very 
ingenious  and  fimple.  A  number  of  notches  are  made 
in  one  edge  of  a  flat  piece  of  wood  for  the  purpofe  of 
inferting  the  point  of  a  knife,  and  from  one  fide  or 
edge  of  this  piece  of  wood  there  proceeds  a  ftraight 
handle,  which  lies  parallel  to  the  notched  hde,  forming 
an  angle  fomewhat  like  that  of  a  carpenter's  fquare. 
When  the  legs  of  this  angle  are  applied  to  the  outfide 
of  the  crown,  and  the  board  lies  flat  on  the  rim  of  the 
hat,  the  notched  edge  will  lie  nearly  in  the  direiflion  of 
the  radius,  or  line  pointing  to  the  centre  of  the  hat. 
A  knife  being  therefore  iiiferted  in  one  of  the  notches, 
it  is  eafy  to  draw  it  round  by  leaning  the  tool  againfl: 
the  crown,  and  it  will  cut  the  border  very  regular  and 
true.  This  cut  is  made  before  the  hat  is  quite  finifhed, 
and  is  not  carried  entirely  through  ;  fo  that  one  of  the 
lad  operations  conilils  in  tearing  off  the  redundant 
part,  which  by  that  means  leaves  an  edging  of  beaver 
round  the  external  face  of  the  flap.  When  the  hat  is 
completely  finifhed,  the  crown  is  tied  up  in  gauze  pa¬ 
per,  w^hich  is  neatly  ironed  dowm.  It  is  then  ready  for 
the  fubfequent  operations  of  lining,’^  See, 

Our  author  concludes  his  valuable  memoir  on  the 
fabrication  of  hats,  with  fome  obfervations  on  the  pro¬ 
bable  gain  or  lofs  of  employing  machinery  in  the  ma¬ 
nufacture.  Thefe  obfervatiops,  as  they  are  ftated  in 
the  original  paper,  we  recommend  to  the  ferious  atten¬ 
tion  of  every  judicious  hat-maker,  who  carries  on  his 
biifinefs  on  a  large  fcale  ;  for  he  will  find  them  not  the 
reveries  of  a  rafh  fpeculatift,  but  the  cool  reflections  of 
a  real  philofopher,  who  is  at  the  fame  time  no  ftranger 
to  the  arts  of  life.  They  fugged  the  following  fubjeCts 
of  inquiry  :  Whether  carding,  which  is  rapidly  and  me¬ 
chanically  done,  be  inferior  to  bowing,  which  does  not 
promife  much  facility  for  mechanical  operation  ?  Whe¬ 
ther  a  fuccefiion  of  batts  or  cardings  might  be  thrown 
round  a  fluted  cone,  which  rapidly  revolving,  in  con- 
taCt  with  three  or  more  cylinders,  might  perform  the 
hardening,  and  even  the  working,  with  much  more 
precifiou  and  fpeed  than  they  are  now  done  by  hand  ? 
Whether  blocking  or  fhaping  be  not  an  operation  ex¬ 
tremely  well  calculated  for  the  operation  of  one  or  more 
machines  ?  Whether  loofe  weaving  and  fubfequent  felt- 
ing  might  not  produce  a  lighter,  cheaper,  and  dronger 
article  ^  And  how  far  the  mechanical  felting,  which  is 
not  confined  merely  to  the  hairs  of  animals,  might  be 
applied  to  this  art  ? 

Before  we  difraifs  this  fubjcCf,  it  may  be  worth  while 


to  date  Mr  Dunnage’s  method  of  making  water  procf  Hat. 
hatSi  in  imitation  of  beaver,  for  which,  in  November 
1794,  he  obtained  a  patent.  It  is  as  follows  :  Let  a 
fliag  be  woven,  of  fuch  count  in  the  reed,  and  cut  over 
fuch  fized  wire,  as  will  give  the  hats  to  be  manufa^lu- 
red  from  it  that  degree  of  richnefs,  or  appearance  of 
fur,  which  may  be  thought  neceflary.  The  materials 
of  which  this  fhag  may  be  compofed  are  various,  and 
(hould  be  accommodated  to  different  kinds  of  hats,  ac¬ 
cording  to  the  degree  of  beauty  and  durability  to  be 
given  them,  and  the  price  at  which  they  are  dtfigned 
to  be  fold  ;  that  is  to  fay,  filk,  mohair,  or  any  other 
hair  that  is  capable  of  being  fpun  into  an  end  fine  e- 
iiougli  for  the  purpofe,  cotton,  inkle,  wool,  or  a  mix¬ 
ture  of  any,  or  all  the  above  materials,  as  may  fuit  the 
different  purpofes  of  the  manufadfurer.  Thofe  anfvver 
bed  (fays  our  author),  which  are  made  with  two 
poles,  either  of  Bergam,  Piedmont,  or  Organzine  filk, 
rifing  alternately,  in  a  reed  of  about  nine  hundred  count 
to  eighteen  inches  wide,  with  three  ihoots  over  each 
wire.  This  method  of  weaving  didributes  the  filk 
(as  it  may  be  put  Angle  into  the  harnefs),  and  pre¬ 
vents  any  1  ibby  appearance  which  it  might  have  if  the 
filk  were  paffed  double,  and  the  whole  of  the  pole  cut 
over  each  wire.  This  may  be  made  either  on  a  two 
or  four  thread  ground  of  hard  filk,  fnot  with  fine  cot¬ 
ton,  which  he  thinks  preferable  for  flioot,  to  filk,  inkle, 
or  any  other  material,  as  it  forms  both  a  clofe  and  fine 
texture.  An  inferior  kind  of  hats  may  be  made  from 
any  of  the  before-mentioned  materials,  and  with  cheap¬ 
er  filk.  This  diag  diould  be  dretched  on  a  frame,, 
fuch  as  dyers  ufe  to  rack  cloth  ;  then  (having  previ- 
oufly  fet  the  pile  upright  with  a  ^  comb,  to  prevent  its 
being  injured  or  duck  together),  go  over  the  ground 
with  thin  fize,  laid  on  with  a  foft  brufh.  For  black, 
or  dark  colours,  common  fize  wdll  do  ;  with  white,  or 
any  light  colour,  ufe  ifinglafs,  or  a  fize  made  from  whita 
kid  leather.  Thefe,  or  gum,  or  any  other  mucilagi¬ 
nous  matter,  which,  without  altering  the  colour, -will 
prevent  oil  from  getting  through  the  ground  fo  as  to 
injure  the  pile,  will  anfwer  the  purpofe.  Take  care 
not  to  apply  more  of  any  material,  as  a  preparation, 
than  may  be  fully  faturated  with  oil  or  varnifli,  fo  that 
water  will  not  difeharge  it  from  the  ground.  The 
fize,  or  other  glutinous  matter,  being  dry,  the  pile 
mud  be  teefeled,  or  carded  with  a  fine  card,  till  the 
filk  is  completely  taken  out  of  the  twid  or  throwings 
when  it  will  lofe  its  coarfe  (baggy  look,  and  affume  the 
appearance  of  a  very  fine  fur.  It  mud  now  be  once 
more  fet  upright  with  a  comb,  and  you  may  proceed 
to  lay  on  your  water-proof  material;,  this  too  may  be 
varied  according  to  circumdances.  For  black,  or  any 
dark  colour,  linfeed  oil  well  boiled  with  the  ufual 
driers,'  and  thickened  with  a  fmall  quantity  of  any? 
good  drying  colour,  will  do  ;  for  white,  or  very  fine 
colours,  poppy  or  nut  oil,  or  copal  or  other  variiilhes, 
njiay  be  ufed.  In  this  particular  the  nianufadlurer  mud' 
judge  what  will  bed  anfwer  his  purpofe,  taking  care 
never  to  ufe  any  thing  that  will  dry  hard,  or  be  fubjefl 
to  crack.  Mr  Dunnage  has  found  good  drying  lin... 
feed  oil  preferable  to  any  other  thing  which  he  has. 
ufed,  and,  with  the  precaution  of  laying  on  very  little 
the  fird  time,  it  will  not  injure  the  fined  colours.  When 
the  fird  coat  of  oil  is  dry,  go  over  it  a  fecond  and 
a  third  time,  if  neceffary,  till  you  are  convinced  the 

pores- 
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Hat.  pores  of  the  ground  are  fully  clofed  up,  and  the  fluff 
rendered  impervious  to  water.  It  fhould  no  w  ftarid 
feveral  days,  till  the  fmcll  is  fufficiently  gone  off ;  and 
before  it  is  taken  from  the  frame,  fhould  be  gone  over 
with  fome  ox-gail  or  lime-water,  to  take  off  the  greafi- 
ucfs,  which  would  otherwife  prevent  the  fliffeiiing  from 
adhering  to  the  oil.  The  material  being  now  ready  to 
be  formed  into  hats,  fhould  be  tut  into  proper  fliapes 
for  that  purpofe.  The  crown  fhould  be  made  up  over 
a  block,  with  needle  and  filk,  the  oiled  fide  outwards. 
The  feams  fhould  then  be  rubbed  with  a  piece  of  hard 
Wood,  bone,  or  ivory,  to  make  them  lie  fiat,  and  the 
edges  ot  the  fluff  pared  off  very  near  the  flitches,  that 
no  joint  may  appear  on  the  right  fide.  The  feams 
fhould  then  be  carefully  gone  over  with  the  prepared 
oil,  till  every  crevice  or  hole  made  by  the  needle  is 
completely  filled  up,  and  the  crown  rendered  perfectly 
water-proof.  The  crown  may  then  be  turned  and  fliff- 
ened,  by  flicking  linen,  leather,  paper,  or  any  other 
material  that  may  be  found  to  aiifwer  the  purpcife,  to 
the  inner  or  painted  fide,  till  it  acquires  about  the  fame 
degree  of  ftiffnefs,  or  reliflance  to  the  touch,  as  a  good 
beaver.  The  mucilaginous  matter  which  he  ufed  to 
attach  the  ftiffening  to  the  crown,  and  the  upper  and 
under  parts  of  the  brim  to  each  other,  was  compofed 
of  one  pound  of  gum-arabic  or  fenega,  one  pound  of 
llarch,  and  a  half  a  pound  of  glue,  boiled  up  with  as 
much  water  as  reduced  the  whole  to  the  coufiflence  of 
a  thick  pafle.  A  greater  or  lefs  proportion  of  any  of 
thefe  ingredients  may  be  ufed,  and  other  glutinous  and 
adhefive  fubflances  may  anfwer  the  fame  purpofes  ;  or 
drying-oils  may  be  made  ufe  of,  inflead  of  this  or  other 
mucilage  ;  or  any  of  the  rennous  gums  diffolved  in 
oil  or  fpirits  ;  only  it  flioiild  be  cbferved,  in  this  cafe, 
the  hats  will  require  more  time  in  the  preparation,  as 
the  oily  matter,  unlcfs  expofed  to  the  air,  will  not  rea¬ 
dily  dry  ;  but  he  found  by  experience  that  the  above 
mentioned  compofition  does  not  dry  hard  or  brittle, 
but  retains  that  pleafant  flexibility  which  is  agreeable 
to  the  touch,  while  it  communicates  to  the  other  mate¬ 
rials  a  fuflicient  degree  of  elailicity.  Before  the  brim 
is  perfecl:ly  dry,  care  fliould  be  taken  to  form  a  neck 
or  rifiiig  round  the  hole  where  it  is  to  he  attached  to 
the  crown,  by  notching  it  round  with  a  pair  of  feif- 
fars,  and  then  forcing  it  over  a  block  fomething  larger 
than  you  have  made  the  hole,  fo  that  the  uncut  fluff 
may  turn  up,  under  the  lower  edge  of  the  crown,  about 
a  quarter  of  an  inch.  Before  you  join  the  crown  and 
brim  together,  go  over  the  oiitfide  of  the  neck  of  the 
brim,  and  the  infide  of  the  crowm,  as  high.as  the  neck 
will  come  (which  fhould  be  about  half  an  inch),  with 
the  prepared  oil  ;  and  when  they  are  nearly  dry,  fo  as 
.  ^  to  adhere  to  the  finger  on  touching  them,  put  the  crown 

over  the  neck  of  the  brim,  and  let  them  be  few^ed 
flrongly  together,  taking  care  to  few  down  as  little  of 
the  pile  as  poflible,  and  ufing  the  fame  precaution  of 
oiling,  where  the  needle  has  been  through,  as  was  ob- 
ferved  in  making  up  the  crown.  The  hat  is  now  rea¬ 
dy  for  drefiing  ;  which  operation  may  be  performed 
over  a  block,  with  a  hot  iron,  brufli,  &c.  in  the  fiime 
manner  as  tliofe  commonly  called  felts.  When  putting 
in  the  lining,  be  very  careful  to  let  the  needle  only  take 
hold  of  the  under  furface  of  the  brim  ;  for  fhould  it 
perforate  the  upper  one,  the  water  will  find  its  way 
through,  and  the  hat  be  of  no  value.  Though 


have  already  declared  how  little  we  are  acquainted  with  Hawldnf. 
the  operation  of  hat- making,  we  cannot  help  fuggefting 
the  inquiry,  whether  thefe  water-proof  hats  might  not 
be  improved  both  in  flrengtli  and  beauty,  by  a  flight 
felting  before  the  application  of  the  fize  by  the  brufh. 

Such  of  them  as  are  compofed  of  wool  or  hair,  or  con». 
tain  a  mixture  of  thefe  materials,  are  unquellionably 
fufceptible  of  felting. 

HAWKINS  (Sir  John),  was  the  youngefl  fon  of  a 
man  who,  though  defeended  from  Sir  John  Hawkins 
the  memorable  admiral  and  treafiirer  of  the  navy  in  the 
reign  of  Q^een  Elizabeth,  followed  at  firfl  the  occupa¬ 
tion  of  a  houfe-carpenter,  which  he  afterwards  exchan¬ 
ged  for  the  profeflion  of  a  fnrveyor  and  builder.  He  was 
born  in  the  city  of  I..ondoii  on  the  30th  day  of  March 
1719  ;  and  after  having  been  fent  firfl  to  one  fchool, 
and  afterwards  to  a  fecond,  where  he  acquired  a  toler¬ 
able  knowledge  of  Tatin,  lie  went  through  a  regular 
courfe  of  architedlure  and  perfpedive,  in  order  to  fit 
him  for  his  father’s  pvofefii  m  of  a  fnrveyor.  He  was, 
however,  perfuaded,  by  a  near  relation,  to  abandon  the 
profefiion  of  his  firil  choice,  and  to  embrace  that  of  the 
law  ;  and  was  accordingly  articled  to  Mr  John  Scott  an 
attorney  and  folicitor  in  great  pradice.  In  this  fit  na¬ 
tion  his  time  was  too  fully  employed  in  the  adual  dif- 
patch  cf  biilinefs  to  permit  him,  without  fome  extra- 
ordiiiary  means,  to  acquire  the  iiecefTary  knowledge  of 
his  profeffion  by  reading  and  fludy  ;  befidcs  that,  his 
mailer  is  faid  to  have  been  more  anxious  to  render  him 
a  good  copying  clerk,  by  fcrupulous  attention  to  his 
hand- writing,  than  to  qualify  him  by  infcrudion  to  con- 
dud  bufinefs.  To  remedy  this  inconvenience,  therefore, 
he  abridged  himfelf  of  his  rell,  and  rifing  at  four  in  the 
morning,  found  opportunity  of  reading  all  the  iieccffary 
and  mofl  eminent  hw'  writers,  and  the  works  of  our 
molt  celebrated  authors  on  the  fubjeds  of  verfe  and 
profe.  ^  By  thefe  means,  before  the  expiration  of  his- 
clerkfhip,  he  had  rendered  himfelf  a  very  able  lawyer, 
and  had  acquired  a  love  for  literature  in  general,  lint 
particularly  for  poetry  and  the  polite  arts;  and  the  bet¬ 
ter  to  facilitate  his  improvement,  he  occafionally  fur- 
nifhed  to  the  Univerfal  Spedator,  the  Weftminftei  Jour¬ 
nal,  the  Gentleman’s  Magazine,  and  other  periodical 
publications  of  the  time,  eifays  and  difquifitions  on  fe- 
veial  fubjeds.  The  firil  or  theic  is  believed  to  have 
been  an  Eflay  on  Swearing  ;  but  the  exad  time  of  its 
appearance,  and  the  paper  in  which  it  was  inferted,  are 
both  unknown.  It  was,  however,  re-publifhed  fome 
years  before  his  death  (without  his  knowfledge  till  he 
faw  it  in  print)  in  one  of  the  n^wfpapers.  His  next 
p^odudion  was  an  EflTay  on  Honejly^  inferted  in  the 
Gentleman’s  Magazine  for  March  1739  »*  and  which  oc- 
calioned  a  controverfy,  continued  through  the  Maga- 
zines  for  feveral  fiicceediiig  months,  betw^een  him  and 
a  Mr  Calamy,  a  defeendant  of  the  celebrated  Dr  Ed- 
mund  Calamy,  then  a  fellow-clerk  with  him. 

About  the  year  1741,  a  club  having  been  inftituted 
by  feveral  amateurs  of  miific,  under  the  name  of  the 
Madrigal  Society,  to  meet  every  Wednefday  eveninfr 
and  his  clerkfliip  being  now  out,  he  became  a  member 
of  It,  and  continued  fo  many  years.  Purfuing  his  in¬ 
clination  for  mufic  ftill  farther,  he  became  alfo  a  member 
of  the  Academy  of  Ancient  Mufic,  which  ufed  to  meet 
every  Thurfday  evening  at  the  Crown  and  Anchor  in 
the  btrarid,  but  fince  removed  -to  Freemafons  Hall ; 

and! 
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liawiciits.  and  oT  this  he  continued  a  member  till  a  few  years  be- 
fore  its  removal. 

Impelled  by  his  own  tafte  for  poetry,  and  excited  to 
it  by  his  friend  Foiler  Webb's  example,  who  had  con¬ 
tributed  to  the  Gentleman’s  Magazine  many  very  ele¬ 
gant  poetical  compofitions,  he  had,  before  this  time, 
hiinfeU  become  an  occafionnl  contributor  in  the  lame 
kind,  as  well  to  that  as  to  fome  other  publications. 
The  earlielt  of  his  produclions  of  this  ipecies,  now 
known,  is  fuppofed  to  be  a  copy  of  veries  “  To  Mr 
George  Stanley,  occahoned  by  looking  over  fome  Com- 
pofitiuns  of  his  lately  pvibh'rtmd,”  which  bears  date  19th 
February  *740,  and  was  inferted  in  the  Daily  Adverti- 
fer  for  February  21.  1741  ;  but,  about  the  year  1742, 
he  propofed  to  Mr  Stanley  the  projed  of  publilbing,  in 
conjunction  with  him,  fix  cantatas  for  a  voice  and  in 
ilruments,  the  words  to  be  furniflicd  by  hiinfeif,  and  the 
inufic  by  Mr  Stanley.  The  propofal  was  accepted,  the 
publication  was  to  be  at  their  joint  expence,  and  for 
their  mutual  benefit;  and  accordingly,  in  1742,  fix 
cantatas  were  thus  piiblifhed,  the  five  firll  written  by 
Mr  Hawkins,  the  fixth  and  laft  by  Foiler  Webb  ;  and 
thefe  having  fucceeded  beygnd  the  moll  fanguine  ex- 
peClations  of  their  authors,  a  fecond  fet  of  fix  more, 
written  wholly  by  himfelf,  was  in  like  manner  publilh- 
ed  a  few  months  after,  and  fucceeded  equally  well. 

As  thefe  compofitions,  by  being  frequently  perform¬ 
ed  at  Vauxhall,  Ranelagh,  and  other  public  places,  and 
at  many  private  concerts,  had  become  favourite  enter¬ 
tainments,  many  perfons,  finding  the  author  alfo  a  mo- 
dell  wxdl- informed  young  man  of  unexceptionable  mo¬ 
rals,  were  become  defirous  of  his  acquaintance.  Among 
thefe  was  Mr  Hare  of  Limehoufe,  a  brewer,  who  being 
Jiimfelf  a  mufical  man,  and  having  met  him  at  Mr  Stan¬ 
ley’s  at  mufical  parties,  gave  him  an  invitation  to  his 
houfe  ;  and,  to  forw^ard  him  in  his  profeflion,  introdu¬ 
ced  him  to  a  friend  of  bis,  Peter  Storer  of  Highgate, 
Efq;  which  proved  the  means  of  making  his  fortune. 

In  the  winter  of  the  year  1749,  DoClor,  then  Mr 
Jolinfon,  was  induced  to  i.illituce  a  club  to  meet  every 
Tuefday  evening  at  the  King’s  Head,  in  Ivy^  lane,  near 
-St  Paul’s.  It  coidilled  only  of  nine  perfons;  and  Mr 
Hawkins  was  one  of  the  firll  members.  About  this 
time,  as  it  is  fuppofed,  finding  his  father’s  houfe,  where 
he  had  hitherto  relided,  too  fmall  for  the  difpatch  of  his 
bufintfs,  now  very  much  increafing,  he,  in  conjuinfbion 
with  Di  Munckley,  a  phyfician  with  whom  he  had  con- 
tracled  an  intimacy,  took  a  houfe  in  Clements-lane, 
Donibard  ftreet.  The  ground -floor  was  occupied  by 
him  as  an  office,  and  the  firll  floor  by  the  Doctor  as 
his  apartment.  Flere  he  continued  till  the  beginning  of 
J753,  whren,  on  occafion  of  his  marriage  with  Sidney, 
the  youngell  of  Mr  Storer’s  daughters,  w^ho  brought 
him  a  confiderable  fortune,  he  took  a  houfe  in  Aulliii 
Friars,  near  Broad-llreet,  Hill  continuing  to  follow  his 
profeflion  of  an  attorney. 

Having  received,  on  the  death  of  Peter  Storer,  Efq; 
his  wife’s  brother,  in  i*] S9>  l^^g^  addition  to  her 
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fortune,  he  quitted  bufinefs  to  M’*  Cla,tk,  afterwards  Ah  Hiwkinr, 
derman  Clark,  who  had  a  Ihort  time  before  completed  ^ 

his  clerklhip  under  him,  difpofed  of  his  houfe  in  Aullin 
Friars,  and  piirchafed  a  houfe  at  Twickenham.  Soon 
afterwards  he  bought  the  leafe  of  one  in  Hatton-llreet, 

London,  for  a  town  relidence. 

From  a  very  early  period  of  his  life  he  had  entertain¬ 
ed  a  ferong  love  for  the  amufement  of  angling  ;  and  hi% 
affection  lor  it,  together  with  the  vicinity  of  the  river 
Thames,  was  undoubtedly  his  motive  to  a  refidence  at 
this  village.  Fie  had  been  long  acquainted  with  Wal¬ 
ton’s  Complete  Angler ;  and  had,  by  obfervation  and 
experience,  become  himfelf  a  very  able  proficient  in  the 
art.  Hearing,  about  this  time,  that  Mr  Moles  Browne 
propofed  to  pubiilh  a  new  edition  of  that  work,  and 
being  himfelf  in  pofleflion  of  fome  material  particulars 
refpedting  Walton,  he,  by  letter,  made  Mr  Browne  an 
offer  of  writing,  for.  his  intended  edition,  Walton’s 
Life.  To  this  propofal  no  anfwer  was  returned,  at 
leall  for  fome  time;  from  which  circumllance  Mr  Haw¬ 
kins  concluded,  as  any  one  reafonably  would,  that  his 
•offer  was  not  accepted  ;  and,  therefore,  having  alio 
learnt  that  Mr  Browne  meant  not  to  publifli  the  text  as 
the  author  left  it,  but  to  modernize  it,  in  order  to  file 
off  the  l  ull,  as  he  called  it,  he  wrote  again  to  tell  Mr 
Browne  that  he  underllood  bis  intention  w^asTo  fophif- 
ticate  the  text,  and  that  therefore  he,  Mr  Hawkins, 
would  himfelf  publilh  a  correct  edition.  Such  an  edi¬ 
tion,  in  1760,  he  accordingly  publifhed  in  oflavo  with 
notes,  adding  to  it  a  Life  of  Walton  by  himfelf,  a  l^ile  ^ 

of  Cotton,  the  author  of  the  fecond  part,  by  the  well- 
known  Mr  Oldys  ;  and  a  fet  of  cuts  defigned  by  Wale, 
and  engraved  by  Ryland. 

His  propenlity  to  mufic,  manifelled  by  his  becoming 
a  member  and  frequenter  of  the  feveral  mufical  focieties 
before  mentioned,  and  alio  by  a  regular  concert  at  his 
houfe  in  Auffin  Friars,  had  led  him,  at  the  time  that 
he  was  endeavouring  to  get  together  a  good  library  uF 
books,  to  be  particularly  folicitous  for  collediing  the 
works  of  fome  of  the  beft  mufical  compofers  ;  and,  a- 
mong  other  acquifitioiis,  it  was  bis  fingular  good  for¬ 
tune  to  become  poff'effed  by  purchafe  of  feveral  of  the 
moll  fcarce  and  valuable  theoretical  treatifes  on  the 
fcience  any  where  extant,  which  had  formerly  been 
collecled  by  Dr  Pepufeh.  With  this  flock  of  erudition, 
therefore,  he,  about  this  time,  at  the  iiillance  of  fome 
friends,  fet  about  procuring  materials  for  a  work  then 
very  much  wanted,  a  Hiflory  of  the  Science  and  Practice 
of  Mufic,  which  he  afterwards  publifhed.. 

At  the  recommendation  of  the  well-knowm  Paul 
Whitehead,  to  the  Duke  of  Newcafllc,  then  Lord-lieu¬ 
tenant  for  Middlefex,  his  name  was,  in  1761,  inferted 
in  the  commifBon  of  the  peace  for  that  county  ;  and 
having,  by  the  proper  fludies,  and  a  fedulous  attend¬ 
ance  at  the  feflions,  qualified  himfelf  for  the  office,  lie 
became  mi  adive  and  ufeful  magiflrate  in  the  coun¬ 
ty  (a).  Obferving,  as  he  had  frequent  occafion  to  do 
in  the  coiirfe  of  his  duty,  the  bad  flate  of  highways, 

and 


(a)  When  he  firfl  began  to  ad,  he  formed  a  refolution  of  taking  no  fees,  not  even  the  legal  and  authorifed 
ones,  and  purftied  this  method  for  fome  time,  till  he  found  that  it  was  a  temptation  to  litigation,  and  that  every 
trifling  ale-houfc  quarrel  produced  an  application  for  a  warrant.  To  check  this,  therefore,  he  altered  his  mode, 
and  received  bis  due  fees-  but  kept  them  feparately  in  a  purfe  ;,and  at  the  end  of  every  fummer,  before  he  left 
the  country  for  the  winter,  delivered  the  whole  amount  to  the  clergyman  of  the  parifh,  to  be  by  him  diflribute^ 
among  fuen  of  the  poor  as  he  judged  fit. 
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Hiwkins.  and  the  great  defe<^  in  the  laws  for 
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amending  and  Mo  or  fields  in  1769,  the  magillrates  of  Middrefex,  and  Hawkins, 
he  at  their  head,  with  a  party  of  guards,  attended  to 
oppofe  them  ;  but  the  mob,  on  feeing  them  prepared, 
thought  it  prudent  to  difperfe.  In  thefe  and  other  in- 
ftances,  and  particularly  in  his  condudl  as  chairman,  ha- 

. . .  ving  given  fufficient  proof  of  his  adivity,  refoliition,  a- 

ite  of  Highways,  and  on  the^  bilities,  integrity,  and  loyalty,  he,  on  the  23d  of  Odo- 
keeping  them  in  Repair;^’  bcr  1772,  received  from  his  majcfty  the  honour  of 
-  knighthood. 

In  1773,  Dr  Johnfon  and  Mr  Stevens  publifhed,  tfi 
TO  vols  Svo,  their  firft  joint  edition  of  Shakefpeare,  to 
whic|i  Sir  John  Hawkins  contributed  fuch  notes  as  are 
dillinguifhed  by  his  name,  as  he  afterwards  did  a  few  more 
on  the  republication  of  it  in  1778.  An  addrefs  to  the 


keeping  them  in  repair,  he  fet  himfelf  to  revife  the  for¬ 
mer  ftatntes,  and  drew  an  ad  of  parliament  confoHda- 
ting  ail  the  former  ones,  and  adding  fuch  other  regula¬ 
tions  as  were  necefiary.  His  fentiments  on  this  fub* 
jed  he  publifhed  in  odavo,  in  1763,  under  the  title  of 

Obfervations  on  the  State  ''  ' 

Laws  for  amending  and  _ . .  .  .  , 

fubjoining^to  them  the  draught  of  the  ad  before  men¬ 
tioned  ;  which  bill  being  afterwards  introduced  into 
parliament,  paflfed  into  a  law,  and  is  that  under  which 
all  the  highways  in  England  are  at  this  time  kept  re¬ 
paired.  Of  this  bill,  it  is  but  juftice  to  add,  that,  in  the 
experience  of  more  than  thirty  years,  it  has  never  re¬ 
quired  a  fingle  amendment. 

Johnfon,  and  Sir  Jofliua,  then  Mr  Reynolds,  had,  in 
the  winter  of  this  year  (176^)  projeded  the  eflablifli- 
ment  of  a  club  to  meet  every  Monday  evening  at  the 
Turk’s  Head,  in  Gerard-flreet ;  and,  at  Johnfon’s  foli- 
citation,  Mr  Hawkins  became  one  of  the  firfl  members. 

An  event  of  confiderable  importance  engaged  him,  in 
the  year  to  ftand  ferth  as  the  champion  of  the 

county  of  Middlcfex,  againft  a  claim  then  for  the  firfl 
time  fet  up,  and  fo  enormous  in  its  amount  asjullly  to 
excite  refiflance.  The  city  of  London  finding  it  necef- 
fary  to  rebuild  the  gaol  of  Newgate,  the  expence  of 
which,  according  to  their  own  efllmates,  would  amount 
to  L. 40,000,  had  this  year  applied  to  parliament,  by  a 
'  bill  brought  into  the  Houfe  of  Commons,  in  which,  on 
^  Hggcflion  that  the  county  prifoners  removed  to  New¬ 
gate  for  a  few  days  previous  to  their  trials  at  the  Old 
Bailey,  'were  as  two  to  one  to  the  London  prifoners 
conflantly  confined  there,  they  endeavoured  to  throw 
the  burthen  of  two-thirds  of  the  expence  on  the  county, 
while  they  themftlves  propofed  to  contribute  one-third 
only.  This  attempt  the  magillrates  for  Middlcfex 
thought  it  their  duty  to  oppofe  ;  and  accordingly  a  vi¬ 
gorous  oppofuion  to  it  was  commenced  and  fupported 
under  the  condudl  of  Mr  Hawkins,  who  drew  a  petition 
againft  the  bill,  and  a  cafe  of  the  county,  which  was 
printed  and  diftribuled  amongft  the  members  of  both 
hoiifes  of  parliament.  It  was  the  fubjea:  of  a  day’s  con- 
verfation  in  the  Houfe  of  Lords ;  and  produced  fuck 
an  effect  in  the  Houfe  of  Commons,  that  the  city,  by 
rts  own  members,  moved  for  leave  to  withdraw  the  bill. 
The  fuccefs  of  this  oppofition,  and  the  abilities  and  fpi- 
rit  with  which  it  was  condui^ed,  naturally  attraded  to¬ 
wards  Mr  Hawkins  the  attention  of  his  fcllow-magif- 
trates;  and  the  chairman  of  the  quarter  fcfiions  dying 
not  long  after,  he  was,  on  the  19th  day  of  September 
1765,  eledled  his  fucceflbr. 

In  the  year  1771  he  quitted  Twickenham,  and  fold 
his  houfe  there  to  Mr  Vaillant ;  and  in  the  fummer  of 
the  next  year,  for  the  purpofe  of  obtaining,  by  fearches 
in  the  Bodleian  and  other  libraries,  farther  materials 
for  his  hiftory  of  mufic,  he  made  a  journey  to  Oxford^ 
carrying  with  him  an  engraver  from  London,  to  make 
drawings  from  the  portraits  in  the  mufic  fchool. 

On  occafion  of  adual  tumults  or  expelled  difturban- 
ces,  he  had  more  than  once  been  called  into  fervice  of 
great  perfonal  danger.  When  the  riots  at  Brentford 
had  arifen,  during  the  time  of  the  Middleftx  ekaion  in 
the  year  1768,  he  and  fome  of  his  brethren  attended  to  " 
fupprefs  them  ;  and,  in  confequence  of  an  expeaed  rio¬ 
tous  aifemtly  of  the  journeymen  Spitalfidd  weavers  in. 


king  from  the  county  of  Middlefexf,  on  occafion  of  tht 


American  war,  having,  in  1774,  been  judged  expedient,, 
and  at  his  inftance  voted,  he  drew  up  futh  an  addrefs, 
and,  together  with  two  of  his  brethren,  had,  in  the  month 
of  Oaober  in  that  year,  the  honour  of  prefcntiiig  it. 

After  fixteen  years  labour,  he,  in  1776,  publilhed,  in 
five  volumes  quarto,  his  General  Hlftoiy  of  the  Science 
and  Praaice  of  Mufic  ;  which,  in  confequence  of  per'- 
miftion  obtained  in  1773,  dedicated  to  the  king,  and 
prefented  it  to  him  at  Buckingham  Houfe  on  the  14th 
of  November  1776,  when  he  was  honoured  wfith  an  au- 
dience  of  confidei‘able  length  both  from  the  king  and 
queen. 

Not  long  after  this  publication,  that  is  to  fay  In  No¬ 
vember  1777,  was  induced,  by  an  attempt  to  rob  his 
houfe,  which,  though  unfuccefsfiil,  was  made  three  dif¬ 
ferent  nights  v/ith  the  interval  of  one  or  two  only  be- 
tvveen  each  attempt,  to  quit  bis  houfe  in  Hatton-ilreet;. 
and,  after  a  temporary  refidence  for  a  fliort  time  in  St 
James  s  Place,  he  took  a  leafe  of  one,  formerly  inhabi¬ 
ted  by  the  famous  Admiral  Vernon,  in  the  flreet  leading- 
up  to  Queen  Square,  Weftminfter,  and  removed  thither.. 

^  By  this  removal  he  became  a  conftant  attendant  on^ 
divine  w 01  ftiip  at  the  parifti- church  of  St  Margaret,. 
Weftminifter  ;  and  having  learnt,  in.  December  1778, 
that  the  furveyor  to  tho  board  of  ordnance  was,  in  de¬ 
fiance  of  a  provifo  in  the  leafe  under  which  they  claim¬ 
ed,  carrying  up  a  building  at  the  eaft  end  of  the  church,, 
which  was  likely  to  obfeure  the  beautiful  painted  glafs 
window  over  the  altar  there.  Sir  John  Hawkins,  with 
the  concurrence  of  fome  of  the  principal  inhabitants, 
wnote  to  the  furveyor,  and  compelled  him  to  take  down 
two  feet  of  the  wall,  w’^hich  he  had  already  carried  up 
above  the  fill  of  the  window,  and  to  fiope  off  the  roof 
of  his  building  in  fuch  a  manner,  as  that  it  is  not  only 
no  injury,  but,  on  the  contrary,  a  defence  to  the  win¬ 
dow., 

^  In  the  month  of  December  1783,  Dr  Jplinfon  ha¬ 
ving  difeovered  in  himfelf  fymptoms  of  a  dropfy,  fent 
for  Sir  John  Hawkins,  and  telling  him  the  precarious- 
ftate  of  his  healtli,  declared  his  defire  of  making  a  v/ill, 
and  requefted  him  to  be  one  of  his  executors.  Sir  John 
accepted  the  office;  inftruaed  the  Doaor  how  to  make- 
his  wm‘11  and  on  his  death  undertook,  to  be  his  biogra¬ 
pher,  and  the  guardian  of  his  fame,  by  publifiiirig  a 
complete  edition  of  his  works.  ^ 

Not  three  months  after  the  commencement  ('f  this' 
undertaking,  he  met  with  the  fevereft  lofs  of  almoft  any 
that  a  literary  man^  can  fuftain,  fhort  of  that  of  his. 
friends  or  relations,  in  the  deftruaion,  by  fire,  of  his  li- 
biary  j  confiftmg  of  a  numerous  and  welhchofen  coh- 

leaitta- 
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HawUins.  leAion  of  books,  ancient  and  modern,  in  many  langua- 
ges,  and  on  moil  fubje^ls,  which  it  had  been  the  bufi- 
nefs  of  above  30  years  at  intervals  to  get  together. 
Of  this  lofs,  great  as  it  was  in  pecuniary  value,  and 
comprifing  in  books,  prints,  and  drawings,  many  ar¬ 
ticles  that  could  never  be  replaced,  he  was  never  heard 
in  the  fmalleit  degree  to  complain  ;  but  having  found  a 
temporary  reception  in  a  large  houfe  in  Orchard- llrect, 
Wellminfter,  he  continued  there  a  fhort  time,  and  then 
took  a  houfe  in  the  Broad  Sandluary,  Weflminfter. 

This  event,  for  a  fhort  time,  put  a  flop  to  the  pro- 
grefs  of  his  literary  purfuits.  As  foon,  however,  as  he 
could  fufficiently  colledl  his  thoughts,  he  recommenced 
his  office  of  biographer  of  Johnfon  ;  and  completed  his 
intention  by  piiblifhing,  in  1787,  the  life  and  works, 
in  eleven  volumes  odlavo,  which  he  dedicated  to  the 

With  this  production  he  terminated  his  literary  la¬ 
bours  ;  and  having  for  many  years  been  more  particu¬ 
larly  fedulous  in  his  attention  to  the  duties  of  religion, 
and  accullomed  to  fpend  all  his  lelfure  from  other  ne- 
ceffary  concerns  in  theological  and  devotional  fludies, 
he  now  more  clofely  addicted  himifelf  to  them,  and  fet 
"himfelf  to  prepare  for  that  event,  which  he  faw  could 
l>e  at  no  great  dillance  ;  and  the  better  to  accompllffi 
this  end,  in  the  month  of  May  17S8,  he,  by  a  will  and 
other  proper  inflriimcnts,  made  fiich  an  arrangement  of 
his  affairs  as  he  meant  fiiould  take  place  rifter  his  deceafe. 

In  this  manner  he  fpent  his  time  till  about  the  begin¬ 
ning  of  May  1789,  when,  finding  his  appetite  fail  him  in 
a  greater  degree  than  ufiial,  he  had  recoiiYfe,  as  he  had 
fometimes  had  before  on  the  fame  occafion,  to  the  wa¬ 
ters  of  the  Iflington  Spa.  Thefe  he  drank  for  a  few 
mornings;  but  on  the  j 4th  of  that  month,  while  he 
was  there,  he  was,  it  is  fuppofed,  felzed  with  a  paraly¬ 
tic  affedllon,  as,  on  bis  returning  to  the  cairtage  which 
waited  for  him,  his  fervants  perceived  a  vifible  alteration 
in  his  face.  On  his  arrival  at  home,  he  went  to  bed, 
but  got  up  a  few  hours  after,  intending  to  receive  an  old 
friend,  from  v/honi  he  expedfed  a  vifit  in  the  evening. 
At  dinner,  however,  his  diforder  returning,  he  was  led 
•up  to  bed,  from  which  he  never  rofe,  on  the  2ifl  of 
the  fame  month,  about  two  In  the  morning,  dying  of 
an  apoplexy.  He  was  interred  on  the  28th  in  the 
cloiflers  of  Wcflminfter  Abbey,  In  the  north  walk  near 
the  eaitern  door  into  the  church,  under  a  flone,  con¬ 
taining,  by  his  exprefs  injundlions,  no  more  than  the  Ini¬ 
tials  of  his  name,  the  date  of  his  death,  and  liis  age  ; 
leaving  behind  him  a  high  reputation  for  abilities  and 
integrity,  united  with  the  well-earnt  character  *of  an 
adlive  and  refolute  maglflrate,  an  affedlionate  hufhand 
and  father,  a  firm  and  zealous  fiieiid,  a  loyal  fiibjedt, 
and  a  fiiicere  Chrillian. 

Such  is  the  charadfer  'of  him  In  the  Biographical 
Hidlionary,  which  we  have  neither  right  no  inclina¬ 
tion  to  controvert.  With  none  of  his  works  are  we 
acquainted  but  his  edition  of  IVidion’s  Complete  dingier y 
and  his  Life  of  Johnfon^  The  former  is  a  very  plea- 
fing  book ;  and  in  the  latter  are  colledled  many  inte- 
tefiing  anecdotes  of  literature  and  literary  men;  but 
they  are  not  well  arranged,  and  the  ftyle  of  the  com- 
pofition  is  coarfe  and  fiovenly.  Sir  John,  we  doubt 
not,  was  a  man  of  worth,  and  his  reflexions  on  the  fen- 
tinaental  flang  of  Sterne  and  others,  fliev/  that  be  had 
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fuccersfiilly  ftiidled  human  nature  ;  but  he  certainly  waa  Heit. 
not  a  man  of  general  tafte. 

HEAT.  See  in  this  Supplement,  Chemistry, 

Part  1.  chap.  v.  where  we  have  endeavoured  to  ellablifli 
the  modern  doXrine  refpeXIng  Caloric  or  latent  heat#  1 

In  11'^  309,  &c.  of  that  article,  we  have  given  an  ac-  | 

count  of  Count  Riimford^s  Ingenious  experiments,  in-  J 

flituted  with  a  view  to  determine  whether  or  not  ca-  i 

loric  be  a  fubftance,  and  have  flated  our  reafons  for  J 

difTenting  from  his  opinion.  It  has  been  fiiggefted  to  { 

ns,  however,  by  a  friend,  to  whofc  judgment  we  arc  I 

inclined  to  pay  great  deference,  that  it  would  be  pro¬ 
per,  in  this  place,  to  give  the  Count’s  arguments  at 
full  length,  and  In  his  own  words  ;  and  the  propriety  of 
this  is  the  more  appaVent,  that  in  the  fupplementary 
article  Electric ity-,  we  have  hinted  our  own  fufpi- 
cions  of  the  non-exiftence  of  an  eledrical  Jlutd,  The 
Count  then  reafons  from  his  experiments  in  the  follow¬ 
ing  words : 

‘‘  By  meditating  on  the  refiilts  of  all  thefe  experi-  r 

ments,  we  are  naturally  brought  to  that  great  queition 
which  has  fo  often  been  the  fubjeX  of  fpeculation  a- 
mong  philofopliers,  namely.  What  is  h.-^at  ? — Is  there 
any  fuch  thing  as  an  igneous  fluid? — Is  there  any  thing 
that  can  with  propriety  be  called  caloric  ? 

“  We  have  feen  that  a  very  confiderable  quantity  of 
heat  may  be  excited  in  the  friXIon  of  two  metallic  fur- 
faces,  and  given  off  In  a  conftant  dream  or  flux  all 
direBionSy  without  interruption  or  intermiffion,  and 
without  any  figns  of  diminution  or  exhaufiion. 

“  From  whence  came  the  heat  which  was  continual¬ 
ly  given  off  In  this  manner  in  the  foregoing  experiments? 

Was  it  furniffied  by  the  fmall  particles  of  metal  detach¬ 
ed  from  the  larger  folid  maffes  on  their  being  rubbed 
together  ?  This,  as  we  have  already  feen,  could  not  pof- 
libly  liave  been  the  cafe. 

“  Was  It  furniffied  by  the  air?  This  could  not  have 
been  the  cafe ;  for  In  three  of  thefe  experiments,  tlic 
machinery  being  kept  immerfed  in  water,  the  accefs  of 
the  air  of  the  atmofpliere  was  completely  prevented. 

Was  it  furniffied  by  the  water  whicli  furrounded 
the  machinery  ?  That  this  could  not  have  been  the  cafe 
is  evident  ;  frJU  becaufe  this  water  was  continually  re^ 
ceiving  beat  from  the  macliinery,  and  could  not  at  the 
fame  time  be  giving  to  and  receiving ’heat  from  the  lame 
body  ;  and,  fecondlyy  becaufe  there  was  no  chemical  de- 
compofition  of  any  part  of  this  water.  Had  any  fuch 
d'ccompofitlon  taken  place  (which  indeed  could  not  rea- 
fonably  have  been  expeXed),  one  of  Its  compound  elaf- 
tic  fluids  (moll  probably  inflammable  air)  muff  at  the 
fame  time  have  been  fet  at  liberty,  and.  In  making  its 
efcape  Into  the  atmofpliere,  would  have  been  deteXed  ; 
but  though  I  frequently  examined  the  water  to  fee  if 
any  air  bubbles  rofe  up  through  It,  and  had  even  made 
preparations  for  catching  them,  in  order  to  examine 
them  if  any  fliould  /ippear,  I  could  perceive  none  ;  nor 
was  there  any  fign  of  decompolltion  of  any  kind  what¬ 
ever,  or  other  chemical  procefs  going  on  in  the  water. 

“  Is  It  pofilble  the  heat  could  have  been  fupplied  by 
means  of  the  iron  bar  to  the  end  of  whicli  the  blunt 
(led  borer  was  fixed  ?  or  by  the  fmall  neck  of  gun-me^ 
tal  by  which  the  hollow  cylinder  was  united  to  the 
cannon  ?  Thefe  fuppofltions  appear  more  improbable 
even  than  either  of  thofe  before  mentioned ;  for  heat  wa^ 

continually 
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continually  going  off  or  out  of  the  machinery, 
thefe  lail  paffages,  duringthe  whole  time  the  experiment 
lafted. 

“  And,  in  reafoning  on  tins  fubjedl:,  we  muff  not 
forget  to  confider  that  moft  remarkable  circumftance, 
that  the  fource  of  the  heat  generated  by  fridlion  in 
thefe  experiments  appeared  evidently  to  be  inexhauftible. 

“  It  is  hardly  neceflary  to  add,  that  any  thing  which 
any  infitlated  body  or  fyftem  of  bodies  can  continue  to 
furnifh  without  limitation,  cannot  pofilbly  be  a  material 
fuhjlance  ;  and  it  appears  to  me  to  be  extremely  diffi¬ 
cult,  if  not  quite  inipofiible,  to  form  any  diftindl  idea 
of  any  thing  capable  of  being  excited  and  communica¬ 
ted  in  the  manner  the  heat  was  excited  and  communi* 
cated  in  thefe  experiments,  except  it  be  motion. 

‘‘  But  although  the  mechanifm  of  heat  Hiould  in  fad 
be  one  of  rhofe  myileries  of  nature  which  are  beyond 
the  reach  of  human  intelligence,  this  ought  by  no 
means  to  difeourage  us,  or  even  leffen  our  ardour,  in 
our  attempts  to  inveftigate  the  laws  of  its  operations. 
How  far  can  we  advance  in  any  of  the  paths  which 
fcience  has  opened  to  us,  before  we  find  ourfelves  en¬ 
veloped  in  thofe  thick  mills  which  on  every  fide  bound 
the  horizon  of  the  human  intelled  ?  But  how  ample 
and  interefting  is  the  field  that  is  given  us  to  explore  ! 

“  Nobody,  fnrely,  in  his  fober  fenfes  has  ever  pre¬ 
tended  to  underftand  the  mechanifm  of  gravitation  ;  and 
yet  what  fublime  difeoveries  was  our  immortal  Newton 
enabled  to  make,  merely  by  the  inveftigation  of  the 
laws  of  its  adion  !  Tlie  effeds  produced  in  the  world 
by  the  agency  of  heat  are  probably  jujl  as  exienfive 
and  quite  as  important,  as  thofe  which  are  owinp-  to  the 
tendency  of  the  particles  of  matter  towards  each  other  ; 
and  there  is  no  doubt  but  its  operations  are  in  all  cafes 
determined  by  laws  equally  immutable.” 

HELENA,  or  St  Helena.  In  addition  to  the 
account  of  this  ifland  in  the  Eticyclop,<e(Ua,  tlie  following 
particulars  from  Sir  George  Staunton  deferve  a  place 
in  this  Supplement,  becaufe  fome  of  them  are  important 
in  themfelvee,  while  others  corred  one  or  two  midakes 
into  which  we  had  fallen,  by  adopting,  implicitly,  the 
narrative  of  Forfter. 

The  circumference  of  St  Helena  meafurcs  fomewhat 
lefs  than  twenty-eight  miles.  Along  the  wliole  coail 
to  leeward,  or  to  the  northward,  fhips  may  anchor  in 
peifed  feciu  ity  in  all  fcafons  of  the  year,  but  the  bank 
Ihelves  fo  abruptly  afterwards,  that  the  anchorage,  be¬ 
ing  in  deep  water,  is  infecure.  The  ride  feldom  rifes 
above  three  feet  and  a  half;  but  the  furge  of  the  fea  is 
fometimes  tremendous  ;  and  feveral  accidents  happened 
in  approaching  or  quitting  the  fhore,  until  a  wharf  was 
creded  lately,  which  renders  the  arrival  there,  and  de- 
parture  from  it,  perfedly  fafe.  In  the  immediate  neigh- 
bourhood  of  the  ifiand,  ftorms  are  little  known,  thun- 
’der  is  rarely  heard,  and  lightning  is  feldom  perceived. 

The  deep  eminences  which  intervene  between  the 
valleys,  that  are  the  chief  feats  of  population,  render 
the  communication  from  one  part  of  this  little  fpot  to 
another  flow  and  difficult.  Planters  on  the  windward 
iide  of  the  ifiand  confider  a  journey  to  the  leeward,  or 
feat  of  government,  as  a  ferious' undertaking.  Several 
of  them  take  that  opportunity  of  paying  their  refpeds 
to  the  governor,  which  is  called  there  fometimes  ‘‘  go- 
ing  to  court.”  Hiere  are  St  Helena  planters  who 
have  not  travelled  fo  far.  At  prefent,  by  order  of  the 
governor,  there  are  fignals  fo  placed  all  over  the  ifiand. 
Sup  PL.  VoL.  I.  Part  II.  ' 
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by  both  as  to  give  indant  notice  of  the  approach  of  vcffels  to 
any  part  of  it. 

In  the  EncycloptPcUa,  it  is  faid  that  peaches  are  the 
only  European  fruits  which  thrive  in  St  Helena  ;  hut 
this  appears  to  be  a  midake.  Several  forts  of  fruit 
trees  imported  into  the  ifiand  had  been  dedroyed  by  a 
particular  infedl  ;  but  enco.urageinent  has  been  given 
for  the  cultivation  of  thofe  which  that  mifehievous  ani¬ 
mal  is  known  to  fpare,  fuch  as  the  apple,  for  example, 
with  all  the  varieties  of  which  it  is  fufceptible.  The 
plantain  and  banana,  or  the  two  fpecies  of  the  niufa, 
thrive  alfo  remarkably  well.  The  ground  is  fertile, 
and  in  favourable  fcafons  produces,  in  fome  indances, 
double  crops  within  the  year.  Plantations,  however, 
of  cotton,  indigo,  or  caiics,  were  not  found  to  anfwer  ; 
though  fome  good  coffee  has  been  produced  in  it.  A 
botanic  garden  has  been  edablifiied  near  the  governdr’s 
country  houfe.  An  intelligent  gardener  has  been  fent 
to  take  care  of  it  by  the  company  ;  and  a  vad  variety 
of  trees,  plants,  and  flowers  of  different,  and  fometimes 
oppofite  climates,  are  already  colleded  in  it.  The  fur- 
rounding  fea  abounds  in  cfculent  fifh  ;  and  feventy  diffe¬ 
rent  fpecies,  including  turtle,  have  been  caught  upon  the 
coafts.  hales  are  feen  in  great  numbers  playing  round 
the  ifiand,  where  it  is  fuppofed  the  fouthern  whale  fifii- 
try  miglit  be  carried  on  to  great  national  advantage. 

The  country  is  chiefly  cultivated  by  blacks.  Per- 
fons  of  that  colour  were  brought  in  a  date  of  flavery  to 
It  by  Its  firll  European  fettlers  ;  and  it  feldom  hapjiens 
that  white  men  will  fubmit  to  common  work  where 
theie  are  black  fiaves  to  whom  it  may  be  transferred, 
Thefe  were  for  a  long  time  under  the  unlimited  do¬ 
minion  of  their  owners,  until  a  reprefentation  of  the  a- 
bufes  made  of  that  power  induced  the  India  Company 
to  place  them  under  the  immediate  proteaion  of  the 
magidracy,  and  to  enndl  various  regulations  in  their  fa¬ 
vour  ;  which  have  contributed  to  render  them,  in  a 
great  degree,  confortable  and  fecure.  Thefe  regula¬ 
tions  may  have  hurt,  at  fird,  the  feelings  of  the  own- 
ers  of  fiaves,  but  not  their  real  intereil  ;  for  it  appears, 
that  before  their  iiitrocludlion  there  was  a  lofs,  upon  an 
aveiage,  of  about  ten  in  a  hundred  fiaves  every  year,  to 
be  fupphed  at  a  veiy  l-.eavy  expence  ;  whereas,  under 
the  prefent  fyftem,  they  naturally  incrcafe.  All  future 
impoitation  ot  fiaves  into  the  ifiand  is  prohibited. 

Belides  the  blacks  in  a  ftate  of  fiavery,  there  are 
fome  who  are  free,  'i’he  labour  of  thefe  tendiiifr  to 
dimmiih  the  v.alne  of  that  of  fiaves,  the  free  blacks  be- 
came  once  obnoxious  to  fome  fiave  owners  ;  who  bad 
fofitcient  influence,  in  a  grand  jury,  to  prefent  them  as 
without  vihble  means  of  gaining  a  livelihood,  and  liable 
to  become  burdenfome  to  the  community  ;  but  upon 
examination,  it  appeared  that  all  free  blacks  of  acre  to  - 
work  were  aaually  employed  ;  that  not  one  of  theni  had 
been  tried  for  a  crime  for  feveral  years,  nor  had  any  of 
them  been  upon  the  parifii.  They  are  now  by  the  hu¬ 
mane  interpofition  of  the  company  placed  under  the 
immediate  proteftion  of  the  government,  and  *put  near- 
ly  upon  a  footing  with  the  other  free  inhabitants,  who 
when  accufed  of  crimes,  have  the  privilege  of  a  jurv,  as 
well  as  in  civil  caufes.  ^ 

The  principal  fettlement  of  St  Helena  has  the  ue- 
cuhar  advantage  of  uniting  the  (belter  of  a  leeward  fi- 
tuation  with  the  coolnefs  of  windward  {rales.  The 
fouth-eaft  wmd  blows  conftantly  down  the  valley,  ren- 
denng  a  refidence  in  it  pleafant  as  weU  as  healthy. 
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The  countr)^  is  fo  fertile,  and  the  climate  fo  congepial 
to  the  human  feelings,  that  perhaps  it  would  be  dif¬ 
ficult  to  find  out  a  fpot  where  perfons,  not  having  ac¬ 
quired  a  reliili  for  the  enjoyments  of  the  world,  or  ah 
^eady  advanced  In  life,  and  fnrfejted  with  them,  could 
have  a  better  chance  of  protradling  their  days  in  eale, 
health,  and  comfort. 

HELICOID  Parabola,  or  iht  Par  ah  oltc  spiral, 
is  a  curve  arinng  from  the  fuppoiition  that  the  common 
or  Apollonian  parabola  is  bent  or  tvvified,  till  the  axis 
come  into  the  periphery  of  a  circle,  the  ordinates  (till 
retaining  their  places  and  perpendicular  pofitions “with 
refpea  to  the  circle,  all  thefe  lines  dill  remaining  in 
the  fame  plane 

HELISPHERICAL  Line,  is  the  Rhumb  line  m 
Navigation  ;  being  fo  called,  becaufe  on  the  globe  it 
winds  round  the  pole  helically  or  fpirally,  coming  Hill 
nearer  and  nearer  to  it. 

HENIOCHAS,  or  Heniochus,  a  northern  con- 
flcllation,  the  fame  as  Auriga,  which  fee  Eucycl. 

HERSCHEL,  the  name  by  which  the  French,  and 
juofl  other  European  nations,  call  the  new  planet  dii- 
covered  by  Dr  Herfchel  in  the  year  1781.  Its  mark 
or  ebaraaer  is  .  The  Italians  call  it  Onraiios,  or  U- 
ranla  ;  but  the  Englifn,  the  Georgian  Planet,  or  Gcor- 
gijm  Sidus. 

HETERODROMUS  Vectis,  or  Lever,  m  Me¬ 
chanics,  a  lever  in  which  the  fulcrum,  or  point  of  fiif- 
penfion,  is  between  the  weight’ and  the  power  ;  being  the 
fame  as  what  is  otherwife  called  a  lever  of  the  firft  kind. 

HINZUAN,  the  proper  name  of  one  of  the  Como- 
ra  iflands,  which  by  different  writers  of  difierent  na¬ 
tions  has  been  called  An^uawe^  Anjuan^  Juanny^  and 
Johanna,  and  which  is  dcfcribed  in  the  Encyclopedia 
under  the  name  of  St  Joanna.  In  that  article,  it  is 
obferved,  that  an  anonymous  writer  has  cenfiired  the 
deferiptions  of  this  Ifiand  given  by  the  Abbe  Reynal 
and  Major  Pvooke,  as  being  not  only  exaggerated,  but 
erroneous  ;  neither  the  country  being  fo  piaurefque  as 
V  the  former  reprefents  It,  nor  the  Inhabitants  meriting 
the  refpeaable  charaaer  given  of  thetri  by  the  latter. 

There  was  not  perhaps  much  propriety  in  admitting 
into  fuch  a  work  as  the  Encyclcpedia  Brhanntca,  the 
anonymous  ceiifure  of  deferiptions,  authenticated  by  the 
names  of  refpeaable  authors  ;  but  the  bed  repar^ation 
which  we  can  make  to  tliofe  authors  is,  to  inform  our 
readers,  that  their  deferiptions  of  Hinzuan  are  confirm¬ 
ed  by  Sir  William  Jones,  whofe  tedimony,  we  believe, 
no  man  will  controvert.  That  accomplilhed  fcliolar, 
who  vifited  the  Idand  on  his  voyage  to  India,  thus  de- 
fcrlbes  Its  appearance  from  the  bay  In  which  the  (hip 
rode  at  anchor. 

“  Before  us  was  a  vad  amphitheatre,  of  which  you 
may  form  a  general  notion  by  piauring  in  your  minds 
a  multitude  of  hills  infinitely  varied  in  fize  and  figure, 
and  then  fuppofing  them  to  be  thrown  together,  with 
a  kind  of  artlefs  fymmetry,  in  all  imaginable  pofitions. 
The  back  ground  was  a  ferles  of  mountains,  one  of 
which  is  pointed,  near  half  a  mile  perpendiculaily  high 
from  the  level  of  the  fea,  and  little  more  than  three 
miles  from  the  fhore  :  all  of  them  richly  clothed  with 
wood,  chiefly  fruit  trees,  of  an  exqulfite  verdure.  I 
had  feeii  many  a  mountain  of  dupendous  height  in 
Wales  and  Swiflerland,  but  never  favv  one  before,  round 
the  bofom  of  which  the  clouds  were  almod  continually 
rolliiigi  whiles  it  green  fummit  refe  flouridiing  above 
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them,  and  received  from  them  an  additional  bfightnefs.  Hinzuan. 
Next  to  this  didant  range  of  hills  was  another  tier,  part  ^ 
of  which  appeared  charmingly  verdant,  and  part  rather 
barren  ;  but  the  contrad  of  colours  changed  even  this 
nakednefs  into  a  beauty  :  nearer  dill  were  innumerable 
mountains,  or  rather  clifis,  which  brought  down  their 
verdure  and  fertility  quite  to  the  beach  ;  fo  that  every 
lhade  of  green,  the  fweeted  of  colours,  was  dhplayed 
at  one  view  by  land  and  by  water.  But  nothing  con¬ 
duced  more  to  the  variety  of  this  enchanting  profped, 
than  the  many  rows  of  palm  trees,  efpecially  the  tall 
and  graceful  Arecas,  on  the  fiiores,  In  the  valleys,  and 
on  the  ridges  of  hills,  where  one  might  almod  fuppofc 
them  to  have  been  planted  regularly  by  defign.^  A 
more  beautiful  appearance  can  fcarce  be  conceived, 

1 1  rail  fuch  a  number  of  elegant  palms  in  fucli  a  fitiia- 
tlon,  with  luxuriant  tops,  like  verdant  plumes,  placed 
at  jud  intervals,  and  diowlng  between  them  part  of  the 
remoter  landfcape,  while  they  left  the  red  to  be  Ap¬ 
plied  by  the  beholder’s  imagination.  The  town  of 
Matfamudo  lay  on  our  left,  remarkable  at  a  dida'nce  for 
the  tow'er  of  the  principal  mofque,  which  was  built  by 
Halimah,  a  queen  of  the  ifland,  from  whom  the  pre- 
fent  king  is  defeended  :  a  little  on  our  right  was  a  fmall 
town,  called  Bantam,  Neither  the  territory  of  Nice,^ 
with  its  olives,  date  trees,  and  cypreifes,  nor  the  Iflesol: 

Hieres,  with  their  delightful  orange  groves,  appeared  fo 
charming  to  me  as  the  view  from  the  road  Hin%uan,^^ 

Sir  William  Jones,  fpeaking  of  the  inhabitants,  takes 
notice  of  the  Lords,  Dukes,  and  Princes,  of  whom  v/e 
have  made  mention  after  Major  Rooke.  ‘‘  The  frigate, 

(fays  he)  was  prefentiy  furroiinded  with  canoes,  and 
the  deck  fooii  crowded  with  natives  of  all  ranks,  from 
the  high  born  chief,  who  wadied  linen,  to  the  half- 
naked  dave,  v/lio  only  paddled.  Mod  of  them  had  let¬ 
ters  of  recommendation  from  Engllfhmen,  wdiich  none 
of  them  were  able  to  read,  though  they  fpoke  Engliik 
intelligibly  ;  and  fome  appeared  vain  of  titles,  wdiich 
our  countrymen  gave  them  in  play,  according  to  their 
fuppofed  datlons  :  w'e.  had  Dukes,  and  Princes, 

on  board,  foliciting  our  cuftom,  and  importuning  us  for 
prefents.  In  faft,  they  were  too  fenfible  to  be  proud 
of  empty^ founds,  but  judly  imagined,  that  thofe  ridi¬ 
culous  titles  would  ferve  as  marks  of  dIdin<5Iion,  and,  % 

by  attra(5ling  notice,  procure  for  them  fomething  fub- 
dantlal.”  He  fpeaks  with  great  refpeft  of  the  king, 
whofe  name  was  Ahmed,  as  w’'ell  as  of  feveral  chiefs 
whom  he  favv,  and  feems  to  have  met  with  no  man  of 
rank  on  the  Ifland  whofe  charadter  w^as  contemptible, 
but  Selim  the  king’s  elded  fon.  For  the  behaviour  of 
that  prince,  the  old  fovereign  made  the  bed  apology 
that  he  could,  while  he  privately  adured  the  interpre¬ 
ter,  that  he  was  much  difpleafed  with  it,  and  would 
not  fail  to  exprefs  his  difpleafure.  He  concluded  his- 
converfation  with  a  long  harangue  on  the  advantage 
which  the  Englifh  might  derive  from  fending  a  diip  e- 
very  year  from  Bombay  to  trade  with  his  fubje^ls,  and  oa- 
the  wonderful  cheapnefs  of  their  commodities,  efpecial¬ 
ly  of  their  cowries.  Ridiculous  as  this  Idea  might 
feem,  it  fhowed  (fays  Sir  William)  an  enlargement  of 
mind,  a  defire  of  promoting  the  intered  of  his  people, 
and  a  fenfe  of  the  benefits  arifing  from  trade,  which 
could  hardly  have  been  expeaed  from  a  petty  African 
chief,  and  which,  if  he  had  been  fovereign  of  Yemen, 
might  have  been  expanded  Into  rational  projeas  pro¬ 
portioned  to  the  extent  of  his  dominions. 
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Hinzuan.  The  mailer  of  the  frigate  learned  from  one  of 

"  chiefs  a  few  curious  circumftances  concerning  the  go¬ 
vernment  of  Hinzuan  ;  which  he  found  to  be  a  mo¬ 
narchy  limited  by  an  ariftocracy.  The  king,  he  was 
told,  had  no  power  of  making  war  by  his  own  authori- 
ty  ;  but  if  the  affembly  ot  nobles,  who  were  from  time 
to  time  convened  by  him,  refolved  on  a  war  with  any 
of  the  neighbouring  iflands,  they  defrayed  the  charges 
of  it  by  voluntary  contributions  ;  in  return  for  which, 
they  claimed  as  their  own  all  the  booty  and  captives 
that  might  be  taken.  The  hope  of  gain  or  the  want 
of  Haves  is  ufually  the  real  motive  for  fuch  enterprifes, 
and  ollenlible  pretexts  are  eafily  found  ;  at  that  very 
time,  he  underilood  they  meditated  a  war,  becaufe  they 
wanted  hands  for  the  following  harvefl.  Their  fleet 
confifted  of  fixteen  or  feventeen  fmall  vefTels,  which 
they  manned  with  about  two  thoufand  five  hundred 
illanders,  armed  with  mufl<ets  and  cutlafies,  or  with 
bows  and  arrows.  Near  two  years  before  they  had 
pofreffed  themfclves  of  two  towns  in  Mayata^  which 
they  Hill  kept  and  garrifoiied.  The  ordinary  expences 
of  the  government  were  defrayed  by  a  tax  from  two 
hundred  villages  ;  but  the  three  principal  towns  were 
exempt  from  all  taxes,  except  that  they  paid  annually 
to  the  chief  Mufti  a  fortieth  part  of  the  value  of  all 
their  moveable  property  ;  and  from  that  payment  nei¬ 
ther  the  king  nor  the  nobles  claimed  an  exemption. 
The  kingly  authority,  by  the  principles  of  their  conili- 
tution,  was  confidered  as  eledlive,  though  the  line  of 
fuccefiion  had  not  in  fact  been  altered  fiiice  the  firfl  e- 
ledtion  of  a  fultan. 

Sir  William  Jones  concludes  his  remarks  on  this 
ifland  with  fome  rellcctions  ;  of  which,  though  they  may* 
be  confidered  as  digrefiive,  we  are  pcrfiiaded  our  readers 
will  approve  of  our  extending  the  circulation. 

“  We  have  lately  heard  of  civil  commotions  in  ///«- 
ztuan^  which,  we  may  venture  to  pronounce,  were  not 
excited  by  any  cruelty  or  violence  of  Ahmed,  but  were 
probably  occafioned  by  the  infolence  of  an  oligarchy 
naturally  hoftile  to  king  and  people.  That  the  moun¬ 
tains  in  the  Comara  iflands  contain  diamonds,  and  the 
prec’ous  metals,  which  are  ftudioufly  concealed  by  the 
policy  of  the  fevcral  governments,  may  be  true,  though 
I  have  no  reafon  to'  believe  it,  and  have  only  heard  it 
afierted  without  evidence  ;  but  I  hope,  that  neither  an 
expedlation  of  fuch  treafiires,  nor  of  any  other  advan¬ 
tage,  will  ever  induce  an  European  power  to  violate 
the  firfl  principles  of  juftice  by  affuming  the  fovereign- 
ty  of  Hiti%ua?iy  which  cannot  anfwer  a  better  purpofe 
than  that  of  fupplying  our  fleets  with  fearoiiable  re- 
frefhment  ;  and  although  the  natives  have  an  interefl 
in  receiving  us  with  apparent  cordiality,  yet  if  we  wifii 
their  attachment  to  be  unfeigned  and  their  dealings 
juft,  we  muft  fet  them  an  example  of  ftricl  honefty  in 
the  performance  of  our  engagements.  In  truth,  our 
nation  is  not  cordially  loved  by  the  inhabitants  of  Hm- 
^uan,  who,  as  it  commonly  happens,  form  a  general  o- 
pinion  from  a  few  inftances  of  violence  or  breach  of 
faith.  Not  many  years  ago  an  European,  who  had 
■been  holpitably  received  and  liberally  fupported  at 
Alatfamudoy  behaved  rudely  to  a  young  married  wo¬ 
man,  who,  being  of  low  degree,  was  v/alking  veiled 
tliroiigh  a  ftreet  in  the  evening  ;  her  hufband  ran  to 
proted  her,  and  refented  the  rudenefs,  probably  with 
menaces,  poffibly  with  adnal  force  ;  and  the  European 
k  faid  to  have  given  him  a  mortal  wound  with  a  knife 
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the  or  bayonet,  which  he  brought,  after  the  feuffie,  from 
his  lodging.  This  foul  murder,  which  the  law  of  na¬ 
ture  would  have  juftified  the  magiftrate  in  punilhiiig 
with  death,  was  reported  to  the  king,  who  told  the 
governor  (  I  ufe  the  very  words  of  Alwi,  a  coufin  of  the 
king’s),  that  ‘‘it  would  be  wifer  to  hufli  it  up.”  Al¬ 
wi  mentioned  a  civil  cafe  of  his  Own,  which  ought  dot 
to  be  concealed.  ^Vhen  he  was  on  the  coaft  of  Afri¬ 
ca  in  the  dominions  of  a  very  favage  prince,  a  fmall 
European  veftel  was  wrecked  ;  and  tne  prince  not  only 
feized  ail  that  could  be  laved  from  the  wreck,  but 
claimed  the  captain  and  the  crew  as  his  Haves,  and 
treated  them  with  ferocious  infolence.  Alwi  afiTnrcd 
me,  that,^  when,  he  heard  of  the  accident,  he  haftened 
to  the  prince,  fell  proftrate  before  him,  and  by  tears 
and  importunity  prevailed  on  him  to  give  the  Euro¬ 
peans  their  liberty  ;  that  he  fupported  them  at  liis  own 
*  expence,  enabled  them  to  build  another  velfel,  in  which 
the.y  failed  to  Hinzj/ariy  and  departed  thence  for  Europe 
or  India  :  he  Ihewed  me  the  captain’s  proiniflbry  notes 
for  fums,  which  to  an  African  trader  muft  be  a  con- 
liderable  objt^l,  but  which  were  no  price  for  liberty, 
fafety,  and,  perhaps,  life,  which  liis  good,  though  dif- 
interefted,  olfices  had  procured.  I  lamented  that,  in 
my  fituation,  it  was  wholly  out  of  my  power  to  aftilt 
Alwi  in  obtaining  juftice  ;  but  he  urged  me  to  deliver 
an  y^ralic  letter  from  him,  incloling  the  notes,  to  the 
governor  general,  who,  as  he  faid,  kiiew  him  well  ;  and 
I  complied  with  his  requeft.  Since  it  is  poHible,  that 
a  fubllaiitial  defence  may  be  made  by  the  perfon  thus 
aecufed  of  injuftiee,  I  will  not  name  either  him  or  the 
ycHel  which  he  had  commanded  ;  but,  if  he  be  living,  and 
if  this  paper  Hionhl  fail  into  his  hands,  he  may  be  indiieed 
to  rtHc6l  how  highly  it  imports  our  national  honour, 
that  a  people,  whom  tve  call  favage,  but  who  admini- 
fter  to  our  convenience,  may  have  no  jiill  caufe  to  re¬ 
proach  us  with  a  violation  of  our  contrads.” 

HIPS,  in  architedure,  are  thofe  pieces  of  timber 
placed  at  the  corners  of  a  roof.  Tliefe  are  much  longer 
than  the  rafters,  becaufe  of  their  oblique  iioiitioii.  Hip 
means  alfo  the  angle  formed  by  two  parts  of  the  roof, 
when  it  rifes  outwards. 

diip-dtoofy  called  alfo  Italian  roof,  is  c»ne  in  udiich  two 
parts  of  the  root  meet  in  an  angle,  riling  outwards  :  the 
fame  angle  being  called  a  valley,  when  it’finks  inwards. 

^  EIIRCUS,  in  aftroiiomy,  a  fixed  liar  of  the  lirft  mag¬ 
nitude,  the  fame  with  captlla. 

H  IRC  us  is  alio  uled  by  fomc  writers  for  a  comet,  en- 
coinpafled  as  it  w'^ere  with  a  mane,  feemingly  rough  and 
hairy.  * 

HIRUHO.  See  EncycL  A  new  fpecies  of  this  in- 
fed  was  diTcovered  in  tiie  South  Sea  by  Lc  Martiniere, 
naturalift  in  Peroufe’s  voyage  of  difeovery.  He  found 
it  buried  about  half  an  inch  in  a  Hiark’s  liver,  but  could 
not  conceive  how  it  had  get  thither.  It  was  fomethiiKT 
more  than  an  inch  long*,  ot  a  wdiitiHi  colour,  and  com- 
pofed  of  feveral  rings  fimilar  to  thofe  of  the  ttenia.  The 
fuperior  part  of  its  head  was  furniHicd  with  four  fmall 
ciliated  mamilljc,  by  which  it  took  its  food  ;  under  each 
mainilla  on  both  Tides  was  a  ^'mall  oblong  pouch,  in  the 
iorin  ot  a  cup  ;  and  in  the  form  of  its  wfirumenia  ciha- 
via,  it  very  nearly  rdembles  the  animal  wideh  has  been 
iiippofed  to  be  the  caufe  of  meaHes  in  fu  ine.  Both  thefe 
fpccics  are  referable  to  the  genus  hirudo,  the  charaders 
ot  which,  as  given  by  Liimxus,  llaud  (lavs  Martinierej 
111  need  or  reforination. 

iAi’  HIRUNDO 


Hinziian 

Hiiudo, 
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Hirundo,  HIRUNDO  Esculenta  (fee  HirunDO,  EncycL 
Hifpaniola.  jg  defcrlbed  in  the  TranfcMions  of  the  Ba¬ 

tavian  Society  in  the  IJland  of fjava^  vol.  iii.  ;  and  the 
defcription  confirms  the  fagacious  conje<Sliire  of  Mr  La¬ 
tham  refpe6ting  the  fize  of  the  bird,  which  the  reader 
will  find  in  our  article  referred  to. 

“  The  hirundo  cfculenta  is  of  a  bhckifh  grey  colour, 
inclining  a  little  to  green  ;  but  on  the  back  to  the  tail, 
as  well  as  t>n  the  belly,  this  blackifli  colour  gradually 
changes  into  a  moufe  colour.  The  whole  length  of  the 
bird  from  the  bill  to  the  tail  is  about  four  inches  and  a 
half,  and  its  height  from  the  bill  to  the  extremity  of 
the  middle  toe  three  inches  and  a  quarter.  The  diftance 
from  the  tip  of  tire  one  wing  to  that  of  the  other,  when 
extended,  is  ten  inches  and  a  qiunter.  The  larged 
feathers  of  the  wings  are  about  four  inches  in  length. 
The  head  is  flat  ;  but,  on  account  of  the  thicknefs  of 
the  feathers,  appears  round,  and  to  be  of  a  large  flze  in 
proportion  to  the  red  of  the  body.  The  bill  is  broad, 
and  ends  in  a  fl^arp  extremity,  bent  downwards  in  the 
form  of  an  awl.  The  w  idth  of  it  is  incrcafed  by  a  na¬ 
ked  piece  of  fkin,  fomewhat  like  parchment,  wLich, 
when  the  hill  is  flint,  lies  folded  together  ;  but  which, 
when  the  bill  opens,  is  confiderably  extended,  and  en¬ 
ables  the  bird  to  catch  with  greater  eafe,  while  on  wing, 
the  infe£l3  that  ferve  it  for  food.  The  eyes  are  black, 
and  of  a  confldcrablc  fize.  The  tongue,  which  is  not 
forked,  is  fhaped  like  an  arrow^  The  ears  are  flat, 
round,  naked  fpots,  with  fmall  oblong  openings,  and  are 
entirely  concealed  under  the  feathers  of  the  head.  The 
neck  is  very  fhort,  as  well  as  the  legs  and  the  bones  of 
the  wungs.  The  thighs  are  wholly  covered  with  fea¬ 
thers  ;  and  the  very  tender  low^er  parts  of  the  legs,  and 
the  feet  themfelvcs,  are  covered  with  a  fl<in  like  black 
parchment.  Each  foot  has  four  tecs,  three  of  which 
arc  before  and  one  turned  backwards.  They  are  all  de¬ 
tached  from  each  other  to  the  roots  ;  and  the  middle 
one,  together  with  the  claw,  is  fully  as  long  as  the  lower 
part  of  the  leg.  Each  toe  is  furniflied  with  a  black, 
fliarp,  crooked  claw  of  a  confiderable  length,  by  which 
the  animal  can  with  great  facility  attach  itfclf  to  crags 
and  recks.  The  tail  is  fully  as  long  as  the  body  toge¬ 
ther  with  the  neck  and  the  head.  When  expanded  it 
has  the  form  of  a  wedge,  and  ccnfifls  of  ten  large  fea¬ 
thers.  The  fourfirfl:  on  each  fide  are  long  ;  and,  when 
the  tail  is  clofed,  extend  ahnofl:  an  inch  beyond  the  reft. 
The  other  feathers  detreafe  towards  the  middle  of  the 
tail,  and  are  equal  to  about  the  length  of  the  body.’^ 

There  is  a  variety  of  this  fpecles  of  hirundo,  with  a 
fpeckled  breaft,  and  white  fpots  on  the  tail  feathers  ; 
and  this,  though  lefs  numerous  than  the  other,  and  in¬ 
deed  not  found  at  all  in  Java,  appears  to  have  been  the 
only  hirundo  efculenta  knowm  to  Linnaeus.  For  an  ac¬ 
count  of  the  eatable  nefts  of  thefe  birds,  and  the  manner 
of  colle6fing  them,  fee  Cap  and  Button  in  this  Svp- 
plement. 

KISPANICLA,  or  St  Domingo,  the  largeft  of 
the  Antilles  or  Caribbee  illaiids,  has  been  deferibed,  as 
it  txlfted  prior  to  the  French  revolution,  in  the  Ency~ 
clop<edia»  Previous  to  the  year  1789  the  government 
of  the  French  part  of  the  ifland  was  adminiftered  by  an 
oflicev  called  the  Inttndant,  and  a  Governor-General, 
both  nominated  by  the  crowm,  and  invefted  wuth  autho¬ 
rity  for  three  years.  Their  powers  were  in  fome  cafes 
diftin(ft,  and  in  others  united;  but  though  thefe  powers 
were  extenfive  and  almoft  abfolute,  the  attention  w’hich 


the  old  government  of  France  paid  to  the  chara<^^er  and  H-fpanioIa, 
rank  of  thofe  perfons  wdiom  it  had  placed  over  its  fo-  — 
reign  fettlements,  fecured  to  the  inhabitants  of  Hifpa¬ 
niola  a  very  confiderable  fliare  of  happinefs.  In  fpite 
of  what  our  reftlefs  innovators  call  political  evils,  ligns 
of  profperity  were  everywhere  viflble;  their  towns  were 
opulent,  their  markets  plentiful,  their  commerce  exten- 
flve,  and  their  cultivation  increafing. 

Such  was,  in  1788,  the  ftate  of  the  French  colony, 
in  the  ifland  of  St  Domingo;  but  in  that  eventful  year, 
the  flame,  which  had  burft  forth  in  Europe,  fpread  it- 
felf  to  the  Weft  Indies.  A“n  aficciation  had  been  form¬ 
ed  in  France  upon  principles  fomewhat  fimilar  to  thofe 
of  our  fociety  for  the  abolition  of  the  flave  trade  ;  but 
that  afibciation,  wdiich  called  itfelf  Amis  des  Notrs^  had 
much  more  dangerous  defigns  than  ours.  Avownng 
its  deteftation  of  every  kind  of  flavery,as  w^ell  as  of  the 
Afiicaii  trade,  and  condemning  thofe  abettors  of  liber¬ 
ty  who  dared  to  dcelare  themfelvts  pofTeflbrs  of  men, 
its  members  kept  up  an  intimate  and  clandcftine  con- 
nt6lion  with  thofe  rich  mulattoes  who  leflded  in  France 
for  their  education,  and  laboured  to  convince  them  that 
neither  their  colour  nor  ihtir fpurioiis  birth  fliould  make 
any  civil  or  political  diflindion  between  them  and  the 
whites  w’ho  were  born  in  fivedlcck.  To  co-operate, 
as  it  were,  with  thefe  factious  and  falfe  dodlrines,  the 
National  Alfembly  llTued  its  famous  declaration,  in 
which  it  w'as  maintained  that  all  mankind  are  born,  and 
continue  free,  and  equal  in  their^ rights.  The  confe- 
quence  of  this  was  fuch  as  might  have  been  expe<fted. 

Tiie  mulattoes  of  Hifpaniola,  inftnided  in  the  French 
pbilofophy  of  the  rights  of  man,  broke  out  into  rebel¬ 
lion  ;  but  not  ading  in  concert,  they  were  quickly  over¬ 
powered. 

The  fpirit,  however,  which  had  been  excited  among 
them,  ftill  continued  to  ferment  ;  and  the  National  Al¬ 
fembly  of  France,  taking  the  flate  of  the  ifland  into  fo- 
lemn  conflderation,  decreed,  by  a  great  majority,  that 
its  intention  had  never  been  to  intermeddle  with  the  in¬ 
ternal  affairs  of  the  colony  ;  that  their  internal  legifla- 
tion  was  entirely  their  own  ;  and  that  the  legiflature  of 
the  mother  country  w^ould  make  no  innovation,  diredfly 
or  indiredfly,  in  the  fyftem  of  commerce  in  which  the 
colonics  were  already  concerned.  However  grateful 
this  declaration  might  be  to  the  wdiites  of  St  Domingo, 
and  in  the  then  ftate  of  things  however  wufe  in  ilfelf,  it 
occafioned  difeontent  and  remonftrances  on  the  part  of 
the  fadioiis  friends  of  the  negroes’.  They  regarded  it 
as  an  unwarrantable  fandlion  of  the  African  traffic,  and 
a  confeffion  that  the  planters  of  Hifpaniola  were  not; 
colonifts,  but  an  Independent  people. 

The  colcnifls  themfelves,  indeed,  or  rather  their  re- 
prefentatives,  feem  to  have  thought  that  by  this  decree 
they  w^ere  rendered  independent  ;  for  in  their  general 
affembly  they  paffed  an  adl  debarring  the  king’s  dele¬ 
gate,  the  governor-general,  from  negativing  any  of 
their  future  a<fts.  This  violent  meafure  was  far  from 
giving  univerfal  fatisfadlion.  The  weftern  parifhes  re¬ 
called  their  delegates,  while  thofe  of  Cape  Fran9ois  re¬ 
nounced  their  obedience  to  the  whole  affembly,  and  pe¬ 
titioned  the  governor  to  diflblve  it. 

During  thefe  dlffenfions,  the  commander  of  a  fliip  of 
the  line,  which  lay  in  the  harbour  of  Port-au-Prince, 
gave  a  fumptuous  entertainment  to  the  friends  of  the 
governor  ;  on  wffiich  account  the  feamen,  who  declared 
themfelves  in  the  Intereft  of  the  alfembly,  thought  fit  to 
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Hlfpaniola  iTiiitiny  ;  and  the  afTembly,  in  _  _ _ 

to  the  mutineers.  Some  of  tlieir  partlzans,  fcizing  at 
the  fame  time  a  powder  magazine,  the  governor  decla¬ 
red  them  adherents  to  traitors,  and  called  on  all  officers, 
civil  and  military,  to  bring  them  to  punifliment.  This 
was  the  hgnal  for  civil  injurie(flion  ;  armed  troops  look 
the  field  on  both  fides  ;  and  war  feemed  inevitable,  when 
the  affiemldy  refolvcd  to  repair  in  a  body  to  Fiance,  and 
jullify  their  paft  condudf. 

In  the  mean  time  the  des  Noirs  contrived  to  ex¬ 
cite  the  people  of  colour  to  rebellion.  They  initiated 
in  the  dodrine  of  equality  and  the  rights  of  man  one 
James  Oge,  then  reiiding  in  Paris  in  fbme  degree  of 
aiHuencc.  They  perfuaded  him  to  go  to  St  Domingo, 
put  himfclf  at  the  head  of  his  people,  and  deliver  them 
from  the  oppreffion  of  the  whites;  and  in  order  to  evade 
the  notice  of  government,  they  undertook  to  procure 
for  him  arms  and  ammunition  in  America.  He  em¬ 
barked  accordingly,  July  1790,  for  New  England  with 
money  and  letters  of  credit  ;  but  notwithttaiuling  the 
daution  of  the  Amts  des  NoirSy  his  defigns  were  difeo- 
vered  by  the  French  government,  and  his  portrait  was 
fent  out  before  him  to  St  Domingo.  He  landed  on  the 
ifland  in  October,  and  fix  weeks  afterwards  publiffied  a 
inanifefto,  declaring  his  intention  of  taking  up  arms,  if 
the  privileges  of  whites  were  not  granted  to  all perfons 
*ivithout  dijlinSlon,  He  was  joined  by  about  200  men 
of  colour  ;  and  this  little  army  of  ruffians  not  only  maf- 
facred  the  whites  wherever  they  fell  in  with  them  in 
fmall  numbers,  but,  by  a  ftlll  more  unjuftifiable  mode  of 
condud,  took  vengeance  on  thofe  of  their  own  colour 
who  refufed  to  join  their  rebellious  flandard.  They 
w^erc,  however,  foon  overpowered  by  the  regular  troops; 
and  their  leader,  after  difclohng,  it  is  faid,  fomc  impor¬ 
tant  fecrets,  fuffered  the  puniffiment  due  to  his  treafon. 

While  thele  things  were  going  on  in  the  ifland,  the 
members  of  the  Colonial  AfTembly  -arrived  at  Paris, 
\vhere  they  were  received  by  the  reprefeniatives  of  the 
French  people  with  marked  fymptoms  of  averfion.  The 
refolutions  compofing  their  famous  decree  were  pro¬ 
nounced  improper  ;  their  vote  of  thanks  to  the  muti¬ 
neers  was  declared  criminal ;  they  were  themfelves  per- 
fonally  arrefted  ;  orders  were  given  for  a  new  affembly 
to  be  called  ;  and  the  king  was  reqi^eifed  to  augment 
the  naval  and  military  force  then  at  St  Domingo. 

The  National  AfTembly  of  France  having  decreed 
that  every  perfon  twenty-five  years  old  and  upwards, 
pofTeffing  property,  or  having  refided  two  years  in  the 
colony  and  paid  taxes,  fhould  he  permitted  to  vote  in 
the  formation  of  the  colonial  aflembly,  the  people  of  co¬ 
lour  very  naturally  concluded  that  this  privilege  was  con¬ 
ferred  upon  them.  Such,  how  ever,  we  believe,  vV^s  not 
the  meaning  of  the  National  AfTembly  ;  but  Gregoire, 
with  the  other  friends  of  the  negroes,  at  laft  pre\ailed,' 
and  miilattoes  born  of  free  parents  were  pronounced  to 
be  not  only  worthy  of  choofing  their  reprefentatives, 
but  alfo  eligible  themfelves  to  feats  in  the  colonial  af- 
fembhes.  ,  This  decree  facrilieed  at  once  all  the  whites 
in  the  Hand  to  the  people  of  colour  ;  and  the  indigna¬ 
tion  which  filed  the  minds  of  both  the  royal  and  the 
republican  parties  feemed  to  have  united  them  in  one 
common  caufe.  They  refolved  to  rejed  the  civic  oath  ; 
to  confifcate  the  French  property  in  the  harbour,  on 
which  they  a6;ually  laid  an  embargo  ;  to  pull  down  the 
nationaHolours,  and  to  hoift  the  Britifh  flandard  in  their 
Head.  The  miilattoes  in  the  mean, time  colleaed  in  ar- 
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return,  voted  their  thanks  med  bodies,  and  waited  with  anxious  expe6lation  to  fee  Hlfpaniola. 

what  meafures  the  colonial  affembly  w^ould  adopt.  < 

During  thefe  diflenfions,  the  negro  flaves,  into  w'hofe 
minds  had  been  fediiloufly  inftilled  an  opinion  that  their 
rights  w^tre  equal  to,  thole  of  their  mailers,  refolved  to 
recover  their  freedom.  On  the  morning  of  the  23d  of 
Aiiguil  1791,  the  town  of  the  Cape  was  alarmed  by  a 
confuftd  report  that  the  flaves  in  the  adjoining  pariihes 
had  revolted  ;  and  the  tidings  were  foon  confirmed  by 
the  arri^l  of  tbofe  who  had  narrowly  efcaped  the  mal- 
faci  e.  The  rebellion  had  broken  out  in  the  parifh  of 
Aciil,  nine  miles  from  the  city,  where  the  whites  had 
been  butchered  wn'thoiit  diftindion  ;  and  now  the  rebeU 
proceeded  from  parifli  to  parifli,  murdering  the  men, 
and  ravifliiiig  the  unfortunate  women  who  fell  into  their 
hands.  In  a  fhort  time  the  fword  was  accompanied 
with  Are,  and  the  cane-fields  blazed  in  every  diredlion. 

The  citizens  now  flew  to  arms,  and  the  command  of  the 
national  troops  was  given  to  the  governor,  whilft  the 
women  and  children  were  put  aboard  the  fliips  in  the 
harbour  for  fafety.  In  the  iirft  aaion  the  rebels  were 
lepulfed  ;  but  their  numbers  rapidly  increafiiig,  the  go¬ 
vernor  judged  it  expedient  to  adt  folely  on  the  defenfive. 

In  the  fpace  of  two  months  it  was  computed  that  up¬ 
wards  of  2000  wdiite  perfons  perifhed  ;  and  of  the  in- 
furgents,  w'ho  confilled  as  well  H;f  mulattoes  as  of  ne¬ 
groes,  not  fewer  than  10, coo  died  by  famine  and  the 
fw^ord,  and  hundreds  by  the  hands  of  the  executioner. 

When  intelligence  of  thefe  dreadful  proceedings  reach¬ 
ed  Pans,  the  AfTembly  began  to  be  convinced  that  its 
equalifing  principles  had  been  carried  too  far  ;  and  the 
famous  decree,  which  put  .the  people  of  colour  on  the 
fame  footing  wuth  the  whites,  was  repealed.  Three 
coinmiffioners  were  likewdfc  fent  to  the  colony  to  reflore 
peace  betw^een  the  whites  and  the  mulattoes  ;  but  two 
of  them  being  men  of  bad  charader,  and  none  of  them 
pofleffiiig  abilities  for  the  arduous  tafle  of  extinguifliing 
the  flames  of  a  civil  war,  they  returned  to  France  witlil 
cut  acoomplifliing  in  any  degree  the  objedl  of  their 
miffion. 

In  the  mean  time  the  Amts  dts  Koirs  in  the  mother 
cenntry  had  onee  more  gained  the  afeendant  in  the  Na¬ 
tional  AfTembly  ;  and  three  newv  commiflioners,  8an- 
thonax,  PoK erel,  and  Ailhaud,  with  6oco  chofen  men, 
from,  the  national  guards,  were  embarked  for  St  Do¬ 
mingo.  It  was  ftrongly  furptaed  that  the  objea  of 
thefe  commifTicners  w'as  to  procure  unqualilied  freedom 
for  all  the  blacks  in  the  ifland;  but  they  folemnly  fvvore 
that  tlieir  foie  purpofe  was  to  eflablifli  the  rights  of  the 
mulattoes,  as  decreed  by  the  law  which  had  been  lately 
repealed.  The  whites  therefore  cxpe£led  that  a  colo- 
nlal  aflembly  would  be  convoked;  but  in  Read  of  this 
the  commiflioners  nominated  tw^clve  perfons,  of  whom 
fix  had  been  members  of  the  lail  aflembly,  and  fix  were 
mulattoes,  Une  CommtJJton  Intermedialrcy  with  authority 
toraife  contributions  on  tlie  inhabitants,  the  application 
of  which,  however,  they  referved  to  themfelves.  The 
governor  finding  that  the  commiflioners  ufurped  all  an- 
thonty,  complained  that  he  was  but  a  cypher  in  public 
affairs  ;  his  complaint  was  anfwered  by  an  arreft  upon 
his  perfon,  and  he  was  fent  a  flare  pnfoner  to  France. 

The  tyranny  of  the  commiflioners  did  not  flop  here. 

They  overawed  the  members  of  the  commiffion  inferme^ 
diatrey  by  arrefting  four  of  their  number  ;  and  difagree- 
ing  among  themfelves,  Santhonax  and  Polverel  difmiffed. 

Ailhaud  from  their  councils.  War  vs^s  by  this  time 

declared' 
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Il^rj  aniola.  declared  between  tlie  mother  country  and  Great  Britain,  red  to  that  (late  of  profperity  which  it  formerly  enjoy- 
'  V-—  prudence  compelled  the  government  of  France  to  ed. 

take  fome  cave  of  the  injured  colony.  Galbaud,  there-  HOLLOW,  in  archftedfure,  a  concave  moulding, , 
,  fore,  a  man  of  fair  charader,  was  appointed  governor,  about  a  quarter  of  a  circle,  by  feme  called  a  cafement, 

and  ordered  to  put  the  ifland  in  a  date  of  defence  againtl  by  others  an  abacus. 

foreign  ii.valion  ;  but  poffelfing  Weft  India  property,  lioiLou'-Tower,  ux  fortification,  is  a  ronndi.ig  made 
which  it  ftenis  was  a  legal  difqualifieation  for  the  ofHce  of  the  remainder  of  two  brifures,  to  join  the  tintain  to 
of  governor,  the  commilfioners  diiregarded  his  authori-  the  crillon,  where  the  fmall  Ihot  are  played,  that  they 
ty,  and  took  up  arms  againft  him.  Finding  themfelves  may  not  be  fo  much  expofed  to  the  view  of  the  enemy, 
likely  to  be  v/orfted,  they  offered  topurebafe  the  aid  of  HOMODROMUS  Vectis,  or  Lever,  in  mecl/a- 
the  rebel  negroes,  by  the  offer  of  a  pardon  for  their  paft  ^nics.  is  a  lever  in  which  the  weight  and  power  are  both 
condudl,  freedom  in  future,  and  the  plunder  of  the  ca-  on  the  fame  fide  of  the  fulcrum  as  in  the  lever  of  the 


pital.  Two  of  the  negro  chiefs,  more  honourable  than 
the  French  commifiioners,  fpurned  at  the  bafe  propofal; 
but  a  third,  after  the  governor  had  fted  to  the  fhips,  en¬ 
tered  the  town  v^u’th  3 coo  revolted  negroes,  and  began 
xin  indiferiminate  maffacre.  The  milerable  inhabitants 
fled  to  the  fhore,  but  their  retreat  was  flopped  by  a 
party  of  mulattoes  ;  and  for  two  days  the  {laughter  was 
inceffant.  The  town  was  half  coiifiimed  by  tire  ;  and 
the  commifiioners,  tenitied  at  the  work  of  their  own 
hands,  fled  for  protedlion  to  a  fliip  of  the  line,  and 
thence  iffued  a  manifefto,  which,  while  it  tried  to  exte¬ 
nuate,  evinced  a  confeioufnefs  of  their  guilt. 

Thus  was  loft  the  fineft  ifland  in  the  Weft  Indies; 
an  ifland  which  produced  alone  as  much  fugar  as  all  the 
Britifli  Weft  India  pofTclTions  united  ;  not  to  mention 
the  coffee  and  indigo,  which  were  in  iinmenfe  quanti¬ 
ties  cultivated  in  Hifpaniola.  Had  it  not  been  for  the 
rtftlefs  machinations  of  the  ^mis  des  Noirs,  it  does  not 
appear  that  fo  general  a  revolt  would  have  taken  place 
tiiiiong  the  flaves  ;  for  though  the  fpirit  of  republica- 
iiilm  had  found  its  way  into  the  ifland,  the  republicans 
joined  with  the  royalifls  to  keep  the  negi'oes  in  proper 
fubje6lion.  The  unfuccefsful  attempt  which,  at  the 
reqiieft  of  the  more  refpedlable  part  of  the  inhabitants, 
the  Britifh  government  made  to  fubdue  the  execrable 
commiflioriers  and  their  adherents,  is  frefh  in  the  me- 
emory  of  all  our  readers,  and  need  not  here  be  detail¬ 
ed  at  length.  Suffice  it  to  fay,  that  after  prodigies  of 
valour,  our  troops  were  compelled,  rather  by  difeafe 
than  by  the  fwords  of  the  enemy,  to  abandon  the  ifland. 
Toufl'aiiit  L’Oiiverture,  a  black  chief,  converted  it  into 
an  independent  republic,  and  continued  to  govern  it  un- 
difturbed,  till  the  preliminaries  of  peace  were  figned  be¬ 
tween  Britain  and  France  in  1801.  Immediately  after 
that  event,  Bonaparte  difpatched  a  fleet  from  Breft, 
with  the  permifTion  of  our  government,  carrying  a  con- 
flderable  army  under  the  command  of  general  Le  Clerc. 
Touflaiiit  at  firft  refufed  to  fubmit.  Several  bloody  ac¬ 
tions  were  fought  between  the  French  troops  and  the 
blacks,  in  which  the  former  were  uniformly  fuccefsful. 
The  open  country  was  foon  abandoned  by  the  negroes  : 
feveral  of  Touffaint’s  generals  fubmitted  ;  and  at  lall  he 
himfelf  was  prevailed  upon,  by  the  addrefs  and  the  mag¬ 
nificent  promifeS  of  Le  Clerc,  not  only  to  throw  dowm 
Ills  arms,  but  to  put  himfelf  into  the  power  of  the  French 
general.  For  forne  days  thefe  promifes  were  religioufly 
obferved  ;  but  a  pretence  was  foou  found  for  breaking 
'them.  Touffaint  was  ftript  of  bis  immenfe  property, 
and  feiit  prifoner  to  France.  Thus  was  the  colony  re¬ 
covered  to  France  in  a  ftlll  fliorter  time  than  it  had  been 
loft.  Since  that  event,  nothing  has  tranfpired  concern¬ 
ing  the  ftate  of  the  ifland,  or  the  regulations  w  hich  the 
French  find  it  ncceflary  to  make.  But  it  is  obvious,  that 
a  confiderable  period  muft  elapfe  before  it  can  be  refto- 


2d  and  3d  kind;  being  fo  called,  becaufc  here  the  weight 
and  power  move  both  in  the  fame  diredfion,  whereas 
in  the  heterodromiis  they  move  in  oppulite  diredions. 

HOOKE  (Dr  Robert)  is  faid,  ill  the  account  of 
him  which  is  publiflied  in  the  Encyclopedia,  to  have  laid 
claim  to  the  inventions  of  others,  and  to  have  boafted 
of  many  of  his  owm,  which  be  never  communicated; 
We  will  not  prefume  to  fay  that  this  charge  is  entirely 
groundlefs  ;  but  we  know  that  it  has  been  greatly  ex- 
aggerated,  and  that  many  difeoveries  undoubtedly  made 
by  him  have  been  claimed  by  others.  Of  this  the 
reader  wdll  find  one  confpicuous  proof  under  the  article 
Watch  (^Encycl.)  \  and  perhaps  the  following  hiftory 
of  the  inventions  to  w’hich  he  laid  claim  may  furnifli 
another.  It  would  be  harfli  to  charge  him  with  falfity 
in  any  of  them  ;  that  is  to  fay,  to  irriagine  that  he  ei¬ 
ther  Itole  them  from  others,  or  did  not  think,  at  leaft, 
that  he  was  an  inventor.  And,  with  refpedl  to  many 
of  them,  the  priority  of  his  claim  is  beyond  difpute. 

1636,  Barometer,  a  weather  glafs. 

1657,  A  fcapement,  for  maintaining  the  vibration  of 
a  pendulum. — And  not  long  after,  the  regulating  or 
balance  fpring  for  watches. 

1658,  The  double  barrelled  air-pump. - The  co¬ 

nical  pendulum. — Hri  firll  employment  of  the  coni¬ 
cal  pendulum  was  no  lefs  ingenious  and  fcientific  than 
it  was  original.  He  employed  it  to  reprefent  the 
mutual  gravitation  of  the  planets  ;  a  fa6l  which  he 
had  moil  fyftematically  announced.  He  had  fhewn 
that  a  force,  perfe6tly  analogous  to  gravity  on  this 
earth,  operated  on  the  furface  of  the  moon  and  of  Ju¬ 
piter.  Confidering  the  numerous  round  pits  on  the 
furface  of  the  moon,  furrounded  with  a  fort'  of  wall, 
and  having  a  little  eminence  in  the  middle,  as  the  pro- 
dutlion  of  volcanoes,  he  inferred,  that  the  ejedled  mat- 
’ter  fell  back  again  to  the  moon,  as  fuch  matter  falls 
back  again  to  the  earth.  He  faw  Jupiter  furrounded 
with  an  atmofphere,  wdiieh  accompanied  him  ;  and  there¬ 
fore  prefted  on  him,  as  our  air  preffes  on  the  earth  : — ■ 
He  inferred,  that  it  w  as  the  fame  kind  of  power  that 
maintained  the  fun  and  other  planets  in  a  round  form. 
He  inferred  a  force  to  the  fun  from  the  circulation  round 
him,  and  he  called  it  2i  gravitation  ;  and  faid  that  it  was 
not  the  earth  w  hich  deferibed  the  ellipfe,  but  the  centre 
of  gravity  of  the  earth  and  moon.  He  therefore  made 
a  conical  pendulum,  whofe  tendency  to  a  vertical  poftr 
tion  reprefented  the  gravitation  to  the- fun,  and  wffiich 
was  projected  at  right  angles  to  the  vertical  plane  ;  and’ 
fliewed  experimentally,  how  the  different  proportions  off 
the  projectile  and  centripetal  tendencies  produced  varr- 
ous  degrees  of  eccentricity  in  the  orbit.  He  then  add¬ 
ed  another  pendulum,  deferibing  a  cone  round  the  firii,'^ 
\yhile  this  deferibed  a  cone  round  the  vertical  liiie,  *irit. 
order  to  fee  wdiat  poiiit  betvveen  them  deferibed  tife 
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,  ellipfe.  The  refults  of  the  experiment  were  intricate 
and  unfatisfacfory  ;  but  the  thought  was  ingenious. 
He  candidly  acknowledged,  that  he  had  not  difcovered 
the  true  law  of  gravitation  which  would  produce  the 
defcription  of  an  ellipfe  round  the  focus,  owing  to  his 
want  of  due  mathematical  knowledge  ;  and  therefore 
left  this  inveftigation  to  his  fuperiors.  Sir  Ifaac  New¬ 
ton  was  the  happy  man  who  made  the  difcovery,  after 
having  entertained  the  fame  notions  of  the  forces  which 
connefted  the  bodies  of  the  folar  fyftem,  before  he  had 
any  acquaintance  with  Dr  Hooke,  or  knew  of  his  fpe- 
culations. 

i66o>  riie  engine  for  cutting  clock  and  watch  wheels. 

— The  chief  phenomena  of  capillary  attraaion. _ The 

freezing  of  water  at  a  fixed  temperature. 

1663,  method  of  fupplying  air  to  a  diving  bell. 
— The  number  of  vibrations  made  by  a  mufical  chord. 

1664,  His  Micrographia  was,  by  the  council,  of  the 
Royal  Society,  ordered  to  be  printed;  but  in  that  work 
are  many  juft  notions  refpeding  refpiration,  the  com- 
pofition  of  the  atmofphere,  and  the  nature  of  light, 
which  were  afterwards  attributed  as  difcoveries  to  Ma- 
yow  and  others,  who,  though  we  are  far  from  fnppo* 
fing  that  they  ftole  their  difcoveries  from  Dr  Hooke, 
were  certainly  anticipated  by  him. 

1666,  A  quadrant  by  refledlion. 

1667,  The  marine  barometer — The  gage  for  found¬ 
ing  unfathomable  depths. 

1668,  The  meafurement  of  a  degree  of  the  meridi¬ 

an,  with  a  view  to  determine  the  figure  of  the  earth, 
by  means  of  a  zenith  fe<fl:or.  * 

1669,  The  faff  of  the  confervatio  ’virium  vivarum^ 
and  that  in  all  the  produdions  and  extindions  of  mo¬ 
tion,  the  accumulated  forces  were  as  the  fquares  of  the 
final  or  initial  velocities.  This  dodrine  he  announces 
in  all  Its  generality  and  importance,  deducing  from  it 
all  the  confequences  which  John  Bernoulli  values  him- 
felffo  highly  upon,  and  which  are  the  chief  fads  ad- 
duced  by  Leibnitz  in  fupport  of  his  dodriiie  of  the 
forces  of  bodies  in  motion.  But  Hooke  was  perfedly 
aware  of  their  entire  correfpondence  with  the  Cartefian, 
or  common  doarine,  and  was  one  of  the  firft  in  applyl 
ing  the  celebrated  39th  propofition  of  Newton’s  Prin- 
cipia  to  his  former  pofitions  on  this  fubjea,  as  a  mathe- 
matical  demonftration  of  them. 

1673,  That  the  catenaria  was  the  beft  form  of  an 
arch. 

1674,  Steam  engine  on  Newcomen’s  principle. 

1679,  T.  hat  the  air  was  the  foie  fource  of  heat  in 

burning :  That  combuftion  is  the  folution  of  the  inflam¬ 
mable  vapour  In  air  ;  and  that  in  this  folution  the  air 
gives  out  its  heat  and  light.  That  nitre  explodes  and 
caufes  bodies  to  burn  without  air,  becaufe  it  confifts 
of  this  air,  accompanied  by  its  heat  and  light  in  a  con- 
denfed  or  fohd  ftate  ;  and  air  fupports  flame,  becaufe 
It  contains  the  fame  ingredients  that  gunpowder  doth, 
that  is,  a  nitrous  fpirjt  That  this  air  dilTolves  fome- 
thing  in  the  blood  while  it  is  expofed  to  it  in  the  lungs 
in  a  very  expanded  furface,  and  when  faturated  with  it, 
can  no  longer  fupport  life  nor  flame  ;  but  in  the  aft 
of  folution,  it  produces  animal  heat  :  That  the  arterial 
and  venal  blood  difier  on  account  of  this  fomething  be¬ 
ing  wanting  in  one  of  them.  In  Ihort,  the  fundamen¬ 
tal  doftrines  of  modern  chemiflry  are  fyftematically  de- 
livered  by  Dr  Hooke  in  his  Micrographia,  nubliftwd  in 
JCipq,  and  his  JLampas,  pubUfhed  in  1677.  ' 
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1680,  He  firft  obferved  tba  fecondary  vibrations  of 
elaftic  bodies,  and  their  connexion  with  harmonic  founds. ' 
A  glafs  containing  water,  and  excited  by  a  fiddleftick, 
threw  the  water  into  undulations,  which  were  fquare, 
hexagonal,  odlagonal,  &c.  ftiewing  that  it  made  vibra¬ 
tions  fiiboidinate  to  the  total  vibration  ;  and  that  the 
fundamental  found  was  accompanied  by  its  o^lave,  its 
twelfth.  See. 

1681,  He  exhibited  mufical  tones  by  means  of  tooth¬ 
ed  wheels,  whirled  round  and  rubbed  with  a  quiil,  which 
dropped  from  tooth  to  tooth, and  produced  tones  pro¬ 
portioned  to  the  frequency  of  the  cracks  or  fnaps. 

1684,  He  read  a  paper  before  the  Royal  Society, 
in  which  he  affirms,  that  fome  years  before  that  period, 
he  had  propofed  a  method  of  difedurfing  at  a  diftance, 
not  by  found,  but  by  fight.  He  then  proceeds  to  de- 
fenbe  a  very  accurate  and  complete  telegraph,  equal, 
perhaps,  in  all  refpeas  to  thofe  now  in  ufe.  But  fome 
years  previous  to  1684,  M.  Amontans  had  not  invent¬ 
ed  his  telegraph  ;  fo  that,  though  the  Marquis  of  Wor- 
cefter  unqueftionably  gave  the  firft  ]iint  of  this  inftrii- 
ment,  Dr  Hooke  appears  to  have  firft  brought  it  to 
perfeaion.  See  Telegraph,  EncycL  ;  and  a  book, 
publiflied  1726,  entitled  Philofophkal  Experiments  and 
Obfer^ations  of  the  late  eminent  Dr  Robert  Hooke. 

We  are  indebted  to  him  for  many  other  difcoveries 
of  lefler  note  ;  fuch  as  the  wheel  barometer,  the  uni- 
verfal  joint,  the  manometer,^  ferew  divided  quadrant, 
telefcopic  fights  for  aftronomical  inllruments,  reprefent- 
ation  of  a  mufcular  fibre  by  a  chain  of  bladders,  expe¬ 
riments  fliewiiig  the  infleaion  of  light,  and  its  attrac- 
tion  for  fohd  bodies,  the  curvilineal  path  of  light  thi  o’ 
the  atmofphere.  ^ 

HORNE  (George,  D.  D.),  late  Lord  Bifliop  of 
iSorvvich,  was  a  man  of  fuch  amiable  difpofitiotis,  pri¬ 
mitive  piety,  and  exemplary  morals,  that  we  wifii  it 
were^  in  our  power  to  do  jullice  to  his  charader.  His 
life.  It  13  true,  has  been  already  written,  at  confiderable 
length,  by  two  authors,  poft'efild  of  erudition  and  of 
unqueftionable  integrity  ;  but  mere  erudition  is  by  no 
means  fiifficient  to  fit  a  man  for  difeharging  the  duties 
ol  a  biographer.  It  was  not  the  learning  of  Johnfon, 
but  his  fagacity,  and  intimate  acquaintance  with  human 
nature,  that  placed  him  fo  far  above  his  contemporaries 
in  this  department  of  literature. 

Of  Bifliop  Horne’s  biographers,  one  polTeired,  in¬ 
deed,  the  great  advantage  of  having  lived  in  habits  of 
intimaGy  with  him  from  his  boyiflt  years.  Li  the  au¬ 
thenticity  of  his  narrative,  therefore,  the  fiilleft  confi- 
dence  may  be  placed  ;  and  that  narrative  we  fliall  faith¬ 
fully  follow  ;  referving,  however,  to  ourfelves  the  liber¬ 
ty  of  fometimes  making  rcflcdlions  on  the  various  inci¬ 
dents  recorded,  widely  different  from  thofe  of  the  au- 
thor. 

George  Horne  was,  in  1730,  born  at  Otham  in  Kent, 
a  vj.lagc  near  Maidrtone,  giving  the  name  to  a  parifh, 
of  which  his  father  was  the  reaor.  He  was  the  fe- 
cond  of  four  fons  ;  of  whom  the  eldeft  died  in  very 
early  ]i^re,and  the  y.oungeft,  who  is  ftill  alive,  fucceeded 
h.s  father  both  in  the  redory  of  Otham  and  in  that  of 
Breda  in  the  county  of  Suffex.  He  had  likewife  three  ' 
filters,  of  whofe  fortunes  we  know  nothino- 

Mr  Horne,  the  father  of  the  flimily,  vvas  of  a  tem¬ 
per  fo  remarkably  averle  from  giving  pain  or  trouble- 
upon  any  occafion,  that  he  ufed  to  awake  his  fom 
George,  when  an  infant,  by  playing  upon  a  flute,  that, 

the. 
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Horng,  change  from  fleeping  to  awaking  might  be  gradual 
'  and  pleafant.  Having  been  for  fome  years  a  tutor  at 
Oxford,  he  took  upon  himfelf  the  early  part  of  the 
clafltcal  education  of  this  favourite  fon  ;  an  office  of 
which  he  was  well  qualified  to  difcharge  the  duties. 
Uuiider  fuch  an  inftnidfor,  the  fubje(5l  of  this  memoir 
led  a  very  pleafant  life,  and  made  a  rapid  progrefs  in 
the  Greek  and  Latin  languages.  By  the  perfuafion  of 
a  friend,  however,  he  was,  at  the  age  of  thirteen,  placed 
in  the  fchool  of  Maidftone,  then  under  the  care  of  a 
Mr  Bye,  eminent  for  his  knowledge  of  ancient  litera¬ 
ture.  And  remaining  with  this  gentleman  two  years, 
he  added  much  to  his  (lock  of  learning  ;  and,  among 
other  things,  a  little  elementary  knowledge  of  the  He¬ 
brew  tongue,  which  Mr  Bye  taught  on  the  plan  of 
B^ttxtorf.  Though  Dr  Horne  afterwards  rejedled  that 
^lan,  he  readily  admitted,  that  the  knowledge  of  it  was 
of  great  advantage  to  him. 

At  the  age  of  fifteen,  he  was  removed  from  Maid¬ 
ftone  fchool  to  Univerfity  college  Oxford,  where  his  fa¬ 
ther  had  happily  obtained  for  him  a  fcholarfhip.  At 
college  his  (Indies  were,  in  general,  the  fame  with  ihofe 
of  other  virtuoits  and  ingenious  youths  ;  while  the  vi¬ 
vacity  of  his  converfation,  and  the  propriety  of  his  con- 
du6l,  endeared  him  to  all  whofe  regard  was  creditable. 
About  the  time  of  his  taking  his  bachelor’s  degree,  he 
was  chofen  a  fellow  of  Magdalen  College  ;  and  (oon  af¬ 
terwards,  if  not  before,  commenced  author. 

The  hiftory  of  his  authorfiiip  is  curious,  and  we  (hall 
give  it  at  fome  length.  While  he  was  deeply  engaged 
in  the  (lady  of  oratory,  poetry,  and  every  branch  of 
polite  literature,  he  was  initiated  by  his  faithful  friend 
Mr  Jones  in  the  myfteries  of  Hutchiiifonianifm  ;  but 
Mr  Jones  was  not  his  preceptor.  Indeed  that  gentle¬ 
man  informs  us,  that  when  he  firft  communicated  to 
Mr  Horne  the*  novelties  with  which  his  own  mind  was 
filled,  he  found  his  friend  very  little  inclined  to  confider 
them  ;  and  had  the  mortification  to  fee,  that  he  was 
himfelf  lofing  ground  in  Mr  Horne’s  efteem,  even  for 
making  the  attempt  to  convert  him.  At  this  we  are 
not  to  be  much  furprlfed.  Mr  Horne,  though,  by 
his  biographer's  account,  no  deep  Newtonian,  faw,  or 
thought  he  faw,  the  neceffity  of  a  vacuum  to  the  pof- 
fibility  of  viQtion  ;  and  as  we  believe  that  every  man, 
who  knows  the  meaning  of  the  words  motion  and  vacu- 
limy  and  whofe  mind  is  not  blaffed  in  favour  of  a  fyfiem, 
fees  the  fame  thing,  it  was  not  to  be  fuppofed,  that  a 
youth  of  found  judgment  would  haftlly  relinquifii  fo 
natural  a  notion.  By  Mr  Horne,  however,  it  was  at 
length  rellnqiiifhed.  Mr  Jones  introduced  him  to  Mr 
George  Wat  fon,  a  fellow  of  Univerfity  college,  whom 
he  reprefents  as  a  man  of  very  fuperior  accomplilhments; 
and  by  Mr  Watfon  Mr  Horne  was  made  a  Hiitchinfo- 
iiian  of  fuch  zeal,  that  at  the  age  of  nineteen,  he  impli¬ 
citly  adopted  the  wild  opinion  of  the  author  of  that  fyf- 
tem,  that  Newton  and  Clarke  had  formed  the  defign  of 
bringing  the  Heathen  JupiUry  or  Stoical  anima  mundiy 
into  the  place  of  the  God  of  the  univerfe.  With  fuch 
a  convlcftion  imprelfed  upon  his  mind,  it  is  not  wonder¬ 
ful  that  he  (hould  endeavour  to  diferedit  the  fyftem  of 
Newton.  This  he  attempted,  by  publifhing  a  parallel 
between  that  fyftem  and  the  Heathen  do6lrlnes  in  the 
Somnium  Scipionis  of  Cicero.  That  publication,  which 
was  anonymous,  we  have  never  feen  ;  but  Mr  Jones  him- 
^  felf  admits  it  to  have  been  exceptionable  ;  and  the  ami¬ 


able  author  feems  to  have  been  of  the  fame  opinion,  for 
he  never  republifhed  it,  nor,  we  believe,  replied  to  the 
anfwcrs  whiefi  it  provoked. 

He  did  not,  however,  defert  the  caufe,  but  publifbed, 
foon  afterwards,  a  mild  and  ferious  pamphlet,  which  he 
called  A  Fairy  Cand’idy  and  Impartial  State  of  the  Cafe 
between  Sir  Ifaac  Newton  and  Mr  Hutchlnfon,  Even 
of  this  pamphlet  we  have  not  been  able  to  procure  a 
fight  ;  but  Mr  Jones  afTures  us,  that  the  author  al¬ 
lows  to  Sir  Ifaac  the  great  merit  of  having  fettled 
laws  and  rules  in  natural  philofophy,  and  of  having 
meafured  forces  as  a  mathematician  with  foveveign  drill ; 
whilft  he  claims  for  Mr  Hutchinfun  the  difeovery  of 
the  true  phyfiological  caufes,  by  which,  under  the 
power  of  the  Creator,  the  natural  world  is  moved  and 
di  reeled. 

If  this  be  a  fair  view  of  the  fate  of  the  cafcy  it  allows 
to  Newton  more  than  ever  Newton  claimed,  or  has 
been  claimed  for  him  by  his  fondeft  admirers  ;  for  the 
laws  and  rules,  which  he  fo  faithfully  followed  in  the 
ftudy  of  philofophy,  were  not  fettled  by  him,  but  by 
the  ilhiftrioiis  Bacon.  With  refpe6t  to  the  true  caufes 
here  mentioned,  we  have  repeatedly  had  occafion,  du¬ 
ring  the  courfe  of  this  Work,  to  declare  our  opinion, 
that  all  men  are  equally  ignorant  of  them,  if  tliey  be 
confidered  as  any  thing  diftindl  from  the  general  laws 
by  which  the  operations  of  nature  are  carried  on.  To 
the  difeovery  of  other  phyfiological  caufes,  Newton,  in 
his  greateft  work,  made  indeed  no  pretenfion  ;  but  it 
may  be  worth  while,  and  can  hardly  be  confidered  as 
a  digreffion,  to  confider  what  are  the  prcterifions  of 
Hdehinfon,  to  which  MclTrs  Horne  and  Jones  gave 
fo  decided  a  preference. 

Mr  Hutchinfon  himfelf  writes  fo  obfeurely,  that  we 
dare  not  venture  to  tranflate  his  language  into  common 
Engli(h,  left  w^e  (liould  undelignedly  mifreprefcnt  his 
meaning  ;  but  according  to  Mr  Jones,  who  has  ftudied 
his  works  with  care,  his  diftingiiifiiing  dodlriiie  in  phi¬ 
lofophy  is,  that  “  The  forces,  of  which  the  Newtonians 
treat,  are  not  the  forces  of  nature  ;  but  that  the  world 
is  carried  on  by  the  adlion  of  the  elements  on  one  ano¬ 
ther,  and  all  under  God.”  What  is  here  meant  by 
the  elements,  we  are  taught  by  another  eminent  dif- 
ciple  of  that  fchool.  “The  great  agents  in  nature, 
which  carry  on  all  its  operations,  are  certainly  (fays^ 
Mr  Parkhurft)  the  fuld  of  the  heavens  ;  or,  in  other 
words,  the  fire  at  the  orb  of  the  fun,  the  light  iffuing 
from  it,  and  the  fpirit  or  grofs  air  conilantly  fupport- 
ing,  and  concurriiig  to  the  aflions  of  the  other  two.” 
(See  Cherubim  in  this  Supplement).  Mr  Horne  adopt¬ 
ed  this  fyftem  in  preference  to  the  Newtonian  ;  becaufe, 
fays  his  biographer,  “  It  appeared  to  him  nothing  bet¬ 
ter  than  raving,  to  give  adive  powers  to  matter,  fup- 
pofing  it  capable  of  adling  wdiere  it  is  not  ;  and  to  af¬ 
firm,  at  the  fame  time,  that  all  matter  is  inert,  that  is, 
iiiaftive  ;  and  that  the  Deity  cannot  a6l  but  where  he 
is  prefnty  becaufe  his  power  cannot  be  but  w'herc  his 
fuhfance  is.” 

That  much  impious  arrogance  has  been  betrayed, 
not  by  Newtonians  only,  but  by  philofophers  of  every 
fchool,  when  treating  of  the  modus  operandt  of  the 
Deity,  we  feel  not  ourfelves  inclined  to  controvert ;  but 
we  never  knew  a  well-informed  Newtonian,  who  fpoke 
of  the  a6tive  povrers  of  matter  but  in  a  metaphorical 
fenfe  ;  and  fuch  language  is  ufed,  and  muft  be  ufed,  by 
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the  followers  of  Hutchmfon.  Mr  Jones  fpeaks  of  the  rately, 
aaton  of  the  elements ;  and  Mr  Parkhurft  calls  the  fluid  ” 
of  the  heavens,  which,  according  to  him,  confifts  of  fire, 
light,  and  air,  ageu/s  ;  but  it  would  furely  be  uncandid 
to  accufe  thefe  two  pious  men  of  animating  the  ele¬ 
ments,  though  we  know  that  aBion  and  aSivity,  in  the 
iteral  fenfe  of  the  words,  can  be  predicated  only  of 
living  beings.  With  rcfiped  to  giving  adive  powers  to 
matter,  tlierefore,  the  followers  of  Hutchinfon  rave  juft 
as  much  as  thofe  of  Newton  ;  and  we  fee  not  the  ra¬ 
ving  of  either  in  any  other  light  than 'as  the  neceffary 
confequence  of  the  poverty  of  language. 

But  the  Newtonian  makes  matter  ad  upon  matter 
at  a  diftance  1  No  ;  the  genuine  Newtonian  does  not 
make  matter  «,!?  (in  the  proper  fenfe  of  the  word)  at 
all  ;  but  he  believes,  that  God  has  fo  conftituted  mat¬ 
ter,  that  the  motions  of  different  maffes  of  it  are  affedl- 
ed  by  each  other  at  a  diftance  ;  and  the  Hutchinfonian 

I't  ^  -As  this  ccleftlal  fluid  of 

Mr  Parkhurft’s  confift,  partly  of  air,  we  know,  by  the 
telt  of  experiment,  that  it  is  elaftic.  The  particles  of 
which  It  is  compoied  are  therefore  diftant  from  each 
other  ;  and  yet  they  refill  compreffion.  How  does  the 
Hutchinfonian  account  for  this  fad  >.  Perhaps  he  will 
%,  that  as  matter  is  in  itfelf  equally  indifferent  to  mo- 
tmn  and  reft,  God  has  fo  conftituted  the  particles  of 
this  fluid,  that  though  they  poffefs  no  innate  power  or 
adivity  of  their  own,  they  are  affeded  by  each  other 
^  a  diftance,  in  confequence  of  his  fiat  at  the  creation, 

X  his  we  believe  to  be  the  only  folution  of  the  difficulty 
which  can  be  given  by  man  ;  but  it  is  the  very  anfwer 
Newtonians  to  thofe  who  objed  to  them 
the  abfurdity  of  fuppofing  matter  to  be  affeded  by  mat- 
ter  at  a  diftance.  That  the  motions  of  the  heavenly 
bodies  are  affeded  by  the  prefence  of  each  other  is  a 
tact,  lay  they,  which  appears  incontrovertible.  «  We 
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have  afcertained  with  precifion  the  laws  by  which  thefe 
motions  are  regulated  ;  and  without  troubling  ourfelves 
with  the  true  phyfiological  caufes,  have  deinonftrated 
the  agieement  of  the  phenomena  with  the  laws.  The 
inHrpoiition  of  this  ctleftial  fluid  removes  not  a  Angle 
difficulty  with  which  our  dodrine  is  fuppofed  to  be 
clogged.  1  o  have  recourfe  to  it  can  therefore  ferve  no 
purpofe,  even  were  the  phenomena  confiftent  with  the 
nature  of  an  elaftic  fluid  confidered  as  a  phyfical  caufe- 
but  this  IS  not  the  cafe.  It  is  demonftrable  (fee  Astro- 
Noy  .and  Dynamics  in  this  Suppl.)  that  the  motions 
of  the  heavenly  bodies  are  not  confiftent  with  the  me- 
chanifm  of  an  elaftic  fluid,  confidered  as  the  caufe  of 
thefe  motions ;  and  therefore,  w-hcther  there  be  fuch  a 
fluid  or  not  diffufcd  through  the  folar  fyftem,  we  can¬ 
not  allow  that  It  IS  the  great  agent  in  nature  by  which 
all  its  operations  are  carried  on/^ 

Such  might  be  the  reafoning  of  a  well-informed  New- 
toman  in  this  cmitroverfy  ;  and  it  appears  fo  couclufive 
againft  the  objedions  of  Hutchinfon  to  the  Newtonian 
forces,  as  well  as  againft  the  agents  which  he  has  fub- 
ftituted  m  their  ftead,  that  fome  of  our  readers  may  be 

nnL°  fl  ‘a-  foundnefs  of  that  man’s 

underftandmg  who  could  become  a  Hutchinfonian  fo 
zealous  as  Mr  Horne  But  to  thefe  gentlemen  we  beg 
leave  to  reply,  that  the  foundeft  and  moft  upright  mind 

if  Ih  1^/°/  a  fyftem,  Specially 

if  that  fyftem  has  novelty  to  recommend  it,  and^at  the 

w  Vo i.  p£rii.  ‘■'1'- 


'  iT"  "'as  the  fyftem  of  Horne. 

Hutchinfon  when  adopted  by  Mr  Horne.  It  was  then - ^ 

but  very  little  known ;  it  could  be  ftudied  only  through 
the  medium  of  Hebrew  literature,  not  generally  ciihi- 

S-liut'ch  cultivation  of  which 

in  f  had  given  a  new  and  a  better  turn,  is 

toe,  that  the  Hutchinfoiiians  have,  for  the  moft  part, 
been  men  of  devout  minds,  zealous  in  the  caufe  of 

fnd  thr'  t’’  ?  by  Arianifin,  Soeiiiianifm, 

and  the  other  herefies  which  have  fo  often  divided  the 

all  thefe  circumftances 
are  taken  into  confideration,  it  will  not  be  deemed  a 
proof  of  any  defea  iii  Mr  Horne’s  underftanding,  that 
in  early  life  he  adopted  the  vnWe  of  a  fyftem,  of  which 
iome  of  the  parts  contain  fo  much  that  is  good  ;  efpe- 
cially  vvhen  it  is  remembered,  that  JrJ  vie-za  the  z, 
pney  M  the  celeftial  fluid  appears  fo  plaufible,  that  for 
a  time  it  feeras  to  have  iinpofed  upon  the  mind  of  New- 
ton  nimlelr, 

‘[“‘b  IS,  that  Mr  Horne  was  at  no  period 
^‘‘’“'•““gb-paced  Hutchinfonian.  It  is  con- 
feffed  by  Mr  Jones,  »  that  Mr  Hutchinfon  and  his  ad- 
inirers  laid  too  great  a  llrefs  on  the  evidence  of  He¬ 
brew  etymology  ;  and  that  fome  of  them  carried  the 
matter  fo  far,  as  to  adopt  a  mode  of  fpeaking,  which 
had  a  parer  refemblance  to  cant  and  jargon  than  to 
found  fenfe  and  fober  Iprning.  Of  this'^(coiuinue8  he) 

IhH  '‘"'are;  and  he  w'as  in  fo 

I  tbe  example,  that  he  ufed  to 

difplay  the  foibles  of  fuch  perfons  with  that  mirth  and 
pod  humour,”  which  he  poffeffed  in  a  more  exquifite 
degree  than  moft  men.  This  feems  to  be  complete 
pidci.ee  pat  he  was  never  a  friend  to  the  etymofogi- 
plpart  of  the  fyftem  ;  and  the  prefent  writeJ- can  ft- 
pft,  that,  in  pp-ear  lyp,  fie  feemed  by  his  conver- 


fatimi  to  have  loft  much  ^f  his  convi^^ilTf  X  rercy 
o  te  celeftial  fluid.  He  continued,  indeed,  to  ftudy 
the  Hebrew  pnppres  on  the  plan  of  Mr  Hutchinfon, 
unincumbered  with  the  Maforetic  points,  or  with  rab- 
binipl  interpretations;  and  the  fruits  of  his  ftudies  are 
m  the  hands  of  thpeligips  public,  in  works  which, 

•  by  tiiat  public,  will  be  efteemed  as  long  as  their  Ian- 
guage  IS  underftood. 

a  layman,  but  he  intereft- 
ed  himfelf  m  every  thing  conneded  with  religion,  as 
muclps  the  moft  zealous  dignitary  of  the  church  ;  and 
piifidermg  the  naturalization^  of  the  Jews  as  a  meafuie 
t  leaft  inffi'cent  in  a  Chriftiaii  country,  he  piibliftied 
in  an  evening  paper,  a  feries  of  letters  on  that  fubied 
bop  when  the  Jew  bill  was  depending,  and  after  it  hfd 
paffed  pe  houfe.  The  letters  were  anonymous;  but 
hp  attraded  much  notice,  and  many  groundlefs  con- 
jediireo  were  made  refpedmg  their  author.  To  the 
real  author,  the  meafure  which  they  oppofed  w'as  fo 
very  opoxious,  that  he  refufed  to  dine  at  the  table  of 

to  fon.in-law  of  Mi  Pelham  was 

to  be  there.  And  he  was  not  much  more  friendly  to 

2  d,rorf  ■  2f "  be  eonfiLr. 

th  L.i,  f  difgraceful  to  religion,  he  probably 
pougp  thp  the  mher,  with  its  numerous  claufel  might 
be  made  a  fnare  for  virtue.  ^ 

ordTi'  2hlh°r  t^ke  holy 

when  he  2  ^  ''ffair;  and 

when  he  gave  an  account  of  his  ordination  to  an  inti- 

5  B  mate 
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mate  friend,  he  conduded  the  letter  with  the  following 
refiedions,  which,  even  in  an  abllrad  like  this,  it  would 

be  unpardonable  to  omit  :  ^ 

“  May  he,  who  ordered  Peter  three  times  to  feed 
l!s  Iambi  give  me  grace,  knovvledge,  and  Ikill,  to  watch 
and  attend  to  the  flock  which  he  pnrehafed  upon  the 

crofs,  and  to  give  refl  to  thePe  who  are  bid¬ 

den  of  fin  and  forrow.  It  hath  pleafed  God  to  call 
me  to  the  miniflry  in  very  troublefome  times  '"oeed, 
when  a  lion  and  a  bear  have  broken  into  the  fola,  and 
are  making  havoc  among  the  flieep.  With  a  firm, 
though  humble  confidence,  do  I  purpofe  to  g"  ’ 

not  in  my  own  ftrength,  but  in  the  ftrength  of  the  Lord 
God;  and  may  he  profper  the  work  of  my  hands! 

This  was  in  the  year  1753,  when  the  pious  author  was 
hardly  23  years  of  age;  and  he  had  not  been  many 
montlfs  in  orders,  when  one  of  the  moft  celebrated 
preachers  in  the  metropolis  pronounced,  that  “  George 
Horne  was,  without  exception,  the  beft.  preacher  in 

England.”  .  .  ,  ,  • 

in  the  year  1756,  he  was  again  involved  contro. 
verfy  A  pamphlet  had  been  piibliflied  at  Oxford, 
fuppofed  by  Mr  Kennicott,  who  afterwards  gained  fuch 
fame  as  a  colleftor  of  Hebrew  mamifcripts,  entitled  ^ 
IVord  to  the  Hutchmfoinans,  in  which  Mr  Horne  was 
perfonally  ttruck  at.  To  this  work  our  author  replied 
in  a  fmall  traQ,  called  An  Apology  for  certain  Gentlemen 
in  the  Univerfity  of  Oxford,  Afperfed  in  a  kte  Anonymous 
'Pamphlet ;  and  whatever  may  be  thought  of  the  quel- 
tion  at  ilfue,  all  men  niuft  admire  the  temper  with  winch 
the  apologia  conduaed  himfelf  under  very  great  provo- 

it  was  not  about  Hutcbinfoniarilfm  alone  that 
thefe  two  illufliious  men  were  doomed  to  differ.  Mr 
Horne  took  a  decided  part  againft  Mr  Kenmeott’s  pro- 
pofal  for  collating  the  text  of  the  Hebrew  bible,  with 
fuch  manuferipts  as  could  be  found,  for  the  purpofe  of 
reforming  the  text,  and  preparing  it  for  a  new  tranllation 
irao  the  Englifli  language  ;  and  in  the  year  1760,  he 
published  A  Vietv  of  Mr  Kennicott  s  Method  of  Cor- 
reaing  the  Helrenv  Text,  tvith  three  penes  formed 
thereon,  and  humbly  fubmltted  to  the  Chrtjlian  world. 
That  his  alarm  was  on  this  occafion  too  great,  experi¬ 
ence  has  fhewn  ;  but  that  it  was  not  groundlcfs,  is  evi- 
<3ent  from  the  View,  in  which  the  reader  Mu^ll  find  a- 
hove  20  inttances  from  Mr  Kennicott’s  differtations 
(fee  Kennicott,  Er.cycl),  to  Ihew  what  an  ronnda- 
tion  of  licentious  criticifm  was  breaking  in  upon  the 
facred  text.  Indeed  there  is  reafon  to  believe,  that  this 
traft,  together  with  another  on  the  fame  fide  of  the 
queftion  by  Dr  Rutherford  of  Cambridge,  contributed 
to  reprefs  the  colkaor’s  raflmefs,  and  to  make  the 
Bible  of  Dr  Kennicott  the  valuable  work  which  we 
find  it.  Be  this  as  it  may,  fuch  was  the  moderation  of 
the  Drs  Kennicott  and  Horne,  that  though  their  ac¬ 
quaintance  commenced  in  hoflility,  they  at  length  con- 
trafted  for  each  other  a  friendfhip,  which  latted  to  the 
end  of  their  lives,  and  ffill  fublifts  between  their  fami- 

In  what  year  Mr  Horne  was  admitted  to  the  degree 
of  D.  D.  and  when  he  was  chofen  prefident  of  his  col- 
lege,  Mr  Jones  has  not  iiifotmed  us  ;  bat,  if  our  me¬ 
mory  does  not  deceive  us,  he  had  obtained  both  thefe 
preferments  wlren,  in  the  year  1772,  he  gave  to  the 
public  a  fmall  work,  Svo,  entitled  Conjideratians  on  the 
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Life  and  Death  of  St  John  the  Bapitjl.  This  tra<?l  was  ^ 
the  fiibftance  of  a  courfe  of  fermoiis,  which  he  had  ^ 
many  years  before,  in  conformity  to  an  eftabllfhed  ^uf- 
tom  at'Magdalen  College,  preached  before  the  iiniverfity 
of  Oxford.  Mr  Jones,  fpeaking  of  it,  fays,  that  “  he 
Is  perfuaded  there  was  no  other  man  of  his  time,  whofe 
fancy  as  a  Writer  was  bright  enough,  whofe  fltlll  as  an 
interpreter  was  deep  enough,  and  whofe  heart  as  a  mo- 
ralid  was  pure  enough,  to  have  made  him  the  author  of 
that  little  work.”  By  moft  readers  this  ftrain  of  pa- 
negyric  will  be  thought  extravagant,  and  of  courfe  it 
will  defeat  its  own  purpofe  ;  but  the  work  is  certainly 
a  work  of  merit. 

In  the  year  1776,  when  the  author  was  vice-chan¬ 
cellor,  was  publifhed,  in  two  volumes  4to,  Dr  Horne’s 
Commentary  on  the  Pfalms.  It  is  a  work  of  which 
very  different  opinions  have  been  formed,  though  it  was 
the  refult  of  the  labour  of  twenty  years.  That  It  will 
always  be  a  favourite  companion  of  the  devout  Chriftlan,* 
we  are  as  much  inclined  to  believe  as  Mr  Jones  ;  but  we 
cannot,  without  belying  our, own  judgment,  fay  that  it 
appears  to  us  calculated  to  produce  much  general  good 
in  an  age  like  the  prefent.  Granting  It  to  be  true,  which 
we  believe  will  not  be  granted  without  fome  exceptions, 

'  that  Clarke,  and  Hoadley,  and  Hare,  and  Middleton, 
and  Warburton,  and  Sherlock,  and  South,  and  Wil¬ 
liam  Law,  and  Edmund  Law,  had  turned  the  public 
attention,  of  which  they  had  got  the  entire  command, 
too  much  to  the  letter  of  the  Bible  to  the  negka  of  the 
fpirlt  of  it  ;  fhould  not  Dr  Horne,  after  the  example  of 
St  Paul,  have  let  in  the  light  gradually  upon  fuch  weak 
organs  as  thofe  of  the  public  thus  difeafed,  rather  than 
pour  it  upon  them  at  once  in  a  flood  of  fpia>dor.  T-lie 
apoftlc  “  fed  his  Corinthian  converts  with  milk  and  not 
with  meat*”  when  he  found  them  unable  to  bear  the 
latter  food  ;  and  there  Is  reafon  to  fufpea  that  the  car- 
nal  followers  of  Warburton,  and  Sherlock,  and  South, 
were  unable  to  bear,  at  once,  fuch  ftrong  meat,  as  that 
which  makes  the  fifteenth  pfalm  a  portrait  of  our  Sa¬ 
viour.  Indeed,  we  think  it  not  improbable  that^the 
mind  of  Sherlock  would  have  recoiled  with  horror  from 
the  very  conception  of  the  pojftlnlliy  of  Jefus  Chrift 
**  fwearing  to  his  neighbour  and  difappolnting  hini, 
though  that  conception  mu  ft  have  paffed  through  a  mind 
which  was  certainly  as  pure  as  his.  The  commentary, 
however,  though  truth  thus  compels  us  to  fay  that,  in 
our  opinion,  it  is  far  from  perfeft,  is  certainly  a  work 
of  great  learning,  great  genius,  and  fervent  piety,  and 
fuch  as  the  devout  Chriftian  will  perufe  again  and  again 
with  much  advantage. 

Dr  Horne's  next  work  was  of  a  different  kind,  and,, 
we  think,  of  a  fuperlor  order.  In  the  year  1776  was 
publifhed  a  letter  of  Dr  Adam  Smith’s,  giving  an  ac¬ 
count  of  the  death  of  Mr  David  Hume.  The  objea  of 
the  author  was  to  ftiew  that  Mr  Hume,^  notwithftand- 
ing  his  fceptical  principles,  had  died  with  the  utmoft 
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compofure,  and  that  in  his  life,  as  well  as  at  his 
he  had  conduaed  himfelf  as  became  one  of  the  wifeft 
and  beft  men  that  ever  exifted.  The  letter  is  very  much 
laboured,  and  yet  does  no  honour  either  to  the  author  or 
hisfriend.  It  could  not  reprefent  Mr  Hume  asfupportmg: 
himfelf  under  the  gradual  decay  of  nature  with'tlie  Lopes 
of  a  happy  ImmortaKty  ;  but  it  might  have  reprefented 
him  as  taking  refiige,  with  other  infidels,  in  the  eternal. 

llcepof  death.  Thi8jthoughbutagloomyprofpea,wouW 
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Home,  not  liave  been  childifh  ;  but  the  hero  of  the  tale  is  ex-  bury 
hibited  as  talking  like  a  fchool-boy  of  his  conferences 
with  Charon,  and  his  reludance  to  go  into  the  Stygian 
ferry-boat,  and  as  confoling  himfelf  with  the  thought 
of  leaving  all  his  friends,  and  his  brother's  fainiiy  in 
particular,  in  great  profperity  !  i  T  The  abfurdities  of 
this  letter  did  not  efcape  the  watchful  and  penetrating 
eye  of  Dr  Horne  ;  and  as  he  could  not  miftake  its  ob¬ 
ject,  he  held  it  up  to  the  contempt  and  fcorn  of  the  re¬ 
ligious  world  in  A  Letter  to  Adam  Smithy  L.  L.  2).  on 
the  lAfe,  Deathy  and  Phifofophy  of  his  Ftiend  David 
Humey  Efqf  by  one  of  the  People  called  Chrijlians.  The 
‘  reafoniiig  of  this  little  trad  is  clear  and  conclufive,  whde 
its  keen,  though  good  humoured  wit  is  inimitable  ;  and 
it  was,  fome  years  afterwards,  followed  by  a  feries  of 
Letters  on  Ivjidelityy  compofed  on  the  fame  plan,  and 
with  much  of  the  fame  fpirit.  This  finall  volume,  to 
the  fecoiid  edition  of  which  the  letter  to  Dr  Smith  was 
'prefixed,  is  better  calculated  than  almoft  any  other  with 
which  we  are  acquainted,  to  guard  the  minds  of  youth 
agaiiill  the  infidious  Itrokes  of  infidel  ridicule,  the  only 
daugerous  weapon  which  infidelity  has  to  wield. 

When  the  letters  on  infidelity  were  publifiied,  their 
author  had  /or  fome  time  been  Dean  of  Canterbury, 
where  he  was  beloved  by  the  diapter  and  almoll  adored 
by  thef  citizens.  He  was  a  very  frequent  preacher  in 
the  cathedral  and  metropohtical  church,  where  the 
w  1  iter  ot  this  Ihoit  ficetch  has  liilened  to  him  with  de- 
light,  and  ieen  tlioulands  of  people  of  very  various  de- 
feriptions  hang  with  rapture  on  his  lips.  As  a  preacher 
indeed  he  excelled  ;  and  notwithftanding  the  lliortnefs 
oi  his  fight,  which  deprived  him  of  fome  of  the  graces  of 
a  pulpit  orator,  fuch  were  the  excellence  of  his  matter, 
the  fimple  elegance  of  his  llyle,  and  the  fweetnefs  of 
his  voice,  that,  when  at  the  primary  vifitation  of  the  pi  e- 
fent  archbilhop,  he  preached  his  admirable  (ermon  on  the 
Duty  of  Contending  for  the  Faithy  the  attention  of  more 
than  2000  people  was  fo  completely  fixed,  that  the 
fmallcft  noife  \vas  not  to  be  heard  through  the  whole 
■crowded  choir.  Of  the  importance  of  preaching,  and 
of  the  proper  mode  of  performing  that  diitv,  he  had 
very  jull  notions  ;  and  though  he  never  had  himfelf  a 
parochial  cure  of  fouls,  it  was  the  define  and  pleafure  of 
hjs  life  to  make  himfelf  ufeful  in  the  pulpit  wherever  be 
was,  whether  in  town  or  in  the  molt  obfeure  corner  of 
the  country.  Four  or  five  volumes  of  his  fermons  have 
been  publiihed  fince  his  death.  ' 

In  the  year  1787  he  publifiicd,  under  theMiaine  of  an 
undergraduate  of  the  univerlity  of  Oxford,  a  letter  to  Dr 
Friejlleyy  in  which  he  made  that  oracle  of  Socinianifm 
hlmoil  as  ridiculous  as,  in  the  letter  to  Dr  Smith,  he 
had  ^formerly  made  the  hero  of  modern  fcepticifm.  ’ 

The  merits  of  Dr  Home,  Which  had  made  him  pre- 
iident  of  Magdalen  College,  a  king’s  chaplain,  and  dean 
of  Canterbury,  railed  him,  we  think,  in  the  year  1700, 
to  the  fee  of  Norwich  ;  and  he  had  foon  an  opportuni- 
ly  of  fiiewing  that  he  had  not  iofi  fight  of  his  fpiritual 
charader  in  the  fplendour  of  the  peer  of  parliament, 
l  lie  Scotch  Epifcopalians  had  for  lonie  time  been  foli- 
cuing  the  legiflaturc  to  repeal  cert  lin  penal  laws  of  un- 
common  feverity,  under  which  they  had  groaned  for 
upwards  of  fm  ty  jears  ;  but  they  found  it  a  work  of 
Episcosa-  ““  diificulty  10  make  the  equity  of  their  claim  ge- 
lians  in  underLcMd  *.  In  remotring  this  dilEcnlty  no  man 

was  more  afiilbng  to  them  than  the  Dean  of  Canter- 
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,  to  whom  their  religious  and  political  principles  Hornp. 
were  well  known  ;  and  he  continued  his  aififiance  after  — 
he  was  bifiiop  of  Norwich.  Indeed  the  whole  bench 
fliewed,  on  this  occafion,  a  zeal  for  the  interefts  of  true 
religion  every  way  becoming  their  charaaer  of  Chrif- 
tian  bifhops  ;  and  after  Dr  Horne  w^as  removed  to  a 
better  world,  the  Scotch  Epiicopalians  found  among  his 
furviving  brethren  friends  as  zealous  and  adfive  as  he. 

Dr  Horne,  though  a  very  handfome  man,  was  not 
naturally  of  a  ftrong  conftitution  ;  and  from  the  difad- 
vantage  of  being  uncommonly  near-fighted,  he  had  not 
been  able  to  incresfe  its  flrength  by  the  pradice  of  any 
athletic  exercife.  The  only  amufement  in  which  he 
took  delight  was  agreeable  converfation  ;  and  his  life 
w^as  therefove  what  is  called  fedentary.  The  confe- 
quence  of  this  was,  that  the  infirmities  of  age  came  fait 
upon  him  ;  and  when  the  defign  was  formed  of  making 
him  a  bifiiop,  he  felt  himfelf  little  inclined  to  undertake 
the  charge  of  fo  weighty  an  office.  He  was,  however, 
prevailed  upon  to  accept  of  the  fee  of  Norwich  ;  but  lie 
enjoyed  his  new  dignity  for  a  very  fiiort  period,  if  he 
can  with  truth  be  fald  to  have  enjoyed  it  at  all.  His 
health  declined  rapidly  ;  and,  in  the  autumn  of  1791, 
he  fuffered,  while  on  tiie  road  from  Norwich  to  Bath,  ' 
a  paralytic  llroke,  the  elfeds  of  which  he  never  reco¬ 
vered.  He  lingered  a  month  or  two,  with  fuch  appa¬ 
rent  changes  in  the  (late  of  his  health  as  fonieUmcs  gave 
deluhve  hopes  to  his  family,  till  the  17th  of  January 
1792,  when  he  died  fn^tlie  bad  year  of  his  age,  with 
thole  hopes  which  can  be  excited  only  by  the  confeionf- 
nefs  of  a  well  fpent  life,  and  by  a  firm  trull  in  the  pro- 
mifes  of  the  gofpel. 

In  this  ihort  (ketch  of  the  life  of  bifiiop  Horne  we 
have  taken  the  liberty  to  exprefs  our  dilTent  from  fome 
of  his  opinions,  and  to  (late  the  reafons  on  which  that 
dificiit  refis.  By  himfelf  we  know  that  this  part  of  oiir 
coiidud  would  have  been  applauded  ;  but  it  is  poffibie 
that  by  fome  of  his  friends  lt  may  be  deemed  difrefpedt- 
ful  to  his  memory.  To  thefe  gentlemen  we  beg  leave 
to  obferve,  that  if  Johnfon  made  the  praife  of  Kyrl, 

Pope's  Man  of  Rols,  really  more  foiid  by  makino*  it 
more  credible,  it  will  be  difficult  to  perfuade  11a  that  we 
l^vc  done  any  injury  to  Dr  Horne's  fame  by  avoiding 
the  extravagant  panegyric  of  thofe  who  feem  to  have 
coididered  him  as  a  man  exempted  from  et;ror.  Jie 
was  firll  induced  to  favonr'the  Hutchinfonians  becaufe 
he  thought  he  perceived  danger  to  religion  in  the  New- 
toman  dodrines  of  attradlon  and  repulfion;  and  we  very 
readily  admit  that  many  Newtonians,  not  underfianding 
die  dodnries  of  their  niafter,  have  expreiTed  themfelrea 
in  luch  a  manner  as  could  not  render  a  religious  man 
partial  to  their  fyfiem.  But  from  the  dangers  of  mif- 
take,  no  fyllern,  whether  religious  or  philofojfiiical,  was 
ever  free  ;  and  the  atheiflical  purpofes  which  the  agenev 
of  ethers  and  celeftial  fluids  has  lately  been  made  to 
ferve,  rnufl  induce  every  nun  of  pkty  to  paiife  before 
lie  admit  fuch  agency.  Dr  Horne  lived  to  witiicfs  fome 
of  Its  pernicious  efreds  ;  and  we  have  reafon  to  believe 
that  they  made  a  due  impreffion  011  liis  mind  ;  but  he 
fpent  lus  latter  years,  as  indeed  he  had  fpent  the  greater 
part  of  his  hie,  in  nobler  purfuits  than  the  fiudy  of  hii- 
man  fcience  ;  he  fpent  tliefii  in  the  proper  emplovments 
oi  a  Chriilian,  a  clergyman,  and  a  bifiiop.  His  faith 
was  ounded  on  a  rock  ;  and  it  was  that  genuine  faith 
which  worketn  by  love;  for  though  his  preferments 
5  2  were 
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were  richj,  his  charity  kept  pace  with  them  ;  and  it 
has  been  proved  that,  notwithftanding  his  proper  eco- 
Hoven.  nomy,  he  hoarded  not  one  fliilling  of  his  annual  in- 
— come.  This  was  an  elevation  of  character  above  all  li¬ 
terary,  above  all  philofophical  fame.  The  author  of 
this  article  had  the  honour  to  be  known  to  Dr  Horne, 
to  enjoy,  if  he  miftook  not,  a  fliare  in  his  friendfhip, 
and  to  correfpond  with  him  regularly  for  many  years  ; 
and  there  is  not  one  of  his  rational  admirers  who  more 
fully  admits  the  truth  of  the  charader  given  of  him  by 
Dr  Thurlow  late  bifliop  of  Durham  when  fiicceeding 
him  in  the  office  of  prodor  in  the  Univerfity.  “  As  to 
the  laft  prodor  (faid  he)  I  (hall  fpeak  of  him  but  in  few 
words,  for  the  truth  of  which  I  can  appeal  to  all  that 
are  here  prefent.  If  ever  virtue  itfelf  was  vifible  and 
dwelt  upon  earth,  it  was  in  the  perfon  who  this  day 
lays  down  his  office.” 

Soon  after  he  was  advanced  to  the  prcfidentfliip  of 
Magdalen  college,  this  great  and  good  man  married  the 
only  daughter  of  Philip  Burton,  Efq;  a  gentleman  of 
confiderable  fortune.  By  tliis  lady  he  had  three  daugh^ 
ters,  of  whom  the  eldeft  was  married  to  a  clergyman  a 
ffiort  time  before  the  death  of  her  father,  and  the  two 
younger  were,  in  1796,  refiding  with  Mrs  Horne  in 
Hertfordfhire. 

HOROGRAPHY,  the  art  of  making  or  conftrud- 
ing  dials  ;  called  alfo  dialing,  horologiography,  gnomo- 
jiica,  fciatherica,  photofciatherica,  See, 

HOROPTER,  in  optics,  is  a  right  line  drawn 
through  the  point  where  the  two  optic  axes  meet,  pa¬ 
rallel  to  that  which  joins  the  centres  of  the  two  eyes, 
or  the  two  pupils. 

HORSE-Shoe,  in  fortification,  is  a  work  fometimes 
of  a  round,  fometimes  of  an  oval  figure,  inclofed  with  a 
parapet-,  raifed  in  the  ditch  of  a  marfhy  place,  or  in  low 
grounds  ;  fometimes  alfo  to  cover  a  gate  ;  or  to  fei  ve  as 
a  lodgment  for  foldier.s,  to  prevent  furprifes,  or  relieve 
an  over-tedious  defence. 

HOVEN  is  a  word  of  the  fame  import  with  rat- 
fedyfwdled^  tuwefed.  It  is  particularly  applied  to  black 
cattle  and  fheep,  when  from  eating  too  voracioufly  of 
clover,  or  any  other  fucculent  food,  they  become  fvvol- 
len.  Such  cattle  are,  in  the  language  of  .the  farmer, 
called 

HoFEN-Cattle ;  and  the  beaft,  .whether  bullock  or 
fheep,  which  is  hoven,  when  left  without  relief,  dies  in 
half  an  hour.  The  caufe  of  the  difeafe  is  the  extra- 
quantity  of  air  taken  down  with  that  kind  of  food, 
which,  in  its  paffage  from  the  paunch  upwards,  forces 
the  broad  leaves  of  the  clover  before  it,  till  they  dole 
up  the  paffage  at  the  entrance  of  the  paunch,  and  pre¬ 
vent  the  wind  from  going  upwards  in  its  regular  courle. 
The  ufual  method  of  relief  is  to  flab  the  animal  in  the 


paunch  ;  an  operation  which  is  always  dangerous,  and 
has  often  proved  fatal.  It  was  therefore,  with  good 
reafon,  that  the  Society  for  the  Encouragement  of  Arts, 
Manufadures,  and  Commerce,  voted  a  bounty  of  fifty 
guipeas  to  Mr  Richard  Eagar  of  Grafl'ham  farm,  near 
Guildford,  for  making  public  a  very  fimple  method 
pradifed  by  him  for  the  cure  of  lioven-cattle.  It  is 
this;  “  let  the  grader  or  farmer  have  always  ready 
fmooth  knobs  of  wood,  of  different  fizes,  fixed  to  the 
end  of  a  flexible  cane,  which  for  oxen  fliould  be  at  leait 
fix  feet  long,  and  for  fheep  three  feet.  When  a  beaft 
k  hoven,  let  one  perfon  take  hold  of  him  by  the  noftril 
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and  one  horn  ;  let  another  hold  his  tongue  faft  in  one  Houghton*- 
hand,  putting  the  cane  down  his  throat  with  the  other.  — v’— 

Be  careful  not  to  let  the  animal  get  the  knob  of  the  cane 
between  his  grinders  ;  obferve  alfo  to  put  the  cane  far 
enough  down  ;  the  whole  length  will  not  injure.  You 
will  find  the  obllacle  at  the  entrance  of  the  paunch  ; 
pufh  the  cane  hard,  and  when  you  perceive  a  fmell  to 
come  from  the  paunch,  and  the  animaPs  body  to  fmk, 
the  cure  is  performed,  and  Nature  will  ad  for  itfelf.” 

This  method,  we  doubt  not,  will  prove  fuccefsful  ; 
but  might  not  the  piirpofe  be  as  well,  if  not  better,  ef- 
feded,  by  ufing,  iuftead  of  the  cane  and  knob,  a  piece 
of  thick  ftiff  rope,  which,  in  many  places  of  Scotland, 
is  employed  to  force  down  turnips  or  potatoes  when 
they  flick  in  the  throat  of  a  bullock  ? 

HOUGHTON  ( - )  is  a  man  to  whom  the 

fcience  of  geography  is  lo  much  indebted,  that  we  arc 
almoft  afhamed  to  confefs  that  we  know  not  his  Chrlf- 
tian  name,  the  place  where  he  was  born,  or  the  age  at 
which  he  died.  He  had  been  a  captain  in  the  69th  re- 
giment,  and  in  the  year  1779  aded  under  General 
Rcoke  as  fort -major  in  the  ifland  of  Gorec.  Hearing, 
fome  time  in  the  year  1789,  or  perhaps  earlier,  that  the 
African  affociation  wifhed  to  penetrate  to  the  Niger  by 
the  way  of  Gambia,  he  exprefled  nis  willingnefs  to  un¬ 
dertake  the  execution  of  their  plan.  For  this  tafic  he  • 
was  peculiarly  fitted.  A  natural  intrepidity  of  characi 
ter  which  feemed  inacceffible  to  fear,  and  an  eafy  flow 
of  conftitutional  good  humour,  which  even  the  rougheft 
accidents  of  life  were  not  able  to  fubdue,  formed  him 
for  exploring  the  country  of  relentlefs  favages ;  whilfl 
the  darknefs  of  his  complexion  was  fuch,  that  he  fcarce- 
ly  differed  in  appearance  from  the  Moors  of  Barbary, 
whofe  drefs  in  travelling  he  intended  to  afiume. 

His  inftrudions  from  the  affociation  were,  to  afeer- 
tain  the  courle,  and,  if  jpofiible,  the  rife  and  termination 
of  the  Niger;  and  after  vifiting  the  cities  of  1’ombuc- 
TOO  and  Houssa  (fee  tliefe  articles  in  this  Supplementy^ 
to  return  by  the  way  of  the  defart,  or  by  any  other 
route  which  the  circumftances  of  his  fttuation  at  the^ 
time  might  recommend  to  his  choice. 

Having  left  England  6n  the  16th  of  Odober  lypoi. 
he  arrived  at  the  entrance  of  the  Gambia  on  the  loth. 
of  November,  and  was  kindly  received  by  the  king  of 
Barra,  who  remembered  the  vifit  which  the  major  had  proceedings 
formerly  paid  him  from  the  iflaiid  of  Goree  ;  and  vi\\oof  the  A/ri^ 
now,  ill  return  for  a  fmall  prefent  of  the  value  of  20  AJfo$i&s> 
cheerfully  tendered  protedion  and  affiftance  as  far  as^^*^^*' 
his  dominion  or  influence  extended. 

An  offer  from  the  mafter  of  an  Englifh  veffel  em¬ 
ployed  in  the  trade  of  the  river,  enabled  the  Major,  and 
the  interpreter  he  had  engaged  on  the  coall,  to  proceed 
to  Jnnkiconda ;  where  he  pnrehafed  from  the  natives  a 
liorfe  and  five  affes,  and  jprepared  to  pafs  with  the  mer- 
chandile  which  conftituted  his  travelling  fund,  to  Me¬ 
dina,  the  capital  of  the  fmall  kingdom  oft  Woolli. 

-Fortunately  for  him,  a  few  words,  accidentally  drop¬ 
ped  by  a  negro  woman  in  the  Mandingo  language,  of 
which  he'  had  haftily  acquired  a  fuperftcial  knowledge, 
excited  fufpicions  of  danger ;  and  gave  him  intimation 
of  a  confpiracy  which  the  negro  raiftreffes  of  the  tra¬ 
ders,  who  feared  that  the  Major’s  expedition  portended 
the  ruin  of  their  commerce,  had  formed  againft  his  life. 

Afraid,  therefore,  of  travelling  by  the  cuftomary  route, 
he  availed  himfelf  of  the  opportunity  which  the  dry  fea- 
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fon  and  ibc  tide  of  ebb  afforded  of  fwimming  bis  horfe 
and  bis  affes  acrofs  the  llream  5  and  having  by  thofe 
means  avoided  the  parties  who  were  fent  for  his  deflruc- 
tion,  he  proceeded  with  much  difficulty  on  the  fouthern 
lide  of  the  river,  to  that  dillricEl  of  Cantor  which  is  op- 
polite  to  the  kingdom  of  WoolH.  There  he  repaffcd 
the  Gambia,  and  fet  a  meffenger  to  inform  the  king 
of  his  arrival,  and  to  requell  a  guard  for  his  protedfion. 

^  An  efcort,  commanded  by  th«  king’s  fon,  was  imme^ 
diately  difpatched  ;  and  the  Major,  whofe  intended  pre- 
fent  had  been  announced,  was  kindly  received,  and  hof- 
pitably  entertained  at  Medina. 

[he  town  is  licuated  at  the  diftance  of  about  900 
miles  by  water  from  the  entrance  of  the  Gambia  ;  and 
the  country  adjacent  abounds  in  corn  and  cattle,  and, 
generally  fpeakiiig,  in  all  things  that  are  requifite  for 
the  fupport,  or  effential  to  the  comfort  of  life.  Two 
tiifferent  fedls  of  religion  diflinguifh  rather  than  divide 
the  people j  the  one  13  compofed  of  tlie  profefTors  of  the 
Mahomedan  faith,  who  are  called  Bufhreeas  ;,the  other, 
and,  it  is  faid,  the  more  numerous,  cor. lifts  of  tlioic 
who,  denying  the  miffion  of  the  prophet,  avow  them- 
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felves  deifts,  and  from  their  cuftom  of  drinking  with 
freedom  the  liquors  of  which  he  prohibited  the  ufe,  are 
denominated  Sonikees  or  drinking  men. 

In  a  letter  from  Major  Houghton  to  his  wife,'which 
a  fearnan  preferved.  from  the  wreck  of  a  veftel  in  which 
the  difpatches  to  the  fociety  were  loft,  the  Major  in¬ 
dulged  the  refleaions  that  naturally  arofe  from  his  paft 
and  prefent  fituations.  A  bilious  fever  had  attacked 
him  foon  after  his  arrival  in  the  Gambia;  but  his  health 
was  now  unimpaired— a  confpiracy  had  afiailed  his  life  ; 
but  the  danger  w^as  pafted — the  journey  from  Jiinki- 
conda  had  expofed  him  to  innumerable  hardOiips ;  but 
he  was  now  in  pofteffion  of  every  gratification  which 
the  kindntfs  of  the  king  or  the  hofpitality  of  the  people 
could  enable  him  to  enjoy.  Delighted  with  the  liealthi- 
nefs  of  the  country,  the  abundance  of  the  game,  the  fe- 
curity  with  which  he  made  his  excurfions  on  horfeback, 
and,  above  all,  with  the  advantages  that  would  attend 
the  eredlion  of  a  fort  on  the  falubrious  and  beautiful 
hill  of  Fatetcnda,  where  the  Englifh  once  had  a  fadory, 
he  expreffes  his  earneft  hope  that  his  wife  will  hereafter 
accompany  him  to  a  place  in  which  an  income  of  ten 
pounds  a-year  will  fupport  them  in  affluence;  and  that 
ffie  will  participate  with  him  in  the  pleafure  of  rapidly 
acquiring  that  vaft  wealth  which  he  imagines  its  com¬ 
merce  will  afford. 

While,  in  this  manner,  he  indulged  the  dream  of  fu¬ 
ture  profperity,  and  with  ftill  more  ample  fatisfadion 
contemplated  the  eclat  of  the  difeoveries  for  which  he 
was  preparing,  but  in  the  purfuit  of  which  he  was  re- 
tarded  by  the  abfence  of  the  native  merchant,  for 
whofe  company  he  had  engaged,  he  found  himfelf  fud. 
denly.  involved  in  unexpeded  and  irrefiftible  misfortune. 

A  fire,  the  progrefs  of  which  was  accelerated  by  the 
barnboo  roofs  of  the  buildings,  confumed  with  fuch  ra¬ 
pidity  the  houfe  in  which  he  lived,  and  with  it  the 
greateft  part  of  Medina,  that  feveral  of  the  articles  of 
merchandize,  ^o  which  he  trufted  for  the  expences  of 
his  journey,  were  deflroyed  ;  and  to  add  to  his  afflic¬ 
tion,  his  faithlefs  interpreter,  who  had  made  an  ineffec¬ 
tual  attempt  on  his  goods,  difappeared  with  his  horfe 
and  three  of  his  affes ;  a  trade  gun  which  he  had  pur- 
chafed  on  the  river  foon  afterwards  burft  in  his  hands, 
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and  wounded  him  in  the  face  and  arm  :  and  though  the  Houghton. 

hofp.table  kindnefs  of  the  people  of  the  ncighbouriu- - - - - 

town  of  Barraconda,  who  cheerfully  opened  theS 
noures  to  more  than  a  thoufand  families,  whofe  tene¬ 
ments  the  flames  had  confumed,  was  anxioufly  exerted 
for  his  relief;  yet  the  lofs  of  his  goods,  and  the  confe- 
Qiieat  diminution  of  his  travelling  fund,  were  evils 
which  no  kindnefs  could  remove. 

1  'r  fituation  that,  wearied  with  the  fruit- 

Jds  hope  of  the  return  of  the  native  trader,  with  whom 
,  ?  coiitraaed  for  his  journey,  he  refolved  to  avail 
liimidl  of  the  company  of  another  Have  merchant,  who 
was  lately  arrived  from  the  foi.tli,  and  was  now  on  his 
way  to  his  farm  on  the  frontier  of  the  kingdom  of 
Jjambouk.  Accordingly,  on  the  evening  of  the  8th 
of  May,  he  proceeded  by  moon  light  and  on  foot,  with 
his  two  afles,  whic.h  the  fervants  of  the  Have  merchant 
oflered  to  drive  with  their  own,  and  which  carried  the 
wieck  of  his  fortune  ;  and  Journeying  by  a  north-ead 
courle  arrived  on  the  fifth  .lay  at  the  uninhabited  fron¬ 
tier  which  feparatfs  the  kingdoms  of  Woolli  and  Bon- 

GOU- 

He  had  now  paffed  the  former  limit  of  European- 
dilcovery  ;  and  while  he  remarked  with  pleafure  the 
numerous  and  extenfive  population  of  this  unvifited 
country,  he  obferved,  that  the  long  black  hair  and 
copper  complexion  of  the  inhabitants  announced  their 
Arab  original.  They  are  a  branch  of  that  numerous 
tribe  which,  under  the  appellation  of  Foolles,  have  over- 
fpread  a  confiderable  part  of  Senegambia  ;  and  their 
religious  diftindions  are  flrailar  to  thofe  which  prevail 
in  the  kingdom  of  Woolli.  ^ 

.^journey  of  150  miles,  which  was  often  interrupt¬ 
ed  by  the  engagements  of  his  companion  who  traded 
in  every  town,  conduaed  him  to  the  banks  of  the  Fa- 
leme,  the  fouth-vvcltcni  boundary  of  the  kingdom  of 
Bambouk.  Its  llream  was  exliaufted  by  the  advanced 
Hate  of  the  dry  feafon,  and  its  bed  exhibited  an  ap- 
pearance  of  fiate  intermixed  with  gravel.  ^ 

Bambouk  is  inhabited  by  a  nation,  whofe  woolly 
hair  and  fable  complexions  bef))Cak  them  of  the  iieero 
race,  but  whofe  charaaer  feenis  to  be  varied  in  pronor- 
tiomas  the  country  rifes  from  the  plains  of  its  weftern 

nto  f^s,  like  the  people  of  Woolli  and  Bondou,  by 
the  different  tenets  of  Mahomedans  and  Deifts,  they 
are  equally  at  peace  with  each  other,  and  mutually  to- 
lerate  the  refpeaive  ojmuons  they  condemn 

Agriculture  and  paflurage,  as  in  the  negro  Hates 
on  the  coaft  of  the  Atlantic,  are  their  chief  occupa¬ 
tions;  but  the  progrefs  which  they  have  made  in  the  ma- 
nufaduriiig  arts,  is  fuch  as  enables  them  to  fnielt  their 
iron  ore,  and  to  fiirnilh  the  feveral  inftruments  of  huf- 

r  on  the  other  hand,  - 

which  m  this  part  of  Africa  feems  to  be  the  iiniverfa 
wear,  they  appear  to  weave  by  a  difficult  and  laborious 
jirocefs;  and  to  thefe  two  circumllances  it  is  probably 
owing,  that  with  them  the  meafure  of  value  is  not!  as 
on  the  coaft,  a  bar  of  iron,  but  a  piece  of  cloth. 

The  common  vegetable  food  of  the  inhabitants  ap¬ 
pears  to  Gonfift  of  nee;  their  animal,  of  beef  or  muN 
ton.  A  liquor,  prepared  from  fomented  honey,  Ap¬ 
plies  the  want  of  wine,  and  furniflies  the  means  of  thofe 

-rrorsr"  ‘--y  of  the 
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On  ll.e  Major’s  arrival  at  the  banks  of  the  river  Fa- 
lemc,  he  found  that  the  war  which  had  lately  fiilSTifted 
between  the  kings  of  Bondou  and  Bamhouk  was  ter- 
tniiiated  by  the  ceflion  to  the  former  of  the  conqnefls 
Ire  had  made  in  the  low  land  part  of  the  dominions  of 
the  latter ;  and  that  the  king  of  Bondoii  had  taken  up 
liis  refideiice  in  the  territory  which  he  had  thus  ob¬ 
tained. 

The  Major  haftened  to  pay  his  refpeas  to  the  vic¬ 
torious  prince,  and  to  oflbr  a  fimilar  prefent  to  that 
which  the  kings  of  Barra  and  Woolli  had  cheerfully 
accepted  ;  but  to  his  great  difappointment  an  ungra¬ 
cious  reception,  a  fullen  permiflion  to  leave  the  prelent, ' 
and  a  Hern  command  to  repair  to  the  frontier  town 
from  which  he  came,  w^ere  followed  by  an  intimation 
that  he  fliould  hear  again  from  the  king.  According¬ 
ly,  on  the  next  day,  the  king’s  fon,  accompanied  by  an 
armed  attendance,  entered  the  houfe  in  which  the  Ma¬ 
jor  had  taken  up  his  temporary  dwelling,  and  demand¬ 
ed  a  fight  of  all  the  articles  he  had  brought.  From 
thefe  the  prince  fele^ed  whatever  commodities  were 
bed  calculated  to  gratify  his  avarice,  or  pleafe  his  eye  ; 
and,  to  the  Major’s  great  difappointment,  took  from 
liirn  the  blue  coat  in  which  he  hoped  to  make  his  ap¬ 
pearance  on  the  day  of  his  introduftion  to  the  Sultan 
of  Tombuaoo.  Happily,  however,  a  variety  of  ar¬ 
ticles  were  fuccefsfully  concealed,  and  others  of  inferior 
value  were  not  confidered  as  fufiiciently  attra^ive. 

The  Major  now  waited  wuth  impatience  for  the  per¬ 
formance  of  the  promife  wdiich  the  flave  merchant,  with 
whom  he  had  travelled  from  the  Gambia,  had  made  of 
proceeding  wnth  him  to  Tombudfoo  ;  but  as  the  mer¬ 
chant  was  obliged  to  fpend  a  few  days  at  his  rice  farm 
on  the  banks  of  the  Faleme,  the  Major  accepted  an  in- 
vitation  to  the  hofpitality  of  his  roof.  There  he  ob- 
ferved,  with  extreme  regret,  that  the  apprehenfion  of  a 
fcarcity  of  grain  had  alarmed  his  friend  ;  and  that, 
dreading  the  confequences  of  leaving  his  family  in  fo 
perilous  a  feafon  to  the  chances  of  the  market,  he  had 
determined  on  colledling,  before  his  departure,  a  fuf- 
ficient  fupply  for  their  fupport.  This  argument  for 
delay  was  too  forcible  to  be  oppofed  ;  and  therefore 
the  Major  refolved  to  employ  the  interval  in  vifiting 
the  king  of  Bambouk,  who  refided  in  the  town  of  Fer- 
banna,  on  the  caflern  fide  of  the  Serra  Coles,  or  river  of 
Gold.  Unfortunately,  however,  by  a  miftake  of  his 
guide,  he  loft  his  way  in  one  of  the  vaft  woods  of  the 
country  ;  and  as  the  rainy  feafon,  which  commenced 
with  the  new  moon  on  the  4th  of  July,  and  was  intro¬ 
duced  with  a  wefterly  wind,  was  now  fet  in,  the  ground 
on  which  he  pafted  the  night  was  deluged  with  rain, 
while  all  the  flcy  exhibited  that  continued  blaze  of 
lightning,  which  in  thofe  latitudes  often  accompanies 
the  tornado.  Diftreflcd  by  the  fever,  which  began  to 
afiiill  him,  the  Major  continued  his  route  at  the  break 
of  day,  and  waded  with  difticulty  through  the  river 
Serra  Coles,  which  was  fwellcd  by  the  floods,  and 
on  the  banks  of  which  the  alligators  were  bafleing  in 
the  temporary  fun-fhine. 

Scarcely  had  he  reached  Ferbaniia  when  his  fever 
rofe  to  a  height  that  rendered  him  delirious  ;  but  the 
ftrength  of  his  conftitution,  and  the  kindnefs  of  the  ne- 
»rro  family  to  which  his  guide  had  condudfed  him,  fur- 
rnounted  the  dangerous  dlfeafe  ;  and  in  the  friendly  re¬ 
ception  which  was  given  him  y  the  king  of  Bambouk 


he  foon  forgot  the  hardfiiips  of  his  journey.  The  king  HougIiton»» 
informed  him,  that  the  Ioffes  he  had  lately  fuflained  in  ' 

the  conteft  with  the  armies  of  Bondou,  arofe  from  his 
having  exhaufttd  his  ammunition  ;  for,  as  the  French 
traders,  who  formerly  fupplied  his  troops,  had  aban¬ 
doned  the  fort  of  St  Jofeph,  and,  either  from  the  dry- 
nefs  of  the  laft  feafon,  or  from  other  caufes,  had  defert- 
ed  the  navigation  of  the  upper  part  of  the  Senegal,  he 
had  no  means  of  replenifliing  his  ftores ;  whereas  liis  e- 
nemy,  the  king  of  Bondou,  continued  to  receive  from 
the  Britiih,  through  the  channel  of  his  agents  on  the 
Gambia,  a  conftant  and  adequate  fupply. 

Major  Houghton  availed  himfelf  of  the  opportunity 
which  this  converfation  afforded,  to  fuggetl  to  the 
king  the  advantage  of  encouraging  the  Britilh  to  open 
a  trade  by  the  way  of  his  dominions  to  the  populous 
cities  on  the  banks  of  the  Niger. 

Such  was  the  ftate  of  the  negociation,  when  all  bufi- 
nefs  was  fufpended  by  the  arrival  of  the  annual  prefeiits 
of  Mead,  which  the  people  of  Bambouk,  at  that  feafon  ^ 
of  the  year,  are  accuftomed  to  fend  to  their  king  ;  and 
which  are  always  followed  by  an  intemperate  feftival  of 
feveral  fuccefiive  days. 

In  the  interim,  the  Major  received,  and  gladly  ac¬ 
cepted,  the  propofal  of  an  old  and  refpe£fable  merchant 
of  Bambouk;  who  offered  to  conduct  him  on  horfe- 
back  to  Tombudoo,  and  to  attend  him  back  to  the 
Gambia.  A  premium  of  L.  125,  to  be  paid  on  the 
Major’s  return  to  the  Britilh  fadory  at  Junkiconda, 
was  fixed  by  agreement  as  the  merchant’s  future  re- 
ward.  It  was  further  determined  that  the  Major 
fliould  be  furnifhed  with  a  horfe  in  exchange  for  his 
two  affes  ;  and  (hoiild  convert  into  gold  dull,  as  the 
moft  portable  fund,  the  fcaiity  remains  of  the  goods  he 
had  brought  from  Great  Britain. 

This  plan  was  much  approved  by  the  king,  to  whora 
the  merchant  was  perfonally  known;  and  who  gave  to  the 
Major  at  parting,  as  a  mark  of  his  eftcem,  and  a  pledge 
of  his  future  friendfhip,  a  prefent  of  a  purfc  of  goldi. 

With  an  account  of  thefe  preparations  the  Major  clofed 
his  laft  difpatch,  of  the  24th  July  1791  ;  and  the  A- 
frican  affociation  entertained  for  fome  time  faiiguine 
hopes  of  his  reaching  Tombudoo.  Alas  thefe  hopes 
were  blafted.  Mr  Park,  who  fucceeded  him  in  the  ar¬ 
duous  tafle  of  exploring  that  favage  countij,  learned, 
that  having  reached  Jarra  (See  that  article  in  this 
Suppleinent),  he  there  met  with  fome  Moors  who  were 
travelling  to  Tilheet  (a  place  by  the  fait  pits  in  the 
Great  l^efart,  ten  days  journey  to  the  northward)  to 
purchafe  fait  ;  and  that  the  Major,  at  the  expeuce  of 
lome  tobacco  and  a  mufleet,  engaged  them  to  convey 
him  hither.  It  is  impoffible  (fays  Mr  Park)  to  form 
any  other  opinion  on  this  determination,  than  that  the^ 

Moors  intentionally  deceived  him  with  a  view  to  rob,' 
and  leave  him  in  the  Defart.  At  the  end  of  two  days 
he  fiifpefted  their  treachery,  and  infilled  on  returning 
to  Jarra.  Finding  him  perfift  in  this  determination, 
the  Moors  robbed  him  of  every  thing  which  he  poffefs- 
ed,  and  went  off  with  their  camels.  Being  thus  defert- 
ed,  he  returned  to  a  watering  place,  in  poirdlion  of  the 
Moors,  called  Farra ;  and  being  by  thefe  unfeeling 
wretches  refufed  food,  which  he  had  not  tailed  for  fome 
days,  he  funk  at  laft  under  his  misfortunes.  Whether 
he  aaually  died  of  hunger,  or  was  murdered  outright 
by  the  favage  Mahometans,  Mr  Park  could  not  learn  ; 
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Houfla.  but  he  was  fhewn  at  a  diftance  the  fpot  in  the  woods  buftoo  and  his  minlfters  ;  for  in  Houffa,  Mr  Park  was  Hou0a, 

^to  which  his  body  was  dragged,  and  where  it  was  left  told  that  the  Negroes  are  in  greater  proportion  to  the 

a  prey  to  corruption.  ^  ^  ^  Moors  than  in  Tombiidoo,  and  that  they  have  lijce-  .  ; 

Thus  perilhed,  in  the  prime  of  life.  Major  Houghton,  wife  fome  fhare  in  the  government.  According  to  ac-  ^ 

a  man  whofe  travels  enlarged  the  limits  of  European  counts  derived  from  Barbary  merchants,  the  people  of 

difcovery,  and  whofe  accounts  of  the  places  which  he  Houfla  have  the  art  of  tempering  their  iron  with  more 

villted  were  ftrongly  confirmed  by  the  intelligence  which  than  European  fldll ;  and  their  files,  in  particular,  are 

the  Britifh  conful  at  Tunis  colleded  from  the  Barbary  much  fuperior  to  thofe  of  Great  Britain  and  France, 

nie^hants.  ^  The  confuls  at  Tunis  and  Morocco  affured  the  com- 

HUUbbA,  the  capital  of  an  African  empire,  on  the  mittee  of  the  African  Aflbeiation,  that  at  both  thefe 

Banks  of  the  Niger,  is  a  city  which  has  excited  much  courts  the  eunuchs  of  the  feraglio  are  brought  from 

cunofity  among  men  of  fcience,  fince  it  was  firft  men-  Houfla. 


tioiied  to  a  committee  of  the  African  Aflbeiation  about 
the  year  1790.  The  perfon  from  whom  they  received 
their  information  was  an  Arab,  of  the  name  of  Shabeni; 
who  faid  that  the  population  of  Houfla,  where  he  had 
refided  two  years,  was  equalled  only  (fo  far  as  his  know¬ 
ledge  extended)  by  that  of  London  and  Cairo:  and, 
in  his  rude  unlettered  way,  he  deferibed  the  govern- 
•ment  as  monarchical,  yet  not  unlimited  ;  itsjulliceas 
fevere,  but  direded  by  written  laws  ;  and  the  rights  of 
landed  property  as  guarded  by  the  inftitutions  of  cer¬ 
tain  hereditary  officers,  whofe  fundlions  appear  to  be  fi- 
milar  to  thofe  of  the  Canongoes  of  Hindoftan  (fee  Ca- 
K0NG05S  in  this  Suppl.y^  and  whofe  important  and  com¬ 
plicated  duties  imply  an  unufual  degree  of  civilization 
and  refinement.  For  the  probity  of  the  merchants  of 
Houfla,  the  Arab  exprefled  the  high  eft  refpe<ft  ;  but  re¬ 
marked,  with  indignation,  that  the  women  were  admit¬ 
ted  to  fociety,  and  that  the  honour  of  the  hufband  was 
often  infecure.  ^  Of  their  written  alphabet,  he  knew  no 
more  than  that  it  is  pcrfedfly  different  from  the  Arabic 
and  the  Hebrew  charaders ;  but  he  reprefeiited  the  art 
of  writing  as  common  in  Houfla.  And  when  he  de¬ 
feribed  the  manner  in  which  their  pottery  is  made,  he 
gave,  unknowingly  to  himfelf,  a  reprefentation  of  the 
ancient  Grecian  wheel.  In  paflTing  to  Houfla  fiom 
Tombudloo,  in  which  laft  city  he  had  rcTided  feven 
years,  he  found  the  banks  of  the  Niger  more  numeronf- 
ly  peopled  than  thofe  of  the  Nile,  from  Alexandria  to 
Cairo;  and  his  mind  was  obvioufly  imprefled  with  higher 
ideas  of  the  wealth  and  grandeur  of  the  empire  of 
Houfla,  than  of  thofe  of  any  kingdom  which  be  had 
feen,  England  alone  excepted. 

The  exiftence  of  the  city  of  Houfla,  and  of  the  em¬ 
pire  thus  deferibed  by  Shabeni,  was  ftrongly  confirmed 
by  letters  which  the  committee  rtceived  from  his  Majef- 
ty’s  confuls  at  Tunis  and  Morocco  ;  and  it  has  been 
put  beyond  all  poflibility  of  doubt  by  Mr  Park,  who  re¬ 
ceived  from  various  perfoas  fuch  concurring  accounts  of 
it,  as  could  not  be  the  offspring  of  deliberate  falfehood. 
From  a  well-informed  fhereeff,  who  had  vifited  Houffa, 
and  lived  fome  years  at  Tombuffoo,  he  learned  that  the 
former  of  thefe  cities  was  the  largeft  that  the  fhereeff  had 
ever  feen  ;  and  by  comparing  this  man’s  account  of  its 
population  with  that  of  various  other  cities,  of  which 
Mr  Park  had  feen  one  or  two,  we  can  hardly  efti- 
mate  the  inhabitants  of  Houffa  at  a  lefs  number  than 
300,000.  Many  merchants,  with  whom  our  traveller 
converfed,  reprefented  Houfla  as  larger,  and  more  po¬ 
pulous,  than  Tombuftoo,  and  the  trade,  police,  and 
government,  as  nearly  the  fame  in  both.  In  that  cafe, 
the  king  of  Houffa  and  chief  officers  of  ftate  muft  be 
Moors,  and  zealots  for  the  Mahometan  religion  ;  But 
they  caunot  be  fo  intolerant  as  the  fovereign  of  Tom- 


To  thofe  who  may  ftill  entertain  doubts  of  fo  much 
refinement  being  to  be  found  in  ♦he  interior  parts  of  a 
country,  coiifidered  as  peculiarly  favage,  we  fhall  only 
obfeiye,  in  the  words  of  the  committee  of  aflbeiation, 
that  it  is  by  no  means  “  impolfible  that  the  Carthagi¬ 
nians,  who  do  not  appear  to  have  perifhed  with  their 
cities,  may  have  retired  to  the  fouthern  parts  of  Afri¬ 
ca  ;  and  though  loft  to  the  Hefart,  may  have  carried 
with  them  to  the  new  regions  which  they  occupy  fome 
portion  of  thofe  arts  and  fciences,  and  of  that  commer¬ 
cial  knowledge,  for  which  the  inhabitants  of  Carthage 
were  once  fo  eminently  famed.  In  Major  Kennel’s  laft 
map  of  North  Africa,  Houfla  is  placed  in  16®  and  about 
lo'  N.  Lat.  and  4®  3c'  E.  Long. 

HOUZOUANAS,  are  a  wandering  people,  who 
inhabit  that  part  of  Africa,  which,  in  a  diredtion  from 
eaft  to  weft,  extends  from  Cafft‘aria  to  the  country  of 
the  Greater  Nimiquas  (See  Nimiquas  in  this  Suppl.) 
According  to  the  map  prefixed  to  Vaillant’$  new- 
travels,  the  diftridt  occupied  by  the  Houzouanas  lies 
between  16''  and  29®  eaft  longitude.  Of  its  breadth 
from  fouth  to  north  we  are  ignorant,  but  it  begins  ac 
the  23d  parallel,  aud  ftretches  northward  probably  a 
great  way. 

M.  Vaillant  is  inclined  to  believe,  that  the  Houzoua¬ 
nas  are  the  original  ftem  of  the  various  nations,  inhabit¬ 
ing  at  prefent  the  fouthern  part  of  Africa,  and  that 
from  them  all  the  tribes  of  the  eaftern  and  weftera 
Hottentots  are  defeended.  The  people  themfelves  know 
nothing  of  their  origin  ;  but  to  the  queftioiis  that  are 
put  to  them  011  the  fiibjetft,  they  always  reply,  that 
they  inhabit  the  country  which  was  inhabited  by  their 
anctftors.  At  the  Cape  M.  Vaillant  received  the  fol¬ 
lowing  account  of  them,  which,  though  lie  does  not 
warrant  its  authenticity,  has  much  the  appearance  of 
being  authentic. 

When  the  Europeans  firft  eftabliftied  themfclves  at 
the  Cape,  the  Houzouanas  inhabited  the  country  of 
Camdebo,*the  fnowy  mountains,  and  the  diftrid  that 
feparates  thefe  mountains  from  CafFraria.  Become 
neighbours  to  the  colony,  in  confequence  of  its  extend¬ 
ing  itfelf  towards  them,  they  at  firft  lived  011  peaceable 
terms  with  the  planters  ;  and,  as  they  difplayed  raore 
intelligence  and  greater  adivity  than  the  Hottentots, 
they  were  even  employed  in  preference  to  affift  in  culti- 
vating  the  land  and  in  forming  the  fettlement.  This  good 
undertlaiiding  and  harmony  were,  however,  foon  inter¬ 
rupted  by  that  multitude  of  lawleft  banditti  fent  front 
Holland  to  people  the  country. 

Thofe  w'orthlefs  profligates  wiflied  to,  enjoy  the  fruita^ 
of  the  land  without  the  trouble  of  tilling  it.  Educa¬ 
ted,  befides,  with  all  tlie  prejudices  of  the  whites,  they 
imagined  that  men  of  a  different  colour  were  born  only' 
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to  hfi  their,  flavef.  They  accordingly  fubje^leJ  them 
to  bondage,  condemned  them  to  the  nioft  laborious  fer- 
vices,  and  repaid  thofe  iervices  with  harfli  snd  fevere 
treatment.  The  Houzuuanas,  incenfed at  fuch  arbitra¬ 
ry  and  tyrannical  condudl,  refufed  any  longer  to  work 
for  them,  and  retired  to  the  defiles  of  their  mountains. 
The  planters  took  up  arms  and  piirfued  them  ;  they 
niaflacred  them  without  pity,  and  feized  on  their  cattle 
and  their  country.  Thofe  who  efcaped  their  atrocities 
betook  themfelves  to  flight,  and  removed  to  the  land 
w  hich  they  i>ow  occupy  ;  but,  on  quitting  their  former 
pofTeflrons,  they  fwore,  in  their  own  name  and  that  of 
their  pollerity,  to  exterminate  tliofe  European  monfters, 
to  be  revenged  againfl.  whom  they  had  fo  many  incite¬ 
ments.  And  thus,  if  tradition  be  true,  was  a  peaceful 
and  induftrious  nation  rendered  warlike,  vindidive,  and 
ferocious. 

This  hatred  has  been  perpetuated  from  generation  to 
generation,  though  the  Houzouanas  of  the  prefent  day 
are  Ignorant  of  the  original  caufe  of  it.  Bred  up  with 
an  invincible  averfion  to  the  planters,  they  know  only 
that  they  are  animated  to  plunder  and  deftroy  them  ; 
but  it  is  only  by  a  vague  fentiraent  of  deteflation,  with 
the  fource  of  which  they  are  unacquainted;  and  which, 
though  it  renders  them  cruel  towards  the  planters,  does 
not  prevent  them  from  being  good,  kind,  and  humane, 
towards  each  other. 

The  Houzouanas,  being  known  only  by  their  incur- 
fions  and  plundering,  are  in  the  colonies  often  confound¬ 
ed  with  the  Boihmen,  and  difUnguifhed  by  the  fame  ap¬ 
pellation.  Sometimes,  however,  from  their  tawny  co¬ 
lour,  they  are  called  Chinefe  Hottentots;  and,  by  means 
of  this  double  denomination,  ill  informed  travellers  may 
eafily  be  led  into  an  error,  of  which  the  confequence 
mull  be,  that  their  narratives  will  be  replete  with  ab- 
furdity  and  falfehoods. 

Their  real  name,  and  the  only  one  which  they  give 
themfelves,  is  that  of  Houzouana ;  and  they  have  no¬ 
thing  in  common  with  the  Bolhmen,  who  are  not  a 
diftindib  people,  but  a  mere  colledlion  of  fugitives  and 
free-booters.  The  Houzouanas  form  no  alliances  but 
among  themfelves.  Being  almoft  always  at  war  with 
the  furrounding  nations,  they  never  mix  with  them  ; 
and,  if  they  confent  at  any  time  to  admit  a  ftranger  in¬ 
to  their  hordes,  it  is  only  after  a  long  acquaintance,  a 
fort  of  apprenticelhip,  during  which  he  has  given  proofs 
of  his  fidelity,  and  eilablilhed  his  courage.  Such  in¬ 
deed  are  their  courage  and  predatory  habits,  that  they 
are  the  dread  of  all  the  furrounding  tribes  ;  and  the 
Hottentots  who  accompanied  M.  Vaillant  trembled  at 
the  very  thought  of  entering  the  Houzouana  territo¬ 
ries.  Nay,  after  they  had  lived  many  days  among 
them,  and  had  experienced  their  fidelity,  they  conti¬ 
nued  under  the  daily  apprehenfion  of  being  maflacred 
by  them.  Yet  one  of  their  own  countrymen,  who  had 
lived  long  among  the  Houzouanas,  gave  fuch  a  charac¬ 
ter  of  that  people  as  fliould  have  banifhed  thofe  idle 
fears.  • 

“  The  Houzouanas  (faid  he),  are  by  no  means  what 
you  fuppofe  them  to  be,  murderers  by  profeflion.  If 
they  fometimes  fhed  blood,  it  is  not  from  a  thirft  of 
carnage,  but  to  make  juft  reprifals  that  they  take  up 
arms.  Attacked  and  perfecuted  by  furrounding  na¬ 
tions,  they  have  found  themfelves  reduced  to  the  ne- 
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ceffity  of  flying  to  in acceflible  places  among  tlbe  barren  Hmjzcn> 
mountains,  where  no  other  people  could  exift. 

If  they  find  antelopes  and  damans  to  kill  ;  if  the 
nymphs  of  ants  are  abuiKiant  ;  ov  if  their  good  fortune 
brings  them  plenty  of  locufts  — they  reinaiu  within  the 
precindls  of  their  rocks  ;  but  if  the  provifions  neceffary 
to  fubfiftence  fail,  the  nations  In  their  neighbourhood 
muft  fuffer.  From  the  fummits  of  their  mountains, 
they  furvey  at  a  diftance  the  countries  around  ;  and  if 
they  obferve  cattle,  they  make  an  incurfion  to  carry 
them  off,  or  daughter*  them  upon  the  fpot,  according 
to  circuraftances;  but  though  they  rob,  they  never  kill, 
except  to  defend  their  lives,  or  by  way  of  retaliation  to 
revenge  an  ancient  injury. 

“  It  happens  fometimes,  however,  that  after  very  fa- 
tiguing  expeditions  they  return  without  booty  ;  either 
becaufe  the  objects  of  their  attack  have  difappeared,  or 
becaufe  they  have  been  .repulfed  and  beaten.  -  In  fuch 
cafes,  the  women,  exafperated  by  hunger  and  the  la¬ 
mentation  of  their  children  crying  for  food,  become  al- 
nioft  furious  with  pafiion.  Reproaches,  infult,  and 
threats,  are  employed  ;  they  wiih  to  feparate  from  fuch 
daftardly  men,  to  quit  hufbands  deftitute  of  courage, 
and  to  feek  others  who  wdll  be  more  anxious  to  pro¬ 
cure  provifion  for  them  and  their  children.  In  (hort, 
having  exhaufted  whatever  rage  and  defpair  could  fug- 
geft,  they  pull  off  their  fmall  apron  of  mpdefty,  and  beafc 
their  hulbands  about  the  head  with  It  till  their  arms  are 
weary  of  the  exercife. 

Of  all  the  affronts  which  they  can  offer,  this  Is  the 
moft  infulting.  Unable  to  withftand  it,  the  men  in 
their  turn  become  furious.  They  put  on  their  war- 
cap,  a  fort  of  helmet  made  with  the  ilcin  that  covens 
the  neck  of  the  hyaena,  the  long  hair  of  whicli  forms  a 
creft  that  floats  over  the  head,  and  fetting  oiit  like 
madmen,  never  return  till  they  have  fucceeded  in  carry¬ 
ing  oft'  fome  cattle. 

“  When  they  come  back,  their  wives  go  to  meet 
them,  and  extol  their  courage  amidft;  the  fond^ft  ca- 
reffes.  In  a  word,  nothing  is  then  thought  of  but 
mirth  and  jollity  ;  and,  till  fimilar  feenes  are  recalled  by 
fimilar  wants,  paft  evils  are  forgotten. 

Such  w'as  the  charafter  given  of  this  formidable 
people  to  M.  Vaillant  at  bis  firft  interview  with  them  ; 
and  during  the  long  excurfions  which  he  made  in  their 
company,  they  did  not  belie  it  in  a  fingle  inilance.  la 
many  refpefts  they  appeared  to  refemble  the  Arabs, 
who,  being  alfo  wanderers,  and  like  them  brave  and 
addi(fted  to  rapine,  adhere  with  unalterable  fiddity  to 
their  engagements,  and. defend,  even  to  the  laft  drop  of 
their  blood,  the  traveller  who  civilly  purchafes  their 
fervices,  and  puts  hirafelf  under  their  protedion.  In 
our  author’s  opinion,  if  it  be  at  all  pradicable  to  tra- 
verfe  from  fouth  to  north*  the  whole  of  Africa,  it  could 
only  be  under  the  condud  of  the  Houzouanas  ;  and  he 
really  thinks  that  fifty  men  of  their  temperate,  brave, 
and  indefatigable  nation,  would  be  fufiiclent  to  proted 
an  enterprifing  European  through  that  long  and  ha¬ 
zardous  journey. 

Yet  thefe  people,  fo  fuperior  both  in  body  and  mind 
to  the  other  natives  of  South  Africa,  are  but  of  low 
ftature  ;  and  a  perfon  five  feet  four  inches  in  height  is 
accounted  among  them  very  tall ;  but  In  their  little  bo¬ 
dies,  perfedly  well  proportioned,  are  united,  with  fur- 
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pnfing  itrength  and  agility,  a  certain  air  of  ailarancc, 

.  boldnefs,  and  haughtinefs,  which  awes  the  beholder, 
and  with  which  our  author  was  greatly  pleafed.  Of 
all  the  favage  races,  he  faw  none  that  appeared  to  be 
cndow’^ed  with  fo  active  a  mind,  and  fo  hardy  a  coniUtu- 
tion. 

*1  heir  head,  though  it  exhibits  the  principal  charac* 
teriilirs  of  that  of  the  Hottentot,  is,  however,  rounder 
towards  the  chin.  They  are  alfo  not  fo  black  in  com¬ 
plexion  ;  but  have  the  lead  colour  of  the  Malays,  dif- 
tinguilhed  at  the  Cape  by  the  name  of  houguinee. 

Fheir  hair,  more  woolly,  is  fo  fhort,  that  he  imagined 
at  firft  their  heads  to  have  been  fliaved.  The  nofe  too 
is  dill  flatter  than  that  of  the  Hottentots  ;  or,  rather, 
they  feem  altogether  deditute  of  a  nofe  ;  what  they 
have  confiding  only  of  two  broad  nodrils  which  pro- 
jedl  at  mod  but  dve  or  lix  lines.  From  this  confirma¬ 
tion  of  the  nofe,  a  Houzoiiana,  when  feen  in  profile,  is 
the  reverfe  of  handfome,  and  confiderahly  refembles  an 
ape.  When  beheld  in  front,  he  prefents,  on  the  fird 
view,  an  extraordinary  appearance,  as  half  the  face  feems 
to  be  forehead.  The  features,  however,  are  fo  expref- 
five,  and  the  eyes  fo  large  and  lively,  that,  notwith- 
uanding  this  fingularity  of  look,  the  countenance  is  to¬ 
lerably  agreeable. 

As  the  heat  of  the  climate  in  which  he  lives  renders 
clothing  iinnecefTary,  he  continues  during  the  whole 
year  almod  entirely  naked,  having  no  other  covering 
than  a  very  fmall  jackal  fl<in  fadened  round  his  loins 
by  two  thongs,  the  extremities  of  which  hang  down  to 
his  knees.  Hardened  by*" this  condant  habit  of  naked- 
nefs,  he  becomes  fo  infenfible  to  the  variations  of  the 
atmofphere,  that  when  he  removes  from  the  burning 
fands  of  the  level  country  to  the'fnow  and  hoar-frod  of 
his  mountains,  he  feems  indifferent  to  and  not  eve.n  to 
feel  the  cold. 

His  hut  in  no  wife  refembles  that  of  the  Hottentot. 

It  appears  as  if  cut  vertically  through  the  middle  ;  fo 
that  the  hut  of  a  Hottentot  would  make  two  of  thofe 
of  the  Houzouanas.  During  their  emigrations,  they 
leave  them  danding,  in  order  that,  if  any  other  horde 
of  the  fame  nation  pafs  that  way,  they  may  make  ufe 
of  them.  When  on  a  journey,  they  have  nothing  to 
repofe  on  but  a  mat  fufpended  from  two  dicks,  and 
placed  in  an  inclined  pofition.  They  often  even  fleep 
on  the  bare  ground.  A  projeding  rock  is  then  fuffi- 
cient  to  flielter  them  ;  for  every^  thing  is  fuited  to  a 
people  wdiofe  conditutious  are  proof  againd  the  fevered 
fatigue.  If,  however,  they  dop  anywhere  to  fojourn 
for  a  while,  and  find  materials  proper  for  condrudting 
huts,  they  then  form  a  kraal ;  but  they  abandon  it  on 
their  departure,  as  is  the  cafe  with  all  the  huts  which 
they  eredl. 

This  cudom  of  labouring  for  others  of  their  tribe 
announces  a  focial  charader  and  a  benevolent  difpofi. 
tion.  They  are  indeed  not  only  affeaionate  hulbinds 
and  good  fathers,  but  excellent  companions.  When 
they  inhabit  a  kraal,  there  is  no  fuch  thing  among  them 
as  private  property  ;  whatever  they  poffefs  is  in  com¬ 
mon.  If  two  hordes  of  the  fame  nation  meet,  the  re¬ 
ception  is  on  both  fides  friendly  ;  they  afford  each  o- 
ther  mutual  protedion,  and  confer  reciprocal  obliga¬ 
tions.  In  fhort,  they  treat  one  another  as  brethren, 
though  perhaps  they  are  perfed  drangers,  and  have 
tiever  feeii  each  other  before. 

Suppi-.  VoL.  1.  Part  II, 
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^Adive  and  n.'mMe  by  nature,  the  Hoiuouanas  con- 
iu.er  It  as  amufeinent  to  climb  mountains,  and  the  moft 
elevated  peaks;  and  they  conduded  M.  Vaillant,  his 

and  through  defiles, 
\  Inch  he  ai^  his  Hottentots  would  have  deemed  abfo- 
lutely  unpafTable.  The  only  arms  of  this  people  are 
bows  and  arrows,  in  the  ufe  of  which  thev  are  very  ex¬ 
pert.  1  he- arrows,  which  are  imconimonly  fnort,  are 
carried  on  the  flioulder  m  a  quiver,  about  i8  inches  iu 
length,  and  four  in  diameter,  made  of  the  bark  of  the 
aloe  and  covered  with  the  fl<in  of  a  large  fpecies  of  li- 
zaid,  which  thefe  wanderers  find  in  all  their  rivers,  par- 
ticularly  on  the  banks  of  Orange  and  Fifli  River. 

Nodurnal  fires  are  a  peculiar  language  underilood 
and  employed  by  almoft  all  favage  nat^ns  None,  how- 
ever,  have  carried  this  art  fo  far  as  the  Houzouanas, 
becaiife  none  have  fo  much  need  of  undei  ftanding  and 
bringing  tt  to  perfedion.  If  it  be  necelfary  to  announce 
a  defeat  or  a  vidory,  an  arrival  or  departure,  a  fuccefs- 
tul  plundering  expedition,  or  the  want  of  alfillance,  in 
a  word,  any  inteUigence  whatever,  they  are  able,  either 
by  the  number  of  their  fires  or  the  manner  in  which  tliev 
ai  range  them,  to  make  it  known  in  an  iiiftant.  Thev 
are  even  fo  fagacious  as  to  vary  their  fires  from  time  to 
im_e,  left  their  enemies  Ihould  become  acquainted  with 
t  leir  fignals,  and  treacheroiifly  employ  them  in  their 
turn  to  lui'prife  them. 

Our  author  fays,  that  he  is  unacquainted  with  the 
principles  of  thefe  fignals,  invented  with  fo  much  inge¬ 
nuity.  He  did  not  requeft  information;  becaufe  he 
very  rationally  inferred  that  his  requeft  would  not  have 

that  three  fires  kindled 
at  the  d.ftance  of  twenty  paces  from  each  other,  fo  as 
to  torrn  an  equilateral  triangle,  were  the  fignal  for  rally, 
ing. 

Among  the  pliyfical  qualities  which,  in  M.  Vaillaiit’s 
opinion,  prove  that  the  Houzouanas  are  a  diftind  na- 
tion,  he  mentions  the  enormous  natural  rump  of  the 
women,  as  a  deformity  which  dillinguifiies  them  from 

every  other  people,  favage  or  poliftied,  which  he  had 
ever  known.  “  I  have  feveral  times  (fays  he)  had  oc- 
caiion  to  remark,  that,  among  the  female  Hottentots  in 
pieial,  as  they  advance  m  age,  the  inferior  part  of  the 
back  fwells  out,  and  acquires  a  fize  which  it  greatly 
exceeds  the  proportion  it  bore  in  infancy  with  the  other 
parts  pf  the  body.  The  Houzoiiana  women,  having 
in  their  figure  fome  refemblance  to  the  Hottentots,  and 
appearing  therefore  to  be  of  the  fame  race,  one  might 
be  induced  to  believe  that  thplr  i  • 


Hotiz'iu- 


,  -  *  .  ,  ^  j  ...  zcitiic  latic,  one  miefht 

be  indiic^  to  believe  that  their  projedlon  behind  is 
only  the  Hottentot  rump  more  fwelled  and  extended 
I  obferved,  however,  that  among  the  former  this  fin- 
gularity  was  an  excrefcence  of  flow  growth,  and  in  fome 
meafure  an  infirmity  of  old  age ;  whereas  among  the 
latter  It  is  a  natural  deformity,  an  original  characlerif- 
tic  of  their  race.  The  Houzouana  mothers  wear  on 
their  reins,  like  our  miners,  a  llcin  which  covers  this 

protuberance  pf  the  pofteriors;  but  which,  being  thin 

and- pliable,  yields  to  the  quivering  of  the  fldh,  and  be 
comes  agitated  in  the  fame  manner.  When  o.n  a  ioiir- 
ney  or  when  they  have  children  too  young  to  follow 
them,  they  place  them  upon  their  rump.  I  faw'one  of 
tlKfe  women  run  in  this  manner  with  a  child  about 
three  years  of  age,  that  flood  ered  on  its  feet’ at  her 
back,  like  a  footboy  behind  a  carriao-e.’’ 

II  one  half  of  what  our  traveller  fays  of  the  adivity 
S  C  and 
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Hungary-  and  enterpi ifing*  fpirit  of  this  fmgular  people  be  true, 

,  African  Affociation  teiul  a  fecond  Hough- 

^  ton,  or  fecond  Park,  to  make  difcoveru  s  in  that  unex¬ 
plored  country,  under  the  protection  ot  the  Houzoua- 
nas?  We  do  not  indeed  think  that  it  would  be  pollible 
to  traverfe  the  whole  extent  of  Africa  from  fouth  to 
north,  but  Vaillant  penetrated  farther  in  that  diredllon 
than  any  one  had  done  before  him ;  and  it  appears  that 
with  his  intrepid  Houzouanas  he  might  have  penetrated 
much  farther. 

HUNG  ARY- WATER,  is  fpirit  of  v.'ine  diftilled  up¬ 
on  rofemary,  and  which  therefore  contains  its  oily  and 
ftrong-fcented  effence  (fee  Pharmacy,  365.  EncycL) 
Bift.  p//«-  To  be  really  good,  fays  Profeffor  Beckmann,  the  fpirit 
ventiom,  vvdne  ought  to  be  very  flrong,  and  the  rofemary  frefh ; 

and  if  that  be  the  cafe,  the  leaves  are  as  proper  as  the 
flowers,  which,  according  to  the  prefcription  of  fome, 
(hould  only  be  taken.  It  is  likewife  neceflary  that  the 
fpirit  of  wine  be  diililled  feveral  times  upon  the  rofe- 
inary  ;  but  that  procefs  is  too  troublefome  and  expen- 
five  to  admit  of  this  water  being  difpofed  of  at  the  low 
price  it  is  ufually  fold  for ;  and  it  is  certain  that  the 
greater  part  of  it  is  nothing  elfe  than  common  brandy 
united  with  the  effence  of  rofemary  in  the  fimpleft  man¬ 
ner.  In  general,  it  is  only  mixed  with  a  few  drops  of 
the  oil.  For  a  long  time  pail,  this  article  has  been 
brought  to  us  principally  from  France,  where  it  is  pre¬ 
pared,  particularly  at  Beaucaire,  Montpelier,  and  other 
places  in  Languedoc,  in  which  that  plant  grows  in 
great  abundance. 

The  name  Hungary  water  feems  to  fignify,  that  this 
water,  fo  celebrated  for  its  medicinal  virtues,  is  an  Hun¬ 
garian  invention  ;  and  we  read  in  many  books,  that  the 
receipt  for  preparing  it  was  given  to  a  queen  of  Hun¬ 
gary  by  a  hermit ;  or,  as  others  fay,  by  an  angel,  who 
appeared  to  her  in  a  garden,  all  entrance  to  which  was 
fhut,  in  the  form  of  a  hermit  or  a  youth.  Some  call 
the  queen  St  Ifabella;  but  thofe  who  pretend  to  be  bell 
acquainted  with  the  circumftance  affirm,  that  Elizabeth, 
wife  of  Charles  Robert  king  of  Hungary,  and  daugh¬ 
ter  of  Uladiflaus  II.  king  of  Poland,  who  died  in  1380 
or  1381,  was  the  inventrefs.  By  often  wafhing  with  this 
fpirit  of  rofemary,  when  in  the  70th  year  of  her  age, 
ffie  was  cured,  as  we  are  told,  of  the  gout  and  an  uni- 
verfal  lamenefs  ;  fo  that  fhe  not  only  lived  to  pafs  80, 
but  became  fo  lively  and  beautiful,  that  (he  was  courted 
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by  the  king  of  Poland,  who  was  then  a  widower,  and 
who  wdfhed  to  make  her  his  fecond  wife. 

The  Profeffor  juftly  confidcrs  this  Itory  as  a  ridicu¬ 
lous  fable  (a).  “  It  appears  to  me  (fays  he)  moft  pro¬ 

bable,  that  the  French  name  l^eau  dc  la  reine  Hongrie^ 
w'as  chofen  by  thofe  who,  in  latter  times,  prepaied  fpi¬ 
rit  of  rofemary  for  fale,  in  order  to  give  greater  confe- 
quence  and  credit  to  their  commodity  ;  as  various  me¬ 
dicines,  fome  years  ago,  were  extolled  in  the  gazettes 
under  the  title  of  Pompadour,  though  the  celebrated 
lady,  from  wffiofe  name  they  derived  their  importance, 
certainly  neither  ever  faw  them  nor  ufed  them.” 

HUNTER  (John),  the  celebrated  furgeon,  was  the 
yoiingeft  child  of  John  Hunter  of  Kilbride,  in  the  coun¬ 
ty  of  Lanark.  He  was  born  on  the  14th  of  July  1728, 
at  Long  Calderwood,  a  fmall  effate  belonging  to  the 
family  ;  and  lofing  his  father  when  he  was  about  ten 
years  of  age,  he  was  perhaps  too  much  indulged  by  his 
mother.  One  confcquence  of  this  was,  that  at  the  gram- 
mar-fchool  he  made  no  progrefs  in  learning ;  and  he 
may  be  faid  to  have  been  almoft  totally  illiterate  when, 
in  September  1748,  he  arrived  in  London.  His  bro¬ 
ther,  Dr  William  Hunter,  of  whom  an  account  is  gi¬ 
ven  in  the  Encycloptedia^  was  then  the  moll  celebrated 
teacher  of  anatomy,  and  John  had  expreffed  a  defire  to* 
affift  him  in  his  refearches.  The  Doclor,  who  was  very 
defirous  to  ferve  him,  and  anxious  to  form  fome  opi¬ 
nion  of  his  talents  for  anatomy,  gave  him  an  ^i  m  to 
diffed  for  the  mufclcs,  with  the  neceffary  diredions 
how  it  was  to  be  done  ;  and  he  found  the  performance 
fuch  as  greatly  exceeded  bis  expedation. 

His  firff  effay  in  anatomy  having  thus  gained  him 
fome  credit,  Mr  Hunter  was  now  employed  in  a  diffec- 
tion  of  a  more  difficult  nature  ;  tli!s  w'as  an  arm  iiv 
which  all  the  arteries  were  injedled,  and  thefe,  as  well 
as  the  mufcles,  were  to  be  expofed  and  preferved.  The 
manner  in  which  this  was  performed,  gave  Dr  Hunter 
fo  much  fatisfadion,  that  he  did  not  fcruple  to  fay 
that  his  brother  would  become  a  good  anatomift,  and 
that  he  fhould  not  want  for  employment.  From  this, 
period  we  may  confider  Mr  Hunter  as  having  ferioufly 
engaged  in  anatomy  ;  and  under  the  inftrudions  of  Dr 
Hunter,  and  his  affiftant  Mr  Symonds,  he  had  every 
opportunity  of  improvement,  as  all  the  diffedions  at 
this  time  carried  on  in  London  were  confined  to  that 
fchool. 

In 


Hontcri, 

— 


(a)  It  was  firft  publiftied  to  tlic  world  in  1659  in  a  polllmmous  work  of  John  Prevot,  who  fays,  that  in  the 
beginning  of  a  very  old  breviary,  he  faw  a  remedy  for  the  gout,  written  by  the  queen’s  own  hand,  in  the  follow- 

“'^•YElizabeth,  queen  of  Hungary,  being  very  infirm  and  much  troubled  with  the  gout  in  the  yzd  year  of  my 
age,  ufed  for  a  year  this  receipt,  given  to  me  by  an  ancient  hermit,  whom  I  never  faw  before  nor  fince  ;  was 
not  only  cured,  but  recovered  my  ftrengtb,  and  appeared  to  all  fo  remarkably  beautiful,  that  the  king  of  Poland; 
alked  me  in  marriage,  he  being  a  widower  and  I  a  widow.  I,  however,  refufed  him  for  the  love  of  my  Lord  Je- 
fus  Chrift,  from  one  of  whofe  angels,  I  believe,  J  received  the  remedy.  The  receipt  is  as  follows : 

“  g,.  Take  of  aqua  vitte,  four  times  diftilled,  three  parts,  and  of  the  tops  and  flowers  of  rofemary  two  parts  t; 
put  thefe  toirether  in  a  clofe  veflel,  let  them  ftaiid  in  a  gentle  heat  50  hours,  and  then  diflil  them.  Take 
one  dram  of° this  in  the  morning  once  evei7  week,  either  in  your  food  or  drink,  and  let  your  face  and  the 
difeafed  limb  be  waffied  with  it  every  morning. 

It  renovates  the  ftrength,  brightens  the  fpints,  purifies  the  marrow  and  nerves,  rellores  and  preferves  the 
light,  and  prolongs  life.”  Thus  far  from  the  Breviary.  Thea  follows  a  confirmation  which  Prevot  gives  fromr 
his  own  experience. 
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fummer  1749,  Mr  Chefelden,  at  the  rcqueft 
of  Dr  Hunter,  permitted  him  to  attend  at  Chelfea  Hoi- 
pital  ;  and  he  there  learned  the  liril  rudiments  of  fur- 

The  following  winter  he  was  fo  far  advanced  in  the 
knowledge  of  human  anatomy,  as  to  iidtru^t  the  pupils 
in  dilTedtion,  to  whom  Hr  Hunter  had  very  little  time 
to  pay  attention.  This  office,  therefore,  fell  almoit  en- 
.  tirely  upon  him,  and  was  his  coiiftant  employment  du¬ 
ring  the  winter  feafon. 

In  the  fummer  months  of  1750,  Mr  Hunter  attend¬ 
ed  the  hofpital  at  Chelfea  ;  in  i75^>  became  a  pu¬ 
pil  at  St  Bartholomew’s,  and  in  the  winter  was  prefent 
at  operations  occafionally,  whenever  any  thing  extraor¬ 
dinary  occurred.  The  following  fummer  he  went  to 
Scotland;  and  in  1753  entered,  it  is  difficult  to  con- 
eeive  for  what  reafon,  as  a  gentleman  commoner  at  St 
Mary -hall,  Oxford.  In  1734  he  became  a  furgcon’s 
pupil  at  St  George’s  hofpital,  where  he  continued  du¬ 
ring  the  fummer  months  ;  and  in  1736  was  appointed 
houfe-furgeon. 

In  the  winter  1755,  Dr  Hunter  admitted  him  to 
a  partnerlhip  in  his  ltdures,  and  a  certain  portion  of 
the  courfe  was  allotted  to  him  ;  befides  which,  he  gave 
ledliires  when  the  Dodlor  was  called  away  to  attend  his 
patients.  Making  anatomical  preparations  was  at  this 
time  a  new  art,  and  very  little  known  ;  every  prepara¬ 
tion,  therefore,  that  was  fltilfully  made,  became  an  ob- 
jedl  of  admiration  ;  many  were  wanting  for  the  ufe  of 
the  ledures  ;  and  the  Dodor  being  himfelf  an  enthu- 
fiaft  for  the  art,  left  no  means  untried  to  infufe  into  his 
brother  a  love  for  his  favourite  purfuits.  How  well 
he  fucceeded,  the  colledion  afterwards  made  by  Mr 
Hunter  will  fufficicntly  evince. 

Anatomy  feems  to  have  been  a  purfuit  for  which 
Mr  Hunter’s  mind  was  peculiarly  fitted,  and  he  applied 
to  it  with  an  ardour  and  perleverance  of  which  there  is 
hardly  an  example.  His  labours  were  fo  ufeful  to  his 
brother’s  colledion,  and  fo  gratifying  to  his  difpofition, 
that  although  in  many  other  refpeds  they  did  not  agree, 
this  fimple  tie  kept  them  together  for  many  years. 

Mr  Hunter  worked  for  ten  y^ears  on  human  anato¬ 
my;  during  which  period  he  made  himfelf  mafter  of 
what  wafe  already  known,  as  well  as  made  fome  addi¬ 
tion  to  that  knowledge.  He  traced  the  ramifications 
of  the  olfadory  nerves  upon  the  membranes  of  the  nofe, 

^  and  difeovered  the  courfe  of  fome  of  the  branches  of 
the  fifth  pair  of  nerves.  In  the  gravid  uterus,  he  tra¬ 
ced  the  arteries  of  the  uterus  to  their  termination  in 
the  placenta.  He  was  alfo  the  firft  who  difeovered  the 
exiltence  of  the  lymphatic  veflels  in  birds. 

Many  parts  of  the  human  body  being  fo  complex,  that 
their  flrudlure  could  not  be  underltood,  nor  their  ufes 
afeertained,  Mr  Hunter  was  led  to  examine  fimilar  parts 
in  other  animals,  in  which  the  flrudlure  was  more 
fimple,  and  more  within  the  reach  of  invefligation  ;  this 
earned  him  into  a  wide  field,  and  laid  the  foundation 
of  his  collection  in  comparative  anatomy. 

In  this  new  line  of  purfuit,  this  aaive  inquirer  be- 
gan  with  the  more  common  animals,  and  preferved  fuch 
parts  as  appeared  by  their  analogy,  or  in  fome  other 
way,  to  elucidate  the  human  economy.  It  was  not  his 
intention  to  make  difleaions  of  particular  animals, 
to  inftitute  an  inquiry  into  the  various  organizations 
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by  which  the  fiinftlons  of  life  are  performed,  that  he  Hunter, 
might  thereby  acquire  fome  knowledge  of  general  prin-  — — v— - 
ciples.  ^ 

80  eagerly  did  Mr  Hunter  attach  himfelf  to  compa¬ 
rative  anatomy,  that  he  fought  by  every  means  in  his 
power  the  opportunities  of  profecuting  it  with  advan¬ 
tage.  He  applied  to  the  keeper  of  wild  heads  in  the 
Tower  for  the  bodies  of  thofe  which  died  there  ;  and 
he  made  fimilar  applications  to  the  men  who  Ihowed 
wild  beads.  He  piiicliafed  all  rare  animals  which  came 
in  his  way  ;  and  thefe,  with  fuch  others  as  were  pre- 
fented  to  him  by  his  friends,  he  entriided  to  the  fhow- 
rnen  to  keep  till  they  died,  the  better  to  encourage 
them  to  afiid  him  in  his  labours. 

His  health  wa.s  fo  much  impaired  by  exceflive  atten¬ 
tion  to  his  purfuits,  that  in  the  year  1760  he  was  ad- 
vifed  to  go  abroad,  having  complaints  in  his  breall 
which  threatened  to  be  confumptive.  In  Odober  of 
that  year,  Mr  Adair,  inlpeftor-general  of  liofpitals,  ap¬ 
pointed  him  a  furgeon  on  the  ilaff ;  and  in  the  follow- 
mg  fpniig  he  went  with  the  army  to  Bcilifie,  leaving 
Mr  Hewfon  to  affid  his  brother  during  his  abfence. 

Mr  Hunter  ferved,  w-hile  the  war  coiitinued,  as  fe- 
nior  furgeon  on  the  ftaff,  both  in  Belliile  and  Portugal, 
till  the  year  1 763  ;  and  in  that  period  acquired  his 
know'ledfe  of  gun-lhot  wounds.  On  his  return  to  Eng¬ 
land  he  lettled  in  London  ;  where,  not  finding  the  emo¬ 
luments  from  his  half-pay  and  private  pradice  fufficient 
to  fupport  him,  he  taught  pradical  anatomy  and  ope¬ 
rative  lufgery  for  feveral  winters.  He  returned  alfo. 

With  unabuted  ardour,  to  comparative  anatomy  ;  and 
as  his  experiments  could  not  be  carried  on  in  a  laige 
town,  he  purchafed  for  that  purpofe,  about  two  miks 
from  London,  a  piece  of  ground  near  Broinpton,  at  a 
place  called  Earl’s  Court,  on  which  he  built  a  houfe. 
ill  the  courfe  of  his  inquiries,  this  excellent  aiiatoinilL 
alcertained  the  changes  which  animal  and  vegetable 
fubitances  undergo  in  the  ftomach  when  aded  on  by 
the  gaftric  juice  ;  he  difeovered,  by  means  aif  feeding 
pung  animals  with  madder  (which  tinges  growing 
bones  red),  the  mode  in  which  a  bone  retains  its  fiiape 
during  Its  growth  ;  and  explained  the  procefs  of  exfo- 
liatioii,  by  which  a  dead  piece  of  bone  is  feparated  from 
the  living. 

tondnefs  for  animals  made  him  keep  feveral  of 
different  kinds  in  his  houfe,  which,  by  attention,  he  ren¬ 
dered  familiar  with  him,  and  ariiufed  himfelf  by  obfer- 
ving  their  peculiar  habits  and  inftiiids  ;  but  this  faml- 
harity  was  attended  with  coiifiderable  rilk,  and  fome- 
times  led  him  into  fituations  of  danger,  of  which  the 
rollowing  is  a  remarkable  inftance  : 

Two  leopards,  which  were  kept  chained  in  an  out- 
houfe,  had  broken  from  their  confinement,  and  got  irip. 
to  the  yard  among  fome  dogs,  which  they  immediately 
attacked  ;  the  howling  this  produced  alarmed  the  whole 
neighbourhood ;  Mr  Hunter  ran  into  the  yard  to  fee 
what  was  the  matter,  and  found  one  of  them  getting 
up  the  wall  to  make  his  efcape,  the  other  furrounded 
by  the  dogs;  he  immediately  laid  hold  of  them  both 
and  carried  them  back  to  their  den  ;  but  as  foon  as  thev 

refledl  upon  the  rifk 
of  his  own  fituation,  he  was  fo  much  agitated,  that  he 
was  in  danger  of  fainting. 

On  the  fifth  of  February  1767,  he  was  chofen  a  fel- 
5  C  2  lo^ 
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Hunter.  ]ow  of  the  Royal  Society.  His  deiife'  for  improvement  ’and 
tliofe  branches  of  knowledge'  which  might  affift  in 
his  refearches,  led  him  at  this  time  tb  propqfe  to  Dr 
George  Foi'dyce  aad  Mr  Cuminihg,  an  eminent  me¬ 
chanic,  that  theV'ihould’  adjourn  fronx  the  meetings  of 
the  Royal  Society  to  fothe  coffee- hoiife,  and  dlfcufs  inch 
fuhj:  dls  as  were  connected  with  fcience.  This  plan 
was  no  fooner  eftablifhed,  than  they  found  their  num¬ 
bers  increafed  ;  they  were  Jollied  by  Sir  Jofeph  Banks, 

Dr  Solander,  Dr  Mai]<elyne,  Sir  George  Shuckbuigli, 

Sir  Harry*Englefield,  Sir  Charles  Blagden,  Dr  Noothe, 

Mr  Ramfdeii,  Mr  Watt  of  Birmingham,  and  many 
others.  At  thefe  meetings  difeoveries  arid  imjrrove- 
inents  in  different  branches  of  philofopliy  were  the  ob- 
jedls  of  their  confideration  ;  and  the  works  of  the  mem¬ 
bers  were  read  over  and  criticifed  before  they  were 
given  tp  the  public.  It  was  in  this  year  that,  by  an 
tjicrlion  in  dancing,  after  the  mufeles  of  the  leg  were 
fatigued,  he  broke  his  tendo  achlllis.  'Fills  accident, 
and  the  confinement  in  conl'equence  of  it,  led  him  to 
•  pay  attention  to  the  fubje£l  •f  broken  tendons,  and  to 
jnake  a  feries  of  experiments  to  afeertain  the  mode  of 
their  union. 

Ill  the  year  1768  Mr  Hunter  became  a  member  of 
the' corporation  of  furgeons  ;  and  in  the  y^ear  following, 
through  his  brother’s' intereft,  he  was  elefted  one  of 
the  furgeon’s  of  St  George’s  hofpital.  In  May  I77^» 
his  Treatife  on  the  Natural  Hiflory  of  the  Teeth  was 
publifhed  ;  and  in  July  of  the  fame  year  he  married 
Mifs  Home,  the  eldeft  daughter  of  Mr  Home,  furgeon 
to  Burgoyne’s  regiment  of  light  horfe.  The  expence 
of  his  puriuits  had  been  fo  great,  that  it  w'as  not  till 
feveral  years  after  his  firft  engagement  with  this  lady 
that  his  affairs  could  be  fufliciently  arranged  to  admit 
.  i)f  bis  marrying.. 

Though  after  his  marriage  his  private  pra6Iice  and 
profefnonal  charafter  advanced  rapidly,  and  though  his 
family  began  to  increafe,  he  ftill  devoted  much  of  his 
time  to  the  forming  of  his  colledlion,  which,  as  it  daily 
became  larger,  was  alfo  attended  with  greater  expence. 

^Flie  whole  fiiit  of  the  heft  rooms  in  his  houfe  were  oc¬ 
cupied  by  his  preparations  ;  and  he  dedicated  his  morn¬ 
ings,  from  funrife  to  dght  o’clock  (the  hour  for  break- 
fait),  entirely  to  his  purfuits.  To  thefe  he  added  fuch 
pans  of  the  day  as  were  not  engaged  In  attending  his 
^patient^. 

The  knowledge  he  derived  from  his  favourite  ftudies 
he  conftantly  applied  to  the  improvement  of  the  art  of 
furgery,  and  omitted  no  opportunity  of  examining  mor¬ 
bid  bodies  ;  from  which  he  rnade  a  colledion  of  fa6ls 
which  are  invaluable,  as  they  tend  to  explain  the  real 
caufes  of  fymptoms,  which,  during  life,  could  not  be 
cita^Ily  afeertained,  the  judgment  of  the  pra6titioner 
being  too  frequently  mifled  by  theoretical  opinions,  and 
delafive  fenfations  of  the  patients. 

In  the  pra^flice  of  furgery,  w^here  cafes  occurred  in 
v/hieh  the  operations  proved  inadequate  to  their  inten¬ 
tion,  he  always  inveftigated,  with  uncommon  care,  the 
caufes  of  that  want  of  fuccefs  ;  and  in  this  way  de- 
tedled  many  fallacies,  as  well  as  made  fome  important 
difeoveries,  in  the  healing  art.  He  detected  the  caufe 
of  failure,  common  to  all  the  operations  in  ufe  for  the 
radical  cure  of  the  hydrocele,  and  was  enabled  to  pro- 
pofe  a  mode  of  operating,  in  which  that  event  can  with 
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obfervatlons,  that  expofurc  to  atmofpl>ericaI  air 
fimply,  can  neither  produce  nor  increafe  Inflammation.  ^ 
He  difeovered  in  the  blood  fo  many  phenomena  con- 
nedled  with  life,  and  not  to  be  referred  to  any  other 
caufe,  that  he  confidered  it  as  alive  In  its  fluid  (late. 
He  Improved  the  operation  for  the  lillula  lachrymalis, 
by  removing  a  circular  portion  of  the  os  unguis  inflead 
of  breaking  it  dowai  with  the  point  of  a  trochar.  He 
alfo  difeovered  that  the  gaftric  juice  had  a  powder  when 
the  llomaeh  w^as  dead  of  dlfiblving  it ;  and  gave  to  the 
Royal  Society  a  paper  on  this  fubje£f,  which  is  publifli- 
ed  In  the  Philofoplucal  Tranfadions. 

In  the  winter  1773?  he  formed  a  plan  of  giving  a 
courfe  of  le(ftui*es  on  the  theory  and  principles  of  fur¬ 
gery,  with  a  view  of  laying  before  the  public  his  owui 
opinions  upon  that  fubje£f.  For  two.  winters  he  read 
his  le£Iures  gratis  to  the  pupils  of  St  George’s  Kofpi- 
tal ;  and  in  1775?  g^^e  a  courfe  for  money  upon  the 
fame  terms  as  the  other  teachers  in  the  different  branches 
of  medicine  and  furgery.  But  giving  ledfures  was  al¬ 
ways  particularly  nnpleafant  to  him  ;  fo  that  the  de- 
fire  of  fubmitting  his  opinions  to  the  world,  and  learn¬ 
ing  their  general  eftimation,  were  fcarcely  fulScient  to 
overcome  his  natural  diflike  to  fpeaking  in  public.  He 
never  gave  the  firft  ledlure  of  his  courfe  without  taking 
30  drops  of  laudanum  to  take  off  the  effedfs  of  his  un- 
eafinefs. 

Comparative  anatomy  may  be  confidered  as  the  pur- 
fuit  in  which  Mr  Hunter  was  conftantly  employed.  No 
opportunity  efcaped  him.  In  the  year  1773,  at  the 
requeft  of  his  friend  Mr  Walfh,  he  difiedled  the  torpe¬ 
do,  and  laid  before  the  Royal  Society  an  account  of 
its  electrical  organs.  A  young  elephant,  which  had 
been  prefented  to  the  Queen  by  Sir  Robert  Barker, 
died,  and  the  body  was  given  to  Dr  Hunter,  which  af¬ 
forded  Mr  Hunter  an  opportunity  of  examining  the 
ftru6ture  of  that  animal  by  afRlliiig  his  brother  in  the 
diffedion  ;  fince  that  time  two  other  elephants  died  in 
the  Queen’s  menagerie,  both  of  which  came  under  Mr 
Flunter’s  examination.  In  1774,  he  publifhed  in  the 
Philofophical  Tranfadtions  an  account  of  certain  re¬ 
ceptacles  of  air  in  birds,  which  communicate  with  the 
lungs,  and  are  lodged  both  among  the  flefhy  parts  and 
hollow  bones  of  thefe  animals  ;  and  a  paper  on  the  Gil- 
laroo  trout,  commonly  called  in  Ireland  the  Gi%%ard^ 
trout. 

In  1775>  feveral  animals  of  that  fpecles,  called  the 
gymnotus  ele3ricus  of  Surinam^  were  brought  alive  to  this 
country,  and  by  their  eledfrical  properties  excited  very 
much  the  public  attention.  Mr  AValfh,  defirqus  of 
purfuing  his  inveftigations  of  animal  eledlriclty,  made  a 
number  of  experiments  on  the  living  animals;  and  tq 
give  his  friend  Mr  Hunter  an  opportunity  of  examining 
them,  purchafed  thofe  that  died.  An  anatomical  ac¬ 
count  of  their  eledfrical  organs  was  draWn  up  by  Mr 
Hunter,  and  publifhed  in  the  Philofophical  Tranfac- 
tlons.  In  the  fame  volume  there  is  a  paper  of  his,  con* 
taining  experiments  on  animals  and  vegetables  refpedl* 
ing  their  pov.Ker  of  producing,  heat.  j  7 

V  In  the  courfe  6f  his  purfuits,  Mr  Hunter  met; with > 
many  parts  of  animals  where  natural  appearances  cOitld 
not  be  prefer, ved,  and  others,  in  which  the  minuter  vef- 
fels  could  not  be  diftindlly  fecn  when  kept  inspirits  j 
it  was  therefore  neceffary  to  have  them  di^wn’,  eltlv^v 
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cenaiiity  be  avoided.  He  afeertain cd^' by  fexpefiriients at  thermo ment,  ''W  *b«fore  t^ieymcre  put  into, 
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experce  of  employing  profefTed  draughtfmen,  the 
^  difficiiity  of  procuring  them,  and  the  difadvantage  which 
they  laboured  under  in  being  ignorant  of  the  fubjed 
they  were  to  reprefent,  made  him  dehrous  of  having  an 
able^perfon  in  his  houfe  entirely  for  that  purpofe. 

With  this  view  he  engaged  an  ingenious  young  artifh 
to  live  with  him  for  ten  yeats  ;  his  time  to  be  wholly 
employed  as  a  draughtfman,  and  in  making  anatomical 
preparations.  This  gentleman,  whofe  name  was  Bell, 
loon  became  a  very  good  pradical  anatemift,  and  from 
that  knowledge  was  enabled  to  give  a  fpirited  and  ac¬ 
curate  refemblance^  of  the  fubjeds  he  drew,  fuch  as  is 
rarely  to  be  met  with  in  reprefentations  of  anatomical 
fubjeds.  By  his  labours  Mr  Hunter’s  colkdion  is 
enriched  with  a  coniiderable  number  of  very  valuable 
drawings,  and  a  great  variety  of  curious  and  delicate 
anatomical  preparations. 

In  January  1776,  Mr  Hunter  was  appointed  fur- 
geon  extraordinary  to  his  Majelly  ;  and  in  the  fpring 
he  gave  to  the  Royal  Society  a  paper  on  the  bell  mode 
of  recovering  drowned  perfons. 

In  the  autumn  he  w^as  taken  extremely  ill  ;  and  the 
nature  of  his  complaints  made  his  friends,  as  well  as 
himfelf,  confider  his  life  to  be  in  danger.  When  he 
refleded  upon  his  owm  fituation,  that  all  his  fortune 
had  been  expended  in  his  purfuits,  and  that  his  family 
had  no  provifion  but  what  fhould  anTe  from  the  fale  of 
his  colledion,  he  became  very  felicitous  to  give  it  its 
full  value,  by  leaving  it  in  a  flate  of  arrangement.  This 
he  accomplifhed  with  the  afnftance  of  Mr  Bell  and  his 
brother-in-law  Mr  Home. 

In  1778,  he  publifiied  the  fecond  part  of  his  Treatife 
on  the  Teeth,  in  which  their  dileafes,  and  the  mode  of 
treatment  are  conjfld^ered.  '  This  rendered  his  work  up¬ 
on  that  fubjed  complete.  He  pullifhed  alfo  in  the 
Philofophical  Tranfadions  a  paper  on  the  Heatof  Ani- 
mals  and  Vegetables.  In  1779,  he  publi/hed  his  account 
of  the  Free  Martin  in  the  Philofophical  Tranfadions; 
and  in  178c,  he  laid  before  the  Royal  Society  an  ac¬ 
count  of  a  woman  who  had  the  fmall  pox  during  pre^-- 
nancy,  where  the  dileafe  feemed  to  have  been  commuju- 
cated  to  the  foetus. 

^  111  1781,  he  was  eleded  a  fellow  of  the  Royal  So- 
ciety  of  Sciences  and  Belles  Lettres  at  Gottenburg. 
And  in  1782,  he  gave  the  Royal  Society  a  paper  on 
the  Organ  of  Hearing  in  Fifn.  Befides  the  papers 
which  he  prefented  to  that  learned  body,  he  read  fix 
Croonion  ledures  upon  the  fubjedt  of  Mufcular  Adion, 
for  the  years  1776,  1778,  1779,  178c,  1781,  and 
1 782.  In  thefe  ledures  he  colleded  all  his  obfervations, 
upon  mufcles,  refpeding  their  powers  and  effeds,  and 
-the  ilimuli  by  which  they  are  afTeded  ;  and  to  thefe 
he  added  Comparative  Obfervations  upon  the  movinir 
Powers  of  Plants.  ^ 

Thefe  ledures  were  not 
cal  Tranfadions,  for  they 
read,  not  being  confidered 
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appeared  to  himfelf  unfinifhed.  HiVobfdvatfons  on  the  Hunter. 
Mulcular  Adion  of  the  BIood-vefTels  were  laid  before 
the  Royal  Society  in  1780,  and  yet  he  delayed  publifh- 
mg  them  till  his  Obfervations  on  the  Blood  and  Inflam¬ 
mation  vyere  arranged;  and  they  make  part  of  the  vo¬ 
lume  w’hich  was  publifhed  after  his  death. 

In  ,783,  he  was  chofen  into  the  Royal  Society  of 
Medicine  and  the  Royal  Academy  of  Surj^cry  in  Paris  : 
and  the  fame  year  the  leafe  of  the  houfe  which  he  oc- 
cupied  lu  Jermyn.ftreet  having  expired,  he  purchafed 
the  leafe  ot>  a  large  houfe  on  the  eaft-fide  of  Leicellcr- 
Jquare,  and  the  whole  lot  of  ground  adjoining  to  Caftle- 
Itreet,  on  which  there  was  another  houfe.  In  the  mid¬ 
dle  Ipace  between  the  two  honfes,  he  erefted,  at  the  ex- 
pence  of  L-  300c,  a  building  for  his  colledion  j  though, 
unfortunately  for  his  family,  the  leafe  did  not  extend  be- 
yond  24  years. 

In  the  building  formed  for  the  colledion  there  was 
a  room  hity-two  feet  long  by  twenty-eight  feet  wide, 
hghted  from  the  top,  and  having  a  gallery  all  round, 
lor  containing  his  preparations.  Under  this  were  two 
apartments;  one  for  his  ledures,  and  the  other,  with  no 
particular  dettination  at  firft,  but  afterwards  made  ufe 
ot  tor  weekly  meetings  of  medical  friends  durintr  the 
winter,  l  o  this  building  the  houfe  in  Caftle-llreet  was 
>  and  the, rooms  in  it  were  ufed  for 
the  dilfcreiit  branches  of  human  and  comparative  ana- 

About  this  period  Mr  Hunter  may  be  confidered  as 
at  the  height  of  his  chirurgical  career;  his  mind  and 
body  were  both  m  their  full  vigour..  His  hands  were 
capable  of  performing  whatever  was  fuggefted  by  his 
mind  ;  and  his  judgment  was  ma.turedby  former  expe- 
nence.  borne  in  daneps  of ,  his  extragrdinai  y  Ikjll  ma v 
very  properly  be  mentioned.  ' 

He  removed  a  tumor  from  the  fide  bf  the  hea^-aiid 
neck  of  a  patient  at  St  George’s, Hpfpital,  as  large  as 
the  head  to  which  jt  was  attached  ;  and  by  bringing  the 
cut  edges  of  the  11cm  together,  the  whole,  was  nearR 
healed  Dy  the  firfl  intention,  ,  ’  ' 

Ih  a,tumor'Qn  the  neck’, 'which  one  of 

the  belt  operating  furgeons  in  this  epuntry  had  decla¬ 
red,  rather  too  llrongly,  that,  no, ope  but  a  fool  or  a 
weU  a“«nipt ;  .and  the  patient  got  perfeaiy 


publifhed  in  the  Philofophi- 
were  withdrawn  as  foon  as 
by  the  author  as  complete 


,  o  - -  -'J  -"v.  v4C4Wiwi  ao  tutlJUlCie 

Qiiiertations,  but  rather  as  materials-  fon  fome  future 
publication. 

^It  is  much  to  be  regretted  (fays  Mr  Home)nhat  Mr 
Hunter  was  fo  tardy  in  giving  his  obfervations  to  the 
public  ;  but  fuch  was  his  turn  for  invefiigation,  and  fo 
txtennve  the  fcale  upon  which  he  inftituted  his  iiiqui- 
ries,  that  he  always  found  fomething  more  to  be  accom- 
ph/hed,  and  was  unwilling  to  publifh  any  thing  which 


He  difeovered  a  new  mode  of  'peJforming  the  operW 
tion  lor  the  popliteal  aneprifm,  by  taking  up  thefe-. 
moral  artery  on  the  auteripri  pan  of  the  thigh,  withopt 
doing  any  thing  to  the,  tumor  in  tljs  ham.  The  fafJtv 
and  cfficacy  of  th,s  mode  have^hcen  confirmed  by 
Ribfequent  trials ;  .^nd  it  mull  be  allowed  to  Rand  vei  v 
high  among  the  modern  improvements  In  furgerv.  ' 

period  of  his  life,  it 
will  afford  us  a  flrong  pidure  of  the  turn  of  his  mind, 
to  acquire  knowledge,  and  hismnremiuiiiir » 
ailiduity,  in-pjofecuting  whate.ver  was  .the  obiedi  of  his 
atteiuioi}.  .  j  ,  I  ^  J  . 

.  He  was  engaged  , in  a  very  ext en five  private  praaice ; 
he  was  furgeon  to  St  George’s  Hofpital ;  he' was  givingi 
a  very  long  courfe  of  kaures  in  the  winter  ;  he  was  car^ 

‘  in -comparative: .anatomy  ;  had  a 

fchoo  of  praaical  human  anatomy  in  Jiis  hoiife ;  and; 

a"n?maUcono7y!°’'  experiments  refpeaing  the 

He  .always  folicio  us.for  fome  improVement  in. 

medicall 
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Hiiritep,  mcdi'cal  education  j  and,  with  the  afiiftancs  of  Dr  For- 
dyce,  infbtuted  a  medical  fociety,  which  he  allowed  to 
meet  in  his  ledlure  rooms,  and  of  which  he  was  chofen  one 
of  the  patrons.  This  fociety,  called  the  Lyceum  Mcdicum 
Londiiiettfe,  under  Lis  aufpiccs  and  thofe  of  Di  Fordyce, 
has  acquired  conhderable  reputation,  both  from  the 
numbers  and  merits  of  its  members. 

In  the  year  1  786,  in  confeqiience  of  the  death  of  Mr 
Middleton,  Mr  Flunter  was  appointed  deputy  lurgeon- 
general  to  the  army.  He  now  publidied  his  work  up¬ 
on  the  Venereal  Difeafc,  which  had  been  long  expect¬ 
ed  by  the  public  ;  and,  if  we  may  judge  from  the  rapid 
fale  of  the  firil  edition,  thefe  expectations  Have  not  been 
difappointed.  He  alfo  publifhed  a  work  entitled,  Ob- 
fervations  on  certain  Parts  of  the  Animal  Economy. 
In  this  work  he  has  collected  feveral  of  his  papers  in- 
ferted  in  the  Philofophical  Tranfadtions,  wEich  related 
to  that  fubjeCt,  having  permilfion  from  the  prclident 
and  council  of  the  Royal  Society  to  reprint  them  ;  there 
are  alfo  Obfervations  upon  fome  other  parts  of  the  Ani¬ 
mal  Economy,  which  had  not  before  been  publifhed. 
This  work  met  with  a  very  ready  fale. 

In  the  year  1787,  he  gave  a  paper  to  the  Royal  So¬ 
ciety,  containing  an  Experiment  to  determine  the  Effe6l 
of  extirpating  one  Ovarium  on  the  Number  of  Young; 
a  paper  in  which  the  wolf,  jackall,  and  dog,  are  proved 
to  be  of  the  fame  fpecies  ;  and  a  third  upon  the  Ana¬ 
tomy  of  the  Whale  Tribe.  Thefe  papers  procured  him 
the  honour  of  receiving  Sir  John  Copley’s  annual  gold 
medal,  given  as  a  mark  of  diiiinguifhed  abilities. 

His  colledfion,  which  had  been  the  great  obje<5l  of 
his  life,  both  as  a  purfuit  and  an  amufement,  was  now 
brought  into  a  ftate  of  arrangement ;  and  gave  him 
length  the  fatisfadlioii  of  fliewing  to  the  public  a  feries 
of  anatomical  fadfs  formed  into  a  fyftem,  by  which  the 
economy  of  animal  life  was  illuilrated.  He  (hewed  it 
to  his  friends  and  acquaintances  twice  a-year,  in  Defo- 
ber  to  medical  gentlemen,  and  in  May  to  noblemen  and 
gentlemen,  who  were  only  in  town  during  the  fpriiig. 
This  cuftom  he  continued  to  his  death. 

Upon  the  death  of  Mr  Adair,  which  happened  in  the 
year  1792,  Mr  Hunter  was  appointed  infpedtor-general 
of  hofpltals,  and  furgeon-general  to  the  army.  He  was 
alfo  eledled  a  inembtr  of  the  Royal  College  of  Surgeons 
in  Ireland.  In  the  year  1791,  he  was  fo  much'enga- 
ged  in  the  duties  of  his  office,  as  furgeon-general  to  the 
army,  and  his  private  pradfice,  that  he  had  little  time 
to  beftow  upon  his  fcientifical  objedfs ;  but  his  leifure 
time,  fmall  as  it  was,  he  wholly  devoted  to  them. 

In  1792,  he  was  elcdfed  an  honorary  member  of  the 
Chirurgo-Phyfical  Society  of  Edinburgh,  and  w-as  cho¬ 
fen  one  of  the  vice-prefidents  of  the  Veterinary  College, 
then  firlf  eftablifhed  in  London.  He  publifhed  in  the 
Tranfadlions  of  the  Society  for  the  Improvement  of  me¬ 
dical  and  chiriirgical  Knowledge,  of  which  fociety  he 
was  one  of  the  original  members  and  a  zealous  promo¬ 
ter,  three  papers  on  the  following  fubjedts  :  Upon  the 
Treatment  of  Inflamed  Veins,  on  Introfufceptlon,  and 
on  a  Mode  of  conveying  Food  into  the  Stomach  in 
Cafes  of  Paralyfis  of  the  CEfophagus. 

He  finiflied  his  Obfervations  on  the  Economy  of  Bees, 
and  prefented  them  to  the  Royal  Society.  I'hcfe  ob¬ 
fervations  were  made  at  EarPs  Court,  and  had  engaged 
his  attention  for  many  years  ;  every  inquiry  into  the 
economy  of  thefe  infedfs  had  been  attended  by  almofl 


unfunnountable  difficulties ;  but  thefe  proved  to  him  Hunter. 

only  an  incitement,  and  the  contrivances  he  made  ufe  - v" 

ol  to  bring  the  different  operations  of  thefe  indefatigable 
animals  to  view  were  almofl  without  end. 

EarPs  Court  to  Mr  Flunter  was  a  retirement  from 
the  fatigues  of  his  profeffion  ;  but  in  no  refpedf  a  re¬ 
treat  from  his  labours;  there,  on  the  contrary,  they  w^ere 
carried  on  with  lefs  interruption,  and  with  an  unwearied 
perfeverance!  From  the  year  1772  till  his  death,  he 
made  it  his  cuftom  to  fleep  there  during  the  autumn 
months,  coming  to  town  only  during  the  hours  of  bii- 
fiuels  in  the  forenoon,  and  returning  to  dinner. 

It  w'‘as  there  he  carried  on  his  experiments  on  di- 
geflion,  on  exfohation,  on  the  tranfplaiiting  of  teeth  in¬ 
to  the  combs  of  cocks,  and  all  his  other  invefligatioris 
on  the  animal  economy,  as  well  in  health  as  in  difeafc. 

The  common  bee  was  not  alone  the  fubjedf  of  his  ob- 
fervation,  but  the  w^afp,  hornet,  and  the  lefs  known 
kinds  of  bees,  were  alfo  objedfs  of  his  attention.  It  was 
there  he  made  the  feries  of  preparations  of  the  external 
and  internal  changes  of  the  filk  worm  ;  alfo  a  feries  of 
the  incubation  of  the  egg,  with  a  very  valuable  fet  of 
drawings  of  the  whole  feries.  The  growth  of  vegetables 
was  alfo  a  favourite  fubjedf  of  inquiry,  and  one  on  which 
he  was  always  engaged  in  making  experiments. 

The  colledfion  of  comparative  anatomy  which  Mr 
Hunter  has  left,  and  wdiich  may  be  conlidered  as  the 
great  objedf  of  his  life,  mu  ft  be  allow^ed  to  be  a  proof 
of  talents,  affiduity,  and  labour,  which  cannot  be  con¬ 
templated  without  furprife  and  admiration.  It  remains 
ail  unequivocal  tefl  of  his  perfeverance  and  abilities,  and 
an  honour  to  the  country  in  whofe  fchools  he  w^as  edu¬ 
cated,  and  by  the  patronage  of  which  he  w^as  enabled- 
on  fo  extenfive  a  fcale  to  carry  on  his  purfuits.  In  this 
colledtion  we  find  an  attempt  to  expofe  to  view  the  gra¬ 
dations  of  Nature,  from  the  moft  limple  ftate  in  which 
life  is  found  to  cxift,  up  to  the  moft  perfedf  and  mioft 
complex  of  the  animal  creation — man  himftlf. 

By  the  powers  of  his  art,  this  colledfor  has  been  ena¬ 
bled  fo  to  expofe,  and  preferve  in  fpirits  or  in  a  dried 
ftate,  the  different  parts  of  animal  bodies  intended  for 
limilar  ufes,  that  the  various  Jinks  of  the  chain  of  per¬ 
fection  are  readily  followed  and  may  be  clearly  under- 
ftood. 

This  collection  of  anatomical  faCts  is  arranged  ac¬ 
cording  to  the  fubjeCts  they  are  intended  to  illuftrate, 
which  are  placed  in  the  following  order  :  Firji,  Parts 
conftruCted  for  motion.  Secondly ^  Parts  eifential  to  ani¬ 
mals  refpeCting  their  own  internal  economy.  Thirdly, 

Parts  fuperadded  for  purpofes  conneCted  with  external 
objects.  Fourthly,  Parts  for  the  propagation  of  the 
fpecies  and  maintenance  or  fupport  of  the  young. 

Mr  Hunter  was  a  very  healthy  man  for  the  firft  forty 
years  of  his  life  ;  and,  if  we  except  an  inflammation  o£ 
his  lungs  in  the  year  1759,  occafioned  moft  probably 
by  his  attention  to  anatomical  purfuits,  he  had  no  com¬ 
plaint  of  any  confequence  during  that  period.  In  the- 
Ipiing  of  1769,  in  his  forty  firft  year,  he  had  a  regular^ 
fit  of  th^  gout,  which  returned  the  three  following 
fprings,  but  not  the  fourth;  and  in  the  fpring  of  1773, 
having  met  with  fomething  which  very  forcibly  affected 
his  mind,  he  was  attacked  at  ten  o’clock  in  the  forenoon, 
with  a  pain  in  the  ftomach,  attended  with  all  the  (ymp- 
toms  of  angina  pe&oris.  In  the  life  of  him  prefixed  to 
his  Treaitfe  on  the  Bloody  Inflammation^  and  Gun-ohot^ 

Wounds^ 


H  U  N 


*  Hunte?' 


_ _  t’yunds,  the  reader  will  find  one  of  the  mod  complete 

hiflories  of  that  difeafe  upon  record.  Suffice  it,  in  this 
place,  to  fay,  that  for  twenty  years  he  was  lubjca  to 
frequent  and  fevere  attacks  of  it,  which  however  did 
not,  till  a  fhort  time  before  his  death,  either  impair  his 
judgment  or  render  him  incapable  of  performing  opera¬ 
tions  in  furgeiy.  “  In  autumn  1790  (fays  Mr  Home), 
and  in  the  fpriiig  and  autumn  ryqi,  he  had  more  fevere 
attacks' than  during  the  other  periods  of  the  year,  but 
of  not  more  than  a  few  hours  duration  :  in  the  begin¬ 
ning  of  Oftober  1792,  one,  at  which  I  was  prefent, 
was  fo  violent  that  I  thought  he  would  have  died.  On 
Oflober  the  16th,  I793>  when  in  his  ufual  date  of 
health,  he  went  to  St  George’s  Hofpital,  and  mcetiiicr 
with  fome  things  which  irritated  his  mind,  and  not  be"^ 
ing  perfedly  mailer  of  the  circumdaiices,  he  withheld 
his  fentimeiits  ;  in  which  date  of  redraint  he  went  into 
the  next  room,  and  turning  round  to  Dr  Robertfon,  one 
of  the  phyficians  of  the  hofpital,  he  gave  a  deep  groan 
and  dropt  down  dead  ;  being  then  in  his  65th  year,  the 
fame  age  at  which  his  brother  Dr  Hunter  hail  died.” 

It  is  a  curious  circumdance,  that  the  ,fird  attack  of 
thefe  complaints  was  produced  by  an  afTeaion  of  the 
mind,  and  every  future  return  of  any  confeqiience  arofe 
fioin  the  fame  caufe  ;  and  although  bodily  exercife,  or 
dillcntion  of  the  ftomach,  brought  on  flighter  affedb’oiis, 
n  fti'll  reqinVed  the  mind  to  be  affeded  to  render  them 
fevere  ;  and  as  his  mind  was  irritated  by  trifles,  thefe 
produced  the  mofl  violent  effeds  on  the  difeafe.  His 
coachman  being  beyond  his  time,  or  a  fervaiit  not  at¬ 
tending  to  his  diredions,  brought  on  the  fpafms,  while 
a  real  misfortune  produced  no  effed. 

Mr  Hunter  was  of  a  fhort  ftatiire,  uncommonly  flrong 
and  adive,  very  compactly  made,  and  capable  of  great 
bodily  exertion.  His  countenance  was  animated,  open, 
and  in  the  latter  part  of  his  life  deeply  imprefled  uhth 
thought fulnefs.  When  his  print  was  fltewn  to  Lavater, 
he  faid,  “  That  man  thinks  for  himftlf.”  In  his  youth 
he  was  cheerful  in  his  difpofition,  and  entered  into 
youthful  follies  like  others  of  the  fame  age  ;  but  wine 
never  agreed  with  his  llomach  ;  fo  that  after  fome  time 
he  left  it  off  altogether,  and  for  the  hd  twenty  years 
drank  nothing  but  water. 

His  temper  was  very  warm  and  impatient,  readily 
provoked,  and,  when  irritated,  not  eafily  foothed.  His 
difpofition  was  candid,  and  free  from  referve,  even  to  a 
fault.  He  hated  deceit  ;  and  as  he  was  above  every 
kind  of  artifice,  he  detelled  it  in  others,  and  too  open¬ 
ly  avowed  his  fentiments.  His  mind  was  uncommonlv 
aaive  ;  it  was  naturally  formed  for  in veftigation,  and 
that  turn  difpJayed  itfelf  on  the  mod  trivial  occafions, 
and  always  with  mathematical  exaftnefs.  What  is  cu¬ 
rious,  it^  fatigued  him  to  be  long  in  a  mixed  company 
which  did  not  admit  of  connected  converfation  ;  more 
particularly  during  the  lad  ten  years  of-his  life. 

He  required  lefs  relaxation  than  mod  other  men; 
feldom  fleeping  more  than  four  hours  in  the  night,  but 
almod  always  nearly  an  hour  after  dinner  ;  this,  pro¬ 
bably,  arofe  from  the  natural  turn  of  his  mind  bcino-  fo 
much  adapted  to  his  own  occupations,  that  they  were 
in  reality  his  amufement,  and  therefore  did  not  fatigue. 

^  In  private  pradlice  he  was  liberal,  fcrupiiloufly  honed 
111  faying  what  was  really  his  opinion  of  the  cafe,  and 
ready  upon  all  occafions  to  acknowledge  his  ignorance 
whenever  there  was  any  thing  which  he  did  not  under- 
ftand. 
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In  converfation,  lie  fpoke  too  freely,  and  fometiWs  Hunter, 
harihly,  ol  Ins  contemporaries;  but  if  he  did  not  dojudice  II 
to  their  undoubted  merits,  it  arofe  not  from  envy,  but 
from  his  thorough  convidion  that  fiirgery  was  as  yet  in  .  . 

Its  infancy,  and  he  himfelf  a  novice  in  his  own  art  ;  and  ^ 

Ins  anxiety  to  have  it  carried  to  perfedion,  made  him 
think  meanly  and  ill  of  every  one  wliofe  exertions  in  that 
relped  did  not  equal  his  own. 

^  HUNTERS,  ill  fortification,  denote  pieces  of 
timber,  about  fix  inches  fqiiare,  placed  at  the  lower 
end  ot  the  platform,  next  to  the  parapet,  to  prevent 
the  wheels  of  the  gun-carriages  from  damaging  the  pa- 

Ghauts  or  Maps,  more 
iihnilly  called  fea-charts,  are  projedions  of  forne  part  of^ 
the  fea,  or  coall,  for  the  ufe  of  navigation.  In  thefe 
are  laid  down  all  the  rhumbs  or  points  of  the  compafs, 
the  meridians,  parallels,  &c.  with  the  coads,  capes’ 
ifiands,  rocks,  fiioals,  fiialiovvs,  3ec.  fri  their  proper  places, 
and  proportions.  '  ^ 

HYDROMETER,  is  an  indrument,  of  which  fo 
much  has  been  faid ‘in  the  EncycL  under  that  title,  and 
in  the  article  Specific  Gravity,  that  we  certainly  fhould 
not  again  introduce  it  in  this  place,  but  to  guard  our 
leaders  againd  error,  when  dudying  the  works  of  the 
French  chemids.  Thefe  gentlemen,  who  are  fo  ilronr- 
ly  attached  to  every  thing  which  is  new,  as  to  believe 
that  their  ancedors  have  for  ages  been  wanden'ng  in 
the  mazes  of  ignorance,  refer  very  frequently  to  the 
pefe4iqueur  of  Baiimc  ;  and  as  that  indrument' has  ne¬ 
ver  been  generally  ufed  in  this  country,  it  becomes  our 
duty  to  defenbe  its  condi  tidioii.  ^ 

Indead  of  adopting  the  fimpler  method  of  immediate 
numerical  reference  to  the  denfity  of  water  expreffed  bv 
unity,  as  is  done  in  all  modern  tables  of  fpecific  gravi¬ 
ty,  he  had  recourfe  to  a  procefs  fimilar  to  that  of  gra¬ 
duating  the  dems  of  thermometers  from  two  fixed 
points.  1  he  fird  of  thefe  points  w'as  obtained  by  im- 
merfing  his  indrument,  which  is  the  common  areome¬ 
ter,  confiding  of  a  ball,  dem,  and  counterpoife,  in  pure 
water.  At  that  point  of  the  dem  which  was  interfered 
by  the  furface  of  the  fluid,  he  marked  zerej,  or  the  conr- 
mencement  of  his  graduations.  In  the  next  place,  he 
provided  a  number  of  dilutions  of  pure  dry  common 
lalt  in  water:  thefe  folutions  contained  refpeclively 
one,  two,  three,  four,  c^c.  pounds  of  the  fait  ;  and  in 
each  folution  the  quantity  of  water  was  fucli,  as  to 
make  lip  the  weight  equal  to  one  hundred  pounds  in 
the  whole;  fo  that  in  the  folution  containiiicr  one 
pound  of  fait,  there  were  ninety-nine  pounds  of  vvater  ; 
in  the  folution  containing  two  pounds  of  fait,  there 
were  ninety-eight  pounds  of  water,  and  fo  of  the  red 
1  he  indrument  was  then  plunged  in  the  fird  folution* 

111  which  of  courfe  it  floated  with  a  larger  portion  of 
the  deni  above  the  fluid,  than  when  pure  water  was 
Hied  The  fluid,^  by  the  intcrfedlion  of  its  furface  up¬ 
on  the  Item,  indicated  the  place  for  making  his  fird 
degree  ;  the  fame  operation  repeated,  with  the  fluid 
containing  two  pounds  of  fait,  indicated  the  mark  for 
the  iccond  degree  ;  the  folution  of  three  pounds  afford¬ 
ed  the  third  degree  ;  and  in  this  manner  his  enumera¬ 
tion  was  carried  as  far  as  fifteen  degrees.  The  fird 
fifteen  degrees  afterwards,  applied  with  the  compaffes 
repeatedly  alon^  the  ftem,  ferving  to  extend  the  frradua- 
tion  as  far  as  eighty  degrees,  if  required. 

This  indrument,  which  is  applicable  to  the  admea- 

furement' 
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furcment  of  clenfities  exceeding  of  pure  water,  is 
commonly  diilingulihed  by  the  name  of  the  Hydrome* 
ter  for  falls . 

The  hydrometer  for  fpirits  is  con{lrn£lcd  upon  the 
fame  principle  ;  but  in  this  the  counterpoife  is  fo  ad- 
jin'led,  that  moft  part  of  the  Hem  rifes  alnove  the  fluid 
v/ben  immerfed  in  pure  water,  and  the  graduations  to 
txprefs  inferior  denfities  are  continued  llp^vards.  A 
fohition  of  ten  parts  by  Weight  of  fait  in  ninety  parts 
of  pure  water,  affords  the  firft  point,  or  zero,  upon  the 
Hem  ;  and  the  mark  indicated  by  pure  water  is  called 
the  tenth  degree  ;  whence,  by  equal  divilions,  the  re¬ 
maining  degrees  are  continued  upwards  upon  the  Hem 
as  far  as  the  fiftieth  degree. 

Thefe  experiments,  in  both  cafes,  are  made  at  the 
tenth  degree  of  Reaumur,  which  anfvvers  very  nearly 
to  h tty  five  of  Fahrenheit. 

HYDRUS,  or  Water  Serpent,  one  of  the’  new 
fouthern  conHellations,  including  only  ten  liars. 

HYGROMETER,  is  an  inllniment  of  fo  much 
importance  to  the  meteorologiH,  that  it  becomes  us  to 
give  fome  account  of  every  improvement  of  it  which 
has  fallen  under  our  notice.  In  the  Encyclop<edtay  the 
principles  upon  which  hygrometers  are  conilrudted  have 
been  clearly  Hated,  and  the  defedls  of  each  kind  of  hy¬ 
grometer  pointed  out* 

JnHead  of  hairs  or  cat-gut,  of  which  hygrometers 
of  the  firH  kind  are  commonly  made,  Caffebois,  a  Be¬ 
nedictine  monk  at  Mentz,  propofed  to  make  fnch  hy¬ 
grometers  of  the  gut  of  a  filk-worm.  When  that  in- 
fe(!H  is  ready  to  fpin,  there  are  found  in  it  two  veffels 
proceeding  front  the  head  to  the  ftomach,  to  which 
they  adhere,  and  then  bend  towards  the  back,  where 
they  form  a  great  many  folds.  The  part  of  thefe  vef¬ 
fels  next  the  ftomach  is  of  a  cylindric  form,  and  about 
a  line  in  diameter.  Thefe  veffels  contain  a  gummy  fort 
of  matter  from  w^hich  the  worm  fpins  its  filk  ;  and, 
though  they  are  exceedingly  tender,  means  have  been 
devifed  to  extradl  them  from  the  infedl,  and  to  prepare 
them  for  the  above  purpofe.  When  the  worm  is  a- 
bout  to  fpin,  it  is  thrown  into  vinegar,  and  fuffered  to 
remain  there  twenty-four  hours  ;  during  which  time 
the  vinegar  is  abforbed  into  the  body  of  the  infe£l,  and 
coagulates  its  juices.  The  worm  being  then  opened, 
both  the  veffels,  which  have  now  acquired  ftrength,  are 
extra6led ;  and,  on  account  of  their  pliability,  are  ca¬ 
pable  of  confiderable  extenfion.  That  they  may  not, 
however,  become  too  weak,  they  are  ftretched  only 
to  the  length  of  about  fifteen  or  twenty  inches.  It 
is  obvious  that  they  muft  be  kept  fufBciently  extended 
till  they  are  completely  dry.  Before  they  attain  to 
that  Hate,  they  muft  be  freed,  by  means  of  the  nail  of 
the  finger,  from  a  flimy  fubftance  which  adheres  to 
them.  Such  a  thread  will  fuftain  a  weight  of  fix 
pounds  without  breaking,  and  may  be  ufed  for  an 
hygrometer  in  the  fame  manner  as  cat-gut  ;  hut  we 
confefs  that  we  do  not  clearly  perceive  its  fuperio- 
rity. 

To  an  improvement  of  the  hygrometer  conftrudled 
on  the  third '  principle,  flated  in  Encyclopedia,  M, 
Hochheimer  was  led  in  the  following  manner  : 

Mr  Liowitz  found  at  Hmitriewlfc  in  Afiracan,  on 
the  banks  of  the  Wolga,  a  thin  bluifh  kind  of  Hate 
which  attra^ed  moifture  remarkably  foon,  but  again 
-fuffered  it  as  foon  to  efcape.  A  plate  of  this  Sate 


weighed,  when  brought  to  a  red  heat,  175  grains,  and, 
when  Saturated  with  water,  247  :  it  had  therefore  im¬ 
bibed,  between  complete  drynefs  and  the  point  of  com¬ 
plete  moifture,  72  grains  of  water.  Lowitz  fufpended 
a  round  thin  plate  of  this  (late  at  the  end  of  a  very  de¬ 
licate  balance,  faHcned  within  a  wooden  Frame,  and  fuf¬ 
pended  at  the  other  arm  a  chain  of  filver  win-,  the  end 
of  which  was  made  faft  to  a  Hiding  nut  that  moved  up 
and  down  in  a  fmall  groove  on  the  edge  of  one  fide  of 
the  frame.  He  determined,  by  trial,  the  pofition  of 
the  nut  when  the  balance  was  in  equilibrio  and  when  it 
had  ten  degrees  of  over-weight,  and  divided  the  fpac(5 
betv/een  thefe  two  points  into  ten  equal  parts,  adding 
fuch  a  number  more  of  thefe  parts  as  might  be  necef- 
ftiry'.  When  the  ftone  was  fufpended  from  the  one  arm 
of  the  balance,  and  at  the  other  a  weight  equal  to  175 
grains,  or  the  weight  of  the  Hone  when  perfeclly  dry, 
the  nut  in  the  groove  (hewed  the  excefs  of  weight  in 
grains  when  it  and  the  chain  were  fo  adjufted  that  the 
balance  Hood  in  equilibrio.  A  particular  apparatus  01% 
the  fame  principles  as  a  vernier,  applied  to  the  nut, 
(hewed  the  excefs  of  weight  to  ten  parts  of  a  grain. 
Lowitz  remarked  that  this  hygrometer  in  continued 
wet  weather  gave  a  moiHure  of  more  than  53  grains, 
and  in  a  continued  heat  of  113  degrees  of  Fahrenheit 
only  1 4-  degree  of  molHiire. 

The  hygrometer  thus  invented  by  Lowitz  was,  how¬ 
ever,  attended  with  this  fault,  that  it  never  threw  ofF 
the  moiHure  in  the  fame  degree  as  the  atmofphere  be¬ 
came  drier.  It  was  alfo  fometimes  very  deceitful,  and 
announced  moiHure  when  it  ought  to  have  indicated 
that  drynefs  had  again  begun  to  take  place  in  the  at¬ 
mofphere.  To  avoid  thefe  inconveniences,  M.  Hoch¬ 
heimer  propofes  the  following  method  : 

I.. Take  a  fquare  bar  of  Heel  about  two  lines  in 
tliicknefs,  and  from  ten  to  tw^elve  inches  in  length,  and 
form  it  into  a  kind  of  balance,  one  arm  of  which  ends 
in  a  ferew.  On  this  ferew  let  there  be  ferewed  a  lead¬ 
en  bullet  of  a  proper  w^eight,  inHead  of  the  common 
weights  that  are  fufpended.  2.  Take  a  glafs  plate 
about  ten  inches  long,  and  feven  inches  in  breadth,  de- 
Hroy  its  polifh  on  both  Tides,  free  it  from  all  moiHure 
by  rubbing  it  over  with  warm  afhes,  fufpend  it  at  the 
other  end  of  the  balance,  and  bring  the  balance  into 
equilibrium  by  ferewing  up  or  down  the  leaden  bullet, 
3.  Mark  now  the  place  to  which  the  leaden  bullet  is 
brought  by  the  ferew,  as  accurately  as  polTible,  for  the 
point  of  the  greateH  drynefs.  4.  Then  take  away  the 
gla'fs  plate  from  the  balance,  dip  it  completely  in  water, 
give  it  a  (hake  that  the  drops  may  run  off  from  it,  and 
wipe  theni  carefully  from  the  edge.  5.  Apply  the 
glafs-plate  thus  moiftened  again  to  the  balance,  and 
bring  the  latter  into  equilibrium  by  ferewing  the  leaden 
bullet.  Mark  then  the  place  at  which  the  bullet  ftands 
as  the  higheff  degree  of  moiHure.  6.  This  apparatus 
is  to  be  fufpended  in  a  fmall  box  of  well  dried  wood, 
fuHiciently  large  to  fuffer  the  glafs-plate  to  move  up 
and  down.  An  opening  muH  be  made  in  the  lid,  ex- 
a£lly  of  fuch  a  ftze  as  to  allow  the  tongue  of  the  ba¬ 
lance  to  move  freely.  Parallel  to  the  tongue  apply  a 
graduated  circle,  divided  into  a  number  of  degrees  at 
pleafure  from  the  highell  point  of  drynefs  to  the  high- 
elt  degree  of  moiHure.  The  box  muH  be  pierced  with 
fmall  holes  on  all  the  four  Tides,  to  give  a  free  paffage 
to  the  air ;  and  to  prevent  moiHure  from  penetrating 
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Into  thQ  wood  hy  rain,  when 
^poie  ft  at  a  window,  it  miift  either  be ’lackered  or 
painted.  To  hive  it  at  all  times  from  rain,  it  may  bc- 
covered,  however,  with  a  fort  of  roof  fitted  to  it  in  the 
moll  convenient  manner.  But  all  thefe  external  appen¬ 
dages  may  be  improved  or  altered  as  may  be  found  ne- 
cefFary. 

HYPL,RBOI-iA  Deficient,  is  a  curve  having’  only 
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It  may  be  requifite  to  ex-  one  afymptote,  though  two  hyperbolic  legs  running  out 
infinitely  bv  the  fide  of  the  afymptote,  but  cbntrarv  vvavg. 

HYPO  I  RACFILLION)  i.u  Architecture,  ufed 
for  a  httle  frize  in  the  Tufean  and  Doric  capital,  be¬ 
tween  the  aflragal  and  annulets  ;  called  alfo  the  colerin 
and  gorgerin.  The  word  is  applied  by  fome  authors 
in  a  more  general  fenfe,  to  the  neek  of  any  column,  or 
that  part  of  its  capital  below  the  aftragal. 


L 


^Jacofins.  TACOBIMS,  ill  the  language  of  the  prefent  day,  is 
the  name  alfiimed,  at  the  beginning  of  the  French 
revolution,  by  a  party  in  yiris,  which  was  outrageouf- 
ly  democratical,  and  fanatically  impious.  This  party, 
which  confifted  of  members  of  the  National  Aifembly,’ 
and  of  others  maintaining  the  fame  opinions  and  purfii- 
ing  the  fame  objeifts,  formed  itfelf  into  a  dub,  and  held 
Us  meetings  in  the  hall  belonging  to  the  Jacobin  friars, 
where  meafures  were  fecrctly  concerted  for  exciting  in- 
fnrredions,  and  over-awing  at  once  the  legifiature  and 
ye  king.  The  name  oiJacr,lin,  though  it  was  derived 
irora  the  hall  where  the  club  firil  met,  has  fince  been 
extended  to  all  who  are  enemies  to  monarchy,  arlllo- 
cracy,  and  the  Chriilian  religion  ;  and  who  would  have 
y-ery  man  to  be  his  own  pi  ic!i  and  his  own  lawgiver. 
Wence  it  is,  that  we  have  jacobins  in  Great  Britain  and 
Ireland,  as  well  as  in  France. 

Of  the  proceedings  of  the  French  Jacobins,  fome  ac¬ 
count  has  been  given  in  the  Encyclopedia,  under  the  ti- 
tie  Revolution  ;  and  the  fubjeft  will  be  refumed  in 
Supplement  under  the  fame  title.  The  purpofe  of  the 
"r  *•1’®  principles  of  the  fed  from 

their  foiirce  ;  for  thefe  principles  are  not  of  yefterday 
appearance  {fays  the  Ahb6  Bar- 
ruel),  this  fed  counted  300,000  adepts  ;  and  it  was 
lupported  by  two  millions  of  men,  fcattered  through 
France,  armed  with  torches  and  pikes,  and  all  the  fire- 
yands  of  the  revolution.”  Such  a  wide  fpread  con- 
y.racy  could  not  he  formed  in  an  Inllant  ;  and  indeed 
this  ab  e  writer  has  completely  proved,  that  this  fed, 
with  air  Its  confpiracies,  is  in  itfelf  no  other  than  “  the 
coalition  of  a  triple  fed,  of  a  triple  confpiracy ,  in  which, 
long  before  the  revolution,  the  overthrow  of  the  altar 
ye  rum  of  the  throne,  and  the  dilTolution  of  all  civil 
lociety,  had  been  debated  and  determined/’ 

_  It  is  known  to  every  fcholar,  that  there  have  been 
in  all  ages  and  countries  men  of  letters  and  pretenders  to 
letteua,  who  have  endeavoured  to  fignalize  tliemfelves  in¬ 
dividually  by  writing  againft  the  religion  of  their  coun- 
yy  ;  but  It  was  referved  for  the  philofophiils  (a)  of 
France  to  enter  into  a  combination  for  the  exprefs  pur- 
pole  of  eradicating  from  the  human  heart  every  reliiri. 
OU.S  fentiment.  The  man  to  whom  this  idea  firft  ocur- 
•SuppL.  VoL.  I.  Part  11. 


red  was  Voltaire  ;  who,  daring  to  be  jealous  of  his  God, 
and  being  weary,  as  he  faid  himfelf,  of  hearing  people ' 
repeat  that  twelve  men  were  fufficient  to  eftablilh  Chrif. 
tianity,  refqlved  to  prove  that  one  might  be  fufficient  fo 
overthrow  it.  Full  of  this  projed,  he  fwore,  before  the 
year  1730,  to  dedicate  his  life  to  Its  accomplijhment  • 
and  for  fome  time  he  flattered  himfelf  that  he  Ihoiild 
enjoy  alone  .the  glory  of  deftroying  the  Chriilian  reli¬ 
gion.  I-Ie  found,  however,  that  affioclates  would  be  ne- 
ceflary  ;  and  from  the  numerous  tribe  of  his  admirers 
and  difclples,  he  cliofe  D’Alembert  and  Diderot  as  the 
moll  proper  perfons  to  co  operate  with  him  in  his  de- 
figns.  How  admirably  they  were  qualified  ,to  ad  the 
part  affigny  them,  may  he  conceived  from  the  life  of 
Diderot  in  this  Supplement.  But  Voltaire  was  not  fa- 
tisfieci  with  their  aid  alone. 

He  contilved  to  embark  in  the  fame  caufe  Frederic 
11.  of  Pruffia,  who  wilhed  to  bethought  a  philofopher, 
and  who  of  courfe  deemed  it  expedient  to  talk  and  write 
againll  a  religion  which  he  h  id  never  lludied,  and  into 
ye  evidence  of  which  he  had  probably  never  dei<rned  to 
inquire.  _  This  royal  adept  was  one  of  the  moll  zealous 
of  Voltaire’s  coadjutors,  till  he  difeovered  that  the  phi- 
lofophills  were  waging  war  with  the  throne  as  well  ,as 
with  the  altar.  This  indeed  was  not  originally  Vol¬ 
taire’s  intention.  He  was  vain  ;  he  loved  to  be  cardfed 
hy  the  great ;  and,  in  one  word,  he  was,  from  natural 
difpofition,  an  arlllocrate  and  admirer  of  royalty  :  But 
when  he  found  that  almoll  every  fovereign  but  Frede¬ 
ric,  difapprqved  of  his  impious  projeiSs  as  foon  as  he 
perceived  their  ijfue,  he  determined  to  oppofe  all  the  go¬ 
vernments  on  earth,  rather  than  forfeit  the  glory,  with 
which  he  had  flattered  himfelf,  of  vanqulfliing  Chrilt 
and  his  apollles  in  the  field  of  controverfy. 

He  now  fet  himfelf,  with  D’Alembert  and  Diderot, 
to  excite  iiniverfal  difeontent  with  the  ellabliflicd  order 
of  things.  This  was  an  employment  entirely  fuited  to 
yeir  difpofition  ;  for  not  being  In  any  fenfe  great  them- 
felves  (b),  they  wiflicd  to  pull  all  men  down  to  their 
own  level.  How  elfeaually  they  contrived  to  convert 
the  Encyclopedic  into  an  engine  to  ferve  their  purpofes 
has  been  rtiewn  already  ;  but  it  was  not  their  only  nor 
their  mofl  powerful  engine  ;  they  formed  fecret  focie- 

- — -  5  ties. 


infinuate  that  D’Alembert  was  not  a  man  of  feience  He  v  n  t 
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ties,  afTiini^d-  new  names,  and  employed  an  enigmatical 
language.  Thus,  Frederic  is  called  Luc  ;  D^Alemhert, 
Protagoras,  and  fometimes  Bertrand;  Voltaire,  Raton; 
and  Diderot,  Plalon,  or  its  anagram  Tonpla  ;  while  the 
general  term  for  the  confpiiators  is  Cacouce,  In  their 
fecret  meetings  they  profefTed  to  celehnite  the  mylleries 
of  Mythra  ;  and  their  great  objed,  as  they  profefTed  to 
one  another,  was  to  confound  the  ^aretch,  meaning  J  — 
C — .  Voltaire  propofed  to  eflablifli  a  colony  of  philo- 
fophifts  at  Clevcs,  who,  prote&d  by  the  king  of  Pruf- 
lia,  might  publiflr  their  opinions  without  dread  or  dan¬ 
ger  ;  and  Frederic  was  difpofed  to  take  them  udder  his 
protedlion,  till  he  difeovered  that  their  opinions  were 
anarchical,  as  well  as  impious,  when  he  threw  them  off, 
and  even  wrote  againft  them. 

They  contrived,  however,  to  engage  the  mlnifters  of 
the  court  of  France  in  their  favour,  by  pretending  to 
have  nothing  in  view  but  the  enlargement  of  fcience,  in 
works  which  fpoke  indeed  refpeAfully  of  revelation, 
while  every  difeovery  which  they  brought  forward  was 
rneant  to  undermine  its  very  foundation.  When  the 
throne  w'as  to  be  attacked,  and  even  when  barefaced  a- 
theifm  waste  be  promulgated,  a  number  of  impious  and 
licentious  pamphlets  were  difperfed,  for  fome  time  none 
knew  how,  from  a  fecret  fociety  formed  at  the  Hotel 
d’Holbach  at  Paris,  Thefe  were  fold  for  trifles,  or  dif- 
tributed  gratis  to  fchoolmafters,  and  others  who  w^ere 
likely  to  circulate  their  contents.  D’Alembert,  Dide¬ 
rot,  and  Condorcet,  who  w'as  now  aflbeiated  with  the 
other  confpirators,  flattered  the  ambition  of  every  man 
among  the  great,  and  efpecially  of  the  Duke  d’Orleans, 
the  richeil  fubjedl  in  Europe,  and  a  prince  of  the  blood 
of  France,  The  firfl  and  the  lafl  of  thefe  three  adepts 
had,  by  their  mathematical  knowledge,  got  fuch  an  af- 
<cndancy  in  the  Iloyal  Academy  of  Sciences,  that  they 
«:ould  admit  or  exclude  candidates  as  they  knew  them  to 
be  friendly  or  inimical  to  the  projefts  of  the  cbnfpira- 
tors  ;  and  they  had  contrived,  by  nratchlefs  addrefs  and 
unwearied  perfeverance,  to  fill  alrnofl  all  the  feminaries 
of  education  with  men  of  their  own  principles. 

Thus  was  the  public  mind  in  France  completely  cor¬ 
rupted,  when  the  riiafon  lodges,  over  which  the  infa¬ 
mous  Orleans  prefided,  w^ere  vifited  by  a  delegation  from 
the  German  illuminati  ;  and  nothing  more  was  iiecefla- 
ry  to  produce  the  fedi  of  Jacohtns,  by  whofe  intrigues 
find  influence,  France,  as  M.  Barruel  exprefles  hlmfelf, 
has  become  a  prey  to  every  crime.  It  was  by  the  ma¬ 
chinations  of  this  fedl  that  its  foil  w^s  llained  with  the 
blood  of  its  pontiffs  and  priefls,  its  rich  men  and  nobles; 
w'ith  the  blood  of  every  clafs  of  its  citizens,  without  re¬ 
gard  to  rank,  age,  or  fe^.  Thefe  difciples  of  Voltaire 
were  the  men  who,  after  having  made  the  unfortunate 
Louis,  his  queen,  and  filler,  drink,  to  the  very  dregs, 
the  cup  of  outrage  and  ignominy  during,  a  long  confine¬ 
ment,  folemhly  murdered  them  011  a  fcaffold,  proudly 
menacing  all  the  fovereigns  of  the  earth  with  a  limilar 


fponding  remorfe,  which  can  be  exceeded  only  by  the 
torments  of  the  damned.  There  is  reafon  to  believe 
that  the  end  of  D^Vlembert  and  Diderot  very  much  re- 
fembled  that  of  their  leader ;  while  the  more  hardened 
adept,  Condorcet,  became  his  own  executfoner  ;  and 
the  other  chiefs  of  the  rebellion  have  regularly  inflidled 
vengeance  on  each  other,  every  alteration  of  the  French 
conftitution  (and  thefe  alterations  have  been  many)  be¬ 
ing  followed  by  the  execution  of  thofe  by  whom  the 
government  was  previoufly  admin  iffered. 

JAGFIIRE,  affignment  made  in  Bengal  by  an  Im¬ 
perial  grant  upon  the  revenue  of  any  diflridl,  to  defray 
civil  or  military  charges,  penfions,  gratuities,  &c. 

'JAG  HI  RED  ER,  the  holder  of  a  Jaghire. 

St  JAGG,  the  largeil  and  mo  ft  populous  of  the  Cape 
de  Verde  Iflands,  of  which  fome  account  has  been  gi¬ 
ven  in  the  Mncycloptsedia,  reprefented  by  Sir  George 
Staunton  as  liable  to  long  and  exceffive  droughts,  for 
which  no  philofophical  caufe  can  be  afligned.  When 
the  embaffy  to  Cliina  touched  at  it  in  the  latter  end  of 
1792,  it  was  in  a  ftate  of  abfolute  famine.  Little  or  no 
rain  had  fallen  for  about  three  years  before.  The  rivers 
were  almoft  all  entirely  dry.  The  furface  of  the  earth 
was,  in  general,  naked  of  any  herbage.  The  grcatell 
part  of  the  cattle  had  peri  filed,  not  lefs  through  drought 
than  want  of  food.  Of  the  inhabitants  many  had  mi¬ 
grated,  and  many  were  famifhed  to  death.  Nor  w^as  this 
calamity  peculiar  to  St  Jago.  All  the  iflands  of  Cape 
de  Verde  were  faid  to  have  experienced  the  fame  long 
drought,  and  to  be  confeqiiently  in  a  ftate  of  fimilar  de- 
folation.  Yet  the  frequent  ftiow^ers  which  were  obfer- 
ved  by  the  firft  navigators  who  touched  at  St  Jago,  in¬ 
duced  them  to  give  to  the  ifland  the  name  of  Plu^vialis ; 
and  no  change  had  been  obferved  in  the  ftcady  current 
of  wind,  blowing  from  the  eaft,  which  is  common  to 
tropical  climates. 

“What  were  the  uncommon  circumftances  (fays  Sir 
George)  that  took  place  in  the  atmofphere  of  that  part 
of  Africa  to  which  the  Cape  de  Verde  iflands  lie  conti¬ 
guous,  or  in  the  vaft  expanfe  of  continent  extending  to 
The  eaft  behind  it,  and  from  which  this  direful  effedi 
mujl  have  proceeded,  as  they  happened  wdiere  no  man  of 
fcience  exifted  to  obferve  or  to  record  them,  will  there¬ 
fore  remain  unknowm  ;  nor  is  theory  bold  enough  to 
fupply  the  place  of  obfervation.  Whatever  was  the 
caufe  which  thus  arrefted  the  bountiful  hand  of  Nature, 
by  drawing  away  the  fources  of  fertility,  it  was  obfer- 
vable,  that  fome  few  trees  and  plants  peiffevered  to  flou- 
rrfli  with  a  luxuriance,  indicating  that  they  ftill  could 
extrad  from  the  arid  earth  whatever  portion  of  humi- 
dity”  it  was  neceffary  to  derive  from  thence  for  the  pur- 
pofe  of  vegetable  life,,  though  it  was  denied  to  others.” 

Befide  the  trees  of  the  palm  kind,  which  are  often 
found  verdant  amidft  burning  lands,  nothing,  for  ex¬ 
ample,  could  be  more  rich  in  fiav*our,  or  abound  more 
with  milky,  though  corrofive  juice,  than  the  afclepias 


fate.  Yet  think  not, ‘indignant  reader,  that  the  ways  gigantea  (fee  Asclepias,  EncycU),  growing  plenti- 
r  T-i  *1  1  rm  ■  .  *  f  T7 _  ViinrVi.  vvitbniit  niltiire.  indeed. 


of  Providence  are  unequal.  The  nations  of  Europe 
were  ripe  for  chaftifement  ;  and  that  ehaftifement  thefe 
villains  were  employed  to  inflid :  but  their  own  punifh- 
,iiient  did  not  linger.  Voltaire  died  in  agonies  of  de- 


fully,  about  feveral  feet  high,  without  culture,  indeed, 
but  undifturbed,  it  being  of  no  avail  to  cut  it  down  in 
favour  of  plants  that  would  be  ufeful,  but  required  the 
aid  of  more  moifture  from  the  atmofphere.  The  jatro- 

pha 


fcure,  if  not  fpurious,  and  abftrad  mathematics  not  furnifhing  ready  accefs  to  the  great,  his  ideas,  when  eompac 
red  with  Voltaire’s,  were  grovelling,  and  (as  M,  fearruel  fays)  he  was  afraid  to  be  feen. 
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ptia  curcas,  or  phyiic  nut  tree,  whicli  tlic  French  WeR  v’ho  received  them  with'the  moft  cordial  hofpitaliiy  in 
Indians,  with  fome  propiicty,  call  Lois  ifi}fnortil^  and  Ids  lioufe,  and  treated  them  wnth  every  fpecies  of  tropi- 
plant,  on  that  account,  in  the  boundaries  of  their  eftates,  cal  fruits  from  his  (rarden,  lying  on  each  fide  the  river 
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appeared  as  if  its  perpetuity  was  not  to  be  adeemed  by 
any  drouglit.  Some  indigo  plants  were  flill  cultivated 
with  fiiccefs  in  (haded  vales,  together  with  a  few  cot¬ 
ton  fhrubs.  Throughout  the  country  fome  of  thofe 
fpecies  of  the  mimofa,  or  fenfitive  plant,  wdiich  grow' 
into  the  fize  of  trees,  were  moH  common,  and  did  not 
appear  to  langiiiHi.  In  particular  fpots  the  aunona,  or 
fugar  apple  tree,  was  in  perfed  verdure.  The  boraffLis, 
or  great  fan  palm,  lifted,  in  a  few  places,  its  lofty  head 
and  fpreading  leaves  with  undimhuflud  beauty.  In  a 
bottom,  about  a  mile  and  3  hulF  behind  the  town  of 
J^raya,  w^as  (till  growing,  in  a  healthy  hate,  what 


^  ,  niay 

be  called  for  fize  a  phenomenon  in  vegetation,  a  tree 
known  to  botaniib  by  the  name  of  adanfonia,  and  in 
brngliOi  called  monhey  bread  tree.  The  natives  of  8t 
Jago  call  it  halifera  ;  others,  baobab.  Its  trunk  inea- 
fined  at  the  bate  no  lefs  than  56  feet  in  girth  ;  but  it 
foon  divided  into  two  great  branches,  one  nTing  perpen¬ 
dicularly,  and  meafuriiig  42  feet  in  circuiiafercnce  ;  that 
of  the  other  was  about  26.  By  it  Rood  another  of  the 
fame  fpecies,  whofe  fjiigle  trunk,  of  feet  girth,  at- 
traded  little  notice  from  the  vicinity  of  its  huge  com¬ 
panion. 

But  the  annual  produce  of  agriculture  was  fcarcely 
to  be  found.  The  plains  and  fields,  formerly  produc¬ 
tive  of  corn,  fiigar-canes,  or  plaintains,  nouriflied  by  re¬ 
gular  falls  of  rain,  now  bore  little  femblance  of  vegeta¬ 
tion.  Yet  in  the  fmall  number  of  plants  w'hich  fui  vi- 
ved  the  drought,  were  fome  which,  from  the  fpecimens 
fent  to  Europe,  were  found  to  have  been  hitherto  un¬ 
known.  Vegetation  quickly,  indeed,  revived  wherever, 
through  the  foil,  any  rnoifture  could  be  conveyed. 

Sir  George  reprefents  Praya,  the  refidence  of  the 
Portuguefe  Viceroy,  as  a  hamlet  rather  than  a  towui.  It 
confifts  of  about  100  very  fmall  dwellings,  one  Rory 
high,  fcattered  on  each  fide  of  the  plain,  which  extend¬ 
ed  near  a  mile  in  length,  and  about  the  third  of  a  mile 
in  breadth  ;  and  fell  off,  all  around,  to  the  neighbour¬ 
ing  valleys  and  to  the  fea.  Not  being  commanded  by 
any  neighbouring  eminence,  it  was  a  fituation  capable 
of  defence  ;  the  fort,  however,  or  battery,  was  almoR 
in  ruins ;  and  tlie  few  guns  mounted  on  it  were  moRly 
honey-combed,  and  placed  on  carriages  which  fcarcely 
held  together. 

A  party  belonging  to  the  embaRy  crofied  the  coun¬ 
try  to  the  ruins  of  St  Jago,  the  former  capital  of  the 
ifland,  fituated  in  the  bottom  of  a  vale,  through  wdiich 
ran  a  Rream,  then  both  fmall  and  RnggiHi.  On  each 
fide  of  that  Rream  are  the  remains  of  dwellings  of  con- 
fiderable  folidity  and  fize  ;  and  the  fragments  of  gkfs 
hiRres,  Rill  hanging  from  the  ceilings  of  fome  of  the 
principal  apartments,  denote  the  elegance  or  riches  that 
were  once  difplayed  in  this  now  deferted  place.  Not 
above  half  a  dozen  families  remain  in  it  at  prefent ;  the 
reR  abandoned  it,  or  periRied.-  Here  was  Rill,  how¬ 
ever,  an  attempt  at  a  flight  manufaftory  of  Rripped  cot¬ 
ton  flips,  the  fame  as  are  made  in  the  other  parts  of  the 
ifland,  for  the  ufe  of  the  Africans  on  the  main,  who  pay 
for  them  in  flaves,  elephants  teeth,  and  that  gum  which 
is  generally  called  arabic. 

Amidft  the  ruins  of  St  Jago,  the  party  found  a  Por- 
tuguefe,  to  whom  one  of  them  was  recommended,  and 


He  had  been  a  navigator  ;  and  informed  them  that 
the  ifle  of  Brava,  one  of  the  Cape  de  Verde’s,  was  a 
fitter  and  fafer  place  for  (hips  to  call  at  for  water  and 
previflons  than  tlic  ifland  of  St  J^go  ;  that  it  had  three 
hai hours:  one  called  Puerto  Iiiino  on  the  taR  fide  of 
the  ifland,  from  whicli  velPIs  miiR  warp,  or  be  towed 
out  by  boats  ;  the  Puerto  lajendago  to  the  v  eR  ;  and 
the  Puerto  Ferreo  to  the  fouth,  which  was  the  heR  for 
large  fliips,  and  into  wdiiciv  runs  a  fmall  river.  In  an¬ 
other  of  the  Cape  de  Verde  iflands,  called  San  Vicente, 
he  obferved  that  there  was  alfo  a  large  harbour  on  the 
north  end,  but  that  frefli  water  was  at  fome  dillanee 
from  it  :  and  there  was  likewife  a  good  port  at  Bona- 
viRa.  I  his  information  of  the  harbours  in  the  ifle  of 
Brava  was  conflrmcd  by  accounts  given  by  others  to 
Sir  Erafinus  Gower,  who  recommends  to  make  a  trial 
of  them. 

JALOIFS,  or  Yalcffs,  are  an  aflive,  powerful, 
and  warlike  people,  inhabiting  great  part  of  tliat  tradt 
of  Africa  which  lies  betw  een  the  Senegal  and  the  Man- 
dingo  Rates  on  the  Gambia  (See  Masdingohs  in  this 
Supplement).  ITeir  nofes,  fays  Mr  Park,  me  not  fo 
much  deprefled,  nor  their  lips  fo  protuberant,  as  thofe 
of  the  generality  of  Africans  ;  and  though  their  fl^iu  is 
oPthe  deepeR  black,  they  are  confulered  by  the  white 
traders  as  the  moR  figluly  negroes  in  that  "part  of  the 
continent  where  they  live.  They  are  divided  into  i*e- 
veral  independent  Rates  or  kingdoms,  which  are  fre¬ 
quently  at  war  with  their  neighbours  or  witli  each  o- 
tlier.  In  tlieir  maniiers,  fiiperRitions,  and  government, 
they  haves  gieatcr  refeinblance  to  the  Mandingoea  than 
to  any  other  nation  ;  but  excel  them  in  the  manufac¬ 
ture  of  cotton  cloth,  fpinning  the  w'ool  to  a  finer  thread, 
weaving  it  in  a  broader  loom,  and  dyeing  it  of  a  better 
colour.  They  make  very  good  foap,  by  boiling  ground 
nuts  in  water,  and  then  adding  a  ley  of  w'l  od  aflies. 
They  likewife  manufadlure  excellent  iron,  which  they 
carry  to  Bondou  to  bartei;  for  fait.  Their  language  is 
faid  to  be  copious  and  fign^ficant,  and  is  often  learned 
by  Europeans  trading  to  Senegal.  From  tiie  names  of 
their  numerals,  as  given  by  Mr  Park,  it  would  appear 
that  their  numeration  proceeds  by  as  ours  does 

b)"  tens. 

Our  author  relates  the  event  of  a  religious  war,  wfliich, 
as  it  dflplays  a  generofity  of  charader  very  uncommon 
among  favagea,  will  afford  pleafure  to  the  mdnds  of 
many  of  our  readers.  Almami  Abdiilkader,  foverei^rn 
of  a  Mahomedan  kingdom  called  Foota  Torra,  fent^o 
Darnel,  a  king  of  the  Jalofi's,  an  imperious  meflage, 
commanding  him  and  his  fuhjcas  to  embrace  inRantly 
the  faith  of  the  prophet.  The  ambaflador  having  got 
admifnon  to  the  prefence  of  Darnel,  ordered  f(>me  Bufli- 
reens  {i.e.  Mahomedan  negroes)  w^ho  accompanied  him, 
to  prefent  the  emblems  of  his  miflion.  Two  knives 
were  accordingly  laid  before  the  Jaloff  prince,  and  the 
airibaflador  explained  himfelf  as  follow^s  ; 

“  With  this  knife  (faid  he)  Abdiilkader  will  conde- 
feend  to  fliave  the  head  of  Darnel,  if  Darnel  w  ill  em¬ 
brace  the  Mahomedan  faith  ;  and  with  this  other  knife 
Abdiilkader  will  cut  the  throat  of  Darnel,  if-Damel  re- 
fufes  to  embrace  it:  Take  your  choice.”— Darnel  coolly 
told  the  ambaflador  that  he  had  no  choice  to  make  ; 
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JalofFs,  |)e  neither  cliofe  to  have  his  head  fha^ed',  nor  his  throat 
.  .  cut.  And  with  this  anfwer  the  ambaflador  was  civilly 

dihnified. 

Abdulkader  took  his  meafiire's  accordingly  ;  and  with 
a  powerful  army  invaded  DamcPs  country.  The  inha¬ 
bitants  (  f  the  towns  and  villages  tilled  up  their  welh, 
dcllroyed  their  provifions,  carried  olF  their  e (Teds,  and 
abandoned  their  dwellings,  as  he  approached.  By  this 
means  he  was  led  on  from  place  to  jrlace,  until  he  had 
advanced  three  days  journey  into  the  country  of  the 
JalofFs.  He  had,  indeed,  intt  with  no  uppofition  ;  but 
his  army  had  fnffered  fo  much  from  the  fcarcity  of  wa¬ 
ter,  that  feveral  of  his  men  died  by  the  way.  This  in¬ 
duced  him  to  diredf  his  marc  h  towards  a  watering  jdace 
in  the  woods,  where  his  men,  having  quenched  their 
lliirft,  and  being  overcome  with  fatigue,  lay  d6\<^n  care- 
lefsly  to  deep  among  the  buflies.  In  this  fituation  they 
were  attacked  by  Darnel  before  day-break,  and  com¬ 
pletely  routed.  Many  of  them  \vere  trampled  to  death 
ns  they  lay  afleep  by  the  JalofFs  horfes  ;  others  were 
killed  ill  attempting  to  make  their  efeape  ;  and  a  flill 
greater  number  were  taken  prifoners.  Among  the  lat¬ 
ter  was  Abdulkader  himfclf.  This  ambitious,  or  ra¬ 
ther  frantic  prince,  who,  but  a  month  before,  had  fent 
the  threatening  meffage  to  Darnel,  was  now  himfelf  led 
into  liis  prefence  as  a  miferable  captive.  The  behavi¬ 
our  of  Darnel,  on  this  occaiion,  is  never  mentioned  by 
*  Tlehiflo-  the  ringing  rrten*  but  in  terms  of  the  highefl  appreba- 
tidtis  of  the  indeed,  fo  extraordinary  in  an  Afri- 

6(imiry,  ,  prince,  that  the  reader  may  lind  it  difficult  to  give 
credit  to  the  recital.  When  his  royal  prifoner  was 
brought  before  him  in  irous,  and  thrown  upon  the 
ground,  the  iiiagnanimous  Daniel,  inflead  of  fetting  his 
loot  upon  his  neck,  and  flabbing  him  with  his  fpear, 
according  to  the  cullom  in  fuch  cafes,  addrcfTed  him  as 
follows  :  “  Abdulkader,  anfw'ef  me  this  qneftion.  If 
the  ciiance  of  war  had  placed  rrfd  iii  your  fituation,  and 
you  in  mine,  hotv  would  you  have  tre^ated  me  1 

would  have  thriifl.my  fpear  into  your  lieart  (returned 
Abdulkader  with  great  firrnnefs)  ;  and  I  know  that  a 
funilar  fate  awhits  me.”  Not  fo  (laid  Darnel)  ;  my 
Ipear  18  indded'  red  ^iuth^lhe  blood  of  your  fubjedts  kill- 
eyUn  battle,  and^  could  now  give  it  a  deeper  fjain,  by 
dipping  it  in  youitown  j  but  this  would  not  build  up 
my  towns,  ’nor  bring  to  life  the  theufands  who  fell  in 
the  woods.  1  will’  not  therefore  kill  you  in  cold  blood, 
blit  I  will  retain  yen'  as  my  flave,  until  I  perceive  that 
your  prefence  in  yuitr  own  kingdom  will  be  no  longer 
dangerous  to  your  neighbours  ;  and  then  I  will  confi- 
der  of  the  proper  way  of  difpofing  of  you.”  Abdul¬ 
kader  was  accordingly  retained,  and  worked  as  a  (lave 
for  three  months  ;  at  the  end  of  w'hich  period.  Darnel 
liflcned  to  the  folicitations  of  the  inhabitants  of  Foota 
Toria,  and  reftbred  to  them  their  king.  Strange  as 
.this,  llory  may  appear,  Mr  Park  has  no  doubt  of  the 
truth  of  it.j  It  was  told  to  him  at  Malacotta  by  the 
negroes  ;  it  was  afterwards  related  to  him  by  the  Eu¬ 
ropeans  on  the  Gambia  ;  by  fome  of  the  French  at 
Goree  ;  and  confirmed  by  nine  flavcs,  who  w'ere  taken 
prifoners  along  with  Abdulkader  by  the  watering  place 
in  the  woods,  and  carried  in  the  fame  fhip  with  him  to 
the  Weft  Indies. — Such  generofity  ss  this  rcflefis  ho¬ 
nour  on  human  nature. 

JARRA,  is  a  town  of  confiderable  extent  in  the 
Mooriflt  kingdom  of  JLudamar  in  Africa.  T^e  houfes 
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are ‘built  of  clay  and  ftbne  intermixed,  a  kind  of  walP*  1'hhr 
very  common  in  many  parts  of  Scotland,  where  clay  fs  be-liouf^v 
made  to  fupply  the  j)lace  of  mortar.  The  greater  part  1 '  ^ 

of  the  inhabitants  of  Jarra  are  Negroes  from  the  bor. 
ders  of  the  foul  hern  ilates,  who  prefer,  fays  Mr  Park, 
a  precarious  proteftion  under  the  Moors,  wdiicli  they 
purchafe  by  a  tribute,  to  the  being  continually  expofed 
to  their  predatory  hoftilities.  The  tribute  which  they 
pay  is  confiderable  ;  and  they  rnaiiifeft  the  moft  unli- 
mited  obedience  and  fubmiffion  to  their  Mooriffi  fupe- 
riors  :  by  wdiom  they  are,  in  return,  treated  with  the 
utmoft  indignity  and  contempt.  The  Moors  in  this, 
and  the  other  Hates  adjoining  the  country  of  the  Ne¬ 
groes,  refcmble  in  their  perfons  the  Mulattoes  of  the 
Weft  Indies,  and  feem  to  be  a  mixed  race  betwetMi  the 
Moors,  properly  fo  called,  of  the  north,  and  the  Ne¬ 
groes  of  the  fouth-;  pofteffing  many  of  the  worft  qua-, 
lities  of  both  nations.  Jarra  is  fituated  in  15*^  5'  N. 

Lat.  and  6^  48'  E.  Long. 

IBIS.  Under  the  generic  name  Tantalus 

have  deferibed,  after  Mr  Bruce,  a  bird  vvhich 
be  found  in  Abyffinia,  and  concluded  to  be  the  facred 
ibis  of  ancient  Egypt.  M.  Vaillant,  during  his  laft 
travels  in  Africa,  found,  in  fome  lakes  near  the  .ele¬ 
phants  river,  a  bird  very  different  from  Mr  Bruce^s, 
which  he  confidered  as  belonging  to  the  fame  fpecies  j 
and  which  he  deferibes  thus  :  It  is  three  feet  in  height. 

Its  head  and  throat,  which  are  extremely  bare,  are  co¬ 
vered  with  a  fkin  of  the  brighteft  red,  terminated  by  a 
band  of  a  beautiful  orange,  which  feparates  the  naked 
part  from  that  covered  with  feathers.  The  upper  part 
of  the  wu'ngs,  having  broad  ftrip^s  of  a  fine  violet  co¬ 
lour,  agreeably  fhaded,  is  bordered  by  a  white  band  of 
feathers,  the  thick  and  filky  beards  of  which,  feparated 
from  each  other,  have  a  perfe^l  refemblaiice  to  a  ricdi 
fringe.  The  quills  of  the  wings  and  tail  are  of  a  green- 
ifh  black,  which,  as  it  receives  the  light  in  a  more 
or  Icfs  oblique  direftion,  affumes  the  appearance  of 
violet  or  purple.  The  reft  of  the  plumage  is  of  a  beau¬ 
tiful  white.  The  bill,  which  is  long  and  fomewhat 
crooked,  is  yellow  ;  as  are  the  feet.  This  bird  belongs 
to  the  genus  of  the  ibis,  of  which  we  are  already  ac¬ 
quainted  with  fevCral  fpecies. 

ICE-Housc.  See  that  article,  Pro- 

feffor  Beckmann,  in  the  third  volume  of  his  Hiftory  of 
Inventions,  has  proved  clearly  that  the  ancients  wCfe  ' 

well  acquainted  with  wdiat  ferved  the  purpoR  of  ice- 
houfes. 

“  The  art  (fays  he)  of  preferving  fnow  for  codling 
liquors  during  the  fummer,  in  warm  countries,  'was 
known  in  the  earlieft  ages.  This  pra(5lice  is  mention¬ 
ed  by  iSolomon  and  proofs  of  it  are  fo  numerotis  in  ^  proverbs 
the  works  of  the  Greeks  and  the  Romans,  that  it  Isxxv.  15.  * 
unnecefTary  for  me  to  quote  them,  efpecially  as  they 
have  beeiT  colle£fed  by  others.  How  the  repofitorits 
for  keeping  it  were  conftru61ed,  we  are'  not  exprefbJy 
told  ;  but  ir  is  probable  that  the  fnow  was  preferV^d  in 
pits  or  trenches.  "  ^ 

“  When  Alexander  the  Great  befieged  the  city  of 
Petra,  he  caufed  30  trenches  to  be  dug,  and  filled  With 
fnow,  which  was  covered  with  oak  branches  ;  ^nd  which 
kept  in  that  manner  for  a  long  time.  Plutarch  Fays, 
that  a  covering  of  chaff  and  coarfe  cloth  is  fuffici'ent ; 
and  at  prefent  a  like  method  is  purfued  in  Portugal. 

-Where  the  fnow.  has  been' colle^ed  in  4  deep  guljph, 
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fome  grafs  or  green  fods,  covered  with  dung  from  the 
Theep  pens,  is  thrown  over  it ;  ^and  under  thefe  it  Js  fo 
,  well*preferved,  that  the  whole  fumrner  .through  it  is 
fent  the  diftance  of  6o  Spanifli  miles  to  Lilhpn. 

“When  the  ancients,  therefore,  wifhed  to  have  cooling 
liquors,  they  either  drank  the  melted  fnow,  or  put  foine 
of  it  in  their  wine,  or  they  placed  jars  filled  with  wine 
in  the  fnow,  and  fuifered  it  to  cool  there  as  long  as  they 
thought  proper.  That  ice  was  alfo  preferved  for  the 
like  purpofe,M's  probable  from  the  teflimony  of  various 
authors  ;  but  it  appears  not  to  have  been  uled  fo  much 
in  warm  countries  as  in  the  northern.  Even  at  prefent 
fnow  is  employed  in  Italy,  Spain,  and  Portugal  ;  but  in 
Perfia  ice.  I  have  never  any  where  found  an  account 
of  Grecian  or  Roman  ice-houfes..  By  the  writers  on 
agriculture  they  are  not  mentioned.’’ 

ICHNOGR APPIY,  in  architedlure,  is  a  tranfverfe 
or  horizontal  fedion  of  a  building,  exhibiting  the  plot 
of  the  whole  edifice,  and  of  the  feveral  rooms  and  apart¬ 
ments  in  any  ftory  ;  together  with  the  thicknefs  of  the 
walls  and  partitions  ;  the  diinenfions  of  the  doors,  win¬ 
dows,  and  chimneys  ;  the  proje^fnres  of  the  columns  and 
piers,  with  every  thing  vifible  in  fuch  a  fedion. 

JEBB  (John),  was  born  in  Southampton-flreet,  Co¬ 
vent  Garden,  London,  on  the  i6th  of  February  1736. 
He  was  the  eldeil  fon  of  the  Rev.  John  Jebb,  dean  of 
Cafhel,  in  the  kingdom  of  Ireland.  He  received  the 
elements  of  his  education  in  different  fchools,  and  was 
admlt/ed,  July  7.  1753,  penfioner  in  the  uiiiverfity 
of  Dublin,  whence  he  removed,  November  the  9th 
1754>  Peter’s  college  in  Cambridge,  where  he  was 
lifcewife  a  penfioner.  In  January  1757  he  proceeded  to  the 
degree  of  B.  A.  and  his  place  in  the  dirtrlbution  of  acade¬ 
mical  honours  was,  on  that  occafion,  fecond  wrangler,  the 
late  eminent  mathematician  Dr  Waring  being  the  firfl. 
In  J758  hp  obtained  the  fecond  prize  of  fifteen  gui¬ 
neas,  annually  given  by  the  univerfity  to  the  authors 
of  the  heft  compofitions  in  Latin  profe,  being  feiiior 
or  middle  bachelors  of  arts.  Dr  Roberts,  afterw  ards 
provoft  of  Eton  college,  obtained  the  firft. 

In  the  month  of  June  1760,  Mr  Jebb  was  ad¬ 
mitted  probationer  fellow  of  St  Peter’s  college,  and 
proceeded  to  the  degree  of  Mafler  of  Arts  at  the  com- 
ineiicemeiit  in  the  fame  year  ;  and  on  the  firfl  of  July 
J76i,  was  confirmed  fellow  by  Dr  Mawlon,  biihop 
of  Ely. 

On  the  6th  of  June  1762,  he  was  ordained  dea¬ 
con  at  Bugden  by  Dr  John  Green,  biihop  of  Lin¬ 
coln  ;  and  on  the  25th  of  September,  J763,  he  was 
admitted  by  the  fame  bifhop  into  prieft’s  orders. 

On  the  22d  of  Auguft,  1764,  Mr  Jebb  was  col¬ 
lated  by  Dr  Matthias  Mawfon,  bifhop  of  Ely,  to  the 
fmall  vicarage  of  Gamlingay,  near  Potton,  in  Bedford- 
fliire,  upon  the  recommendation  of  Dr  Law,  mailer  of 
Peterhoufe.  On  the  17th- of  the  following  06lober, 
he  was  eledled  by  the  univerfity  into  the  redtory  of  O- 
vington,  near  Watton,  in  Norfolk,  after  a  competition 
with  the  Rev.  Henry  Turner,  then  fellow  of  St  John’s 
college,  afterwards  vicar  of  Burwell,  in  Cambridgelhire. 
Upon  calling  up  the  votes,  there  appeared  to  be  for 
Mr  Jebb  91,  fur  Mr  Turner  73  ;  and  accordingly  he 
was  inllltuted  into  the  fame  the  j^th  of  December  fol¬ 
lowing. 

'On  the  29th  of  the  fame  month,  (December  1764) 
Mr  Jebb  married  Anne,  eldell  daughter  of  the  Rev. 
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James  Torkington,  re£lor  of  Little  Stukelcy,  in  Hun- 
tlngdonlhirc,  and  of  lady  Dorothy  Slicrard*,  daughter 
of  Philip,  fecond  earl  of  Harborough. 

Early  in  the  year  1765,  Mr  Jebb,  ^together  with 
t)ie  Rev.  Robert  Thorpe,  fellow  of  Prterhoufe,  and 
the  Rev,  George  W^oolllon,  fellow  of  Sidney  college, 
])ublilhed,  in  afmall  quarto,  a  comment  on  thofe  ]>artsof 
Sir  Ifaac  Newton’s  which  more  immediately 

relate  to  the  fyllem  of  the  world.  Xke  title  of  the  joint 
work  of  thefe  able  and  judicious  philofopliers  was, 
“  Exeerpta  qusedam  e  NewtonI  principiis  pbilofophiie 
natuiahs,  cum  not  is  variorum.”  A  woik,  of  which 
the  univerfity  of  Cambridge  continues  to  bear  tefiimo- 
ny  to  the  excellence,  by  the  general  ufe  of  it  in  the 
courfe  of  academical  education. 

Mr  Chappelovs,'  profelTor  of  Arabic,  dying  on  the 
14th  of  January  1768,  Mr  Jebb  offered  himifelf  a  can¬ 
didate  for  the  vacant  chair ;  but  it  was  given  to  Dr 
Hallifax,  afterwards  biihop  of  Glouceller  ;  a  man  of  de- 
lerved  celebrity,  of  whom  we  regret  that  it  was  not  in 
our  power  to  give  a  biogi^aphical  llcetch. 

On  July  10,  1 769,  Mr  Jebb  was  inllituted  to  the  vica- 
rage  of  hlixton,  near  Bungay,  in  Suffolk,  on  the  prefen- 
tation  of  William  Adair,  Efq.  of  Flixton.rhall ;  and  on 
the  4th  of  April  1770,  was  inflituted  to  the  iinitt^d 
ledloiiesof  Hoinersfield  and  St  Crofs,  parllhes  conti¬ 
guous  to  riixton,  upon,  the  fame  prefcntatloii :  being 
alfo,  in  the  fummer  of  the  fame  year,  nominated  chap¬ 
lain  to  Robert  earl  of  Harborough.  In  confequence 
of  the  acceflion  of  thefe  preferments,  though  not  con- 
fidcrable  in  themfelves,  he  refigned,  fome  time  in  the 
month  of  Oaober  1771,  the  redlory  of .  Ovington, 
which  he  had  received  from  the  univerfity  ;  and  Mr 
Shcepfhanks,  fellow  of  St  John’s  college,  was  elcdled  in 
his  place. 

Dr  Halli'fax  fucceeding  to  thcprefeflbrfl'.i'p  of  civi'l 
law,  111  the  month  of  Odober  1770,  upon  the  death  of 
Dr  Ridliiigtou,  Mr  Jebb  once  more  folicited  that  of  A- 
rabic,  which  Dr  Hallifax  then  vacated:  but  he  had  by  this 
time  difplayed  fuch  an  innovating  fpirit  in  religion,  that 
the  univerfity  gave  the  vacant  profelforlliip  to  Mr  Cra- 
ven,  a  man  rffpefted  even  by  Mr  Jebb  and  his  friends. 

Early  in  the  year  1771,  a  defign  was  formed  of  ap¬ 
plying  to  parliament  for  relief  in  the  matter  of  fub- 
fcriptiou  to  the  liturgy,  and  thirty-nine  articles  of  the 
Chuich  of  England  ;  and  in  the  profecution  of  this  de- 
lign  Mr  Jebb  took  a  very  a£live  part.  He  attended 
different  meetings  of  the  difcoiitented  clergjr,  held  at  the 
Feathers  tavern,  London,  afTilled  in  the  drawing  up  of 
their  petition,  and  wrote  their  circular  letter,  which 
gave  to  the  public  an  account  of  their  aims.  He  bu- 
iied  liimfclf  at  the  fame  time  in  making  various  at¬ 
tempts  to  bring  about  what  he  called  a  reformation  of 
the  univerfity  of  Cambridge  :  but  finding  them  fruit- 
lefs,  he  retired,  on  the  25th  of  June  1772,  to  Bungay, 
where  he  fludicd  French  and  Italian,. and  proceeded  in 
a  plan  of  fome  political  or  conjlitutional  leSures. 

He  had  by  this  time  ceafed  to  read  the  prayers  of 
the  church,  though  he  flill  continued  to  preach  occa- 
fionally  ;  and  the  Archdeacon  of  Suffolk,  holding,  this 
year,  his  ufual  viiitation  of  fome  neighbouring  parifhes 
in  the  church  of  Flixton,  Mr  Jebb  preached  fiich  a 
ferraon  againft  fubfcription,  as  drew  upon  himfelf  a 
public  rebuke  from  the  Archdeacon,  im  the  prefend'  of 
the  clergy'.  ..  Much  altercation,  (,fm  he)  enfaed:; 

and 
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mid  for  fomc  d?.ys  I  expcded  a  fummona  to  Norwich  ;  wliicli  arc  effential  to  the  dignity  and  to  the  hhppiprfa 
but  have  heard  110  more  of  it.  I  atled  thus^  a  of  human  nature.'*  Could  *^Dr  Jebb  have  forefeeii  all 

*Dle<w  to  rail  the  nitenhon  of  the  Nor^iuich  clergy  to  our  tiie  mifehiefs  which  have  flowed  from  this  inilitutioii  : 


caufe  ;  and  have  in  part  fiicccedcd  *’ 

He  aded  much  more  honourably  than  this,  when, 
in  1775?  he  refigned  all  his  preferments  in  the  church  ; 
wliich  furely  he  ought  not  to  have  retained  one  day 
after  his  confcience  would  not  permit  him  to  read  the 
prayers  of  the  liturgy.  He  now  refolved  to  become  a 
j)hyfician  ;  ard  after  attending  St  Barthoh>mew*s  hof- 
pital  in  London  for  fix  months,  as  the  pupil  of  l)r 
William  Pitcairn,  he  received,  on  the  i8th  of  March 
1777,  a  diploma  of  Dodor  of  Phyhc  from  the  univer- 
fity  of  St  Andrews  !  !  He  did  not,  however,  com¬ 
mence  pradice  till  the  5tli  of  February  1778  ;  and  even 
then  he  continued  to  attend  the  ledurcs  of  Dr  Hun¬ 
ter,  Mr  John  Plunter,  and  Dr  Higgins.  On  the  i8th 
of  February  1779  he  was  tlcded  a  fellow  of  the  Royal 
Society. 

Dr  Jebb,  at  the  breaking  out  of  the  American  war, 
bad  fhewn  himfelf  at  Cambridge  a  warm  partizan  of 
the  revolting  colonies ;  and  of  coiiife  a  keen  advocate 
for  what  he  called,  and,  we  doubt  not,  thought,  the 
civil  liberties  of  mankind.  He  now  fignalized  liim- 
felf  by  “  An  addrefs  to  the  Freeholders  of  Middlefex,** 
affemblcd  at  Free  mafon’s  tavern  in  Great  Qjieen-ftreet, 
on  IMouday,  December  the  20th  1779,  for  the  piirpofe 
of  elbiblifliing  meetings  to  maintain  and  fupport  the 
freedom  of  cledion.  Upon  this  occafion,  he  commu¬ 
nicated  to  James  Townfend,  Efq.  chairman  of  that 
meeting,  the  above  addrefs,  under  the  lignatiire  of 
“  Salus  Publica;’*  prefiiming,  that  if  the  fentiments 
appeared  to  be  founded  in  reafoii,  they  would  not  be 
the  lefs  regarded  on  account  of  their  being  fuggefted 
by  an  unknown  individual.” 

This  addrefs  was  immediately  printed,  and  very 
foon  pafled  through  three  editions,  each  being  eulargecl 
by  the  addition  of  frefh  matter  ;  and  in  17S2,  followed 
the  fourth  edition  corrected,  which  alfo  bore  our  au¬ 
thor’s  name  in  the  title  page. 

About  the  end  of  February  1780,  Dr  Jebb  was  ap¬ 
pointed  by  the  committee  of  the  county  (if  Hunting- 
don,  one  of  their  deputies,  to  attend  a  meeting  in  Lon¬ 
don  of  rcprefeiitativcs  from  certain  other  petitioning 
counties,  in  order  to  concert  meafures  for  the  more  ef- 
fedlual  reform  of  the  prefent  conftitution  of  the  houfe 
of  commons.  Soon  afterwards  he  became  one  of  the 
rnoft  a61:ive  members  of  “  the  focicty  for  conftitiitional 
information  of  which  the  objedl,  according  to  their 
own  account,  was  to  dilfufe  throghout  the  kingdom, 
as  univerfally  as  poflible,  a  knowledge  of  the  great  prin¬ 
ciples  of  conftir.utiona)  freedom,  particularly  fuch  as  re- 
fpe(!d  the  election  and  duration  of  the  rejirt/entative  body. 
“  With  this  view  (fay  they),  conflitiitioiral  trn6ts,  intend¬ 
ed  for  tlie  exteniion  of  this  knowledge,  and  to  communi¬ 
cate  it  to  perfons  of  all  ranks,  are  printed  and  diftri- 
buted  gratis,  at  the  expence  of  the  focicty .  Effays, 
and  extracts  from  various  authors,  calculated  to  pro¬ 
mote  the  fame  deCgn,  arc  alfo  piibliihed  under  the  di- 
redfion  of  the  fociety,  in  fcveral  of  the  nevvfpapers 
and  it  is  the  wifh  of  the  fociety  to  extend  this  know- 
ledge  throughout  every  part  of  the  united  kingdoms, 
and  to  convince  men  of  all  ranks,  that  it  is  their  iiite- 
reft,  as  well  as  their  duty,  to  fupport  a  free  conditii- 
tion,  and  to  ir^iutain  and  affert  thofe  common  rights, 


could  he  have  forefeen  the  wonderful  fpawn  of  tac¬ 
tions  focieties  Which  have  fprurig  from  it  as  from  ii 
parfuit  flock,  our  veneration  fpr  genius  and  learning 
will  not  permit  ns  to  believe,  that  he  would  have  ne- 
gleded  the  ftudies  of  his-  profeOron  for  the  fake  of  ta¬ 
king  the  lead  in  party  politics. 

Dr  Petit,  one  of  the  phyfleians  of  St  Barthclo-' 
mew’s  hofpital,  dying  the  26th  of  May,  Dr  Jebb  offer¬ 
ed  himfelf  a  candidate  to  fuccecd  to  that  appointment. 
The  eledion  came  on  the  23d  of  June;  when  Dr  Budd, 
his  antagonid,  fucceeded  by  a  great  majority. 

The  oppontion  which  was  made  to  his  eledlion  at 
St  Bartholomew’s,  followed  him  in  the  winter,  wlien 
he  offered  himfelf  at  St  I'liomas’s  hofpital  in  the  bo¬ 
rough.  .  Indeed  be  relinquiflicd  his  pretenfioiis  there 
foouer  than  in  the  former  place  ;  but  for  no  other  lea- 
fon  than  becaufe  he  found  that  all  his  political  prin¬ 
ciples  were  likely  to  be  again  objefted  to  him,  and  to 
hazard  his  fuccefs. 

In  the  year  1783  he  concurred  with  others  in  form¬ 
ing  ‘‘  the  fociety  for  promoting  the  knowledg  of  the 
feriptures,”  which  met  firft  on  the  2Cth  of  September 
in  that  year,  and  whofe  meetings  continued  to  be  held, 
and,  for  ought  we  know  to  the  contrary,  are  dill  held 
at  Effex-houfe.  The  fketch  of  their  plan  was  chiefly 
written  by  Dr  Jebb  ;  and  their  objedl  was  to  propa¬ 
gate  the  doclrines  of  Unitarianifm,  for  which  he  was  as 
great  a  zealot  as  for  civil  liberty. 

His  health  now  began  to  decline;  but  daring  his 
confinement,  he  ftiidied  the  Saxon  language,  the  An¬ 
glo  Saxon  laws,  Eiiglifh  hiflory  and  antiquities,  with  a 
view  to  examine  into  our  criminal  code,  and  particular 
points  of  libel ty.  The  vigour  of  his  mind  was  flill 
equal  to  the  funiifliing  himfelf  with  this  frefli  ftore  of 
knowledge  ;  he  forefnw  the  advantage  of  fuch  an  ac- 
quifltion  in  the  invefligation  of  the  legal  rights  of  Eng- 
lifhmen,  and  bad  defigned  to  have  employed  it  in  the 
fupport  of  fome  great  con  flit  utional  queftions,  which 
he  confidered  as  elTential  to  the  freedom  of  his  country. 

Blit  as  the  year  began  to  dawn,  it  was  very  ob- 
fervable  to  many  of  his  friends  that,  according  to  every 
appearance,  and  without  fomc  very  great  and  Angular 
effort  of  nature,  his  increafed  debility  would  defeat 
every  exertion  of  the  moft  judicious  medical  alAftance, 
and  terminate  the  remaining  fparks  of  human  life. 

In  this  enfeebled  ftate,  bis  mind  was  aftive.  His 

Thoughts  on  Prifons  ’  were  printed  and  circulated 
in  the  county  of  Suffolk  in  1785,  by  his  much  valued 
friend  Mr  Lofft  ;  and  there  is  fufAcient  reafon  for  con¬ 
cluding  that  this  little  tra^l  had  effedl  on  the  delibera¬ 
tions  of  the  jultices  at  Ipfwich  and  Bury,  then  eii- 
gaged  in  ereding  a  new  gaol  for  the  diviflon  of  Ipf¬ 
wich,  and  a  new  houfe  of  corredlion  for  that  of  Bury, 

The  good  effc£ls  of  this  very  excellent  tra£l,  it 
was  apprehended,  would  be  extended  by  a  more  general 
publication.  In  this  hope  Dr  Jebb  revifed  and  cor¬ 
rected  it  with  his  dying  hand  :  and  his  furviving  friend 
piibliflied  it  foon  after  his  death,  adding  thereto  an 
abftraCt  of  felonies  created  by  llatiite  and  other  articles 
relative  to  the  penal  law. 

He  continued  to  linger  till  May  the  2d  1786,  when, 
about  8  o’clock  in  the  evening,  he  breathed  his  hft, 

leaving 
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behind  hirn,  among’  men  of  JiiTepent  .perfiiaflons, 
^  Jerboa  very  different  charaaers.  By  the  diiTenters  he  U  fel- 
dom  mentioned  but  as  the  Grsal  ^shh  ;  by  churchmen,, 
his  abilities  are  univerfally  aliowed,  whilil  regret  is  ex- 
preiled  that  they  were  fo  often  employed  in  fiipport  of 
•faction  and  herefy.  Kis  moral  charaaer  has  never 
been  afperfed. 

JLi' PERSON!  A,  a  new  plant  lately  difeovered  in 
Georgia  by  Dr  Brickel  of  Savannah,  and  fo  named  by 
him  i  1  compliment  to  the  vice  prcfident  of  the  United 
States.  In  the  Monthly^  ATaga'z.ine  for  July  179S  we 
have  the  following  defeription  of  it  ; 

Jeffer SONIA  pentendria  monogynia. 

Calyx,  belov/,  compofed  of  five  fhort  oval  imbricated 
lcav.es;  corolla,  monophyllous,  fiuinebih  iped  on  the,  re¬ 
ceptacle,  fiib-pentangiilar,  bearing  the  hlameiits  near  the 
bafe,  its  margin  hypocrateriform,  divided  into  five  round 
duas  nearly  equal  ;  jlyle,  pitiform,  fliorter  than  tlie  pe¬ 
tal,  but  longer  than  the  ftamens  ',  ft] gma,  quadripid  ;  an¬ 
thers,  erea,  linear,  lagittated  ;  fruit,  two  uiiivalved,  ca- 
nnated,  polyfperrnous  capfiiles,  united  at  the  bafe,  open- 
ing  on  their  tops  and  contiguous  fides,  having  flat  feeds, 
with  a  marginal  wing. 

Only  one  fpecies  is  as  yet  difeovered,  JeJferfonla  fern- 
perayireus^^  ^  It  is  a  fhrub  witli  round  polifhed  twining 
Rems,  which  climb  up  on  biifhes  and  fmall  trees  ;  the 
petioles  fhort,  oppofite  ;  leaves  oblong,  narrow,  entire, 
evergreen,  acute  ;  flowers  axillary,  yellow,  having  a  fweet 
odour.  ^  The  woods  are  full  of  this  delightful  fhrub, 
which  is  covered  with  bloflbms  for  many  months  in  the 
year. 

JERBOA,  fee  Mos,  Encycl,  where  deferiptions  are 
given  of  the  jaculus  or  common  jerboa,  and  of  the  Ara¬ 
bian,  Egyptian,  and  Siberian  jerboas.  A  variety  of 
this  animal  has  lately  been  found  in  Canada  by  Major- 
general  Davies,  F.  R.  S.  and  L.  S.  who  fays  it  belongs 
to  Schreber^s  genus  of  Dipus,  and  may  be  thus  cliarac- 
terifed  :  Dipus  Canadensis  palmis  letradatJylis,  plaatis 
pentadallylis,  caudu  annulate!  undique  Jetosd,  corpore  Icn- 
fiore,^  The  truth,  however,  feems  to  be,  that  it  is  only 
a  variety,  if  indeed  a  variety,  of  the  Siberian  jerboa. 
The  beautiful  figure  indeed  given  by  General  Davies 
of  the  Canadian  jerboa  differs  in  fome  refpeds  from  our 
figure  of  the  Sibericus.  Its  ears  lie  flat  and  farther 
down  the  neck  ;  its  betly  is  not  fo  large  ;  its  toes  are 
longer  ;  and  it  has  no  hrufh  at  the  end  of  the  tale  ;  but 
the  habits  of  the  two  animals  fttm  to  be  the  fame.  'I'his 
will  be  apparent  from  the  following  extrads  of  the  Ge¬ 
neral’s  letter  to  the  Linnfan  Society  ; 

“  The  firft  I  was  fo  fortunate  to  catch  was  taken 
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^  rm  I  .1  rn  r  -KT  lu  numoci  or  canoes  anj  people  conthutlv  emnloved  in 

ge  field  near  the  falls  of  Montmorenci,  and  by  its  this  trade,  make  the  king  of  Barra  (flvs  Mr  ParkV 
having  ftrayed  too  far  from  the  fie  rts  of  ,vo,w1  - -  r.,,. ’m.ui  .  Mi  rark) 


having  ftrayed  too  far  from  the  flcirts  of  the  wood, 
allowed  rayfelf,  with  the  affiftance  of  three  other  gen¬ 
tlemen,  to  furround  it,  and  after  an  hour’s  hard  cLafe 
to  get  it  unhurt,  though  not  before  it  was  thoroughly 
fatigued  ;  which  might  in  a  great  meafure  accclerat^  its 
death. 

“  During  the  time  the  animal  remained  in  its  ufual 
Vigour,  Its  agility  was  incredible  for  fo  fmall  a  creature, 
it  always  took  progrellive  leaps  of  from  three  to  four. 


impolfible  to  take  them,  from  their  wonderful  agility, 
and  their  evading  all  purfuit  by  bounding  into  the  thick- 
eft  coyer  they  can  find,’’ 

That  the  Canadian,  as  well  as  the  Siberian  Jerboa, 
(Iceps  through  the  winter,  feems  evident  from  a  fpecimen 
having  been  found,  towards  the  end  of  May,  incloled 
in  a  ball  of  clay,  about  the  lize  of  a  cricket  ball,  nearly 
an  inch  in  thicknefs,  perfedly  fmooth  within,  and  about 
twenty  inches  under  ground.  It  was  given  to  the  Ge¬ 
neral  ;  who  proceeds  thus  : 

‘‘  How  long  it  had  been  under  ground  it  is  impofli- 
ble  to  fay  ;  but  as  I  never  corld  obferve  thefe  animals 
in  any  parts  of  the  country  after  the  beginning  of  Sep¬ 
tember,  I  conceive  they  lay  thcmfclves  up  fome  time  in 
that  month,  or  beginning  of  Odtober,  when  the  froft  be¬ 
comes  fliarp  :  nor  did  I  ever  fee  them  again  before  the 
laft  week  in  May,  or  beginning  of  June.  From  their 
being  enveloped  m  balls  of  clay,  without  any  appearance 
of  foo  1,  I  conceive  they  deep  during  the  winter,  and 
remain  for  that  term  without  fuftenance.  As  foon  as 
I  conveyed  this  fpecimen  to  my  hoiife,  I  depofited  it,  as 
it  was,  in  a  fmall  chip  box,  in  Jome  cotton,  waiting  with 
great  anxiety  for  its  waking;  but  that  not  taking  place  at 
the  feaion  they  generally  appear,  I  kept  it  until  I  found 
it  begin  to  fmell :  I  then  ftuffed  it,  and  preserved  it  in 
its  torpid  pofition.  I  am  led  to  bedieve,  its  not  recover- 
ing  fi om  that  Hate  arofe  from  the  heat  of  my  room  du¬ 
ring  the  time  it  was  in  the  box,  a  fire  having  been  con- 
ftantly  burning  in  the  ftove,  and  which,  in  all  probabi¬ 
lity,  was  too  great  for  refpiration.  I  am  led  to  this 
conception  from  my  experience  of  the  fnow  bird  of  that 
country,  which  always  expires  in  a  few  days  (after  be¬ 
ing  caught,  although  it  feeds  perfcdly  well)  if  expofed 
to  the  heat  of  a  room  with  a  fire  or  ftove  ;  but  beino- 
nourlflied  with  fnow,  and  kept  in  a  cold  room  or  paflao-e^ 
will  live  to  the  middle  of  fiimmer.”  ^ 

JETTE,  the  border  made  round  the  ftiits  under  a 
pier,  in  certain  old  bridges,  being  the  fame  with  ftarling  ; 
confiding  of  a  ftrong  framing  of  timber  filled  with  ftories, 
chalk,  Scc»  to  preferve  the  foundations  of  the  piers  from 
injuty. 

JiJLLIFREE  13  a  town  on  the  northern  bank  of 
the  river  Gambia,  oppofite  to  James’s  ifland,  where  the 
Eiighfti  had  formerly'  a  frnali  foi't.  The  kingdom  of 
Barra,  in  which  it  is  fituated,  produces  great  plenty  of 
the  neceffaries  of  life  ;  but  the  chief  trade  of  the  inhabi¬ 
tants  is  in  fait,  which  they  carry  up  the  river  in  canoes  ; 
and,  in  return,  bring  down  Indian  c('ni,  cotton  cloths 
elephants  teeth,  fmall  quantities  of  Gold  dud,  &c.  “  The 
number  of  canoes  and  people  confhntly  employed  in 


more  formidable  to  Europeans  than  any  other  chieftain 
on  the  river,  and  have  encouraged  him  to  edablifh  thofe 
exoibitint  duties,  which  traders  of  all  nations  are  ob¬ 
liged  to  pay  at  entry,  amounting  nearly  to  L.  20  on 
every  veffel,  great  and  fmall.  Thefe  duties,  or  cudoms, 
are  generally  colleded  in  perfon  by  the  alkaid  or  gover- 
nor  of  Jillifree,  who  is  attended  by  a  numerous  train  of 
iioify  and  troublefome  dependants,  wdio,  by  their  fre- 

o■^an^  flif-ii-  Eat _ r»  ./>/  -r 


-  -  - -  tiiiu  111  me 

woods,  amongft  plants,  where  they  chiefly  refide,  leap 
eonfiderably  higher.  When  found  in  fuch  places,  it  is 


grant  their  requefts, 
weft  fi'om  Greenwich.. 


Erboa, 
jillifree. 
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ILLUMINATI  L  the  name  v/lueh  was  afTiimed  by 
'  a  fecret  Ibciay  or  order,  founded,  on  the  firft  of  May 

Object  (  f  n7^'»  Adam  Weiihaiipt  profeifor  of  caaon  law 

fi  f*  llumi.  in  the  univeiTity  of  Iiigoliladt.  The  real  ohjedl  of  this 
order  war,  by  chindelline  arts,  to  overturn  every  goTevn- 
mert  and  every  religion  ;  to  brin:g  the  fcicnces  ol  civil 
life  into  contempt  ;  and  to  reduce  mankind  to  that  ima¬ 
ginary  Mate  of  Nature  when  they  lived  independent  of 
each  other  on  the  fpontaneous  produdionsof  the  earth. 
Its  avowed  ohjedi,  however,  was  very  dlflerent.  It  pro- 
feHed  to  diffLife  from  fecret  focieties,  as  from  fo  many 
centres,  tlie  light  of  fcicnce  over  the  world  ;  to  propa¬ 
gate  tlic  piireil  principles  of  virtue;  and  to  rc-inftate 
mankind  in  the  happinefs  wliicli  they  enjoyed  during 
the  golden  age  fabled  by  the  poets.  Such  an  objedl 
was  well  adapted  to  make  a  deep  imprellion  on  the  in¬ 
genuous  minds  of  youth  ;  and  to  young  men  alone 
Weifhaupt  at  firfl  addreffed  himfelf. 

It  will  naturally  occur  to  the  reader,  that  the  means 
of  attaii.ing  this  glorious  objedl  flioilld  have  been  made 
as  public  as  jnslTiblc  ;  and  that  the  veil  of  fecrecy  thrown 
over  the  proceedings  of  tlie  order  was  calculated  to  ex¬ 
cite  fiifpicion,  and  to  keep  even  young  men  of  virtue  and 
fagacity  at  a  diMance.  In  any  other  country  than  Ger¬ 
many  feerccy  might  perhaps  have  had  this  efFe(^  ;  but 
various  circumMances  cortfpired  there  to  make  it  operate 
with  a  pov/erfnl  attradlioi;. 

Ever  fince  free-mafonry  had  acquired  fucli  reputa¬ 
tion  throughout  Europe,  a  multitude  of  petty  fecret 
focieties  had  been  formed  in  the  iiniverlities  of  Ger 
many,  each  liaving  its  lodge,  its  marter,  its  my  Meries, 
all  modelled  on  thofe  founded  by  mafons  coming  from 
England  and  Scotland  (a).  Before  the  foundation  of 
Weifhaiipt’s  order,  thefe  lodges,  we  believe,  were  in 
general  harmlefs  ;  or  if  they  were  produ£Iive  of  any 
evil,  it  was  only  by  giving  the  youth  of  the  univerfities 
a  taMe  for  -fccrecy  and  miMicifm.  'Of  this  Weifhaupt 
availed  himfelf ;  and  as  foon  as  he  had  conceived  the  out¬ 
lines  of  his  plan,  and  digcMed  part  of  his  fyMem,  he  ini- 
ticated  two  of  his  own  pupils,  to  whom  he  gave  the  names 
of  Ajax  and  Tiberius,  afl'uming  that  of  Spartacus 
to  himfelf.  Thefe  two  difciples  foon  vying  with  their 
maMer  in  impiety  (for  it  will  be  fecn  by  and  bye  that  he 
was  moM  impious),  he  judged  them  worthy  of  being  ad¬ 
mitted  to  his  myMeries,  and  conferred  on  them  the  high- 
cM  degree  which  he  had  as  yet  invented.  He  called 
them  Jlreopagifes,  denominated  this  monMrons  aflbeiation, 

THE  ORDER  OF  I  LL  U  M  IN  ATI,  Or  1 L  L  U  M I N  E  ES,  and  in- 

Malled  himfelf  general  of  the  order. 

When  public  report  fpread  the  news  in  Germany  of 
this  new  order  having  been  founded  in  the  iiniverfity  of 
IngolMadt  by  Weifhaupt,  it  was  generally  fuppofed  to 
be  one  of  thofe  little  college-lodges  which  could  not  in- 
tercM  the  adepts  after  they  had  finiflied  their  lludies. 
Many  even  thought  that  Weifliaupt,  who  was  at  that 


08  ]  ILL 

time  a  fworn  enemy  to  the  Jefiiits,  had  founded  this  llIumina^L 
lodge  with  no  other  view  than  to  form  a  party  for  him- 
fell  again M  thefe  fathers,  who  after  the  fuppreflion  of 
their  order  had  been  continued  in  their  offices  of  public 
teachers  at  the  iiniverfity  of  IngolMadt  ;  and  this  opi¬ 
nion  the  ill’iniinees  were  at  pains  to  propagate.  Hijj 
charadler,  tcx:>,  was  at  this  time  fuch  as  to  remove  every 
fufpicion  from  the  public  mind.  A  feemitig  affiduity 
in  his  duty,  and  a  great  fliew  of  zeal  and  erudition  in 
expounding  the  laws,  calily  mlfled  people  to  believe 
that  his  whole  time  and  talents  were  engroffed  with  the 
Mudy  of  them  ;  and  if  we  are  to  credit  his  own  account, 

IngolMadt  had  never  witneMed  a  profelTor  fo  well  calcu¬ 
lated  to  add  new  luMre  to  its  univerfity.  2 

This  feems,  indeed,  to  have  been  the  general  opinion  Ait  of 
as  well  as  his  own  ;  for,  fome  time  after  the  foundation 
of  his  order,  he  applied  himfelf  with  fuch  diligence  and 
apparent  candour  to  the  duties  of  his  office,  that  he  was 
chofen  what  Abbe  BarnieFs  tranflator  calls  superior. 
of  the  luiiverfity.  This  new  dignity  only  added  to  his 
hypocrify,  and  furnifhed  him  with  frein  means  of  carry¬ 
ing  on  his  dark  defigns.  He  converted  his  houfe  into 
one  of  thofe  boarding  hoiifes  where  young  men,  perpe¬ 
tually  under  the  eye  of  their  maMers,  are  fuppofed  to 
be  better  preferved  than  anywhere  elfe  from  the  dangers 
which  threaten  them  at  that  age.  He  folicited  fathers 
and  mothers  to  entruM  their  children  to  his  care  ;  and, 
counterbalancing  in  fecret  the  leffons  which  he  was  ob¬ 
liged  to  give  in  public,  lie  fent  home  his  pupils  well 
difpofed  to  continue  the  fame  career  of  feduAion  which 
he  himfelf  carried  on  at  IngolMadt,  Atrocionily  im¬ 
pious,  we  fee  him  (fays  M.  Barruel),  in  the  firM  year 
of  his  illuininifm,  aping  the  God  of  ChriMianity,  and  or¬ 
dering  ^jaxf  in  the  following  terms,  to  propagate  the 
dodlrines  of  his  new  gofpel  :  ‘‘Did  rrot  CliriM  fend  his 
apoMles  to  preach  his  gofpel  to  the  iiniverfe  ?  You  that 
are  my  Peter,  why  Miould  you  remain  idle  at  home  ?  Go 
then  and  preach.^' 

Thefe  preachers  had  yet  received  no  particular  dclig- 
nation  ;  for  when  his  firM  adepts  were  initiated,  he  was 
far  from  having  completed  the  code  of  his  order.  He 
knew  that  years  and  experience  were  neceffary  to  per- 
fe£l  that  gradual  fyMem  of  initiations  and  trials  which, 
according  to  the  plan  he  had  conceived,  his  novices 
were  to  undergo  ;  but  he  could  not  endure  the  idea  of 
facrificing  years  to  mere  theoretic  projeiMs  ;  and  he 
Mattered  himfelf  with  the  hopes  of  fupplying  thS  defi¬ 
ciencies  of  his  incomplete  code  by  provifional  regula¬ 
tions  and  private  inMru6Iions,  and  of  acquiring  alfociates 
who  would  receive  his  new  gofpel  implicitly,  and  co¬ 
operate  with  him  in  all  his  views.  ^ 

At  length,  however,  the  code  was  completed,  andThclctSl 
the  fedi  divided  into  two  grand  clafies  ;  and  each  of 
again  fubdivided  Into  lefier  degrees,  proportionate  to  the^^  ^  ^ 
progrefs  of  the  adepts. 

The 


(a)  Such,  we  are  forry  to  fay,  Is  the  cafe  Mill.  In  a  letter,  dated  the  loth  of  May  1799,  which  wc  received 
from  a  gentleman  of  learning  and  honour  then  refiding  in  Upper  Saxony,  is  the  following  account  of  the  univer- 
fity  of  Jena:  “This  iiniverfity  contains  from  two  to  three  thoufand  Miidents,  who  are  almoM  all  republicans, 
and  go  about  the  country  in  republican  uniforms.  They  are  all  formed  into  clubs  or  fecret  focieties  ;  and  the 
quarrel  of  one  member  of  a  club  is  taken  up  by  all.  The  confcquence  is,  that  the  number  of  duels  among  the 
Tlifierent  clubs  is  inconceivable.  The  weapon  is  generally  the  fabre,  and  the  duel  often  ends  in  the  death  of  one 
of  the  combatants.^’  Yet  gentlemen  of  Great  Britain  fend  their  fons  to  Germany  to  be  educated  ! 


y^Inminan 

4 

Prepara¬ 
tion  and 


The  Myf- 
teries. 


ILL  [  ^5p 

“  Thtfrjl  clafa  is  that  of  Preparation.  It  con- 
'  tains  four  degrees,  viz.  thofe  of  Novke,  of  Mir.ervaU  of 
Minor  lUumhiee,  or  Illmninatiis  Minor,  and  of  Major 
lUumince,  nr  lliumhwtus  Major.  To  this  clafs  belong 
likewife  forric  intennediary  degrees,  borrowed  from  free- 
rraafonry,  as  means  of  propagation.  Of  the  mafonic 
degrees,  the  code  of  the  iilnminati  admits  the  firfl  three 
without  any  alteration  ;  but  it  adapts  more  particularly 
to  the  views  of  the  fed  the  degree  of  Scotch  Knight,  and 
Ityles  it  the  degree  of  Diretling  Illuminte,  or  Illuminatus 
dirigens. 

Tht  fecond  clafs  is  that  of  the  Mysteries,  which 
are  fubdivided  into  the  le^er  and  greater  rnyfieries.  The 
Icfler  comprehend  the  priellhood,  and  adminiftration  of 
the  fed,  or  the  degrees  of  priefts,  and  of  regents  or  princes. 

In  greater  myjieries  are  comprehended  the  two 


]  I  L  I. 

The  perfons  to  be  excluded  were  all  fuch  as  would  lUuirinatJ. 

expoie  the  order  to  fulpicioii  or  reproach.  All  indif-  - - 

creet  talkers,  all  who  were  proved  violent,  and  difficult  to 
be  managed,  all  addided  to  drunkennefs,  and  all  Pagans, 

Jews,  and  Jefuits,  were  to  be  rejeded.  As  the  patron¬ 
age  of  princes  would  tend  much  to  enrich  and  llrengthen  / 
the  fociety,  it  was  agreed  to  admit  them  to  the  iiifenor 
degrees,  but  they  were  never  to  be  initialed  int.)  the 
grand  myftenes  ;  they  were  never  to  rife  beyond  the 
degree  of  Scotch  knight.  ^ 

Hie  perfons  to  be  feleded  were  young  men  of  allPerfonn 
Itations,  from  eighteen  to  thirty  ;  but  particularly  thofe 
wiiofe  education  was  not  completed,  and  coiifequently 
whofe  habits  were  not  formed.  Seek  me  out  (fays 
Weilhaupt  in  his  diredions  to  the  infinuator)  the  dex¬ 
terous  and  daffii.ig  youths.  We  muft  have  adepts  who  are 


6 

The  re¬ 
cruiter. 


■  “  In  all  thefe  clafTcs,  and  in  every  decree  ffavs  the  foeiable  ”  In  another  place  he  fays, 

Abbe  Barruel),  there  is  an  office  of  the  mmoit  Lnfe-  the  ^eli  made  ffienan^h?^^^^^^  the  fagure,  and  feledt 
qiience,  and  which  is  common  to  all  the  brethren  It  are  e’ener-'llv  of  eno-n  '  °me  young  fellows.  They 

doms.  111  order  to  propagate  the  dodrines  of  iliuminifm.  the  very  mirrors  of  tb^  heart  and  ^ 

Weiffiaupt  propofed  to  feled  as  his  apoftles  either  weak  look,  the  gait,  the  voice  Ever^  extL  ‘ 

men,  who  would  implicitly  obey  his  orders,  or  men  of  leadti  hq  rn  far  ’(U  u  r  "7  ^  5^  exteinal  appearance 
abilities,  who  would  imprL^e  tL  office  by  aTtifkes  of  thofe  who  are  ht  for  our  fchool." 

their  own.  It  was.  however,  a  duty  whfch  evaw  ffio^  alU™..n  f  yet  perfons  of 

w..  .Wised o. i„  StK. t 

^  .  l<^annng._  »  Spare  no  pains  (fays  To  be  fe 

Weiffiaupt),  fpare  nothing  in  the  acquifition  of  fudi  Iced  by 
a  epts.  Ir  heaven  refufe  its  fuccour,  conjure  hell.  whatever 


To  llimulate  the  ardour  of  the  brother  infinuator,  he 
was  appointed  fuperior  over  every  novice  whom  he 
ffiould  convert.  .To  affift  his  judgment,  he  wasinilrud- 
ed  in  three  important  points  concerning  the  defeription 
of  men  whom  he  ought  to  feled  for  converfion,  the 
means  which  he  ought  to  employ  for  enticing  them  to 


FUasreft  nequeas  fuperos,  Acheronta  moveta.' 

Perfons  were  to  be  fingJed  out  from  thofe  profeffions 
which  give  men  influence  over  others,  or  put  them  in 


mtaiis ; 


n.  ^  . 

To  pry  in¬ 
to  the  cha- 
raders  of 
ail  men. 


SPtiit^aeil^^  ill-  -ft  f-oPrabffi  ffiniioTEPdii:™ 

To  enable  the  recruiter  to  determine  whom  he  ought  PelrnteTdaToVeSLftr  I'"'"’ 
to  fclcft  for  converfion,  he  was  to  infinuate  himfelf  into  after  with  much  care  ^BlokWle'^’  "T  ft® 
all  companies  ;  he  was  to  pry  into  the  charafter  of  ^11  th-  f  .*  c  n.  poft-mafters,  and 

whom  he  ffiould  meet  with,  whether  friends  relations  Thofe^ornf^^  ^  -offices,  were  alfo  to  be  feleded. 
Grangers,  or  enemies  ;  he  ;as  to  write  down  alltine:  ar^t  T £'7  f 


and  vi^eak  lides,  their  paffions  and  prejudices,  their  in- 
liinacies,  their  interells,  and  their  fortune.  This  journal 
was  to  be  tranfmitted  twice  every  month  to  the  fupe- 
riors;  by  which  means  the  order  would  learn  who  were 
friendly  or  holb’le  to  their  views,  and  who  w^ere  the  in- 
dividuals  to  whom  they  ought  to  dired  their  arts  of  fe- 
diidion  (b). 

SuppL.  VoL.  I.  Part  II. 


having  (fays  Weiffiaupt),  but  they  arc  fometimes  real 
devils,  fo  difficult  are  they  to  be  led  ;  they  are,  how. 
ever,  worth  having  when  they  can  be  gained  over.” 
iiyery  exertion  was  to  be  made  to  gain  the  officers  of  a 
prince,  lyhether  prefiding  over  provinces  or  attending- 
him  in  his  councils.  »  He  that  has  done  this,  has  done 
more  than  if  he  had  engaged  the  prince  hmifelf.’^ 

5  E  ■  There 


(.)  A.  •  Of  ,h.  j0.™l.  t.p  b,  ,b.  .nJ  .f  ,he  cl,.„aa.  „l,id, 

for 
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lllummati.  There  was  alfo  another  dercriptfon  of  men  of  whom 
■  *  Weifhaupt  very  wifely  judged  that  they  would  be  ad¬ 
mirably  fitted  for  the  diftullion  of  his  dodlrines.  Tliefe 
were  the  difappointed  and  diffatisfied.  “  Seledl  thofe 
in  parti ;alar  (lays  he)  who  have  met  with  misfortune?, 
not  from  accidents,  but  from  fome  injuilice  ;  that  is  to 
fay,  in  other  words,  the  difcoiuented  ;  for  fuch  men  are 
to  be  called  into  the  bofoin  of  iiluminifm  as  into  their 
10  proper  afyliim. 

And  the»r  When  the  infinuator  has  made  choice  of  his  vidlim, 
charadters  Yic  is  required  to  draw  from  his  diary  a  view  of  his  cha- 
toThe  opinions,  principles,  and  coiinedlions.  This  he 

riorJ  is  to  tranfmit  to  the  fuperiorsfor  their  examination,  and 
that  they  may  compare  it  with  the  diaries  which  they 
have  already  received,  perhaps  from  different  infinuators. 
When  the  choice  of  this  irifinuator  is  approved,  the  fu- 
periors  determine  which  of  the  infinuators  will  be  bell 
qualified  to  perform  the  tafic  of  feduciiig  their  candidate. 

Two  different  methods  were  recommended  ;  one  of 
which  was  to  be  employed  in  enticing  men  who  were 
fomewhat  advanced  in  life  or  diftinguiffied  by  fcieiice  ; 
the  other  was  to  be  ufed  in  feducing  young  men  whofe 
cliaradler  was  not  formed. 

Proper  me-  With  men  of  knowledge,  who  had  already  imbibed 
thods  oi  fc-  the  principles  of  modern  philofophifm  (for  no  true  phi- 
ducing  men  were  to  be  attempted),  the  infinuator  was  to 

affiime  the  charader  of  a  philofopher  well  acquainted 
with  the  myftcries  of  ancient  times.  He  was  to  defcant 
upon  the  importance  of  the  fecret  dodrines  tranfmitted 
by  tradition,  to  quote  the  gymiiofopliifts  of  India,  the 
prieffs  of  Ifis  in  Egypt,  and  thofe  of  Eleufis,  with 
the  Pythagorean  fchool  in  Oreece.  He  was  to  learn 
by  heart  certain  paffages  from  Ifocrates,  Cicero,  and 
Seneca,  that  he  might  have  them  ready  upon  all  occa- 
fions.  He  was  to  throw  out  hints,  that  thefe  fecret 
dodrincs  explained  the  difficult  qiieftions  concerning 
the  origin  and  order  of  the  univerfe,  the  Providence  of 
God,  the  nature  of  the  foul,  its  immortality  and  future 
dellination  ;  he  was  to  infpire  them  with  the  belief  that 
the  knowledge  of  <hefe  things  would  render  life  more 
agreeable  and  pain  more  fiipportable,  and  would  enlarge 
their  ideas  of  the  majefty  of  God :  he  w^as  then  to  declare 
that  he  had  been  initiated  into  thefe  myfferies.  If  the 
candidate  expreffed  any  curiofity  to  be  made  acquainted 


with  them,  the  infinuator  was  firff  to  afeertain  his  opi-  niuminati, 

nions  upon  fome  leading  points,  by  propofing  to  him  to  - - 

write  a  differtation  upon  certain  queilioiis.  Should  tlie 
anfwers  not  pleafe  the  infinuator,  he  was  to  relinquifh 
his  prey  ;  but  fhould  they  be  fatisfaCtory,  the  candidate 
was  to  be  admitted  to  the  firff  degree. 

When  the  fele^ted  vidfim  was  young,  and  had  not  im-^ndyonn^ 
bibed  any  of  thofe  opinions  which  correfponded  with  men, 
the  principles  of  the  fedf,  a  different  method  was  to  be 
followed.  ‘‘  Let  your  iirff  care  (fays  the  legiflator  to 
his  infinuators)  be  to  gain  the  affedion,  the  confidence, 
and  the  effeem  of  thole  whom  you  are  to  entice  into  the 
order.  Let  your  whole  condiid  be  fuch,  that  they  fhall 
furmife  fomethiiig  more  in  you  than  you  wiffi  to  fliew ; 
hint  that  you  belong  to  fome  fecret  and  powerful  fo- 
ciety  ;  excite  by  degrees,  and  not  at  once,  a  wifli  in 
your  candidate  to  belong  to  a  fnnilar  fociety.  Certain 
arguments  and  certain  books,  which  the  infinuator  muff 
have,  will  greatly  contribute  to  laife  fuch  a  wiffi  ;  fuch, 
for  example,  are  thofe  which  treat  of  the  union  and 
ffrength  of  affociatioiis.’^ 

Every  infinuator  muff  be  provided  with  books  of  this 
fort.  But  that  their  fuccefs  might  not  depend  folely 
upon  books,  Weiffiaupt  gave  to  his  difciples  a  fpecimen 
of  the  artifices  which  they  might  employ.  The  infi¬ 
nuator  might  begin  by  obferving,  that  a  child  in  the 
cradle,  abandoned  to  itfelf,  is  entirely  lielplefs;  and  that 
it  Is  by  the  affiftance  of  others  that  it  acquires  ffrength  ; 
and  that  princes  owe  their  greatnefs  and  their  power  to 
the  union  of  their  fubjeds.  Then  the  infinuator  might 
touch  on  the  importance  of  knowing  mankind,  and  the 
arts  of  governing  them  ;  that  one  man  of  parts  might 
ealily  lead  hundreds,  even  thoufands,  if  he  but  knew  his 
advantages.  He  was  next  to  dwell  upon  the  defeds  of 
civil  fociety  ;  to  mention  how  little  relief  a  man  can  ob¬ 
tain  even  from  his  bell  friends ;  and  how  very  neceffary 
it  is  for  individuals  tofupport  one  another  in  thefe  days  : 
to  add,  that  men  would  triumph  even  over  heaven  were 
they  but  united.  He  was  to  adduce  as  examples,  the 
influence  of  the  freemafons  and  of  the  Jefuits.  He  was 
to  affert,  that  all  the  great  events  which  take  place  in  the 
world  depend  upon  hidden  caufes,  which  thefe  focietie« 
powerfully  influence.  He  was  to  awahe  In  the  breaff: 
of  his  pupil  the  defire  of  reigning  in  fecret  ;  of  prepa¬ 
ring. 


for  propagating  their  principles,  we  ffiall  give  the  charader  of  Zwack,  denominated  Cato,  as  it  is  deferibed  in  the 
tablet  of  his  infinuator  Ajax  (Maffenhaufen). 

“  Francis  Xaverius  Zwack  was  fon  of  Philip  Zwack,  commifiary  of  the  Chamhre  de  Comptesy  and  vvas  born  at 
Ratiffion  ;  at  the  time  of  his  initiation  (29th  May  1776)  he  was  twenty  years  of  age,  and  had  iiriiflied  his  col- 

lege  education.  .  n*  •  1  ,  » 

“  He  was  then  about  five  feet  high  ;  his  perfon  emaciated  with  debauchery  ;  his  conffitutian  bordering  on  me¬ 
lancholy  ;  his  eyes  of  a  dirty  grey,  weak  and  languiffiing  ;  his  complexion  pale  and  fallow  ;  his  hedth  weak,  and 
much  hurt  by  frequent  diforders ;  his  nofe  long,  crooked  and  hooked  ;  his  hair  light  brown  ;  gait  precipitate  ; 
his  eyes  always  caff  towards  the  ground  ;  under  the  nofe,  and  on  each  fide  of  the  mouth,  a  mole. 

“  His  heart  tender  and  philanthropic  in  an  extaordinary  degree  ;  but  ftoic  when  in  a  melancholy  mood;  other- 
wife  a  true  friend,  clrcumfpea,  referved,  extremely  fecret  j  often  fpeaking  advantageoufly  of  hiinfelf ;  envious  of 
other  people’s  perfeaions  ;  voluptuous  ;  endeavouring  to  improve  himfelt ;  little  calculated  for  numerous  affem- 
blies ;  choleric  and  violent,  but  eafily  appeafed  ;  willingly  giving  his  private  opinions  when  one  has  the  precaution 
to  praife  him,  though  contradiaing  him  ;  a  lover  of  novelties.  On  religion  and  confcience  widely  differing  from 
the  received  ideas  ;  and  thinking  precifely  as  he  ought,  to  become  a  good  member  of  the  order. 

‘‘  His  predominant  paffions  are,  pride,  love  of  glory,  probity  ;  he  is  eafily  provoked  has  an  extraordinary 
propenfity  for  myfferies  ;  a  perpetual  cuffom  of  fpeaking  of  himfelf  and  of  lils  own  perfections  ;  he  is  ^ 
fed  mafter  in  the  arts  of  diffimulation  ;  a  proper  perfon  to  be  received  into  the  order,  as  applying  himfelf  parti¬ 
cularly  to  the  ftudy  of  the  hurnah  heart.’’  Such  is  the  charader  of  the  beloved  difciple  of  Weiffiaupt,  the  in¬ 
comparable  Cato,  and  a  leader  of  the  fed  of  the  illuminees  I 
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Illuminati,  ring  in  his  elofet  a  new  conftitution  for  the  worldj^and 
of  governing  thofe  who  think  they  govern  others. 

After  thefe,  or  other  artifices  of  the  fame  kind,  have 
been  employed,  if  the  candidate  be  inipired  with  an  ar¬ 
dour  to  be  initiated,  and  give  fatisfadfory  anfwers  to  the 
queftions  propofed  to  him,  he  is  immediately  admitted 
a  novice.  But  fiioiild  he  rejed  all  means  of  fedudion, 
let  him  take  heed  to  imfelf ;  “  for  the  vengeance  of  fc. 
cret  focieties  is  not  a  common  vengeance;  it  is  the  hid¬ 
den  fire  of  wrath.  It  is  irreconcileable  ;  and  fcarcely 
ever  does  it  ceaie  the  purfuit  of  its  vidims  until  it  has 
feen  them  immolated/’ 

1  he  period  of  the  noviciate  varied  according  to  the 
age  of  the  new  convert  to  illnminifm.  At  firll  it  con¬ 
tinued  three  years  for  thofe  under  i8  years  of  age, 
two  jeais  for  thofe  between  i8  and  24,  and  one  year 
for  thofe  who  were  near  30  ;  but  it  was  afterwards 
Ihortened, 

The  novice  was  not  acquainted  with  any  of  the  or¬ 
der  except  his  infimiator,  under  whofc  diredioii  lie 
remained  during  his  noviciate.  The  firil  kfl’ons  which 
he  was  taught  refpeded  the  inviolable  nature  of  the  fe- 
crecy  which  every  illuminee  was  obliged  to  obferve. 
Ife  was  told  that  filence  and  fecrecy  were  the  very  foul 
of  the  order  ;  that  ingenuoiilnefs  was  a  virtue  only  with 
refped  to  his  fuperiors  ;  and  that  diftrufl  and  referve 
weie  fundamental  principles.  He  was  enjoined  never 
to  fpeak  of  any  circumftaiice  relating  to  the  order,  con¬ 
cerning  his  own  admifllon,  or  the  degree  which  he  had 
received,  not  even  before  brethren,  without  the  llrong- 
efl  neceflity  ;  and  was  required  to  fign  a  declaration  to 
this  pui^pole. 

Didiunary,  Tie  novice  was  next  taught  the  didionary  of  the  or- 
gcography,  der,  its  geography,  calendar,  and  cypher.  To  prevent 
and  cypher  pofiibility  of  difeovery,  every  illuminee  received  a 
the  or-  name,  which  was  charaderifUc  of  his  difpofitions. 
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der. 


or  of  the  fcrvices  which  were  expeded  of  him.  Thus 
W  eifhaupt,  as  we  have  obferved,  was  called  Spartacus^ 
becaufe  he  pretended  to  wage  war  agaiuft  thofe  oppref- 
fors  who  had  reduced  mankind  to  fiavery  ;  and  Zwack, 
as  we  have  feen,  w'as  named  CatOy  becaufe  he  had  writ¬ 
ten  a^  diflertation  in  favour  of  filicide,  and  had  once  de¬ 
termined  to  commit  that  crime. 

According  to  the  new  geography  of  the  order,  Ba¬ 
varia  was  called  Achata  ;  Munich  w  as  called  Athens  \ 
Vienna  was  Rome ;  Wurtzburg  was  denomina¬ 

ted  Carthage ;  and  Ingolftadt,  the  fountain  of  the  or¬ 
der,  was  called  Ephefus,  and  by  the  profound  adepts 
Eleufts,  The  novice  had  alfo  to  learn  the  Perfian  ca¬ 
lendar,  which  the  order  had  adopted.  Their  era  began 
A.  H.  630.  The  months  received  new  names :  May 
was  called  Adarpahajeht ;  June^  Chardad ;  July,  Eher. 
meh ;  Auguft,  Merdedmeh ;  and  fo  on.  The  cypher 
confifted  of  numbers  wdiich  correfponded  to  the  letters 


of  the  alphabet,  in  this  order  ay  by  r,  dy  anfwering  to  the 
Yiumbers  J2,  j i,  10,  9. 

The  novice  had  next  to  ftudy  the  Jlatutes  of  the  Ulu- 
mtneesy  w^hich  he  was  affured  contained  nothing  injurious 
to  the  flate,  to  religion,  or  to  good  morals.  He  was 
next  defired  to  apply  himfelf  to  acquire  the  morality  of 
the  order;  which  he  was  to  do,  not  by  reading  the  gof- 
pels,  but  by  perufing  Epidetus,  Seneca,  and  Antoni- 
nus,  and  by  ftudying  the  works  of  the  modern  fo- 
phiits  Weiland,  Meiners,  and  HeJvetius,  &c.  The  flu¬ 
ey  of  man  was  alfo  recommended  as  the  moft  interefl- 
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ing  of  all  ihe  foience;.  He  was  taught  this  ftaJy  not  li'unvnatr. 

merely  as  a  fcience,  but  as  an  art.  A  model  of  a  jonr.  ' - » - ' 

nal  was  given  him,  and  he  was  required  to  infm  in  it 
oblervatiuiis  upon  the  charader  of  every  perfon  that  lie 
happened  to  meet  with.  To  quicken  his  diligence,  the 
infinuator  occafionally  examined  his  journal  In  the 
mean  time,  the  inliiiuator  w^as  watching  him  as  a  centi- 
nel,  and  noting  down  regularly  obfervations  upon  the 
defeas  and  merits  of  his  pupil,  which  he  alwavs  feiit  to 
Ills  fuperiors.  ' 

The  great  objei^I  of  the  infinuator  was  to  entangle  tlie^/’vicc  o- 
noyice,  and  to  bind  him  indifiblubly  to  the  order.  With^^'^^^ 
this  view  he  required  the  novice  to  draw  a  faithful  pic-ll'^cha 
ture  of  himfelf,  under  the  pretence  that  he  would  thusraaer. 
know  himfelf  better.  He  defired  him  to  write  down  liis 
name,  Ins  age,  his  country,  his  refidence,  and  his  em¬ 
ployment  ;  to  give  a  lift  of  the  books  in  his  library  j  to 
Hate  his  revenue ;  to  enumerate  his  friends  and  enemies, 
and  the  caufe  of  his  enmities.  He  was  alfo  to  give  a 
fimilar  account  of  his  father  and  mother,  his  brothers 
and  iiflers,  and  to  be  very  careful  in  pointing  out  their 
paflions  and  prejudices,  their  flrong  and  weak  Tides. 

In^  the  mean  time,  the  infinuator  was  occupied  in 
drawing  up  a  new  llatement  of  every  thing  he  had  been 
able  to  difeover  of  the  chaniaer  and  condiia  of  the  no¬ 
vice.  This  ftatement  was  tranfmitted  to  the  fuperiors, 
compared  with  the  former.  If  the  novice  was  approved, 
he  was  then  admitted  to  the  fecond  degree,  upon  his  aii- 
fvvering,  _in  a  fatisfaaory  manner,  24  grand  queftions, 
which  might  enable  the  order  to  judge  of  his  principles 
and  the  credit  to  which  he  was  entitled,  and  would  fix 
him  down  by  Rronger  ties  to  the  authority  of  the  fu- 
peviors.  The  deteflable  principles  of  the  illuraiiiees 
now  begin  to  appear,  as  will  be  evident  from  the  fol¬ 
lowing  queftions  which  we  have  fekaed  : 

Have  you  ferioufly  refleaed  on  the  importance  of  the 
ftep  you  take,  in  binding  yourfelf  by  engagements  that 
are  unknown  to  you  ?  Should  you  ever  difeover  in  the 
order  any  thing  wicked  or  unjuft  to  be  done,  what  part  i, 

5'°“  take  ?  Do  you,  moreover,  grant  the  power  Power  of 
of  life  and  death  to  our  order  or  fociety  Are  you*'^®*”tl 
difpofed,  upon  all  occafions,  to  give  the  preference  to  i^imed  hv 
men  of  our  order  oyer  all  other  men  ?  Do  you  fubjeaiCkctS 
yourleif  to  a  blind  ohedtenccy  ^without  any  rejlridton  ^ohat- 
fiercer  P 

.  The  novice  having  thus  fiirrendered  his  confekneet 
Ills  will,  and  his  life,  to  the  devotion  of  the  confpirators, 
and  thus  fubfenbed,  with  his  own  hand,  and  confirmed 
by  his  oath,  a  refolution  to  become  the  moft  abjea 
Have,  was  now  deemed  qualified  to  afeend  to  the  fecond 
degree,  called  Minerval 

In  the  dead  hour  of  midnight  he  was  conduaed  to  a 
retired  apartment,  where  two  of  the  order  were  waiting  , 
to  receive  him.  The  fuperior,  or  his  delegate,  appear- 


1  n  J*  .  ^  ^  aupcdr- Aamiltion 

ed  ftanding  m  a  fevere  and  threatening  pofture;  he  held">  'ke  dc- 
a  glimmering  lamp  in  his  hand,  and  a  naked  fword  kyKreeofMi. 
before  him.  The  novice  was  aflccd,  whether  he  ftill  per-"*^’^“*‘ 
filled  in  his  intention  of  adhering  to  the  order?  Upon 
anfwering  in  tlie  affirmative,  he  was  ordered  into  a  dark 
room,  there  to  meditate  in  filence  on  his  refolution.  On 
his  return,  he  was  ftriaiy  and  repeatedly  quellioned  if 
he  was  determined  to  give  implicit  obedience  to  all  the 
laws  of  the  order  ?  The  infinuator  became  fecurity  for 
his  pupil,  and  then  requefted  for  him  the  protedlion  of 
the  order,  which  the  fuperior  granted  with  great  fokm- 
5^2  nity, 
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Illuminati,  nity,  protefliiig  that  nothing  would  be  found  there  hurt- 
irr-  £^l  religion,  to  morals,  or  to  the  flate.  Having  thus 
faid,  the  fiiperlor  takes  up  the  naked  fword,  and  point¬ 
ing  ft  at  the  heart  of  the  novice,  threatens  him  with  the 
fatal  confequerices  of  betraying  tlie  fecrets  of  the  order. 
The  novice  again  takes  an  oath,  by  which  he  binds 
hinifelf,  in  the  moft  unlimited  manner,  to  lei  vc  the  or¬ 
der  with  his  life,  honour,  and  ellate,  and  to  obferve  an 
inviolable  obedience  and  fidelity  to  all  his  fnperiors. 
He  Is  then  admitted  a  Minerval,  and  henceforth  is  al¬ 
lowed  to  attend  the  academy  of  the  fedl. 

The  Minerval  academy  was  compofed  of  fo,  J2,  or 
15  Minervals,  and  placed  under  the  diredlion  of  a  ma¬ 
jor  llluminee.  It  met  twice  every  month  in  an  inner 
apartment,  feparated  from  the  other  rooms  of  the  man- 
fion  by  an  antichamber  ;  the  door  of  which  was  to  be 
fiuit  with  care  during  the  meeting,  and  ftrongly  fecu- 
red  by  bolts.  At  the  commencement  of  every  meet¬ 
ing,  the  prcfident  read  and  commented  upon  fome  fe- 
lt6l  palTages  of  the  Bible,  Seneca,  Epl6letus,  Marcus 
Aurelius,  or  Confucius  ;  evidently  with  a  view  of  dimi- 
nilhing  the  reverence  for  the  facred  writings,  by  thus 
placing  them  on  a  level  with  the  heathen  moralills. 
Then  each  brother  was  afited  what  books  be  had  read 
fince  laft  meeting,  what  obfervations  he  had  made,  and 
what  fervices  he  had  performed  for  promoting  the  fuc- 
cefs  of  the  order  ^ 

To  each  Minerval  academy  a  library  belonged.  This 
was  formed  by  the  contributions  of  the  brethren,  by 
prefents  of  books,  and  by  another  method  very  extra¬ 
ordinary.  All  Illuminees  adling  as  librarians,  or  keep¬ 
ers  of  archives,  were  admonifhed  to  (leal  fuch  books  or 
manuferipts  as  might  be  ufeful  to  the  order.  At  one 
time,  fending  a  lift  of  the  books  which  he  wilhed  to  be 
embezzled  from  the  library  of  the  Carmes,  Weijhaupt 
fays,  “  AU  thefe  would  be  of  much  greater  ufe  if  they 
were  in  our  hands.  What  do  thofe  rafcals  do  with  all 
thefe  books  I 

Every  brother  at  his  admifiion  was  required  to  declare 
to  what  art  or  fcience  he  meant  chiefly  to  apply  ;  and 
it  was  expelled  that  he  fhould  afterwards  every  year 
give  an  account  of  the  difeoveries  or  improvements 
which  he  had  made.  All  the  other  brethren  who  were 
occupied  in  the  fame  ftudies,  were  deliied  to  give  him 
every  pofliblc  afiiftance.  Thus  a  kind  of  academy  was 
formed,  to  which  thofe  who  could  not  ferve  it  by  their 
talents  might  give  pecuniary  contributions.  That  this 
academy  might  have  the  appearance  of  a  literary  focie- 
ty,  prizes  were  annually  diftributed  ;  the  beft  difeourfe 
was  publiihed,  and  the  profits  Cent  to  the  coffers  of  the 
order. 

Every  month  the  prefident  was  to  take  a  review  of  the 
faults  which  he  had  obferved  in  his  pupils,  and  examine 
them  concerning  thofe  which  they  might  have  been  con- 
fclous  of  in  themfelves  ;  and  it  would  be  an  unpardon¬ 
able  negle6l,  fay  the  ftatutes,  fhould  any  pupil  pretend 
that,  during  the  fpace  of  a  whole  month,  he  had  re¬ 
marked  nothing  reprehenfible. 

It  is  impolfible  to  read  thefe  rules  without  admiring 
them.  Were  men  but  half  as  anxious,  attentive,  and 
careful,  to  render  themfelves  good  citizens  and  good 
21  men,  as  thefe  men  were  to  render  themfelves  fuccelsful 
what  a  blcffed  world  fhould  we  fee! 
g^eeof  mi-  Minerval  was  rigoroufly  ferutinized,  whether  he 

iiorillumi  vvas  ready  to  fubmit  to  every  torture,  or  even  to  com^ 


mit  fuicide,  rather  than  give  any  information  again  ft  the  Illumi: 
order.  Suicide  was  reckoned  not  only  innocent,  but  ho- ^ 
nourable,  and  was  alfo  reprefented  as  a  peculiar  fpecies 
of  voluptuoufnefs.  In  order  to  difeover  the  fentiments 
of  the  Minervals  upon  this  fubjeift,  they  were  required 
to  write  a  differtation  upon  the  chara£ler  and  death  of 
Cato,  or  any  firnilar  fubje£l.  They  were  alfo  defired 
to  difeufs  the  favourite  dodlrine  of  Weifhaiipt,  that  t/je 
end  fanBifits  the  means;  a  principle  of  the  moft  perni¬ 
cious  tendency,  which  would  render  calumny,  affaffma- 
tlon,  fedition,  and  treafon,  laudable  and  excellent.  Next, 
they  were  called  upbn  to  compofe  a  differtation,  by  which 
their  opinions  concerning  kings  and  priefts  might  be  af- 
certained.  If  they  performed  all  thefe  tafl<s  with  the 
fpirit  of  an  infidel,  and  the  defperute  firmnefs  of  a  con- 
fpirator,  they  were  then  judged  worthy  of  being  pro¬ 
moted  to  the  degree  of  minor  llluminee. 

The  minor  illuminees  held  meetings  firnilar  to  thofe 
of  the  Minerval  academy.  It  was  neceffary  that  the 
prefident  fhould  be  one  who  was  railed  to  the  degree  of 
prieft,  and  initiated  in  the  myfteries  ;  but  he  was  re¬ 
quired  to  perfuade  his  pupils,  that  beyond  the  degree 
which  he  had  attained  there  were  no  myfteries  to  be 
difclofed.  The  minor  illuminees  were  to  be  fo  trained,  vij.  or  il- 
that  they  might  look  upon  themfelves  as  the  founders luminees 
of  the  order  ;  that  by  this  powerful  motive  they  might  trained  for 
be  animated  to  diligence  ar;d  exertion.  With  this  view,  degree 
hints  were  fcattered  rather  than  precepts  enjoined.  It  ^ 
was  infinuated,  that  the  \vorld  was  not  fo  delightful  as 
it  ought ;  that  the  happinefs  for  which  man  was  made 
is  prevented  by  the  misfortunes  of  fome,  and  the  crimes 
of  others;  that  the  wicked  have  power  over  the  good; 
that  partial  infurreflion  is  ufelefs  ;  and  that  peace,  con¬ 
tentment,  and  fafety,  might  be  eafily  obtained  by  means 
drawn  from  the  greateft  degree  of  force  of  w^hich  hu¬ 
man  nature  is  capable.  Such  view's,  it  is  added,  aiftua- 
ting  a  fccret  fociety,  W'ould  not  only  be  innocent,  but 
moft  worthy  of  the  wufe  and  well-difpofed. 

Weifliaupt  had  formed,  with  peculiar  care,  a  code 
for  this  degree,  w'hich  was  intitled,  InJlruB'ions  for  form^ 
trig  ufeful  Labourers  in  lUumintfm,  Thefe  inftrudliona 
diicover  anaftonlfhing  kno\^  ledge  of  human  nature,  and 
are  drawn  up  with  a  degree  of  fyftematic  coolnefs  which 
perhaps  no  confpirator  before  him  ever  exhibited.  He 
lays  down  rules,  by  which  the  character  of  almoft  any 
perfon  may  be  afeertained.  He  recommends  to  the 
minor  illuminees,  to  attend  to  the  condudt  of  any  per¬ 
fon  entrufted  to  their  care,  at  two  periods  ;  when  he  is 
tempted  to  be  what  he  ought  not  to  be,  and  when,  re¬ 
moved  from  the  influence  of  every  external  temptation, 
he  follow’s  the  dictates  of  his  inclination.  They  were 
to  ftudy  the  peculiar  habits  and  ruling  paffions  of  each; 
to  kindle  his  ardour  by  aefcanting  on  the  dignity  of  the 
order,  and  the  utility  of  its  labours ;  to  infufe  a  fpirit 
of  obfervation,  by  aflcing  queftions,  and  applauding  the 
wlfdom  of  the  anfwers ;  to  correft  the  failings  of  their 
pupil,  by  fpeaking  of  them  as  if  they  were  not  his, 
and  thus  making  him  judge  in  his  own  caufe  ;  to  In- 
ftrucl  and  advife,  not  by  tedious  declamation,  but  b/ 
fometimes  dropping  a  few  words  to  the  purpofe,  when 
the  mind  fiiould  be  in  a  proper  ftate  to  receive  them'. 

Above  all,  they  were  diredled  to  avail  themfelves  of 
thofe  moments  when  they  obferved  a  pupil  difeontented 
with  the  world.  It  is  then  (fays  Weifhaupt)  yoa 
muft  prefs  the  fw^elling  heart,  ftimulate  the  fenfibility. 


Illuminati. 
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and  deinonflrate  how  neceffary  fecret  focfetics  are  for  d.Tcovered  by  the  followmg  queries  :  «  When  he  finds  Ulumiimti, 

the  attainment  of  a  better  order  of  things.”  h.mfelf  with  different  parties,  which  does  he  adopt  • - T-- 

Having  paired  wuh  applaufe  through  the  ftates  of  the  ftrongeft  or  the  weakeft  ;  the  wittieft  or  the  moft  , 
probation  already  defcribed,  the  minor  illuminee  is  ftupid  ?  Or  does  he  form  a  third?  Is  he  conttant  and 
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promoted  to  the  rank  of  major  ilJurninee,  or  Scotch 
novice.  As  major  illuminee,  he  is  encompafled  with 
more  rigid  chains  ;  and  as  Scotch  novice,  lie  is  dif- 
patched  as  a  miffionary  into  mafonic  lodges,  to  convert 
the  brethren  to  illuminifm. 

The  candidate  for  this  degree  is  ftridly  examined,  in 
order  to  difcover  what  opinions  he  now  entertains  con¬ 
cerning  the  obje<5l  of  the  fociety  ;  the  motives  that 
prompted  him  to  join  it  ;  whether  he  is  difpofed  ftill  to 
.co-operate  with  the  refl  of  the  brethren  in  accomplifli- 
ing  the  grand  objed ;  and  whether  he  be  a  member  of 
any  other  fociety  ;  and  what  are  the  duties  which  it  re¬ 
quires. 

The  fertile  genius  of  Weifhaupt  is  not  exhaulled  ;  he 
has  ftill  in  referve  artifices  more  profound,  and  bonds 
more  powerful  ;  his  refources  keep  pace  with  the  pro- 
grefs  of  his  fchemes.  He  now  lays  a  fnare  for  his  pu¬ 
pils,  from  which  he  hopes  none  can  efcape,  and  there¬ 
fore  he  flatters  himfelf  they  are  his  for  ever.  He  de¬ 
mands  of  every  candidate  for  higher  degrees,  to  write, 
as  a  proof  of  confidence,  a  minute  and  faithful  account 
of  his  whole  lire,  without  any  referve  or  difiimulation. 
Referve  or  difiimulation  would  indeed  be  vain  ;  for  the 
mo fl:  fecret  circiimftances  of  his  life  are  already  well 
known  to  the  adepts,  by  means  of  innumerable  fpies, 
who,  by  the  appointment  of  the  fuperiors,  have,  un¬ 
known  to  him,  been  watching  and  ferutinizing  all  his 
adions  and  words,  his  temper,  pafiions,  and  opinions. 

Now  is  prefented  to  the  candidate  the  code  of  the 
brother  ferutator,  called  by  the  order  the  nofee  te  ipjum 
(know  thyfelf).  This  is  a  catechifm,  containing  from 
a  thoufand  to  fifteen  hundred  quellions,  concerning  his, 
perfon,  his  health,  his  education,  his  opinions,  his  in- 
clinations,  his  habits,  his  pafiions,  his  prejudices,  and 
even  his  weaknefles.  Queflions  are  alfo  propofed  re- 
fpeding  his  acquaintances,  his  relations,  friends,  and 
enemies.  The  candidate  is  required  to  enumerate  his 
favourite  colours,  to  deferibe  his  language,  the  nature 
of  his  converfatioii,  his  gait  and  gellures.  Nothing,  in 
£hort,  is  omitted  that  can  tend  to  diftinguifh  lus  charac¬ 
ter  as  an  individual,  or  as  a  member  of  fociety  Upon 
many  qualities  in  his  cliaradler,  thirty,  forty,  or  forne- 
times  near  a  hundred  queflions  are  propofed.  The 
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aflonifhing  care  VVeifliaupt  employed  to  diferiminate 
charadlers. 

Is  his  flow,  quick,  or  firm  ?  Are  his  fleps  long,, 
fhort,  dragging,  lazy,  or  fl^ipping  ?  Is  his  language  re¬ 
gular,  diforderly,  or  interrupted  ?  In  fpeaking,  does  he 
agitate  his  hands,  his  head,  or  his  body  with  vivacity? 
Does  he  clofe  upon  the  perfon  he  is  fpeaking  to  ?  Does 
he  hold  him  by  the  arm,  clothes,  or  button-hole  ^  Is 
he  a  great  talker,  or  is  he  taciturn  ?  If  fo,  why  ?  Is  it 
through  prudence,  ignorance,  refpedl,  or  floth  ?  &;c.. 
Concerning  his  education,  he  is  queflioned  to  whom 
does  he  ov/e  it  ?  Has  he  always  been  under  the  eyes  of 
his  parents  ?  How  has  he  been  brought  up  ?  Has  he 
any  elleem  for  his  maflers  ?  Has  he  travelled,  and.  in 
what  countries  ? 

By  thefe  queflions  his  temper  and  difpofitions  might 
he  accurately  known.  His  leading  pafiions  would  be 


firm  in  fpite  of  all  obflacles  ?  How  is  he  to  be  gained  ? 
by  praife,  by  flattery,  or  low  courtfliip  ;  by  women, 
money,  or  the  entreaties  of  his  friends  ?  Does  he  love 
fatire  ;  and  on  what  does  he  exercife  that  talent  ;  on  re- 
ligion,  hypocrify,  intolerance,  government,  miniflers, 
monks  &c. 

All  thefe  queflions  are  to  be  anfwered  and  illuflrated 
by  fa(fls.  It  is  necefiary  to  obferve  that  the  feruta- 
tors  alfo  give  in  written  anfwers  to  all  thefe  quellions. 
When  the  candidate  has  thus  given  a  minute  hiflory  of 
his  life,  and  revealed  all  his  fecrets,  his  foibles,  his  er- 
rors,  his  vices,  and  his  crimes,  Weifhaupt  triumphantly 
exclaims,  “  Now  I  hold  him  ;  I  defy  him  to  hurt  us  ; 
if  he  fhould  wifli  to  betray  us,  we  have  alfo  his  fe¬ 
crets.” 

1  he  adept  is  next  introduced  into  a  dark  apartment, 
where  he  folemnly  fwears  to  keep  fecret  whatever  he 
may  learn  from  the  order.  He  then  delivers  up  the 
hiflory  of  his  life,  fealed,  when  it  is  read  to  the  lodge, 
and  compared  with  the  charadler  drawn  of  him  by  the 
brother  ferutators.  A  corner  of  the  veil  is  now  lifted 
up,  flili,  however,  with  extreme  caution.  Nothing  ap¬ 
pears  palpable  but  the  purefl  principles  and  moll  ge¬ 
nerous  defigns.  At  the  fame  time  many  things  arc 
darkly  fuggefled,  which  are  incompatible  with  purity 
and  gencrofity  ;  for  while  the  utmofl  care  is  employed 
to  deceive  the  underflanding,  nothing  is  negle£led  that 
can  tend  fecretly  to  corrupt  the  heart.  A  number  of 
queflions  are  af]<ed  ;  the  evident  intention  of  which  is 
to  make  the  adept  difeontented  with  the  prefent  moral 
government  of  the  world,  and  to  excite  the  defire  of 
attempting  a  great  revolution.  After  anfwering  thefe 
queflions,  the  fecretary  opens  the  code  of  the  lodge  ; 
and  h:iving  informed  the  young  illuminee  that  the  cb' 
je6l  of  the  order  is  to  diffule  the  pure  truth,  and  to 
make  virtue  triumph,  he  proceeds  to  fhow  that  this 
is  to  be  accomplifhed  by  freeing  men  from  their  prejii- 
dices,  and  enlightening  their  underflanding?.  “  To 
attain  this,  (continues  the  fecretary),  we  nuifl  trace 
the  origin  of  all  fciences,  we  mufl  reward  oppreflTed  ta-- 
lents,  we  mufl  undertake  the  education  of  youth  ;  and, 
forming  an  indifloluble  league  among  the  mofl  powerful 
geniufes,  we  mull  boldly,  though  with  prudence,  com- 


r  n  •  r  •  -n  ^  gcinuics,  we  mint  boldly,  tliou<Th  with  prudence  com. 

following  fpeemen  will  enable  the  reader  to  judge  what  bate  fuperllition,  Incredulfty  ,and  folly  ;^and  at  en^li 
aftoniihiiig  care  VVeifliaupt  employed  to  difcnminate  form  our  n.-nnl..  :.,ft  „.,.i 


uniform  principles  on 
all  fubje^db.”  The  fecretary  adds,  that  in  attemptinsr 
to  divcll  vice  of  Its  power,  that  the  virtuous  may  be  re- 
warned  even  in  this  world,  the  order  is  counteracted  by 
princes  and  priejls,  and  the  political  conjlitnlions  of  na¬ 
tions  ;  that,  however,  it  was  not  intended  to  excite  re- 
volutions  and  oppofe  force  by  force,  but  merely  to 
bind  the  hands  of  the  protectors  of  diforder,  and  to 
govern  without  appearing-to  command  ;  that  the  pow¬ 
ers  of  the  earth  muft  be  encompafled  with  a  legion  of 
indefatigable  men,  all  direding  their  labours  towards 
the  improvement  of  human  nature.  Were  there  but 
a  certain  number  of  fuch  men  in  every  country,  each 
might  form  two  others.  »  Let  thefe  (fays  he)  only 

A 11“".'—  '^‘11 1’e  impoffible  to  our  order.” 

All  this  IS  very  fpecious ;  it  is  well  contrived  to  fafei. 
iiate.the  imagination  of  the  ^oung,  and  the  heart  af 
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niuminati.  the  gencretja  and  benevolent,  while,  under  all  this  pre 
tended  regard  to  virtue  and  to  the  happinefs  of  mankind, 
is  concealed  a  mod  formidable  coiifpiracy  again  ft  the 
peace  of  the  world. 

After  this  addrefs  is  delivered,  the  major  illuminee 
is  prefented  with  the  codes  of  the  infinuator  and  feru- 
tator  ;  for  he  muft  now  infpe6l  the  pupils  of  the  iiifi- 
nuators,  and  muft  exercife  the  office  of  ferutator  while 
prefiding  over  the  Minerval  academies. 


knjght. 


The  decree  The  next  degree,  wdiich  is  that  of  Scotch  knight, 
of  Scotch  i*s  both  intermediate  and  ftationary.  It  is  ftationary 
for  thofe  who  are  not  Efficiently  imbued  with  the 
principles  of  the  order,  and  intermediate  for  thofe  who 
have  imbibed  the  true  fpirit  of  illumlnirm.  The  Scotch 
knights  were  appointed  the  diredors  of  all  the  prepa- 
ratoiy  degrees,  and  to  watch  over  the  interefts  of  the 
order  within  their  dlftrid.  They  w'ere  to  ftudy  plans 
for  increafing  the  revenues  of  the  order,  and  to  endea¬ 
vour  to  promote  to  public  offices  of  confidence,  of 
power  and  wealth,  as  many  of  the  adepts  as  poffible  ; 
and  to  llrive  to  acquire  an  abfolute  fway  in  the  ma- 
fonic  lodges.  They  were  to  procure  the  management 
of  the  mafonic  funds  ;  and  while  they  were  to  perfuade 
the  brethren  that  thefe  were  expended  according  to 
their  own  orders,  they  were  to  employ  them  for  pro¬ 
moting  the  views  of  the  older.  Thus  one  office  of  the 
Scotch  knights  was  to  embezzle  the  money  that  was 
entrufted  to  them,  in  order  to  dilfufe  truth,  and  to  make 
virtue  triumph. 

After  paffing  with  applaufe  through  this  long  and 
tedious  probation,  the  adept  is  introduced  to  the  clafs 
of  the  myfterles.  He  is  not  yet,  however,  made  ac¬ 
quainted  with  the  whole  fecrets  of  the  fociety  ;  he  muft 
llill  fubmit  to  new  trials;  Ills  curiofity  muft  be  farther 
excited,  his  imagination  muft  be  kept  longer  upon  the 
ftrctch,  and  his  principles  of  depravity  be  rendered 
more  violent  and  inveterate  before  the  vail  be  entirely 
withdrawn,  which  will  difeover  to  him  Weifhaiipt  and 
his  infernal  crew,  plotting  the  deftrudlion  of  the  laws, 
fciences,  and  religion  of  mankind.  The  degree  of 
epopt  or  prieft,  to  which  the  adept  was  next  raifed, 
opened  to  view,  however,  fo  great  a  part  of  the  myf- 
teries,  that  the  reader  will  be  fully  prepared  to  expewl 
the  fecrets  which  remain  to  be  unfolded  in  the  other 
degrees. 

Before  being  admitted  to  the  degree  of  epopt,  the 
adept  was  required  to  give  a  written  anfwer  to  ten  pre¬ 
liminary  queftions.  The  Infinuations  againft  the  efta- 
blifhed  order  of  the  world,  which  had  formerly  been 
nightly  mentioned,  increafe  now^  to  an  indirect  propo- 
fal  to  attempt  a  complete  revolution.  The  candidate 
is  aficed,  whether  he  thinks  the  world  has  arrived  at 
that  happy  (late  which  was  intended  by  nature  ?  Whe¬ 
ther  civil  aflociations  and  religion  attain  the  ends  for 
which  they  were  deligiu  d  ?  Whether  the  fciences  are 
conducive  to  real  happinefs  ^  or  whether  they  are  not 
merely  the  offspring  of  the  unnatural  ftate  in  which  men 
live,  and  the  crude  inventions  of  crazy  brains  ?  It  is  then 
propofed  as  a  queftion,  whether  there  did  not  in  an- 
tient  times  exift  an  order  of  things  more  fimplc  and 
happy  ?  What  are  the  beft  means  for  reftoring  man¬ 
kind  to  that  ftate  of  felicity  ?  Should  it  be  by  public 
meafurcs,  by  violent  revolutions,  or  by  any  means  that 
nvould  enfure  fuccefs  P  Would  it  not  be  proper,  with 
this  view,  to  preach  to  mankind  a  religion  more  per- 
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fe£I,  and  a  philofophy  more  elevated  ?  And,  in  the 
mean  time,  is  it  not  advifable  to  diffeminate  the  truth 
in  fecret  focieties  ? 

Should  the  anfwers  given  to  thefe  queftions  accord 
with  the  fentiments  of  the  order,  on  the  day  fixed*  for 
the  initiation,  the  candidate  is  blindfolded,  and,  along 
with  his  introducer,  is  put  into  a  carriage,  the  win¬ 
dows  of  which  are  darkened.  After  many  windings 
and  turnings,  which  it  would  be  impoffiblc  for  the 
adept  to  trace  back,  he  is  condudled  to  the  porch  of 
the  temple  of  the  myfterles.  His  guide  ftrips  him  of 
the  mafonic  infignia  which  he  wore  as  a  knight,  re¬ 
moves  the  bandage  from  his  eyes,  and  prefents  him 
with  a  drawn  fword  ;  and  then  having  ftricftly  enjoined 
him  not  to  advance  a  ftep  till  he  is  called,  leaves  him 
to  his  meditations.  At  length  he  hears  a  voice  ex¬ 
claiming,  “  Come,  enter,  unhappy  fugitive;  the  fa¬ 
thers  wait  for  you  ;  enter,  and  ffiut  the  door  after  you.’’ 
He  advances  into  the  temple,  where  he  fees  a  throne 
with  a  rich  canopy  rifing  above  it,  and  before  it,  lying 
upon  a  table,  a  crown,  a  feeptre,  a  fword,  fome  pieces 
of  gold,  and  precious  jewels,  interlaid  with  chains. 
At  the  foot  of  the  table,  on  a  fcarlet  cufhion,  lie  a 
white  robe,  a  girdle,  and  the  fimple  ornaments  of  the 
facerdotal  order.  The  candidate  is  required  to  make 
his  choice  of  the  attributes  of  royalty,  or  of  the  white 
robe.  If  he  choofe  the  white  robe,  which  he  knows  it 
is  expelled  he  fhould  do,  the  hierophant,  or  inftrnctur, 
thus  addreffes  him  ;  “  Health  and  happinefs  to  your 
great  and  noble  foul.  Such  was  the  choice  we  expedted 
from  you.  But  flop  ;  it  is  not  permitted  you  to  in- 
veft  yourfelf  with  that  robe,  until  you  have  heard  to 
what  we  now  deftine  you.’’  The  candidate  is  then  or¬ 
dered  to  fit  down  ;  the  book  of  the  myfteries  is  open¬ 
ed,  and  the  whole  brethren  liften  in  lileuce  to  the  voice 
of  the  hierophant. 
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Prepara¬ 
tions  for 
the  prieft, 
hood. 


The  exordium  is  long  and  pompous;  much  artifice  hi  ftruiftions 
is  concealed  iti  it,  and  much  eloquence  dilplayed.  ^ 

expatiates  on  the  fiiblime  and  generous  views  of  the  fo,‘^' 
ciety  ;  evidently  with  the  defire  of  lulling  afleep  the 
fufpicion  of  the  candidate,  of  exciting  him  to  admira¬ 
tion,  and  of  infpiring  him  with  enthufiafm.  The  hie¬ 
rophant  then  proceeds  to  unveil  the  myfteries.  He 
launches  out  into  a  fplendid  defenption  of  the  original 
ftate  of  mankind  ;  when  health  was  their  ordinary  ftate, 
when  meat,  and  drink,  and  fhelter,  were  tlicir  only 
wants.  At  that  period  (fays  he)  men  enjoyed  the 
moft  ineftimable  bleffings,  equality  and  liberty  ;  tl.ey  en¬ 
joyed  them  to  their  utmoft  extent  :  but  when  tfie  wan¬ 
dering  life  ceafed,  and  property  ftarted  into  exiftence  ; 
when  arts  and  fciences  began  to  flourilh  ;  when  a  dit'- 
tin6tion  of  ranks  and  civil  affociations  were  eftabliflied, 

“  liberty  was  ruined  in  its  foundation,  and  equahty  dif- 
appeared.  The  world  then  ceafed  to  be  a  great  famb 
ly,  to  be  a  fingle  empire  ;  the  great  bond  of  nature  was 
rent  afunder.”  Wants  now  increafed,  and  the  weak 
imprudently  fubmitted  to  the  wife  or  the  ftrong,  that 
they  might  be  protected.  As  the  fubmiffion  of  one 
perfon  to  another  arifes  from  wants,  it  ceafes  when  the 
wants  no  longer  exift.  Thus  the  power  of  a  father  is 
at  an  end  when  the  child  has  acquired  his  *lrerigth. 

Every  man,  having  attained  to  years  of  diferetion,, 
may  govern  himfelf ;  when  a  whole  nation,  therefore, 
is  arrived  at  that  period,  there  can  exift  110  farther  plea 
for  keeping  it  in  wardfliip. 

Such 
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i>uch  a  ilate  as  that  of  civil  focicty,  Is  then  repre-  adepts  for  the  conqueft  of  this  land  of  promife,  Is  to  IJIuminati. 
feiited  as  incompatible  with  the  pradlice  of  virtue,  diminifli  the  wants  of  the  people  ;  and  accordingly  the 
“  With  the  divifioii  of  the  globe,  and  of  its  Hates,  be-  code  denounces  eternal  war  with  every  fpecies  of  coin- 
nevolence  (fays  the  hierophant)  was  reftrained  within  inerce.  Hence  the  liierophant  proceeds  to  inform  thelcse^T'* 
certain  limits,  beyond  which  it  could  no  longer  be  ex-  candidate,  that  he  who  wifhes  to  fubjed  natkns  tomiestr* 
tended.  1  atiiotifm  was  deemed  a  virtue  ;  and  lie  w^as  his  yoke,  need  but  to  create  wants,  which  he  alone  can 
ityled  a  patriot  who,  partial  towards  his  countrymen,  fatisfy.  “Confer  (fays  he)  upon  the  mer emit  tie  tribe 
and  unjuH  to  others,  was  blind  to  the  merits  of  ftran-  foine  rank  or  fome  authority  in  the  government,  and 
gers,  and  believed  the  very  vices  of  his  own  country  to  you  will  have  created  perhaps  the  moll  formidable*  the 
be  perfedions.  We  really  beheld  (continues  he)  pa-  moH  defpotic  of  all  powers.  He,  on  the  contrary,* who 
triotdm  generating  localilm,  the  confined  fpirit  of  fa-  willies  to  render  mankind  free,  teaches  them  how  to 
mihes,  and  even  egoifm.  Diminilh,  rejed  that  love  of  refrain  from  the  acquifition  of  things  wliicli  they  can- 
country,  and  mankind  will  once  more  learn  to  know  not  afford  :  he  enlightens  them,  he  infufes  into  them 
and  love  each  other  as  men.  Partiality  being  call  afide,  bold  and  inflexible  manners.  If  you  cannot  diffufe  at 
a  union  of  hearts  will  once  more  appear,  which  will  ex-  the  fame  inllant,  this  degree  of  li^ht  among  all  men 

panditfelf  over  the  globe.”  _  at  leaft  begin  by  enlightening  yourfdf,  and  by  render’ 

Ihefe  uiiphilofophical  declamations,  enthufiaftically  ing  yoiirfelf  better.  The  mode  of  dlffiiling  univerfaT 
pronounced,  at  length  make  the  profylete  exclaim,  in  light  is,  not  to  pioclaim  it  at  once  to  the  whole  world 
unifon  with  his  mailer,  “Are  fuch  then  the  confe-  but  to  begin  with  yourfclf;  then  turn  to  your  rext 
quences  of  the  inftitution  of  dates,  and  of  civil  fociety  ?  neighbour  :  you  too  can  enlighten  a  third  and  a  fourth  • 

O  folly  !  Oh  people  !  that  you  did  not  forefee  the  fate  let  thefe  in  the  fame  manner  extend  and  multiply  the 
that  a^\’aited  you  ;  that  you  (hould  yourfclves  have  fe-  number  of  the  children  of  light,  until  numbers  and  force 
conded  your  defpots  in  degrading  human  nature  to  fer-  Jhall  tlronv  power  into  your  hands.  You  will  foon  ac 
vit^e,  and  even  to  the  condition  of  the  brute  !”  quire  fufficieiit  force  to  bind  the  hands  of  your  opponents] 

Having  wrought  up  the  profelyte  to  this  pitch  of  to  fubjugate  them,  and  to  difle  wickednefs  in  the  em- 
frenzy,  and  enume.-ated  all  the  evils  which,  according  bryo  i.  e.  you  will  foon  be  able  to  difle  every  prin- 
to  Weifliaupt,  anfe  from  political  afiociation,  the  hie-  ciple  of  law,  of  government,  of  civil  or  political  focietv 
Tophant  comes  to  reveal  the  means  by  which  the  grie-  whofe  very  inditutioii,  in  the  eyes  of  an  illumlnee  'is 
vancts  of  the  human  race  may  be  redreffed.  “  Provi-  the  germ  of  all  the  vices  and  misfortunes  of  human  ’na- 
dence  (he  lays)  has  tranfmitted  the  means  to  us  of  fc-  ture. 


cretly  meditating,  and  at  length  operating,  the  falva- 
tion  of  human  kind.  Thefe  means  are  the  fecret 
fchools  of  philofophy.  Thefe  fchools  have  been  in  all 
ages  the  archives  of  nature,  and  of  the  rights  of  man, 
Thefe  fchools  fhail  one  day  retrieve  the  fall  of  human 
nature,  and  princes  and  nations  shall  disappear 
FROM  THE  FACE  OF  THE  EARTH  ;  and  that  witliout  any 
violence.  Human  nature  fliall  form  one  great  family, 
and  the  earth  fliall  become  the  habitation  of  the  man 
of  reafon.  Reafon  fliall  he  the  only  look  of  la^ivsy  the  foie 
code  of  man.  This  is  one  of  our  grand  myjleries.  Attend 
to  the  demonflration  of  it  ;  and  learn  how  it  has  been 
tranfmitted  down  to  us.’’ 

This  pretended  demonflration  makes  part  of  the  fame 
fophiftical  harangue  ;  and  confifls  in  panegyrics  on  the 
dignity  of  human  nature  ;  in  a  bafelefs  morality  ;  and 
in  a  fcandalous  perverlion  of  the  Chrillian  Scriptures, 
with  a  blafphemous  account  of  the  miniftry  of  the  Sa¬ 
viour  of  the  world. 

“  What  ftrange  blindnefs  (continues  the  hierophant) 
can  have  induced  men  to  imagine,  that  human  nature 
was  always  to  be  governed  as  it  has  hitherto  been  ? 
'Where  is  the  being  who  has  condemned  men,  the  befl, 
the  wifeft,  and  the  mod  enlightened  men,  to  perpetual 
flavery  ?  Why  iliould  human  nature  be  bereft  of  its 
moil  perfe^l  attribute,  that  of  governing  itfelf?  Why 
are  thofe  perfons  to  be  always  led  who  are  capable  of 
conduding  themfelves  ?  Is  it  then  impoflibJe  for  man¬ 
kind,  or  at  lead  the  greater  part  of  them,  to  come  to 
majority  ?  Are  we  then  fallen  fo  low  as  not  even  to  feel 
our  chains,  as  to  hug  tliem,  and  not  cherifli  the  flatter¬ 
ing  hope  of  being  able  to  break  them,  and  recover  our 
liberty  ?  No  ;  let  us  own  that  it  is  not  impoflible  to 
attain  universal  independence.” 

The  principal  means  which  Weifliaupt  offers  to  his 


The  hierophant,  continuing  to  infid  on  the  neceflityThe?/mo. 
of  enlightening  the  jreople  to  operate  the  grand  revo-rallty; 
lutioii,  feems  to  be  apprchenfive  that  the  candidate 
may  not  yet  clearly  conceive  the  real  plan  of  this  re¬ 
volution,  which  is  in  future  to  be  the  foie  objed  of  all 
his  indrudions.  Let  your  indrudions  and  lights  be 
univerfally  diffufed;  fo  fluill  you  render  mutual  fecurity 
univerfal  ;  and  fecurity  and  infruBion  nvill  enable  us  to 
live^  nviihout  prince  or  government.  The  indrudion 
which  is  to  accomplifli  this  great  end,  is  indrudion  in 
morality,  and  morality  alone  ;  for  “  true  morality  is  no¬ 
thing  elfe  than  the  art  of  teaching  men  Xoflnike  of  their 
<wardfh\p,  to  attain  the  age  of  manhood  ;  and  thus  to 
need  neither  princes  nor  governments.  The  morali- 
ty  which  is  to  peiform  this  miracle,  is  not  a  morality* 
of  vain  fubtleties.  It  is  not  that  morality  which,  de¬ 
grading  man,  renders  him  carelcfs  of  the  goods  of  this 
world,  forbids  him  the  enjoyment  of  the  innocent  plea- 
fures  of.  life,  and  infpires  him  with  the  hatred  of  his 
neighbour.  ^  Above  all,  it  mud  not  be  that  morality 
which,  adding  to  the  miTeries  of  the  miferable,  throws 
them  into  a  date  of  pufillaiiimity  and  dcfpair,  by  the 
threats  of  hell  and  the  fear  of  devils.  It  mud  be  a  divine 
dodrine,  fuch  as  Jefus  taught  to  his  difciples,  and  of 
which  he  gave  the  real  interpretation  in  his  fecret  con- 
ferences.” 

The  impious  hierophant  then  proceeds,  with  match-  3© 
lefs  blafphemy,  to  reprefent  the  Redeemer  of  mankind 
as  teaching,  like  the  Grecian  fophlds,  an  exoteric  andChrT' 
an  efoteric  dodrine.  He  deferibes  him  as  the  grand 
mader  of  the  illuminees  ;  and  affirms,  that  the  objed  of 
his  fecret,  which  is  lod  to  the  world  in  general,  has 
been  preferyed  in  their  myderies.  It  was  “  to  rein¬ 
date  mankind  in  their  original  equality  and  li- 
BEHTY,  and  to  prepare  the  means.  This  explains  in^ 

what 


ILL 

]  -jumTia^t.  what  fenfc  Chrifl  was  the  Savwur  and  Redeemer  of  ihe 
Y— ^  quQYld,  'I’he  dodlrine  of  orig’inal  lin,  of  the  fall  of 
man,  and  of  In's  regeneration,  can  now  be  uiiderllood. 
The  flatc  of  pure  nature,  of  fallen  or  corrupt  nature, 
and  tlie  ilaie  of  grace,  will  no  longer  be  a  problein. 
Mankind,  in  quitting  original  liberty^  fell 

ficm  the  hate  of  nature,  and  lojl  their  dignity.  In  their 
civil  fociety,  under  their  governments,  they  no  longer 
live  in  the  Hate  of  pure  nature,  but  in  that  of  fallen 
and  corrupt  nature.  If  the  moderating  of  their  pafiioiis, 
and  the  diminution  of  their  wants,  reinllate  them  in 
their  primitive  dignity,  that  will  really  conflitute  their 
redemption  and  their  Jlate  of  grace.  It  is  to  this  point 
that  morality,  and  the  moit  perfedf  of  all  morality,  that 
of  Jefus,  leads  mankind.  When  at  length  this  dodlrine 
fliall  prevail  throughout  tlie  world,  the  reign  of  the 
good  and  of  the  clcdl  fliall  be  eftablifhed.’^ 

This  language  (as  M.  Barruel  obferves)  is  furely 
not  enigmatical  ;  and  the  profelyte  who  has  heard  it 
gj  without  lliuddering,  may  flatter  himfelf  with  being 
;Prepa!ato*  worthy  of  this  Antichriflian  priefthood.  He  is  led 
ry  litei  to  back  to  the  porch,  where  he  is  invefted  with  a  white 
tunic  and  broad  fcarlet  belt  of  filk.  The  fleeves  of 
the  tunic,  which  are  wide,  are  tied  in  the  middle  and 
at  the  extremities  with  ribbons  like  wife  of  fcarlet ;  and 
the  candidate  is  recalled  into  the  temple  of  myfleries. 
He  is  met  by  one  of  the  brethren,  who  does  liot  per¬ 
mit  him  to  advance  till  he  has  declared  “  whether  he 
perfedlly  underflands  the  difeourfe  which  has  been  read 
to  him  ;  whether  he  has  any  doubts  concerning  the  doc¬ 
trines  taught  in  it  ;  whether  his  heart  is  penetrated 
with  the  fandtity  of  the  principles  of  the  order  ;  whe¬ 
ther  he  is  fenfible  of  the  call,  feels  the  flrength  of 
mind,  the  fervent  will,  and  all  the  difintereHednefs  re- 
quifite  to  labour  at  \\\c  grand  undertaking  ;  whether  he 
is  ready  to  make  a  facrilice  of  his  will^  and  to  fuffer 
himfelf  to  be  led  by  the  mod  excellent  fuperhrs  of  the  or- 

5»  .  .  »  .  .  . 

Injaauonto  The  rites  of  the  preceding  degree  were  in  impious  de- 

•thevrieil-  rifion  of  the  facrament  of  the  Lord’s  fupper  ;  thofebf 
hood.  prefent  are  an  atrocious  mimicry  of  facerdotal  ordi¬ 

nation  ;  at  which,  as  every  one  knows,  the  Lord’s  fup¬ 
per  is  likewife  celebrated.  A  curtain  is  drawn,  and  an 
altar  appears  with  a  crucifix  upon  it.  On  the  altar  is  a 
bible  ;  and  the  ritual  of  the  order  lies  on  a  reading  defl<, 
with  a  cenfer  ihid  a  phial  full  of  oil  befide  it.  The 
dean,  or  prefident,  who  adls  the  part  of  a  bifhop,  bleffes 
the  candidate,  cuts  hair  from  the  crown  of  his  head, 
anoints  him,  clothes  him  in  the  veftments  of  the  prieft¬ 
hood,  and  pronounces  prayers  after  the  fafhion  of  the 
order.  He  prefents  him  with  a  cap,  faying,  “  Cover 
thyfelf  with  this  cap  ;  it  is  more  precious  than  the 
royal  diadem.”  The  mock  communion  is  then  diftri- 
buted  ;  and  it  confifts  of  milk  and  honey,  which  the 
dean  gives  to  the  profelyte,  faying,  “  This  is  that 
which  nature  gives  to  man.  Reflect  how  happy  he 
would  ftill  have  been,  if  the  defire  pf  fuperfluities  had 
'not,  by  depriving  him  of  a  tafte  for  fuch  fimple  food, 
multiplied  his  wants,  and  poifoned  the  balm  of  life  ” 
The  ceremonies  are  terminated  by  delivering  to  the 
epopt  that  part  of  the  code  which  relates  to  his  new 

the  Among  the  inftrudlions  which  it  contains,  the  fol- 

tjr  epopt.  lowing  are  more  particularly  worthy  of  notice.  The 
epopt,  fays  the  code,  “  will  take  care  that  the  wri- 
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tings  of  the  members  of  the  order  ftiall  be  cried  up,  and  niuminatu 
,  that  the  trumpet  of  fame  fliall  be  founded  in  their  ho- 
nour.  Ide  will  alio  find  means  of  hindering  ihe  revienv- 
ers  fromcafingany  fifpicions  on  the  writers  of  the  fed!.” 

He  is  likewife  in  ft  rutted  to  hrihe  the  coramon  people 
iiito  tlie  iiiteiefts  of  the  order,  and  to  c(n'rupt  tlscir 
minds,  by  getting  pofTeftion  of  fchools  and  other  femi- 
naries  of  learning.  But  “  if  it  be  neceflary  for  us  to 
be  inaOers  of  the  ordinary  fchools  (fays  the  impious  le- 
giflator),  of  how  much  more  importance  will  it  be  to 
gain  over  the  Ecclefiajlic  feminaries  and  their  fuperlors  ! 

With  them  wc  ^aiii  over  the  chief  part  of  the  country  ; 
we  acquire  the  fiipport  of  the  greatejl  enemies  to  Innovation  ; 
and  the  grand  point  of  all  is,  that  through  the  clergy 
we  become  mcfiers  of  the  tniddle  and  lo^euer  clajfes  of  the 
peofe."  _  3^ 

From  the  degree  of  epopt  or  prieft  are  cbofen  the^^alifica- 
regents  or  prince4lliimtnee.u  On  making  this  choice,  fays 
the  code,  three  things  of  the  utmoft  confequence  are 
be  obferved.  “  The  greateft  referve  is  neceflary^  ^  * 

with  refpeeft  to  this  degree  :  2dly^  Thofe  who  are  ad¬ 
mitted  into  it,  mull  be  as  much  as  polfible  free  men,  and 
independent  of  princes  :  ^dly,  They  mull  have  clearly  ma- 
nifefted  their  hatred  of  the  general  conftitiition,  or  the  ac¬ 
tual  Jlate  mankind;  and  have  ftiewn  how  evidently 
they  wdfli  for  a  change  in  the  government  of  the  <ioorldd' 

If  thefe  requifites  be  found  in  an  epopt  who  afpires  to 
the  degree  of  regent,  fix  preliminary  queftions  are  put 
to  him  ;  of  which  the  obvious  meaning  is  to  difeover, 
whether  he  deems  it  lawful  and  proper  to  teach  fubje(Sls 
to  throw'  off  the  authority  of  their  fovereigns,  or,  in 
other  words,  to  deftroy  every  king,  miuifter,  lawq  ina«* 
giftrate,  and  public  authority  on  earth. 

When  thefe  queftions  are  anfwered  to  the  fatisfac- 
tion  of  his  examiner,  he  is  informed,  “  that  as,  in  fu¬ 
ture,  he  is  to  be  entrufted  with  papers  belonging  to  the 
order  of  far  greater  importance  than  any  w  hich  he  has 
yet  had  in  his  pofiefiioii,  it  is  neceftary  that  the  order 
Ihould  have  farther  feciirities.  He  is  therefore  com¬ 
manded  to  make  his  voilf  and  infert  a  ebufe  with  re-. 
fpe£l  to  any  private  papers  which  he  may  leave,  in 
cafe  of  fudden  death.  He  is  to  get  a  formal  or  jiiridi. 
cal  receipt  for  that  part  of  his  wall  from  his  family,  or 
from  the  public  magiftrate  ;  and  he  is  to  take  their 
promifes  in  writing,  that  they  are  to  fulfil  his  inten- 
tions.”  This  precaution  being  taken,  and  the  day  fix- Admiffion 
ed  for  his  inauguration,  he  is  admitted  into  an  ante- to  this  dc- 
chamber  hung  with  black,  where  he  fees  a  fl<eleton, 
elevated  two  fteps,  wu'th  a  crown  and  fword  lying  at 
its  feet.  Having  given  up  the  written  difpofitions,  &c. 
refpe£ling  his  papers,  his  hands  are  loaded  with  chains 
as  if  he  were  a  Have,  and  he  is  left  to  his  meditations. 

A  dialogue  then  takes  place  between  his  introducer  and 
the  provincial,  who  is  feated  on  a  throne  in  a  faloon  ad¬ 
joining.  It  is  in  a  voice  loud  enough  to  be  heard  by 
the  candidate,  and  confifts  of  various  queftions  and 
anfwers  ;  of  which  the  following  may  ferve  for  a  fpeci- 
nien  ; 

Prov,  Who  has  reduced  him  to  this  Hate  of  fla- 
very 

Anf  hy  the  Introd.  Society,  Governments,  the 
Sciences,  and  falfe  Religion. 

Prov,  And  he  wilhes  to  call  off  this  yoke,  to  be¬ 
come  a  feditious  man  and  a  rebel  ? 

Anf  No;  he  wilhes  to  unite  with  us,  to  join  in 

QVK 


c  ] 


^  ^  ^  [  777 

Illuminan^ouR  fights  against  the  constitution  of  go- 
VERNMENTS,  tlic  Corruption  of  morals,  and  the  profa¬ 
nation  of  religion.  He  wifhes,  through  our  means,  to 
become  POWERFUL,  that  he  may  attain  the  grand  ul¬ 
timatum. 

Prov.  Is  he  fuperior  to  prejudices?  Does  he  prefer 


] 
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nous  an  import  ;  it  is  the  key  of  the  ancient  and  mo-  tn'JTinati, 

dern,  the  religious  and  political,  hiflory  of  the  uni.  - - - - 

verfe.” 

This  caution  of  the^  chief  confpirator  has  deprived 
us  of  the  power  to  give  fo  particular  an  account  of 
thefe  degrees  as  we  have  done  of  the  preceding;  but 


■  two,  VIZ.  that  of  Magus,  and  that  of  the  Man-king  ; 

^  T\  ri  A.  ^  A- n  *  n  n  * 


^tif»  Such  have  been  his  promifes. 

Proy.  Af]<  him,  whether  the  Hceleton  which  is  be¬ 
fore  him  be  that  of  a  h\n^^  a  nohlemnuy  or  a  beggar  ? 

Pie  cannot  tell  ;  all  that  he  fees  is,  that  this 
fteleton  was  a  man  like  us  ;  and  the  character  of  man 
IS  aU  that  he  attends  to. 

After  a  great  deal  of  infidious  mummery  like  this, 
the  epopt  is  admitted  to  the  degree  of  prince  ;  but  be¬ 
fore  his  invelliture  with  the  inhgnia  of  that  order,  he 
IS  exhorted  to  be  /.  e»  to  be  a  man,  and  a  man 
who  knows  how  to  govern  himfdf  \  a  man  who  knows 
his  duty,  and  his  imprefcriptihle  rights ;  a  man  wlio 
ferves  the  univerje  alone  ;  whofe  adions  are  folely  dired- 
ed  to  general  bemjit  of  the  world  and  of  human  na¬ 
ture.  Every  thing  elfe  (fays  the  provincial)  is  injus- 
TiCE.”  A  long  panegyric  is  then  made  on  the  hap- 
pincfs  which  will  be  experienced  hy  mankind,  when 
every  father  of  a  family  fliall  be  fovereign  in  his  tran¬ 
quil  cot  !  when  he  that  widies  to  invade  thefe  /acred 
rights  fhall  not  foul  an  afylurn  on  the  face  of  tire  earth  ! 
when  idlenefs  fha*]  be  no  longer  iuffered  ;  and  when  the 
36  clod  of  ufeful  fciences  f call  be  cajl  fide  (c)  ! 

decree.  ^  ^  degree  confided  in  extending  out 

the  ai  11)8  to  a  brother  with  the  hands  open  ;  the  gripe 
w^3s  to  feize  the  brother  by  the  two  elbows,  as  it  were 
to  prevent  liim^  from  falling  ;  and  the  nvord  was  re¬ 
demption  !  *1  iie  epopt  was  invefted  with  his  princi¬ 

pality  by  receiving  a  buckler,  boots,  a  cloak,  and  a 


hat  i  and  on  receiving  the  boots  he  was  defired  to>r  was  in  Germany  recTmn[l;Tded  from  the  p«ff( fef s7.! 
no  road  \^  hich  might  lead  to  the  propagation  or  dif-  noza.  EnrvdA  t  if  K.if  Uf ? _ V  • 


no  road  which  might  lead  to  the  propagation  or  dif- 
covery  of  happinefs.  Thus  decorated,  the  prince  illu- 
mince  received  the  fraternal  embrace^  and  heard  the  in- 
llru6lions  for  his  new  degree,  — 

One  would  think  that  the  adept  had  now  arrived  at 
the  very  acme  of  profanenefs  and  treafonable  confpi- 
racy.  He  has  been  initiated  in  myfteries  which  bur- 
Pfqiie  Chriftianity  and  its  Divine  Author,  and  at  the 
fame  time  vow  vengeance  againft  all  government,  all 
law,  and  all  fcience  :  yet  Weifhaiipt,  in  a  letter  to  Ca¬ 
to  Zwack,  his  incomparable  man,  fays,  that  he  has  com- 
pofed  four  degrees  above  that  of  regent,  or  prince- il- 
lumince  ;  with  refpea  even  to  the  loavejl  of  which,  his 


and  that  thefe  two  conftituted  the  greater  myste¬ 
ries.  When  the  adept  was  admitted  to  the  degree  of 
magusy  he  was  illuminized  only  in  Dhilofophv  and  reli¬ 
gion  ;  when  to  that  of  mandingy  new  lights  were  given 
him  relpeding  property,  and  every  fpecies  of  political 
airociation.  The  Abbe  quotes  a  pajfTage  from  the  CrE 
Heal  hiflory  of  all  the  degrees  of  illuminifniy  written  by  a 
man  of  honour,  who  had  pafTed  through  them  all,  which 
\yill  give  the  reader  a  fufficient  idea  of  the  objedl  of 
thefe  laft  degrees. 

“  With  refpea  to  the  two  degrees  of  m.ipis  and  of OtjeiiL  of 
man  king  (fays  this  writer),  there  is  no  reception,  th.nt 
IS  to  fa,',  there  are  no  ceremonies  of  initiation.  Even  Tnd  manl 
the  eled  are  not  permitted  to  tranferibe  tlieie  degrees  ;  king, 
they  only  hear  them  read,  and  tliat  is  the  reafou  why 
I  do  not  pubhfh  tliem  in  this  work,  q'he  full  is  that 
of  Magus,  called  alfo  uhilofopher.  It  contains  the 
fundamental  principles  of  Spinozifm.  Here  every  thing 
is  material ;  God  apd  the  world  arc  but  one  and  the 
fame  thing  :  all  religions  are  inconfilleut,  chimerical, 
and  the  invention  of  ambitious  men.'’ 

That  this  is  the  dodrine  of  Spinoza,  and  that  Spi¬ 
noza  was  an  atlieiH,  i^  moft  certain  ;  but  though  no¬ 
thing  can  be  ejfentialh  vvorfe  than  atheifm,  we  are  iirong- 
ly  inclined  to  fufped  that,  at  the  initiation  of  the  Ma¬ 
gus,  expieflions  mull  have  been  ided  vcLOvt fljoi kinq  at 
Icajl  to  the  ear  than  the  philofophic  jargon  of  the  apof- 
tate  Jew.  It  is  long  fince  the  philofophy  of  Spinoza 


NOZA,  Encycl)  ;  it  is  but  very  lately  that  a  profeffor  in 
the  iiiiiverfity  of  Jena  piiblifhed  a  book,  in  which  he 
teaches  that  there  is  no  God,  and  that  we  ahfurdly  give 
that  title  to  the  relations  of  Nature  (d)  ;  and  fometliing 
approaching  fo  near  to  atheifm  had  been  communicated 
to  the  adept  when  he  was  admitted  to  the  ]>rie{lhood, 
that  wc  are  perfuaded  Weifhaupt  mull  have  alluded  to 
language  at  leall  different  from  that  in  which  Spinoza 
taught  his  dark  doctrines,  and  that  language  ,  aceompa- 
nied  perhaps  with  impious  and  audacious  geftnres,  when 
he  faid  that,  compared  with  his  higher  mylleries,  his 
degree  of  prieft  was  but  child’s  play. 

What  gives  fome  degree  of  probability  to  this  con- 


play.  ‘‘  T  he  ntual  of  thefe  degrees,-  (fays  he  ,  I  by  the  Abbe  Barrueh  During  the  FreneVrevolut  on 

- — _  5  ^  appeared 

(c)  This  will  naturally  furprife  our  readers  ;  but  It  could  not  furprife  him  to  whom  it  was  addreEcH  •  t'Xv 
Avhen  candidate  for  the  priefthood,  he  had  gen  allted,  »  Do  the  fcLces  which  mercuhivaU  M  Ih^m 
with  leal  lights  .  Ag  they  conducive  to  real  happinefs  ?  Are  they  not,  on  the  contrary,  the  ofFsprinir  of  lum 
beliefs  wants,  and  of  the  unnatural  ftate  in  which  men  live  >.  Are  they  not  the  crude  inventions  of  CMz^br  ilns 

I  here  were,  however,  to  be  academies  for  the  cultivation  of  fuch  fciences  as  A.ited  the  def.gns  of  the  orde'r 
Each  academy  was  to  confift  of  nine  epopts,  of  whom  feven  were  to  prefide  refpeaivelv  over  fo  mamr  rU  / 
inentsM  fcience,  whilft  the  other  two  were  to  officiate  as  fecretaries  One  of  the  departments  in  ludedt'lm 
occult  fciences,  to  which  belonged  the  art  of  raifing'lhe  feals  of  the  letters  of  all  who  belonged  not  t^the  order 
and  of  fecuring  their  own  letters  againft  Innilar  pradices  !  !  1  g  not  to  the  oroei, 

(d)  We  learned  this  from  the  letter  already  quoted  in  note  (a). 
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Illuminati,  appeared  (e),  drelTed  in  the  facerdotal  robes  of  the  iL 
luminees,  and  perfonally  defying  Almighty  God.  “  Nol 
Athrifin  (fajd  the  impious  wretch)  thou  dofl  not  exiil.  If  thou 
said  haft  power  over  the  thunderbolts,  grafp  them  ;  aim  them 

at  the  man  who  dares  fct  thee  at, defiance  in  the  face  of 
thy  altars.  But  no  !  I  blafpheme  thee,  and  I  ftill  live. 
No  !  thou  dofl  net  exift.’’  It  will  be  feen  by  and  bye, 
that  the  chiefs  of  the  revolution,  and  even  numbers  of 
their  tools,  were  illuminized  ;  and  is  it  improbable  that 
this  blafphemer,  who  was  arrayed  in  the  infignia  of  the 
epopts,  made  nfe  of  the  language  and  gefturcs  of  the 
higher  myfteries?  Whether  it  be  or  not,  M.  Barruel 
has  proved,  even  from  the  writings  of  Weifhaupt  him- 
felf,  that  the  magi  were  at  leaft  atheifts  of  the  fchool  of 
Spinoza. 

“  The  fecond  degree  of  the  grand  myfteries,  called 
the  Man  king ^  teaches  (according  to  the  author  of  the 
Critical  Hiilory),  that  every  inhabitant  of  the  country 
or  town,  every  father  of  a  family,  is  fovereign,  as  men 
formerly  were  in  the  times  of  the  patriarchal  life,  to 
which  mankind  is  once  more  to  be  carried  l>ack  ;  that 
in  conreqiiencc  all  authority  and  all  magiftracy  muft  be 
39  deftroyed.’^ 

Savagifin.  This  may  appear  to  be  nothing  more  than  w^hat  the 
adept  has  been  already  taught  in  the  lefTer  myfteries ; 
and  it  is  in  fa£l  nothing  more  than  that  to  which  he 
muft  have  feen  thefe  myfteries  tending  ;  but  the  reader 
iinderftands  not  the  language  of  the  illuminees,  if  he 
fuppofes  that,  by  the  patriarchal  Hate,  they  mean  fuch 
a  (late  as  that  of  the  patriarchs  of  the  Old  Teftanient. 
No  !  their  patriarchal  flate  is  the  fancied  favage  (late  of 
the  atheiftical  philofophers  of  Greece  and  Rome,  when 
mankind  had  neither  property  nor  fixed  habitation. 
This  is  evident  from  one  of  the  difeourfts  of  the  hiero¬ 
phant  ;  in  which  he  tells  the  adept,  that  it  would  have 
been  happy  for  man  had  be  known  how'  to  preferve 
himfelf  in  the  primitive  Hate  in  which  Nature  had  pla- 
<ed  him  !  But  foon  the  unhappy  germ  developed  itfelf 
in  his  heart,  and. reft  and  happiiiefs  difappeared.  As 
families  multiplied,  the  neceilary  means  of  fubfiftence 
began  to  fail.  ‘The  Nomade  or  roaming  life  ceafed  ;  pro¬ 
perty  began,  i  .men  cbofe  fixed  habitations  ;  agriculture 
brought  them  together;  liberty  was  ruined  in  its 

FOUNDATIONS,  AND  EQUALITY  DISAPPEARED.” 

To  reftore  that  liberty  and  equality,  therefore,  which 
29  the  ultimate  objeft  of  the  order,  and  conftitutes  ^he 
Man-king,  all  property  muft  be  abolifhed,  every  houfe 
burnt,  as  well  the  cottage  of  the  peafant  as  the  palace 
of  the  prince  ;  and  mankind  muft  once  more  inhabit 
woods  and  caverns  without  clothes  and  without  fire, 
and  fally  out  oceafionally  to  encounter  their  fellow- 
brutes,  and  to  fearch  for  food  among  the  wild  herbs  of 
the  defart.  According  to  Mochus  the  Phenician,  and 
the  Greek  philofophers  of  this  hopeful  fchool,  this  was 
*  See  the  original  ftate  of  man  *  ;  and  to  this  ftate  it  was  the 
I)o»g*8  ^<'^-obje^  of  Weilhaupt  and  his  adepts  to  reduce  man  again, 
the  tjiem  lavifhing  the  moft  rapturous^  enco- 

Siate,  miuras  on  the  Goths  and  Vandals  wha  over-ran  the 
Roman  empire,  annihilated  the  arts,  put  a  ftop  to  agri- 
;cultnre,  and  burnt  the  towns  and  villages  of  civilized 
,Xuropc!  It  was  thus,  according  to  the  illuminees, 
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that  thofe  barbarians  regenerated  mankind  :  but  the  re-  niuminatT. 
generation  w'as  not  complete  ;  for  the  Goths  and  Van- 
dais  could  not  preferve  thcmfelves  from  the  contagion 
of  civil  life  ;  and  their  fall  from  favagifm  to  fcience 
drew  from  Weifhaupt’s  hierophants  the  mod  piteous 
lamentations  •  40 

The  laft  fecret  communicated  to  the  moft  favoured  The  hft  fe* 
adepts  was  the  novelty  of  the  order.  Hitherto  their 
zeal  had  been  inflamed,  and  their  refpedl  demanded  to^’^  ^  * 
an  inllitution  pretended  to  be  of  the  higheft  antiquity. 

The  honour  of  inftituting  the  myfteries  had  been  fuc^ 
ceffively  attributed  to  the  children  of  the  Patriarchs,  to 
ancient  philofophers,  even  to  Clirift  himfelf,  and  to  the 
founders  of  the  mafonic  lodges  (fee  Masonry  in  this 
SuppL),  But  now  the  time  is  come  when  the  adept, 
initiated  in  the  higher  myfteries,  is  fuppofed  to  be  fuf- 
ficieiitly  ent  hull  a  flic  in  his  admiration  of  the  order,  to 
be  entrufted  with  the  hiftory  of  its  origin.  Here  then 
they  inform  him,  that  this  iecret  fociety,  W'hich  has  fo 
artfully  led  him  from  myftery  to  myftery  ;  v/hich  has, 
with  fuch  perfevering  induftry,  rooted  from  his  heart 
every  principle  of  religion,  all  love  of  his  country,  and 
afteftion  for  his  family  ;  all  pretenfions  to  property,  to 
the  excluftve  right  to  riches,  or  to  the  fruits  of  the 
earth  ; — this  fociety,  which  has  taken  fo  much  pains  ta 
demonftrate  the  tyranny  and  defpotifm  of  all  laws  hu¬ 
man  and  divine,  and  of  every  government,  w’hether  mo¬ 
narchical,  ariftocratical,  or  republican  ;  which  has  de¬ 
clared  him  free,  and  taught  him  that  he  has  no  fove¬ 
reign  on  earth  or  in  heaven  ;  no  rights  to  refpe£l  in  o- 
thers,  but  thofe  of  perfe6l  equality,  of  favage  liberty, 
and  of  the  moft  abfoliite  independence  j  that  this  fo¬ 
ciety  is  not  the  offspring  of  an  ignorant  and  fuperlli- 
lious  antiquity,  but  of  modern  philofophy ;  in  one 
word,  that  the  true  father  of  illuminifm  is  no  o'ther 
than  Adam  Weifhaupt,  knowm  in  the  fociety  by  the 
name  of  Spartacus  !  This  important  fecret,  however, 
remained  a  niyttery  even  to  the  greater  part  of  the  magi 
and  the  man-kings^  being  revealed  only  to  the  grand 
council  of  areopagitesy  and  to  a  few  other  adepts  of  dif- 
tinguifhed  merit.  4r 

So  zealoufly  was  the  order  bent  upon  propagating  Prop^faT 
its  execrable  principles  through  the  whole  world, 
fome  of  the  chiefs  had  planned  an  order  of  female  a* 
depts,  in  fubferViency  to  the  defigns  of  the  men.  “  It 
will  be  of  gveat  fervice,  (fays  Cia/o  Zvvack)>  it  will 
procure  us  both  information  and  money,  and  will  fuit 
charmingly  the  tafte  of  fome  of  our  truefl  members# 
who  are  lovers  of  the  fex.”  An  afTefTor  of  the  Impe¬ 
rial  chamber  at  Wetzlar,  of  the  name  of  Dittfurt,  but 
known  among  the  illuminees  by  that  of  Minos ^  ex- 
prefled  even  his  defpalr  of  ever  bringing  men  to  the 
grand  objetl  of  the  order  without  the  fupport  of  fe¬ 
male  adepts  ;  and  he  makes  an  offer  of  his  own  wife 
and  his  four  daughters-in-law  to  be  firft  initiated. 

This  order  was  to  be  fubdivided  into  two  claffes#  each; 
forming  feparate  fociety,  ai^d  having  different  fe* 
crets.  The  firft  was  to  be  compofed  of  virtuous  wo¬ 
men  ;  the  fecond  of  the  wild,  the  giddy,  and  the  volup* 
tuous.  The  brethren  w'cre  to  conduft  the  firft,  by 
promoting  the  reading  of  good  books  ;  and  to  train  the 

feconiT 


(e)  He  docs  not  fay  where  this  appearance  was  made  j  but  the  clrcumftances  related  lead  us  to  fuppofe  that 
it  was  in  a  church. 
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fcc’ond  to  the  arts  of fecretly  gratifying  tkeir  pajp.ons.  The 
wife  of  an  adept  named  Ptolemy  Magus  was  to  prelide 
over  one  of  the  dafles  ;  which  {fays  Minos)  w'ill  be¬ 
come,  under  her  management  and  his,  a  very  pretty  fo- 
ciety.  “  You  mull  contrive  pretty  degrees,  and  dreffes, 
and  ornaments,  and  elegant  and  decent  rituals.  No  man 
muft  be  admitted.  This  will  make  them  more  keen, 
and  they  will  go  much  farther  than  if  we  were  prelent, 
or  than  if  they  thought  that  we  knew  of  their  proceed¬ 
ings.  Leave  them  to  the  fcope  of  their  own  fancies, 
and  they  will  foon  invent  tnylleries  which  will  put  us 
to  the  blufh,  and  mylleries  which  we  can  never  equal. 
They  will  be  our  great  apolUes.  RefleCl  on  the  re- 
fpe(ft,  nay,  the  awe  and  terror,  iiifpired  by  the  female 
inyllics  of  arutiquity.  Ptolemy’s  wife  mull  diredl  them, 
and  (he  will  be  iullruaed  by  Ptolemy  ;  and  my  ilep- 
daugliters  will  confiilt  with  me.  We  mull  always  be 
at  hand  to  prevent  the  introdudlion  of  any  improper 
quellion.  We  mull  prepare  themes  for  their  difeuf- 
fion  :  thus  we  fhall  coiifefs  them,  and  infpire  them  with 
our  fentiments.  No  man,  however,  mull  come  near 
them.  This  will  lire  their  roving  fancies,  and  we  may 
expecl  rare  mylleries!’^ 

But  notwithflanding  all  the  plans  and  zeal  of  this 
profligate  wretch  and  others  of  the  fraternity,  it  does 
not  appear  that  the  General  Spartacus  ever  confented 
to  the  ellablifhment  of  the  fillerhood.  He  fupplied, 
however,  the  want  of  fuch  an  inllitution,  by  fecret  iii- 
flrudlions  to  the  regents,  on  the  means  of  making  the 
influence  of  women  over  men  fubfervient  to  the  order, 
without  entruliing  them  with  any  of  the  fecrets.  “  The 
fair  fex  {fays  he)  having  the  greateft  part  of  the  world 
at  their  difpofal,  no  fluJy  is  more  worthy  the  adept 
than  the  art  of  Jlatlery^  in  order  to  gain  them.  They 
are  all  more  or  lefs  led  by  vanity,  curiolity,  pleafure,  or 
rhe  love  of  novelty.  It  is  on  that  fide,  therefore,  they 
are  to  be  attacked,  and  by  that  to  be  rendered  fubfer- 
vient  to  the  order.”  That  Weifhaupt’s  fagacity  had 
pot  on  this  occalion  forfaken  him,  is  very  evident;  fince 
it  has  been  proved  that  the  German  fair,  who  were  the 
correfpondents  of  the  illuminees,  w’elcomed  the  Preiich 
♦  DrRobi- invaders  of  their  native  country  Nay,  fo  lately  as 
fon’sPre^the  winter  of  1798,  our  correfpondent  in  Saxony  heard 
W//-  feveral  of  thefe  illuminized  ladies  exprefs  a  wifh  that  the 
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J'rencli  might  invade  and  conquer  England  ;  for  then, 
laid  they,  tea  and  coffee  would  be  cheaper  ! 

It  is  not  enough  for  the  founder  of  a  fed  of  confpi- 
rators  to  have  fixed  the  precile  obje6l  of  his  plots.  His 
Accomplices  mud  form  but  one  body,  animated  by  one 
fpirit;  its  members  mull  be  moved  by  the  fame  law^s, 
under  the  infpedion  and  government  of  the  fame  chiefs. 
A  full  account  of  the  government*  of  Weifiiaupt’s  or¬ 
der  will  be  found  in  the  valuable  work  of  Abbe  Bar- 
ruel  ;  our  limits  permit  us  to  give  only  fuch  a  general 
view  of  it  as  may  put  our  readers  on  their  guard  againll 
the  fecret  machinations  of  thefe  execrable  villains,  wdiofe 
lodges  are  now  recruiting,  under  different  denomina¬ 
tions,  in  every  country  in  Europe. 

Wherever  illiimiiiiim  has  gained  a  footing,  as  the 
means  of  fubordination,  there  is  a  general  divifion  of 
command  as  well  as  of  locality.  The  candidates  and  no^ 
vices  are  each  under  the  diredion  of  his  own  infinuator, 
who  introduces  him  into  the  Minerva/  lodges;  each  Mi- 
j^e/'val  lodge  has  a  fiipcrior  from  anioiig  the  preparatory 
clafs,  under  the  infpedion  of  the  inicrrfiediary  clafs.  So 


many  lodges  conftitutc  a  diflrid,  under  the  diredion  of  IHurnmatk 
a  fupeiior,  whom  the  order  calls  dean*  The  dean  is 
fubjeded  to  the  provincial^  who  has  the  infpedion  and 
command  of  all  the  lodges  and  deaneries  of  the  proviiice. 

Next  in  order  comes  the  national  fuperior^  who  has  full 
power  over  all  within  his  nation,  provincials,  deans,  lod¬ 
ges,  &c.  Then  comes  tlie  fupreme  council  of  the  or- 
der,  or  the  areopagiteSj  over  which  prefides  the  general 
of  ilhimir  ifm.  'I  hus  has  the  order  formed  within  itfelf 
a  fupreme  tribunal,  to  wdiofe  inquifition  all  nations  are 
to  be  fubjeded.  The  areopagites,  confifting  of  twelve 
fathers  of  the  order,  with  the  general  at  their  head, 
form  the  centre  of  communication  with  all  the  national 
fuperiors  on  earth  ;  each  national  is  the  centre  of  one 
particular  nation  ;  the  provincial^  of  one  province  ;  the 
dean^  of  the  lodges  wdthin  his  deanery  ;  the  Minerval 
mafler^  of  his  academy  ;  the  venerable,  of  his  mafonic 
lodge  ;  and  the  uifinuator  or  recruiter,  of  his  novices  and 
candidates. 

The  higher  degrees  (fays  WeiHiaupt  in  one  of  hisThefi^ 
inflrndions  to  the  regents)  inufl  alw'ays  be  hidden  fromni'de  of 
the  low'er,  *1  he  fimple  illuminee  therefore  correfpoiids^^*^^^^!*^^* 
with  his  immediate  fupen'or,  knowing  perhaps  no  other 
member  of  the  order  ;  the  latter,  with  his  dean  ;  and 
thus  gradually  afeending  to  the  national  fuperiors,  who 
alone  are  acquainted  with  the  refidence  of  the  areopa¬ 
gites,  as  they  again  are  with  the  names  and  refidence 
of  the  general.  Any  member,  however,  of  the  inferior 
degrees,  may  occafionally  correfpond  with  bis  unknown 
fuperiors,  by  addreffing  his  letters  ^ihus  licet ;  and  in 
thefe  letters  he  may  mention  wdiatever  he  thinks  con¬ 
ducive  to  the  advancement  of  the  order.  If  he  ‘be  a 
novice, ^  he  may  in  thefe  letters  inform  his  fuperiors 
how  his  inilrudlor  behaves  to  him,  or  may  draw  the 
cbaracler  of  any  perfoii  whatever.  When  the  letter  of 
any  adept  contains  fecretf>,  or  complaints  which  he 
choofes  to  conceal  from  his  immediate  fupen'or,  he  di- 
redls  it  Soli  or  Primo  ;  and  then  it  can  be  opened  only 
hy  provincial,  the  national  fuperior,  areopagit'ei, 
or  ftx'e  general,  according  to  the  rank  of  the  writer  ' 
which  is  by  fome  contrivance  unknown  to  M.  Barrtiel, 
indicated  on  the  oiitfide  of  the  letter.  The  provincial 
opens  the  letters  of  the  minor  and  illiimiuees 

which  are  directed  Soli  /  the  ^uihus  fleets  of  the  epopts; 
and  the  Primos  of  the  novices;  but  he  cannot  q'pfen 
either  the  Primo  of  the  minerval,  the  Soli  of  the  Scotch 
kiHght,  or  the  ^ibiis  lic^jt  of  tile  regent.  He  can  only 
form  a  conjedure  as  to  the  perfdns  vvivo  open  his  o\Vn 
letters,  and  thofe  which  he  is  not  permitted  to  opdn 
himfclf.  ) 

When  it  is  confidered,  that  by  one  of  Weifhaiipt’s  .  . 
flatutes,  the  provincial  basin  each  chapter  or  diftri^^”^ 
a  confidential  epopt,  whd  is  his  fecret  cenfor  or  fp  'y  ,-portan%'  to 
that  thefe  fpies  are  to  inilnuate  the'mfelvcs  into  all  com- their  order, 
panics,  and  colledl  anecdotes ^of  fecret  hifory',  that  the 
hidoriari  o'?  the  province  is  to  infert  thefe' anecdotes  m-  * 

to  a  journal  kept  for  that  purpofe  ;  anci  that  the'  pro-  ’ 

vincials  are  obliged  to  forward  the/contCntV  of  thefe 
journals  to  the  high  fiiperiors  of  the  order-L  fome  notion 
may  be  formed  of  tli‘e  influence  of  tlie  general  and  are- 
ppagites  in  every  country  into  which  illhminifm  h^ 
found  its  way.  “  The  means' df  ac^'uirmg' an  ascen¬ 
dency  over  men  (fays  Weifliaupt),  are  incalculable. 

.enumerate  tliem  all  ?  They  inufl  vary  with 
the  difpoiition'^if^tfe'  tiiTids.  At  dne ‘period,  it  h's  a 


ta^le 
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Illumina*-i.  tafle  for  the  marvellous  that  is  to  be  wrought  upon, 
■^At  another,  the  lure  of  fecret  focieties  is  to  be  held 
out.  For  this  reafon,  it  is  very  proper  to  make  your 
inferiors  believe,  without  telling  them  the  real  ftate  of 
the  cafe,  that  all  other  fecret  focieties,  particularly  that 
of  Fvecmafonry^  are  fecretly  chreSied  by  us.  Or  elfe,  and 

IT  IS  REALLY  THE  FACT  IN  SOME  STATES,  THAT  PO¬ 
TENT  MONARCHS  AJLE  GOVERNED  BY  OUR  ORDER. 

When  any  thing  remarkable  or  important  comes  to 
pafs,  hint  that  it  originated  ‘with  our  order.  Should 
any  ])erfon  by  liis  merit  acquire  a  great  reputation,  let 
it  be  generally  iinderftood  that  he  is  one  of  us. 

“  If  our  order  cannot  ellablifh  itfelf  in  any  particu¬ 
lar  place,  with  all  the  forms  and  regular  progrefs  of 
our  degrees,  fome  other  form  niujl  he  ajfumed.  Always 
have  the  oljed  in  view;  that  is  the  efTential  point.  No 
matter  what  the  cloakht,  provided  you  fucceed  ;  a  cloak, 
however,  is  ahuays  necejfary,  for  in  fecrecy  our  Jirength 
lies.  The  inferior  lodges  of  freemasonry  are 

THE  MOST  CONVENIENT  CLOAKS  for  OUr  GRAND  OB¬ 
JECT;  becaufe  the  world  is  already  famillarifed  with 
the  idea,  that  nothing  of  importance,  or  ‘ivorthy  of  their 
attention,  can  fpring  from  mafonry,^^  No  artifice,  how¬ 
ever,  is  to  be  left  untried.  “  You  may  attend  large 
and  commercial  towns  during  the  times  of  fairs  in  dif¬ 
ferent  charaSfers  ;  as  a  merchant,  an  ojfcer,.  an  ahhe. 
Everywhere  you  will  perforate  an  extraordinary  man, 
having  important  bufinefs  on  your  hands;  but  all  this 
muft  be  done  with  a  great  deal  of  art  and  caution,  left 
you  fhould  have  the  appearance  of  an  adventurer.  You 
may  write  your  orders  with  a  chyinical  preparation  oj 
ink,  ivhich  difappears  after  a  certain  time.  Never  lole 
fight  of  the  military  fchools,  of  the  academies,  printing 
prejfes,  lihrariei.,  cathedral  chapters,  or  any  public  ejiablfh- 
ments  that  can  influence  education,  ov  go^vernment.  Let 
our  regents  perpetually  attend  to  the  various  means, 
and  form  plans,  for  making  us  masters  of  all  thefe 
ejlallifhments.  When  an  author  fets  forth  principles 
true  ill  themfelves,  but  which  do  not  as  yet  fuit  our 
general  plan  of  education  for  the  world,  or  principles,  the 
publication  of  which  is  premature  ;  every  effort  muft 
be  made  to  gain  o^oer  the  author  ;  but  fhould  all  our  at¬ 
tempts  fail,  and  we  fliould  prove  unable  to  entice  him 
into  the  order,  let  him  be  difcredited  by  every  pojfihle 
means  F 

Of  their  methods  of  diferediting  authors,  one  has 
come  to  our  knowledge,  which  muft  be  iiuerefting 
to  fome  of  our  readers.  Dr  RobifoiFs  work,  entitled 
Proofs  of  a  Confpiracy,  &c.  which  firll  iinmaflced  thefe 
hypocrites  in  this  country,  found  its  way  into  Ger¬ 
many,  and  was  tranflated  into  the  German  language, 
and  expofed  to  fale  at  the  Lelpfic  fairs.  The  illiimi- 
nees,  under  the  difguife  of  merchants  and  albes,  attend¬ 
ed,  and  bought  up  the  whole  impreffion,  which  they 
committed  to  the  flames.  A  fecond  edition  was  pub 
liflied,  and  it  fliared  the  fame  fate(F).  This  was  a 
more  compendious  way  of  anfwering  the  learned  author 
than  that  which  has  been  adopted  by  the  Jacobin  jour- 
iialifts  in  London  ;  but  perhaps  it  may  convince  the 
readers  of  thefe  journals,  that  the  Dod^tor  has  not  fo  far 


niiftaken  the  fenfe  of  the  writings  of  Philo  and  Sparta^  niuminatf 
cus,  as  their  illuminifed  mailers  wifli  them  to  believe.  v— -v— ^ 

When  thefe  arts  of  diffeminating  the  diforganifing 
and  impious  principles  of  the  order  are  duly  coiifidered, 
and  when  it  is  remembered  that  its  emiffaries  dare  not 
diiobey  a  Tingle  injiindlion  of  the  high  fiiperiors,  without 
expofing  themfelves  to  poifon,  or  to  the  daggers  of  a 
thoufand  uiifeen  aflaffins,  no  man  can  be  furprifed  to  learn 
that  the  illiiminees  contributed  greatly  to  the  French  47 
revolution.  The  phjlofophers  of  France  had  indeed  pre-  niuminifm 
pared  the  public  mind  for  embracing  readily  the 
trines  of  illuminifm  ;  and  fo  early  as  1782,  Philo  and 
Spartacus  had  formed  the  plan  of  illuminizing  that  na¬ 
tion  ;  but  they  were  afraid  of  the  vivacity  and  caprice 
of  the  people,  and  extended  not  their  attempts,  at  that 
time,  beyond  Strafbourg.  Already,  however,  there  ex- 
ifted  fome  adepts  in  the  very  heart  of  the  kingdom;  and 
the  Marquis  cle  Mirabeau,  when  ambaftador  at  the  court 
of  Berlin,  was  initiated  at  Brunfwick  by  a  difciple  of 
Philo  Knigge’s.  On  his  return  to  France  he  began  to  in¬ 
troduce  the  new  myfteries  among  his  mafonic  brethren. 

The  ftate  of  free  mafonry  was  at  that  time  peculiarly 
adapted  to  the  views  of  the  confpirators.  The  French  By  means 
had  engrafted  on  the  old  and  innocent  Britifh  mafonry  of  free  ma- 
a  number  of  degrees,  gradually  riling  above  each  other,  ^>^0* 
to  the  very  myfteries  of  illuminifm  itfelf  (fee  Masonry 
in  this  SuppL)  Thefe  were  called  the  philofophical  de¬ 
grees,  and  comprehended  the  o/* the /z/«,  the  high¬ 

er  Roficrucians ,  and  the  knights  Kadejh.  At  the  head 
of  all  thefe  focieties,  whether  ancient  or  modern,  were 
three  lodges  at  Paris,  remarkable  for  the  authority 
wLich  they  exercifed  over  the  reft  of  the  order,  and 
Philip  of  Orleans  w^as  the  grand-mafter.  So  early  as 
the  year  1787,  France  contained  282  towns,  in  w'hich 
were  to  be  found  regular  lodges,  under  the  diredlion 
of  that  execrable  wretch.  He  increafed  their  number 
by  introducing  to  the  m.afonic  myfteries  the  loweft  of 
the  rabble,  as  well  as  thole  French  guards  whom  he 
deftined  to  the  fubfequent  attack  of  the  baftlle,  and  to 
the  ftorming  of  the  palace  of  his  near  relation  and  royal 
mafter.  In  every  country  town  and  village  lodges  were 
opened  for  afiernbling  the  workmen  and  peafantry,  in 
hopes  of  heating  their  imaginations  with  the  fophiftica- 
ted  ideas  of  equality  and  liberty,  and  the  rights  of  man; 
and  it  was  then  that  Mirabeau  invited  a  deputation 
from  the  order  ofWeilhaupt,  which  very  quickly  diffu- 
fed  the  light  of  illuminifm  through  the  whole  kingdom. 

Inftcad  of  Spartficus  Weifhaiipt,  Cato  Zwack,  and  Philo 
Knigge,  we  iind  wielding  the  firebrands  of  revolution 
in  the  capital  of  France,  Philip  of  Orleans,  Mirabeau^ 

Syeyes,  and  Condorcct,  The  day  of  general  infurree- 
tion  was  fixed  by  thefe  mifereants  for  the  14th  of  July 
1789.  At  the  fame  hour,  and  in  all  parts  of  France, 
the  cries  of  equality  and  liberty  refoiinded  from  the  lod¬ 
ges.  The  Jacobin  clubs  were  formed;  and  hence  fprung 
the  revolution,  with  all  its  horrors  of  atheifm,  murder, 
and  maftacre  ! 

ill  fupport  of  this  account  of  the  illumlnees  we  have 
not  loaded  our  margin  with  authorities  ;  becaufe  our 
detail  has  been  taken  wholly  from  the  valuable  works 

of 


(a)  This  information  was  communicated  to  us  by  a  gentleman  of  charadler,  who  was  at  Leipfic  when  the 
two  im.preflions  of  the  book  were  thus  difpofed  of.  The  Abbe  BarruePs  v/ork  has  no  doubt  been  anfwered  in 
the  fame  way,  though  we  cannot  fay  fo  upon  the  fame  authority. 


Refledioijs  -  maxim  is  falfe,  every  ChriJIian  knows,  be- 
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of  Abbe  Barruel  and  Dr  Robifon,  to  which  we  refer 
our  readers  for  much  curious  information  that  our  li¬ 
mits  do  not  permit  us  to  give.  We  cannot,  however, 
conclude  the  article,  without  making  fome  remarks  on 
that  fpecions  principle  by  which  the  confpirators  have 
deluded  numbers,  who  abhor  their  impieties,  and  who 
w'ould  not  go  all  their  length  even  in  rebelhon  ;  we 
mean  the  maxim,  “  that  it  is  our  duty  to  love  all  men 
with  an  equal  degree  of  afFeaioii,  and  that  any  partial 
regard  fqr  our  country,  or  our  children,  is  unjult.” 


irkings  of  his  own  Illuminati 
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caufe  he  is  enjoined  to  “  do  good  indeed  unto  all  men, 
but  more  efpecially  to  them  w  ho  are  of  the  houfehold  of 
faith  becanfe  he  is  told,  that  “  if  any  man  provide  not 
for  his  and  efpecially  for  thofe  of  his  o^n  houfe, 

he  hath  denied  the  faith,  and  is  worfe  than  an  inlidel 
becaufe  his  divine  mailer,  immediately  after  rcfolving 
all  duty'^  into  the  love  of  Cro<^l  and  man,  delivers  a  pa¬ 
rable,  to  (hew  that  we  neither  can  nor  ought  to  love 
all  men  equally;  and  becaufe  the  fame  Divine  Perfon 
had  one  difciple  whom  he  loved  more  than  the  rell. 
But  we  wn’fli  thofe  philojophers  who  talk  perpetually  of 
the  mechamfm  of  the  human  mind,  and  at  the  fame  time 
afFe£l  to  have  no  partial  fondnefs  for  any  individual,  but 
to  love  all  with  the  fame  degree  of  rational  affedion, 
to  confider  well  whether  fuch  philanthropy  be  confift- 
ent  with  what  they  call  (very  improperly  indeed)  me- 
chanijm.  If  this  mechanifm  be  (as  one  of  them  fays  it 
is)  nothing  more  than  aitraBion  and  repnljlon^  w'^e  know 
that  it  cannot  extend  with  equal  force  over  the  whole 
wmrld  ;  becaufe  the  force  of  attradion  and  repulfion 
varies  with  the  diftance.  If  by  this  abfurd  phrafe, 
they  mean  a  fet  of  hJlinBive  propenfitiec,  or  feelings, 
we  know  that  among  favages,  who  are  more  governed 
ky  inflind  than  civilized  men,  philanthropy  is^  feeling 
or  prop,  nfity  of  a  very  limited  range.  If' they  believe 
all^  our  pahions  to  originate  in  felf  love,  then  is  it  cer¬ 
tain  that  our  philanthropy  mnfl  be  progreflive  ;  em¬ 
bracing  firff,  and  woth  (trongefl  ardour,  our  relations, 
our  friends,  and  our  neighbours  ;  then  extending  gra¬ 
dually  through  the  focicty  to  which  we  belong  ;  then 
grafping  our  country  ;  and  lafl  of  all  the  whole  human 
race.  Perhaps  they  may  fay  that  reafon  teaches  ns  to 
love  all  men  equally,  becaufe  fuch  equal  love  would 
contribute  moft  to  the  fum  of  human  happinefs.  This 
fome  of  them  indeed  have  adually  faid;  but  it  is  what 
no  man  of  refledion  can  poffibly  believe.  Would  the 
fum  of  human  happinefs  be  increafed,  were  a  man  to 
pay  no  greater  attention  to  the  education  of  his  own 
children  than  to  the  education  of  the  children  of  flran- 
geiR  ?  w^ere  he  to  do  nothing  more  for  his  aged  and 
helplefs  parents  than  for  any  other  old  perfon  what¬ 
ever  ?  or,  were  he  to  negled  the  poor  in  his  neighbour¬ 
hood,  that  he  might  relieve  thofe  at  the  diflance  of 
tooo  miles?  Thefe  queftions  are  too  abfurd  to  merit  a 
ferious  anfwcr. 

When  a  man,  therefore,  boafts  of  his  univerfal  bene¬ 
volence,  declaring  himfelf  ready,  without  fee  or  re¬ 
ward,  to  facrifice  every  thing  dear  to  him  for  the  bene¬ 
fit  of  ftrangers  whom  he  never  faw  i  and  when  he  con¬ 
demns,  in  the  cant  phrafe  of  fadion,  that  narrow  po¬ 
licy  which  does  not  confider  the  whole  human  race  as 
one  great  family— w^e  may  fafely  conclude  him  to  be 
either  a  confummate  hypocrite,  who  loves  none  but 
kimfelf,  or  a  philofophical  fanatic^  who  is  at  once  a 


io 
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ftranger  to  In’s  duty  and  to  the 
heart. 

If  this  conclufion  require  any  farther  proof,  we  have 
it  in  the  coiidu(^l  of  Weifhaupt  and  his  areopagites- 
In  the  haad-writing  of  Cato  \\\^  incomparable  man ^  was  I 
fi^und  the  defciiption  of  a  llroiig  box,  which,  if  forced^ 
open,  would  blow'  up  and  dejlroy  its  contents;  feveralj^ 
receipts  for  procuring  alortion  ;  a  cornpofition  which  j 
blinds  or  kills  w  hen  fpiirted  in  the  face  ;  tea  for  procu¬ 
ring  abortion  ^  Herba  qua  hahent  qualiiaUm  ddateream  ; 
a  n.ethod  for  filling  a  bed-chamber  with  pejlilential  va¬ 
pours  ;  how  to  take  off  imprcffions  of  fcals,  fo  as  to  ufe 
them  afterwards  as  feals ;  a  receipt  ad  excitandum  furo- 
rem  uierinum ;  and  a  differtation  on  filicide.  Would 
genuine  philanthropiils  have  occafion  for  fuch  receipts 
aj  theie  ?  No  !  the  order  which  ufed  them  was  founded 
III  the  meft  confummate  villany,  and  by  the  moft  de- 
teftable  hypocrite.  1  he  inccftuous  Weiffaupt  feduced 
the  widow  of  his  brother,  and  folicited  poifon  and  the 
dagger  to  murder  the  woman  whom  he  had  fondly 
prefied  in  his  arms.  Execrable  hypocrite  (fays  M. 
Bairiiel),  he  implored,  he  conjured  both  art  and  Iriend- 
flnp,  to  deftroy  the  innocent  vidim,  the  child,  W'hofe 
birth  muft  betray  the  morals  of  his  father.  The  fcan- 
dal  from  which  be  fiirinks,  is  not  that  of  his  crime  :  it 
is  the  fcaiidal  which,  publifhing  the  depravity  of  his 
heart,  w'ould  deprive  him  of  that  authority  by  which, 
under  the  cloak  of  virtue,  be  plunged  youth  into  vice 
and  error.  /  am  on  the  eve,  (fays  lie)  of  hfing  that  re¬ 
putation  which  gave  me  fo  great  authority  over  our  people  : 

in  law  is  with  child,  I  will  hazard  a  defperate 
blow,  for  I  neither  can  nor  will  lofe  niy  honour V  Such. 

IS  the  benevolence  of  thofe  who,  banifliing  from  their 
minds  all  partial  affedlioii  for  their  children  and  their 
country,  profefs  tliemfelves  to  be  members  of  one  great 
family,  the  family  of  the  world  I 

IMAGINARY  Quantities,  or  ImpoJJihle  Quanti¬ 
ties,  in  algebra,  are  the  even  roots  of  negative  quanti¬ 
ties ;  which  exprcifions  are  Imaginary,  or  impuffible,  or 
oppoled  to  real  quantities  ;  as  —  <2^,  or 
&c.  bor  as  every  even  power  cf  any  quantity  what¬ 
ever,  whether  politive  or  negative,  is  neceffarily  pofitive, 
or  having  the  fgn  +,  becaufe  by  +,  or  —  by  — , 
give  equally  ff-;  hence  it  follows  that  every  even  power, 
as  the  fquare  for  inftance,  which  is  negative,  or  having 
the  fign  — ,  has  no  pofilble  root  ;  and  therefore  the 
even  roots  of  fuch  povvtis  or  quantities  are  faid  to  be 
impcffible  or  imaginary.  The  mixt  exprefiions  arifing 
from  imaginary  quantities  joined  to  real  ones,  are  alfo 
imaginary  ;  as  -  v/  —  aa,  or  b  ~  aa, 

I  MAG  I N' ARY  Roots  of  un  cquatiof;,  are  thofe  roots  or 
values  of  the  unknown  quantity,  which  contain  fome 
imaginary  quantity.  Thus  the  roots  of  the  equation 

XX  na  ~  o,  are  the  two  imaginary  quantities  +  _ aa 

and  —  —  aa,  or  +  a\/  —  1  and-—  —  j. 

impact,  the  fimple  or  fingle  adfion  of  one  body 
upon  another  to  put  it  in  motion-  Point  of  irapad  is 
the  place  or  point  where  a  body  adfs. 

IMPERFECT  Number,  is.  that  whofe  aliquot 
parts,  taken  all  together,  do  not  make  a  fum  that^is 
equal  to  the  number  itfelf,  but  either  exceed  it,  or  fall 
ftiort  of  it  ;  being  an  abundant  number  in  the  former 
cafe,  and  a  defedive  number  in  the  latter.  Thus,  12  is 
an  abundant  imperfed  number,  becaufe  the  fum  of  ^11 
Its  aliquot  parts,  i,  2^  3,  4,  6,  makes  16,  whl«h  exceeds 

the 
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lir.pfQ:  the  TTiimbec^  2.  And  10  is  a  dcfedllve  imperfect  number, 
n  becaiife  its  aliquot  parts,  i,  2,  5,  taken  all  together, 
>  make  only  8,  which  is  lefs  than  the  number  !0  itfelf. 

IMPOST,  in  archite6lure,  a  capital  or  plinth,  to  a 
pillar,  or  pilaller,  or  pier,  that  fupports  an  arch,  &c. 
Doari-e  oi  IMPULSION,  is  the  term  employed  in  the  lan- 
,Irtipu.fio;-.  goage  of  mechanical  -philofophy,  for  exprefling  a  fup- 
fpofed  peculiar  exertion  of  the  powers  of  body,  by 
which  a  moving  body  changes  the  motion  of  another 
body  by  hitting  or  linking  it.  The  plainell  cafe  of 
this  aftion  is  when  a  body  in  motion  hits  another  body 
at  reft,  ‘and  puts  it  in  motion  by  the  ftroke.  The  body 
thus  put  in  motion  is  fatd  to  be  impelled  by  the  o- 
ther  :  and  this  way  of  producing  motion  is  called  im¬ 
pulsion,  to  diftinguilh  it  from  pression,  thrusting, 
or  PROTRUSION,  by  which  wc  pufli  a  body  from  its 
place  without  ftriking.  The  term  has  been  gradually 
extended  to  c\Qvy  chavge  of  motion  occafioned  by  the 
j  eollifion  of  bodies. 

Hiftory  of  When  fpcculative  men  began  to  colle6l  into  general 
it.  clafTes,  the- obfei  rations  made  during  the  continual  ex¬ 

ertions  of  our  own  perfonal  powers  on  external  bodies, 
in  order  to  gain  the  purpofes  we  had  in  view,  it  could  not 
be  long  before  they  remarked,  that  as  we,  by  the  llrength 
of  our  arm,  can  move  a  body,  can  ftop  or  any  how  change 
its  motion;  fo  a  body  already  ir«  motion  produces  effedts 
cf  the- fame  kind  in  another  body,  by  hitting  it.  Such 
obfervations  were  almoft  as  early  and  as  interefting  as 
the  other  ;  and  the  attention  was  very  forcibly  turned  to 
the  general  fatls  which  obtained  in  this  way  of  produ¬ 
cing  motion  ;  that  is,  to  the  expifeation  of  the  general 
laws  of  impuliion.  We  do  not  find,  however,  in  what 
rehiairvs  of  the  phylical  fcience  of  the  ancients,  that 
they  had  proceeded  far  in  this  clafiification.  W*hile 
mechanics,  or  the  fcience  of  machines,  had  acquired 
fome  form,  a'nd  had  been  the  fubje£t  of  fuccefsful  ma¬ 
thematical  difeuflion,  we  do  not  find  that  any  thing  fi- 
rniPar  had  been  done  in  the  fcience  of  impulfe.  Yet  the 
artillery  of  ancient  times  was  very  ingenious  and  power¬ 
ful.  But  although  Vegetius,  and  Ammianus  Marcelli- 
nus,  and  Hero,  deferibe  the  mechanifm  of  thefe  engines 
vVith  great  care;  and  frequently  wuth  mathematical  flcill, 
we  fee  no  atte^npts  to  afeertain  with  precifion  the  force 
of  the  miflile ‘  weapon,  or  to  ftate  the  efficacy  of  the 
battering  ram,  by  meafures  of  the  momentum,  and  com- 
parifon  of  it  with  the  refilhuice  oppofed  to  it.  The 
engineers  were  contented  with  very  vague  notions  on 
thefe  points.  ' 

Ariftotle,  in  hfs  20th  Mechanical  Queftion,  and  Ga¬ 
len  in  fome  occafional  obfervations,  are  the  only  au¬ 
thors  of  antiquity  whom  we  recollexS  as  treating  the 
force  of  impulfe  as  a  quantity  fufceptible  of  meafure. 
Their  obfervations  are  extremely  vague  and  trivial, 
chiefly  directed,  however,  to  the  diferimination  of-the 
force  of  impulfe  from  that  of  prefiure. 

In  more  modern  times,  great  additions  had  already 
been  made  to  the  affillance  we  had  derived  from  the 
impulfive  efficacy  of  bodies  in  motion.  Water-mills 
and  wind-mills  had  been  invented,  and  had  been  applied 
to  fuch  a  variety  of  purpofes,  that  the  engineers  were 
fall  acquiring  more  diftiiidl  notions  of  the  force  of  im¬ 
pulfe.  Naval  conftrudlions  was  changed  in'  fuch  a  man¬ 
ner,  that  there  hardly  remained  any  thing  of  the  ancient 
rigging.  The  oblique  adlion  of  wind  and  water  were 


now  foundeven  more  effe£live  than  thedire£I;  and  ftiips 

could  now  fail  with  almott  any  wind.  Ail  thefe  things  — ^ 

fixed  the  attention  of  the  engineers  and  of  the  fpecu- 

latlft  on  the  numberlefs  modifications  of  the  force  of 

impulfe. 

But  it  foon  appeared  that  this  was  a  refined  branch 
of  knowledge,  and  required  a  more  profound  ftudy  than  ' 
any  other  department  of  the  fcience  of  motion.  At' 
the  fame  time,  it  was  equally  clear,  that  it  was  alfo  of 
fuperior  impartan.ee.  Mills  worked  by  cattle,  or  by 
mens  hands,  were  everywhere  giving  place  to  wind  and 
w^ater  mills  ;  and  a  fnip  alone  appeared  to  every  intelli¬ 
gent  mechanician  to  be  the  greateft  effort  of  human  in¬ 
vention,  and  moft  deferving  his  careful  ftudy.  All- 
thefe  improvements  in  the  arts  of  life  derived  their  effi¬ 
cacy  from  the  impulfe  of  hollies.  The  law^s  of  impul* 
fiun,  therefore,  became  the  obje^ls  of  ftudy  to  all  who 
pretended  to  philofopliical  fcience.  But  this  is  a  branch 
of  ftudy  wholly  new,  and  derives  little  affillance  from 
the  mechanical  fcience  already  acquired  ;  for  that  was 
confined  to  the  determination  of  the  circumftances 
which  regulated  the  equilibrium  ot  forces,  either  in  their 
combined  adion  on  bodies  in  free  fpace,  or  by  the  in¬ 
tervention  of  machines.  But  in  the  produdlion  of  mo¬ 
tion  by  impulfe,  the  equilibrium  is  not  fuppofed  to  ob¬ 
tain  ;  and  therefore  its  rules  will  not  folve  the  moft  im¬ 
portant  queftion,  What  will  be  the  piecife  motion?’' 

Galileo,  to  whom  we  are  indebted  for  the  firft  dif- 
coveries  in  the  dodlrine  of  free  motions,  was  alfo  the 
firft  who  attempted  to  bring  impulfion  within  the  pale 
of  mathematical  difculfion.  This  he  attempted,  by  en¬ 
deavouring  to  ftate  what  is  the  force  or  energy  of  a 
body  in  motion.  The  very  obfeure  reflections  of  A- 
riftotle  on  this  fubjedl  only  ferved  to  make  the  ftudy 
more  intricate  and  abftrufe.  Galileo’s  refleClions  on  ^ 
are  void  of  that  luminous  perfpicuity  which  is  feen  in 
all  his  other  writings,  and  do  not  appear  to  have  fatis- 
fied  his  own  mind.  He  has  recourfe  to  an  experiment, 
in  order  to  difeover  what  preffure  was  excited  by  im¬ 
pulfion.  A  weight  was  made  to  fall  on  the  fcale  of  a- 
balance,  the  other  aym  of  which  was  loaded  with  a  con- 
fiderable  weight  ;  and  the  force  of  the  blow  w^as  efti-  ^  ^ 

mated  by  the  weight  which  the  blow  could  thus  ftart 
from  the  ground.  The  refults  had  a  certain  regularity, 
by  which  fome  analogy  was  obferved  between  the 
weights  thus  ftarted  and  the  velocity  or  the  impulfe  ; 
but  the  anomalies  were  great,  and  the  analogy  was  fin- 
gular  and  puzzling;  it  led  to  many  intricate  difeuffions, 
and  fcience  advanced  but  flowly.  ^ 

At  laft  the  three  eminent  mathematicians.  Dr  Wal-^awsof 
lis,  Sir  Chriftopher  Wrenii,  and  Huyghens,  about  the  impulfion 
fame  time,  and  unknown  to  each  other,  difcovered^^^'^^'^|j^^ 
the  fimple  and  beautiful  laws  of  eollifion,  and  commu- 
nicated  them  to  the  Royal  Society  of  London  in  1668  Huyghens 
{Phil.  Tranf.  n°  43 — 46.).  Sir  Chriftopher  Wrenn 
alfo  invented  a  beautiful  method  of  demonftrating  the 
doClrine  by  experiinen-t.  The  bodies  which  were  made 
to  ftrike  each  other  were  fufpended  by  threads  of  equal 
length,  fo  as  to  touch  each  other  when  at  reft.  When 
removed  from  this  their  vertical  fituation,  and  then  let 
go,  they  ftruck  when  arrived  at  the  lowell  points  of 
their  refpeClive  circles,  and  their  velocities  were  propor¬ 
tional  to  the  chords  of  the  arches  through  which  they 
had  defeended.  Their  velocities,  after  the  ftroke,  vvere> 
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Impulfioii.  meafured,  in  like  manner,  by  the  chords^of  their  arches 
of  afcent.  The  experiments  correfponded  precifely 
with  the  theoretical  do6trine. 

In  the  mean  time,  this  fubjed  had  keenly  occupied 
the  attention  of  philofophers,  who  found  it  to  be  of  a 
very  abftriife  nature  ;  or,  which  is  nearer  the  truth, 
they  indulged  in  great  refinement  in  profecuting  the 
fludy.  The  firft  attempts  to  meafure  the  impulfive 
force  of  bodies,  by  fetting  it  in  oppofition  to  preflures, 
which  had  long  been  meaf^ured  by  weights,  gave  rife  to 
fome  very  refined  refiedlions  on  the  nature  of  thefe  two 
kinds  of  forces.  Ariftotle  had  faid  that  they  were 
things  altogether  difparate.  If  fo,  there  can  be  no  pro- 
portion  between  them.  Yet  the  analogy  obferved  in 
the  experiments  above  mentioned  of  Galileo,  fhewed  that 
impulle  could  be  gradually  augumented,  till  it  exceed 
miy  prefTure.  This  indicates  famenefs  in  kind,  accord¬ 
ing  to  Euclid  himfelf.  A  curious  experiment  of  Ga¬ 
lileo’s,  in  which  the  impulfe  of  a  vein  of  water  was  fet 
jn  equilibrio  with  a  weight,  feemed  not  only  to  eftablilh 
this  identity  beyond  a  doubt,  but  even  to  fliew  the 
origin  of  preffure  itfelf.  The  weight  in  one  fcale  is 
fuftained  as  long  as  the  flream  of  water  continues  to 
llrike  the  other  fcale.  In  this  experiment,  therefore, 
preffure  is  equivalent  to  continual  impulfe.  But  conti¬ 
nual  impulfe  is  not  conceivable  :  we  muft  confider  the 
impulfe  of  the  flream  as  the  fuccejive  impulfe  of  the  dif¬ 
ferent  particles  of  water,  at  intervals  which  are  altoge¬ 
ther  indiflinguifliable. 

hrom  thele  confiderations  were  deduced  two  very  mo¬ 
mentous  dodlrines  :  i.  That  preffure  is  nothing  but 
repeated  impulfe;  2.  That  although  preffure  and  im¬ 
pulfe  are  the  fame  in  kind,  they  are  incomparable  in 
magnitude.  i  he  impulfe  is  equal  to  the  weight  of  a 
column  of  water,  whofe  length  is  the  height  neceffary 
for  communicating  the  velocity.  Now  this  is  inceffaut; 
and  the  weight  is  fuftained  during  any  the  fmaileft  mo¬ 
ment  of  time,  by  the  impulfe,  not  of  the  whole  column, 
but  of  the  infenfible  portion  of  it  which  is  then  making 
its  flroke.  Impulfe,  therefore,  is  infinitely  greater  than 
p  re  ft  lire, 

Thefe  ahftrufe  fpec illations  have  a  charm  for  certain 
ingenious  fpeculative  minds;  and  when  indulged,  will 
lead  them  very- far.  Accordingly,  it  was  not  long  before 
fome  of  the  moft  ingenious  philofophers  of  Europe 
taught  that  impulfe  was  the  foie  origin  of  preffure. 
There  is  but  one  moving  power  (faid  they)  in  inet'lia- 
nical  nature:  This  is  impulfe.— movetur  (fays 
Euler)  nifi  a  contiguo  et  moto»  Moreover,  having  been 
long  and  familiarly  converfant  with  the  adlions  of  ani¬ 
mals,  and  the  adlions  of  moving  bodies,  and  conceiving. 
With  fufticient  diftindnefs,  that  impenetrable  bodies 
cannot  move  without  moving  thofe  with  which  they  are 
furrounded  and  in  contad,  they  imagined  that  they 
fully  underftood  how  all  this  difplacement  of  bodies  is 
carried  on  ;  and  therefore  they  maintained,  that  any 
motion  is  fully  explained  when  it  is  fhewn  to  be  a  cafe 
of  impulfion.  But  they  faw  many  cafes  of  motion 
where  this  impulfion  could  not  be  exhibited  to  the  fenfeSi 
T  hus,  the  fall  of  heavy  bodies,  the  mutual  approach 
or  recefs  of  magnetic  and  eledric  bodies,  exhibited  no 
filch  operation.  But  even  here  their  experience  helped 
them  to  an  explanation.  Air  is  an  invifible  fiibftance, 
and  Its  very  exiftence  was  for  a  long  time  known  to  us 
only,  by  means  of  its  impulfe.  As.  we  fee  that  preffurcs 
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are  generated  by  the  impulfe  of  water  and  of  air,  may  Impulfion. 
there  not  be  fluids  Hill  more  fubtle  than  air,  by  whofe  ^ 

inviiible  impulfe  bodies  are  made  to  fall,  and  magnets 
are  made  to  approach  or  avoid  each  other  ?  The  impof- 
libility  of  this  cannot  be  demonftrated,  and  the  laws  of 
impulfe  had  not  as  yet  been  fo  far  inveftigated  as  to 
fhew  that  they  were  incompatible  with  thofe  produc- 
tions  of  motion.  It  was  therefore  an  open  field  fur  dif- 
cufiion  ;  and  the  philofophers,  without  farther  hefita- 
tion,  adopted,  as  a  firft  truth,  that  all  motion  wwat- 
EVER  IS  PRODUCED  BY  IMPULSION.  The  bufmefs  of 
the  philofopher,  therefore  (fay  they),  is  to  inveftigate 
what  combination  of  iiivilible  impulfions  is  competent  to 
the  produdion  of  any  obferved  motion  ;  fuch  as  the  fall 
of  a  heavy  body,  the  elliptical  motion  of  a  planet,  or 
the  polarity  of  a  magnetic  needle.  The  curious  difpo- 
fition  of  iron-filings  round  a  magnet  encouraged  this 
kind  of  fpeculation  :  It  look^  fo  like  a  ftream  of  fluid  ; 
but  it  is  a  number  of  quiefeent  fragments  of  iron.  This 
does  not  hinder  us  from  fuppofmg  fuch  a  ftream,  not  of 
iron-filings,  but  of  a  magnetic  fluid,  which  will  arrange 
(fay  the  atomifts)  thofe  fragments,  juft  as  we  fee  the 
flote.grafs  in  a  brook  arranged  by  a  ftream  of  water. 

Eluids,  therefore,  moving  in  ftreams,  vortices,  and  a 
thoufand  different  ways,  have  been  fuppoftd,  in  order 
to  explain^  that  is,  to  bring  under  a  general  known 
law  of  mechanical  Nature,  all  thofe  cafes  of  the  pro- 
dudion  of  motion  where  impulfion  is  not  obferved  by 
the  fenfes.  ^ 

As  we  have  gradually  become  better  acquainted  with 
the  laws  of  the  produdion  of  motion  by  impulfion,  wc 
have  been  able  to  explode  many  of  thofe  proffered  ex¬ 
planations,  by  fhewing  that  the  genuine  refults  of  the 
fuppofed  invifible  motions,  that  is,  the  impulfions  which, 
they  would  produce,  are  very  unlike  the  motions  which 
we  attempt  to  explain.  It  has  been  fhewn  that  the  vor¬ 
tices  fuppofed  by  Des  Cartes,  or  by  Leibnitz,  or  by- 
Huygliens,  cannot  exift  ;  and  they  have  been  given  up. 

But  it  is  anfvvered  to  all  thofe  demonftrations  of  futili¬ 
ty,  that  ftill  the  axiom  remains.  Motion  is  produced 
only  by  impulfe;  but  we  have  not  yet  difeovered  all^ 
the  poflihilities  of  impulfion;  and  we  muft  not  defpair  of  ' 
difcoveriiig  that  precife  fet  of  invifible  motions,  and  con¬ 
sequent  impulfions,.  of  which  the  phenomena  -before  usi 
is  the  neceffary  refult.. 

But  this  is  by  no  means  fuffeient  authority-  for  de-The  a  dIu-. 
fertmg  the  rule  of  philofophizing,  fo  prudently  and  ju-cation  of 
dicioufly  recommended  by  Sir  Ifaac.  Newton  ;  namely, 
not  to  admit  as  the  caufe  of  phenomenoiv  any 
that  is  noty?e«  to  operate  in  its  produdion.  The 
dence  of  this  reftridion  is  evident  ;.  and  it  has  alfo  been 
fufficiently  fhewn  (Philosophy,  Encycl  n®  4S.  &c.), 
that  truephilofophical  explanation, or  extenfioii  of  knovv- 
ledge,  is  unattainable,  if  this  rule  be  not  ftridtly  adhered 
to.  W e  therefore  require  a  cogent  reafon  for  a  prac¬ 
tice  that  opens  the  door  to  every  abfurdity,  and  that 
cannot  give  us  the  knowledge  which  we  are  ^in  quell 
of.  What,  .then,  js  the  reafon  that  always  induces  plii- 
lofophcrs  to  have  recourfe  to  impulfion  for  the  expla¬ 
nation  of  a  phenomenon,^  and  to -reft  fatisfied  in  every 
cafe  where  it  can  be  clearly  proved  that  the  phenome¬ 
non  is  really  a  cafe- of  impulfion  ^  We  fay.  that  we  in. 
quire,  into  the  re^ffon  why  a  bodyTalls^  and  that  we  will 
be  fatisfied  if  it  can  be  fliewn  us  that  it  has  received  a 
number  of  impulfions  downward.  X)o  we  inquire  why 


I  M  P 


[  734  1 


I  M  P 


Impulfion,  a  body  in  motion  puts  another  body  in  motion  by  hit- 
ting  it  >  ^nd  if  we  do,  have  u'e  difcovered  the  reafon  ? 
We  believe  that  none  of  the  philofophers,  who  have  re- 
courfe  to  invifible  impelling  fluids,  ever  afle  a  reafon  for 
motion  by  impulfion.  Indeed  they  fliould  not,  other- 
wife  it  would  eeafe  to  be  a  firft  principle  of  explanation. 
Other  philofopliera,  indeed  (namely,  fiich  as  afle  no  rea¬ 
fon  for  the  weight  of  a  body,  but  the  fiat  of  the  Al¬ 
mighty),  require  an  explanation  of  motion  by  im- 
pulfe,  and  think  that,  in  almofl:  every  cafe,  they  have 
found  it  out. 

If  the  philofophers  alle  no  reafon  for  this  prodiiftion 
of  motion,  they  mufl:  (that  it  may  ferve  as  a  principle 
of  explanation)  fay  that  impulfivenefs  is  an  original  pro¬ 
perty  of  matter,  either  contingent  or  eflential.  Accord¬ 
ingly,  we  believe  that  this,  or  fomething  like  this,  has 
been  affumed  as  a  principle  by  the  greater  part  of  me¬ 
chanicians.  It  has  been  aiTuined,  as  we  have  obferved 
in  the  article  Dynamics,  Suppl,  that  a  movhig  body 
poflefles  the  power  of  producing  motion  in  another  body 
by  hitting  it  ;  and  they  call  it  the  impulsive  force 
of  moving  bodies — the  force  inherent  in  a  moving  body. 
The  reader  will  have  obferved,  in  our  manner  of  treat- 
iflg  that  article,  and  alfo  in  feveral  pafTages  of  different 
articles  of  the  Rncyclopaedia  Biitannica^  that  we  do  not 
cunficier  this  affumption  as  very  clearly  autliorifed  by 
obfervation,  or  deducible  by  abflrad  reafonlng,  from  the 
firfl;  principles  of  philofophy.  There  is  no  branch  of 
natural  philofophy  on  which  fo  many  ingenious  diflerta- 
tions  have  been  written  ;  and  perhaps  there  is  none  that 
has  been  more  fuccefsfuily  profecuted  :  Yet  this  is  the 
only  part  of  the  fcience  of  motion  that  lias  given  rife  to 
a  ferious  difpute  ;  a  difpute  that  has  divided,  and  tlill 
divides,  the  mechanicians  of  Europe. 

Some  may  think  it  piefumptuous  in  us,  in  a  Work 
of  this  kind,  which  only  aims  at  colliding  and  exhibit¬ 
ing  in  one  view  the  exi/ling  fclcnce  of  Europe,  to  pre¬ 
tend  to  give  new  dodlrlnes,  or  to  decide  a  queflion 
which  has  called  forth  all  the  powers  of  a  Leibnitz,  a 
Bernoulli,  a  Jmin,  a  M'Laurin,  &c.  But  we  make 
no  filch  pretenfions ;  we  only  hope  that,  by  feparating 
the  queflion  from  others  with  which  it  has,  in  every 
infbince,  been  complicated,  and  by  confidering  it  apart, 
fueh  notions  may  be  formed,  in  perfedl  conformity  to 
the  principles  adopted  by  all  parties,  that  the  myflery, 
which  has  gradually  gathered  like  a  cloud,  may  be  dif- 
pelled,  and  all  caufe  of  difference  taken  away.  We  ap¬ 
prehend  that  this  requires  no  very  extenfive  knowledge, 
but  merely  a  ftridl  attention  to  the  conceptions  which 
we  form  of  the  adions  of  bodies  on  each  other,  and  a 
precifioii  in  the  ufe  of  the  terms  employed  in  the  dif- 
£  culfioii. 

Inquiry  in-  We  trufl  that  our  pbilofophical  readers  perceive  and 

to  its  truth. approve  of  our  anxiety  to  ellablifli  (in  the  article  Dy¬ 
namics,  SuppL)  the  leading  principles  of  mechanical 
philofophy,  from  which  we  are  to  reafon  in  future  on 
acknowledged  facts,  or  laws  of  human  thought.  It 
is  not  fo  much  the  quell: ion.  What  is  the  elfence  of  m.a- 
terial  Nature,  from  wiiieli  all  the  appearances  in  the 
univerfe  proceed  ?  as  it  is,  What  do  we  know  of  it?  how 
do  we  come  by  this  knowledge  ?  and  what  ufe  can  we 
make  of  it  ?  The  tsenia  knows  nothing  of  the  folar 
fyftem,  and  man  is  ignorant  of  the  caufe  of  impulfive- 
nefs.  Other  intelligent  creatures  may  have  fenfes,  of 
which  this  iS  the  proper  objed  j  and  others,  of  a  ftill 


more  exalted  rank,  may  perceive  the  operations  of  mind  rmpulfion, 
as  clearly  as  we  perceive  thofe  of  matter,  while  they  ^ 

are  equally  ignorant  with  ourfelves  of  the  caiifes  which 
connect  the  conjoined  events  In  either  of  thofe  opera¬ 
tions.  But  “  known  unto  God,  and  to  Him  alone, 
are  all  His  works!”  ^ 

To  accompliih  this  purpofe,  we  direded  the  reader’s  vv"e  learn 
attention  to  what  pafles  in  his  own  mind  when  he  thinks  the  cxifl- 
on  the  mechanical  phenomena  of  Nature  ;  on  what 
calls  body  ;  on  the  perceptions  which  bring  it  into  his^^^^^^^y 
view,  and  which  give  him  all  the  notions  that  he  can  niears  0/ 
form  of  its  diilinguifhing,  its  charaderlllic  properties,  touch. 

How  does  he  learn  that  there  is  matter  in  a  particular 
place  ?  He  has  more  than  one  mean  of  information  ; 
and  each  of  tliefe  Informs  him  of  peculiar  qualities  of 
the  thing,  which  he  calls  matter.  Many  appearances 
fuggeft  to  his  mind  the  prefence  of  a  body.  Shew  a 
monkey  or  a  kilter  (and  even  fometimes  a  human  in¬ 
fant)  a  mirror,  and  it  will  inftantly  grope  round  it  to 
find  a  companion.  Why  does  the  creature  grope  about 
fo  ?  It  is  hot  contented  with  the  firll  indication  of 
matter,  and  nothing  will  fatisfy  it  but  touching  or 
grafping  what  is  behind  the  mirror.  It  Is  by  our  lenfe 
of  touch  alone  that  we  get  the  irrefiftible  couvidion 
that  matter  or  body  is  perceived  by  us,  and  it  never 
fails  to  give  us  the  perception  ;  nay,  we  have  the  per- 
ceptirm  even  in  feme  cafes  where  the  experienced  phi- 
lofopher  thinks  himfelf  obliged  to  doubt  of  its  truth. 

Some  fenfations,  arifmg  from  fpafm,  cannot  be  diilin- 
guifhed  from  the  feeling  of  touch  ;  and  the  patient  in¬ 
fills  that  fomething  prefles  on  the  difeafed  part,  while 
the  pbyfician  knows  that  it  is  o.dy  a  nervous  afledion. 

Every  perfon  will  think  that  a  cobweb  touches  his  face 
when  an  eledrified  body  is  brought  near  it,  and  will 
try  to  wipe  it  ofl'  with  his  hand.  But  the  modem  phi- 
lofopher  ices  good  reafon  for  aflerting,  that  in  this  in- 
ilance  our  feeling  gives  us  very  inaccurate,  if  not  erro¬ 
neous,  information.  He  fiiews  that  tlie  fail,  of  winch 
our  feeling  truly  informs  us,  is  the  bending  of  the  fmall 
hairs  or  down  which  grow  on  the  face,  and  that  thefe 
only  have  been  touched  ;  and  the  followers  of  Epiiiuj 
deny  that  even  this  has  been  demonilrated.  ^ 

I'he  philofopher  adopts  this  mode  of  perception  as  The  excise- 
unqueflionable,  and  allows  that,  and  that  alone,  to  be  merit  of 
matter,  which  invariably  produces  this  fenfation  by 
tiguity.  But  engaged  in  fpeculations  which  fix  iiis  3^^- 
tcntioii  on  the  external  objedl,  he  iiegleds  and  over- in, ^  of  ex¬ 
looks  the  inlbrument  of  information,  and  its  manner  ofercedpref- 
producing  the  efled,  jull  as  the  allronomer  overlooks 
the  tclefcope,  and  the  union  and  deculTation  of  the 
rays  of  light  w’hich  fortri  the  pidlure  by  which  he  per¬ 
ceives  the  fatellite  of  Jupiter  travel  acrofs  his  difl-c.  rhe 
philofopher  finds  it  convenient  to  geueraliie  the  im* 
menfe  variety  of  touches  which  he  feels  from  external 
bodies,  and  to  coiifider  them  as  the  operations  of  one 
and  the  fame  diferirninating  quality,  a  property  inhe¬ 
rent  in  the  external  fiibftance  body  :  and  he  gives  it  a 
name,  by  which  be  can  excite  the  fame  notion  in  the 
minds  of  his  hearers.  It  is  worth  while  to  attend  to 
what  has  been  done  in  this  matter,  becaiife  it  gives  much 
information  concerning  the  lirfl  principles  of  mecha- 
nifin.  An  exquifite  painting  has  fometimes  fuch  an  ap¬ 
pearance  of  prominence,  that  one  is  difpofed  to  draw 
the  finger  along  it,  and  we  expedl  to  feel  fome  rough- 
net's,  i’ome  ohjirubtion,  fomething  that  prevents  the  fin- 

ger 
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Impulfion,  ger  from  going  over  the  place.  Perhaps  we  doubt,  and 
want  to  be  aflured.  We  prefs  a  little  clofer  ;  but  feel 
no  obftruaion  ;  and  we  defitt.  The  very  firft  appear¬ 
ance,  therefore,  which  this  indicating  quality,  viewed  as 
the  property  of  external  matter,  has  in  our  conceptions, 
is  that  of  an  obltrudtion,  au  obftacle,  to  the  exertion  of 
one  of  our  natural  powers.  The  power  exerted  on  this 
ocoafion  is  familiarly  and  dijlinai-vely  known  by  the 
name  of  pressure.  This  is  the  name  of  our  ovvn  ex¬ 
ertion,  our  own  aflion;  and,  in  this  inllance,  and  (we 
think,  in  this  alone,  the  word  is  ufed  purely,  primitive¬ 
ly,  and  without  figure.  When  we  fay  that  a  ftone 
prefles  on  the  ground,  we  fpeak  figuratively,  as  truly 
as  when  we  fay  that  the  candleftlck  lland.s,  and  the 
fnuffers  lie,  on  the  table  It  is  a  perfonification,  autho- 


rifed  by  the  fimilarity  of  the  effeas  and  appearances, 
rurther,  when  we  fpeak  of  our  prefl’ure  on  any  thin^, 
with  the  intention  of  being  precife  in  our  cominunicl 
tion,  we  fpeak  only  of  what  obtains  in  the  toucliino- 
parts  of  the  finger  and  the  thing  prefled,  paying  no  ?,t 
tention  to  the  long  train  of  intermediate  exertions  of 
the  mind  on  the  nerves,  the  nerves  on  the  mufeular 
fibre,  the  fibre  on  the  articulated  machine,  and  the  ma¬ 
chine  on  the  touching  part  of  the  finger.  And  thus 
the  exertion  of  the  fentient  and  adfivc  being  is  attribu¬ 
ted  to  the  particles  of  lifclefs  inactive  matter  at  the  ex¬ 
tremity  of  the  finger,  and  thefe  arc  faid  to  prefs  imme- 
T  t^^uching  parts  of  the  external  body. 
And,^  laltly,  as  this  our  exertion  is  unqiiellionably  the 
perceived  employment  of  a  fiiculty  in  us,  which  we* call 
force,  power,  Jlrcngth,  diflinguifliing  it  from  every  other 
faculty  by  thefe  names ;  wc  fay  (but  figuratively ),  that 
force  or  power  is  exerted  at  the  tips  of  the  fingers,  and 
we  call  it  the  force  of  pressure. 

By  far  the  greatdl  part  of  our  adions  on  external 
bodies  is  woth  the  intention  of  putting  them  out  of 
their  prefent  fit  nations  ;  and  we  can  hardly  feparate  the 
thought  of  exerted  prefllire  from  the  thought  of  mo¬ 
tion  produced  by  it.  Therefore,  almofl;  at  its  firfl  ap¬ 
pearance  in  the  mind,  prefllire  comes  before  us  as  a  mo¬ 
ving  POWER.  Nay,  we  apprehend,  that  the  more  we 
fpeciilate,  and  the  more  wc  aim  at  precifion  in  our  con¬ 
ceptions,  we  fhall  be  the  more  repdy  to  grant  that  we 
have  no  conception  of  any  other  moving  power.  No 
man  will  contend  that  he  has  any  conception  at  all  of 
the  power  exerted  by  the  mind  in  moving  the  body.  It 
is  of  importance  to  reflect  on  the  manner  in  which 
this  notion  is  extended  to  all  other  produdions  of  mo¬ 
tion.  We  think  that  this  will  fliew,  that  in  every  cafe 
we  fuppofe  prefTurc  to  be  exerted. 

tion  of  (h<.  proceeds  I’n  hfs  fpeculations,  and 

inftances  of"*’^"?  one  man  can_  prefs  on  another,  andean 
this  pcrcep-P^“^  place,  in  the  fame  way  as  he  rc- 

tion,  '  moves  any  other  body  ;  and  he  cannot  obferve-any  dif¬ 
ference  in  his  own  exertions  and  fenfations  in  the  two 
cafes.  But  the  man  who  is  puflied  has  the  fame  feel¬ 
ings  of  touch  and  preffure.  By  withdrawing  from  the 
prefllire,  he  alfo  withdraws  from  the  fciifation;  by  with- 
llanding  or  refilling  it,  he  feels  the  preffure  of  the  other 
man  ;  and  what  he  feels  is  the  fame  with  what  he  feels 
when  he  prefles  on  the  other  perfon,  or  on  any  piece  of 
matter.  The  fame  fenfations  of  touch  are  excited.  Pie 
attributes  them  to  the  preffure  of  the  other  perfon. 
Therefore  he  attributes  the  fame  fenfations  to  the  couni 
ter  prefllire  of  any  other  body  that  excites  them.  Far-* 
SuppL.  VoL.  I.  Part  II. 
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tlier,  be  can  refiii  to  fuch  a  degree  that  lie  is  not  pufb-  fmpulfio*. 
ed  fiom  his  place.  In  this  cafe,  thegreatefl  preffure  is 
exerted,  and  is  felt  by  both.  Each  feels  that  the  more 
he  rehfts,  the  greater  is  the  mutual  prefllire:  And  each 
feels  that,  unlefs  he  noi  only  do  not  reffl,  hut  alfo  with¬ 
draw  himfelf  from  tht  preffure  of  the  other,  he  will  be 
prefled,  and  the  other  will  feel  counter  preffure,  the 
fame  in  kind  with  what  is  produced  by  his  refiflance, 
though  lefs  in  degree. 

All  thefe  things  are  diflindlly  and  invariably  felt;  They  are 
ut  they  require  attention,  in  order  to  be  fubjedls  ofKenerally 
lecolledlion  and  after-confideratioii.  From  this,  and^i?^*^^tive. 
no  other  fources,  are  derived  all  our  notions  of  corpo- 
real  preffure,  of  counter  preffure,  of  aftion,  re  adion, 

''ifijtottcc,  and  of  inaHimiy  or  inertia.  Our  notions 
of  moving  power,  of  the  mobility  of  matter,  and  of  the 
iieceflity  of  this  power  to  produce  motion  in  matter, 
have  the  fame  origin.  Our  notions  alfo  of  the  refift- 
ance  of  inanimate  matter,  indicated  by  the  expendi¬ 
ture  of  a  dual  preffure,  arc  formed  from  the  fame  pre- 
rnifes  :  the  eountcr-preflure,  or  what  at  lealt  produces 
the  lame  feelings  in  the  perfon  who  is  the  mover,  is 
conlidercd  as  the  property  of  dead  matter  ;  becaufe  we 
leel,  that  if  we  do  not  exert  real  force,  we  are  difplaced 
by  the  fame  preffure  that  would  difplace  a  lifclefs  body 
of  the  fame  hulk. 

Thefe  dired  inferences  are  confirmed  as  we  extend  ixr 
our  acquaintance  with  things  around  us.  We  can  ' 

ert  our  force  in  bending  a  fpring,  and  we  fed  its  coun-preffures/ 
ter-pn  ffurc,  precifdy  fimilar  to  that  of  another  man. 

We  feel  that  wc  muft  continue  this  preffure,  in  order 
to  keep  it  bent;  and  that  as  we  withdraw  our  preffure, 
the  fpnng  follows  our  hand,  flill  producing  fimilar  feel¬ 
ings  in  our  organs  of  touch,  and  re-quiring  fiiruiar  exer- 
tions  of  our  ftrength  to  keep  it  in  any  Hate  of  teiifion. 

T  hefe  phenomena  are  interpreted  as  indications  of  pref- 
fures  actually  exerted  by  the  fpring,  and  quite  different 
from  what  we  fltould  feel  from  its  mere  rcliftance  to  be¬ 
ing  moved.  This  aftion  refembles  our  own  exertion  in 
every  particiilat;  it  produces  all  the  effedls  of  preffure  ; 

It  will  fqueeze  in  the  foft  flexible  parts  of  our  body 
with  which  we  ad  on  it  ;  it  will  comprefs  any  loft  bo¬ 
dy,  juft  as  w'e  do  ourfelves  ;  it  will  put  bodies  in  mo¬ 
tion.  Farther,  we  can  fet  the  aaion  of  one  fpriiio-  i,, 
oppofition  to  that  of  another,  and  obferve  that  earh  is 
bent  by  bending  the  other;  and  we  fee  that  their  touch- 
mg  parts  exert  preffure,  for  they  will  comprefs  any  foft 
body  placed  between  them. 

Thus,  then,  in  all  tliofe  cafes,  we  have  the  fame  no¬ 
tion  of  the  power  immediately  exerted  between  the 
two  bodies,  animated  or  inanimated.  It  is  always  pref¬ 
fure.  It  indeed  we  begin  to  fpeciilate  about  the  modus 
operandi  in  any  one  of  thefe  iiiftances,  we  find  that  we 
mull  flop  ftiort.  How  our  preffure  excites  the  feeling 
of  preffure  in  the  other  perfon,  or  how  it  produces  mo. 
tion,  eludes  even  conjeaure— So  it  is— Nay,  how  our 
intention  and  volition  caufes  our  limb  to  exert  this  pref¬ 
fure,  or  how  the  fpringinefs'of  a  fpring  produces  fimi¬ 
lar  effeas,  remains  equally  hid  from  our  ken.  Unwea¬ 
ried  ftudy  has  greatly  advanced  our  knowledo-c  of  thefe 
fubjeas  in  one  refpea.  It  has  pointed  out  to  us  a  train 
of  operations,  which  go  on  in  our  animal  frame  before 
the  ortenfible  preffure  is  produced  ;  we  have  difeovered 
fomethiiig  of  their  kind,  and  of  the  order  in  which  they 
proceed  ;  we  have  gone  farther,  and  have  difeovered,  in 
5  G  fome 
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Impulfion.  fome  of  the  prcffures  exerted  by  Hfelefs  matter,  fimilar  dies,  and  produce  all  the  effeds  of  real  animal  preffure.  Impulfion 
.  r  •  .  ^  ^  _ _ Tr,  oP  y  frtrmfr  Tmniilfe.  therefore,  is  the  true  caufe  of  motion,  and  the 


*  trains  of  intervening  operations.  In  the  cafe  of  a  fpring, 
we  have  dlfciSvered  that  there  is  a  certain  combination 
of  the  properties  of  ail  its  parts  neceffary  for  the  vihble 
exertion.  But  what  is  the  principle  which  thus  makes 
them  co-operate,  we  cannot  tell,  any  more  than  in  our 
own  exertions  of  prefTure.  Such  being  the  oriijin  of 


U.1VO,  ....V.  - - - - - - I - 

Impulfe,  therefore,  is  the  true  caufe  of  motion,  and  the 
felicitation  of  gravity  is  nothing  but  the  repeated  im- 
pulle  of  an  inviiible  fluid. 

But,  in  the  lirft  place,  let  it  be  obferved,  that  both 
parties  profefs  to  explain  the  phenomena  ot  mechanical 
nature,  that  is,  to  make  them  cafier  conceived  by  the 


own  exertions  ot  prellure.  ouen  oeing  uic  ungui  uauu.^,  .o,  uw  .......  .......  ..... - - 

our  nonoiis  on  thefe  fubjeas,  it  is  no  wonder  that  all  mind.  Now  it  may  be  granted,  that  could  we  have  any 
. . :o  from  it.  Force,  nower.  Dief-  previous  convidion  of  a  fluid  continually  flowing  to- 


previous  convidion  of  a  fluid  continually  flowing  to¬ 
ward  the  centre  of  the  earth,  we  could  iiave  fome  no¬ 
tion  of  the  produdion  of  a  downward  motion  of  bodies, 
but  not  more  explanation  than  we  have  without  it,  be- 
caufe  impuUiyeiiefs  is  as  little  under  Hood  by  us  as  pref- 
fure. 

But  there  are  thoufands  of  inftances  of  moving  forces 
where  we  cannot  conceive  how  they  can  be.  produced  Many  preftl 

fixing  our  attention  on  what  panes  in  tne  very  iiutdUL  by  the  impulfe  of  a  body  already  in  motion.^  [nerpheabb 

of  the  change,  we  find  ourfelves  ftill  obliged  to  fuppofe  pear  to  be  many  moving  powers  iii  nature,  independ^ent 
the  thing  we  call  prefTure.  We  can  have  no  other  con-  of,  and  inexplicable  by,  any  previous  motion  theie 
ceptioi)  of  it ;  and  there  is  no  violence  in  this  ad  of  the  may  be  brought  into  adion,  or  occafions  be  affard- 
imagination.  For  we  know^,  that  it  we  are  jollied  from  ed  for  their  adion,  im  a  variety  of  ways.  fne  mere 

^  ^  •  •  ii.  — .1 - r —  animal  brings  fome  of  them  into  acLioii  in 

the  internal  procedure  of  mufcular  motion  ;  mere  vi¬ 
cinity  brings  into  adion  powers  which  are  almofl  irre- 
fiftible;  and  which  produce  mofl  violent  motions.  Thus 


our  language  is  alfo  derived  from  it.  Force,  power,  pref 
furre,  action,  re-adion,  refiilance,  impulfion,  are,  with¬ 
out  any  exception,  words  immediately  expreflive  of  our 
own  exertions,  and  applied  nietaphorieally  to  the  phe¬ 
nomena  of  matter  and  motion. 

Laftly,  when  we  fee  a  body  in  motion  difplace  another 
body  by  hitting  it,  and  endeavour  to  form  a  notion  of 
the  way  in  which  this  motion  is  immediately  produced, 
fixing  our  attention  on  what  pafles  in  the  very  inflant 


our  place,  and  forcibly  driven  againfl:  another  perfon, 
we  put  that  perfon  in  motion  without  any  intention  or 
adion  of  our  own  ;  and  we  experience,  in  doing  this, 
that  the  very  fame  feelings  of  touch  and  prefTure  are  ex¬ 


that  the  very  lame  teeiings  or  toucu  anu  picnuic  aic  ca-  niuiu^v.,  ...w..  .......  . - - 

cited  as 'in  the  indances  of  the  fame  motions  produced  a  little  aquafortis  poured  on  powdered  cliaU  contained 
by  exerted  prefTion.  We  alfo  fee,  that  when  a  body  in  a  bombfliell,  will  buril  it,  throwing  the  fragments  to 
itrikes  another,  and  puts  it  in  motion,  it  makes  an  impref-  a  great  diftance.  A  fpark  of  fire  brings  them  into  ac¬ 
tion  or  dimple  in  it  if  foft,  or  breaks  it  if  brittle  ;  and,  tion  in  a  mafs-  of  gunpowder,  or  other  combuitibles. 
in  fiiort,  produces  every  effea  of  preffure.  A  ball  of  And  here  it  deferves  remark,  that  the  greater  the  mafe 
foft  clay  makes  a  dimple  in  the  ball  of  foft  clay  which  is  to  which  the  fpark  is  applied,  the  more  violent  is  the 


it  difplaces,  and  is  dimpled  by  it.  Springy  bodies  com- 
prefs  each  other  in  their  collifions,  a^d  refile  from  each 
other.  In  fbort,  in  every  cafe  of  this  clafs,  mutual 
preffure,  indicated  by  all  its  ordinary  effeas,  appears  to 
be  the  iiitennedium  by  which  the  changes  of  motion 


motion  produced*  It  would  be  juft  the  contrary,  if 
the  motion  were  produced  by  impulfe.  For  in  all  cafes 
of  impulfion,  the  velocity  is  inverfely  proportional  to 
the  matter  that  is  moved.  When  a  fpring  is  bent,  and 
the  two  ends  are  kept  together  by  a  thread,  a  preffure 


be  the  intermedium  by  wmcii  tne  cnanges  oi  inoLKm  uic  lwu  wnuo  ..  ... - ,  7^7  , 

are  immediately  produced  ;  and  the  previous  motion  of  is  excited,  vyhich  continues  to  aa  as  long  as  the  thread 
the  ftriking  body  feems  to  be  only  the  method  of  pro-  remains  entire.  What  contrivance  of  impehing  nuid 
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ducing  this  preffure. 

From  this  copious  induftion  of  particulars,  and  care- 
fill  attention  to  the  circumftaiices  of  each,  we  think  it 
■plain,  that  preffure  is  the  only  clear  notion  that  a  mind, 

not  familiar  with  fcrupulous  difculfion,  forms  of  moving  —  ^  , 

power  ;  and  therefore  that  it  is  very  lingular  to  think  of  cafe  referred  to  above, 
excluding  it  from  the  lill,  and  faying  that  impulfion  is  cient  diftmanefs,  a  tube  filled 
the  only  power  in  nature,  and  the  fource  of  all  preffure. 

It  may  perhaps  be  faid,  that  the  mutual  immediate 
aaion  to  which  the  vulgar,  and  many  pliilofophers, 
have  erroneoully  given  the  metaphorical  name  preffure, 
is  indeed  the  real  caufe  of  motion,  or  change  of  mo- 
tion  ;  but  ftill  it  is  now  properly  called  impulfion,  be- 
caufe  it  is  occafioned  only  by  the  previous  motion  of 
the  impelling  body.  We' conceive  clearly  (they  may 
fay)  how  this  previous  motion  produces  the  impulfion. 

Since  matter  is  impenetrable,  we  fee  clearly  that  a  fo 


W  ill  explain  this,  or  give  us  any  conception  of  the  total 
ceffation  of  this  preffure,  when  the  thread  is  broken,  and 
the  fpring  regains  its  qulefcent  form  ?  14 

We  caa  explain,  in  a  moil  intelligible  manner,  why  All  pref- 
the  hardefl:  preffure  produces  no  feniible  motion  in  the  Tures  do 
We  can  conceive,  with  fuffi^  ^ 

«  _ filled  with  ffeel  wires,  coiled  fible  mo- 

up  like  cork  ferews,  and  compreffed  together  into 
of  their  natural  length.  A  tube  of  10  inches  long  will 
contain  TOO  of  them.  While  in  this  (late,  compreffed 
by  a  plug,  we  can  fuppofe  each  of  the  fprlngs  to  be 
tied  with  a  thread.  Suppofc  now  that  the  thread  of  • 
the  fpring  next  the  pillon  is  burnt  or  cut  ;  it  will  prefs 
on  the  pifton,  and  force  it  out,  accelerating  its  motion 
till  it  has  advanced  one  inch  ;  after  this,  the^  pifton 
will  proceed  with  a  uniform  motion.  It  is  plain  that 
the  velocity  will  be  moderate,  perhaps  hardly  fenfible, 

r\  ^  • .  1*  _  _  n 


Since  matter  13  impcnetrabie,  we  lee  cieariy  uial  lu-  luc  ^  . 

lid  body,  or  a  folid  particle,  cannot  proceed  without  becaufe  the  preffure  aded  on  it  during  a  very  fliort  tim 
wbb  urhirh  it  comes  into  contaft  ;  But  if  two  fpnngs  have  been  fet  at  liberty  at  the  fame 


uwu.^,  v/i  - 7  -  i  ^ 

difplaclng  the  bodies  with  which  it  comes  into  contaCc ; 
we  have  notions  of  this  as  clear  as  thofe  of  geometry  ; 
whereas,  how  preffure  is  produced,  is  inconceivable  by 
us.  If  we  prefs  a  ball  ever  fo  ftrongly  again  ft  another, 
and  remove  the  obftacle  which  prevented  its  motion,  it 
will  not  move  an  inch,  unlefs  we  continue  to  follow  it, 
and  prefs  it  forward  ;  but  we  fee  a  moving  body  pro¬ 
duce  compreflion;  bend  fprings,  make  plts>  in  foft  bo- 


But  if  two  fprings  have  been  fet  at  liberty  at  the  fame 
inftant,  the  preflure  on  the  pifton  will  be  continued 
through  a  fpace  of  two  inches,  and  the  final  velocity 
will  be  greater,  becaufe  the  fame,  (not  a  double)  pref¬ 
fure  will  be  exerted  through  a  double  fpace.  Unbending 
four  fpnngs  at  once,  will  give,  the  pifton  a^doublc  veloci¬ 
ty  (See  Dynamics,  S^^ppl*  95*)'  effedl  of  the 

motion  of  the  fecond  fpring  is  to  keep  the  preffure  of  the 

firlb 
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Impvinon.  flrft:  [p  aafon  during  a  longer  time,  by  following  it,  and 
keeping  it  in  a  ftate  of  coinprefiion.  "  There  is  nothing 
fuppbfed  of  this  kind  in  the  cafe  of  flrong  preffure  al¬ 
luded  to  ;  and  therefore  no  motion  is  produced  when 
the  obflacle  is  removed,  exeept  what  the  infenfible  coin- 
prefiion  produces  by  aeeelerating  the  body  along  an  in- 
fenfible  ipace.  If  all  the  100  fprings  are  difengaged  at 
once,  the  piflon  will  be  accelerated  through  100  inches, 
and  will  acquire  ten  times  the  velocity  that  one  fpring 
can  conimiinicale.  (A^.  U.  The  force  expended  in  mo¬ 
ving  the  fprings  themfelves  is  not  confidered  here). 

It  is  ill  this  way  only  that  the  previous  motion  of 
the  impelling  body  adls  in  producing  a  conhderable 
motion.  The  whole  procefs  will  be  minutely  confider- 
15'  ed  by  and  bye. 

may  now  a{l<,  how  it  is  fo  dear  a  point,  that  a 
clearly  con  body  in  motion  mull  difplace  other  bodies  ?  This 

ceived  than  to  be  the  very  point  in  qnellion.  Is  the  allirrna- 

prelTure.  tlve  deduced  from  our  notion  of  folidity  >  What  is  our 
notion  of  folidity,  and  whence  is  it  derived  ?  We  ap¬ 
prehend  that  even  this  primary  notion  is  derived  from 
preffure.  It  is  by  handling  a  thing,  and  finding  that 
we  cannot  put  our  Land  into  the  place  where  it  is  with¬ 
out  difpkeing  it,  that  we  know  that  it  is  material.  All 
this  is  indicated  to  us  by  the  feeling  excited  by  our 
preffure.  We  feel  this  property  always  as  an  obllacle; 
and  therefore  fay,  that  by  this  property  it  refdls  our 
preflure.  Nay,  there  are  caies  where  even  the  philp- 
fopher  prefers  this  quality  to  impulfivenefs  ae  a  tell  of 
matter.  To  convince  another  that  the  jar  out  of  which 
he  has  poured  the  w-ater  that  filled  it  is  not  empty,  but 
full  of  matter,  he  dips  the  mouth  of  the  jar  into  water, 
and  fhows,  that  although  he  prefs  it  down  till  the  fur- 
rounding  w^ater  is  above  the  bottom  of  it,  the  water 
has  hardly  gotten  half  an  inch  into  the  jar;  there  is 
fomethirig  there  which  keeps  it  out  ;  there  is  matter  in 
it.  He  then  opens  a  hole  in  the  bottom  of  the, jar  ; 
the  water  immediately  rifes  on  the  inllde  of  the  jar,  and 
fills  it.  He  fays  that  the  prelfure  of  the  water  has 
driven  the  matter  out  by  the  hole  ;  and  he  conjirms  the 
materiality  of  what  is  expelled  by  holding  a  feather 
above  the  hole.  It  is  agitated,  Ihewu’ng  that  the  ex¬ 
pelled  thing  has  impulfivenefs,  another  property  (he 
fays)  of  matter  :  what  filled  the  jar  was  air,  and  air  in 
motion  is  wind.  The  philofopher  can  exhibit  feme 
new  cafes,  where  loraething  like  impulfivenefs  appears. 

A  (lender  magnet  may  be  fet  on  one  end,  the  foiith 
pole,  for  inftanee,  and  wall  (land  in  that  tottering  fitua- 
tion.  If  a  pciTon  bring  the  north  pole  jof  a  powerful 
magnet  haflily  near  the  upper  end,  it  will  be  throwui 
down,  juft  as  it  may  be  blown  dowm  by  a  puff  of  wind  ; 
therefore  (fays  the  philofopher)  there  may  be  appear¬ 
ances  of  impulfioii,  and  I  may  imagine  that  there  is 
impelling  matter  ;  but  nothing  but  matter  excludes  all 
other  matter  from  its  place  :  this  property,  therefore, 
is  the  fiireft  tefl  of  its  prefenee. 

Thus  we  fee,  that  our  notion  of  folidity  or  impene¬ 
trability  (a  name  ftill  indicating  an  obflacle  to  pref- 
fure),  gives  us  no  clearer  conception  of  the  produc¬ 
tions  of  motion  by  impulfion  than  preffure  does  ;  for 
it  is  the  fame,  or  indicated  by  tlie  fame  fenfations. 

The  queftion  now  feems  to  be  reduced  to  this — Since 
transfiifmg  the  ftrongeft  preffure  of  a  quiefeent  body  does  not  pro- 
forc^e  oi-^in  or  excite  that  kind  of  preffure  which  is 

herent  mo-  immediate  caufe  of  motion,  while  a  body  in  mo¬ 
tion. 
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tion,  exciting  but  a  very  moderate  preffure  (as  may  be  In  pJriOon, 
feen  by  the  trifling  comprefjion  or  6.] produces  a 
very  confiderable  motion,  how  is  the  previous  motion 
conducive  to  this  purpofe  The  anfwer  ufually  given  is 
this  :  A  body  in  motion  (by  whatever  caufe)  perfeveres 
in  thnt  motion  by  the  inherent  force  ;  wdien  it  arrives  fit 
another  body,  it  cannot  proceed  without  difplacing 
that  body.  The  nature  of  the  inherent  force  is  fuch, 
that  none  of  it  is  loft,  and  that  a  portion  of  it  pafies 
the  two  bodies  iiiftantl''’ 


into  the  other  body,  aiici  cue  two  cocies  niitantiy  pro¬ 
ceed  with  the  fame  quantity  of  motion  that  was  in  the 
impelling  body  filone.  Thir:  is  an  exa£l  enough  narra¬ 
tive  of  the  general  fad,  but  it  gives  no  gre2X  explan 
lion  of  it.  If  the  impelling  body  perfeveres  in  its  mo¬ 
tion  by  means  of  its  inherent  force,  that  force  is  ex¬ 
erted  in  performing  its  office,  and  can  do  no  more. 

The  impelled  body  feems  as  much  to  poflefs  an  inherent 
force;  for  the  fame  marks  and  evidences  of  preffure 
on  both  fides  are  obferved  in  the  collifion.  If  boti> 
bodies  are  foft  or  compreffible,  both  are  dimpled  or 
compreffed.  We  are  as  much  entitled,  therelore,  to 
fay,  that  part  of  the  force  by  which  it  perfeveres  at 
reft,  paflcs  into  the  other  body.  But  the  reft,  or  quief- 
pence  of  a  bodv,-  is  always  the  fame  ;  yet  what  paffes 
into  tile  impelling  body  is  diiTerent,  according  to  its 
previous  velocity.  We  can  form  no  conception  how 
the  half  of  the  inherent  force  of  the  impelling  body  is 
expcndefkby  every  particle,  paffes  through  the  points  of 
contad,  and  is  diftributed  among  the  particles  of  the 
impelled  body  ;  nay,  we  cannot  conceive  this  halving, 
or  any  other  partition  of  the  force.  Is  it  a  thing/z/i 
generis^  made  up  of  its  parts,  which  can  be  detached 
fn^m  each  other,  as  the  particles  of  fait  may  be,  and 
really  are,  when  a  quantity  of  freffi  water  is' put  into 
conta£l  with  a  quantity  of  brine  ?  We  have  no  clear 
conception  of  this  ;  and  therefore  this  is  no  elucidation 
of  the  matter,  although  it  may  be  an  exa£l  ftatement 
of  the  vifible  facl. 

Let  US' take  the  dim  pie  ft  poffible  cafe,  and  fuppofe  This  in- 
only  two  particles  of  matter,  one  of  which  is  at  reft, 
and  the  other  moves  up  to  it  at  the  rate  of  two  feet 
per  fecond.  The  event  is  fuppofed  to  be  as  follows  ;  in 
the  inflant  of  contad,  the  two  particles  proceed  with 
half  of  the  former  velocity.  Now  this  inflant  of  time, 
and  this  piecife  point  of  (pace,  in  which  the  contad  is 
made,  is  not  a  part  of  cither  the  time  or  fpace  before 
collifion,  or  of  thofe  after  collifion  ;  it  is  the  boundary 
between  both  ;  it  is  the  laft  inftant  of  the  former  time, 
and  the  firft  inftant  of  the  latter  time  ;  it  belongs  to 
both,  and  may  be  faid  to  be  in  both.  What  is  the  llatc 
or  condition  of  the  impelling  particle  in  this  inftant  ?  Iw 
virtue  of  the  previous  motion,  it  has  the  determination, 
or  the  force,  or  the  power,  to  move  at  the  rate  of  two 
feet  per  fecond  ;  but,  in  virtue  of  the  motion  after  col- 
lifion,  it  has  the  determination  or  power  of  moving  at 
the  rate  of  one  foot  per  fecond.  Ii>  one  and  the  fame, 
inftant,  therefore,  it  has  two  determinations,  or  only- 
one  of  them,  or  neither  of  them.  And  it  may,  in  like 
manner,  be  faid  of  the  impelled  body,  that,  in  that  in¬ 
ftant,  it  was  both  at  reft,  and  moving.at  the  rate  of  one 
foot  per  fecond.  This  feems  inconceivable  or  abfurd.  •  18 

It  is  not  perhaps  very  clear  and  demonflrable„  iior 
is  it  intuitively  certain,  that  the  moving  body  or  par- 
tieie  mull  difplaee  the  other  at  all.  All  that  we  know  p"operty'If 
is,  that  matter  is  moyeabje^  and  that  caufes  of  ^his matter. 

4  G  2  motion 
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Impulfion.  motion  exifl  in  nature.  When  they  have  produced 
this  motion,  they  have  performed  their  tafk,  and  the 
/  motion  is  tlieir  complete  efFedl  ;  the  particle  continues 

in  this  condition  for  ever,  iinlefs  it  be  changed  by  fome 
caufe  ;  but  we  do  not  fee  any  thing  in  this  condition 
that  enables  us  to  fay  what  canfes  are  competent  to 
this  change,  and  what  are  not.  Is  it  either  intuitive 
or  demonflrable,  that  the  mere  e:iijlence  of  another  par¬ 
ticle  is  not  a  futficient  or  adequate  caufe  ?  Is  it  certain 
that  the  arrival  at  another  particle  is  aii  adequate  caufe  \ 
or  can  we  prove  that  this  will  not  flop  it  altogether  ? 
The  only  conclufion  that  we  can  draw  with  any  confi¬ 
dence  is,  that  two  particles,  or  two  equal  bodies, 
meeting  with  equal  velocities,  in  oppofite  direftions,  will 
Hop.’’  But  our  only  reafon  for  this  conclufion  is,  that 
we  cannot  aflign  an  adequate  reafon  why  either  ihould 
prevail.  But  this  form  of  argument  never  carries  lumi¬ 
nous  conviction,  nor  does  it  even  give  a  decifion  at  all, 
unlefs  a  number  of  cafes  can  be  fpecified  which  include 
en)ery  pojfible  refiiit*  This  can  hardly  be  affirmed  in  the 
ip  prefent  cafe. 

But  an  ob-  We  apprehend  that  the  next  cafe,  in  point  of  fim- 
Icrvcd  fa<5l.  has  Hill  lefs  intuitive  or  deduCtive  evidence; 

namely,  when  bodies  meet  in  oppofite  directions  witli 
equal  quantities  of  motion.  It  is  by  no  means  eafy,  if 
it  be  at  all  poffible,  to  fhew  that  they  mull  ftop.  The 
proof  proceeds  on  fome  notion  of  the  manner  in  which 
the  impulfion,  exerted  on  one  particle,  or  on  a  few  of 
each  body,  namely,  thofe  which  come  into  contaCl,  is 
difiiributed  among  all  the  particles.  A  material  atom 
is  moved  only  when  a  moving  force  aCts  on  it,  and 
each  atom  gets  a  motion  precifely  commenfurate  to  the 
force  which  aduates  it.  Now,  it  is  fo  far  from  being 
clear,  how  a  force  imprelfed  on  one  particle  of  a  foiid 
body  occafions  an  equal  portion  of  itfelf  to  pafs  into 
every  particle  of  that  body,  and  impel  it  forward  in 
the  fame  dircClion,  that  the  very  authors  who  affiime 
the  prefent  propofition  as  an  elementary  truth,  claim 
no  fmall  honour  for  having  determined  with  precifion 
the  moving  forces  that  are  exerted  on  each  particle,  and 
the  circumftances  that  are  necefiary  for  producing  an 
equal  progreffive  motion  in  each.  ‘  It  was  by  no  means 
an  eafy  problem  to  fhew,  that  the  motion  of  the  body 
(eflimated  by  an  average  taken  of  the  motions  of  every 
particle)  is  precifely  that  which  is  announced  by  this 
propofition.  We  mufl  alfo  confiderhow  this  inveftiga- 
tion  is’  conduCled.  It  is  by  affuming,  that  whatever 
force  conneds  a  particle  a  with  a  particle  h,  or  what¬ 
ever  force  a  exerts  on  by  the  particle  h  exerts  an  equal 
^  force  on  a  in  the  oppofite  diredion — Surely  no  logi¬ 

cian  will  fay  that  this  is  an  intuitive  truth.  The  con¬ 
trary  is  mofl  diflindly  conceivable.  It  was  a  difcovery 
of  the  afironomers,  that  every  defledion  toward  the 
fun  is  accompanied  by  an  equal  defledion  of  the  fun. 

'  It  was  a  difcoveryy  that  a  piece  of  iron  attrads  a  load- 
llone  ;  and  it  was  a  d'tfco^ery  (and  we  dare  not  yet  af¬ 
firm  it  to  be  without  exception),  that  every  adion  of 
bodies  is  accompanied  by  an  equal  and  contrary  re- ac¬ 
tion,  But  this  is  by  no  means  a  firfl  principle.  It  is 
the  expreffion  of  a  mofl  generally  obferved  fad,  a  fum 
total  of  knowledge.  When  received  on  this  authority, 
it  is  fully  competent  to  fplve  every  cafe  of  impulfion,  in¬ 
dependent  of  all  obfeure  and  illogical  dodrines  of  force 
inherent  in  moving  bodies,  of  force  of  inertia,  of  com¬ 
munication  of  motion,  &c. 


The  impoffibility  of  conceiving  the  detachment  of  Impulfion. 
part  of  the  force  iidierent  in  A,  and  transferring  tJAs  — 
part  into  B,  and  the  fimllar  impoffibility  of  coiiceiving 
the  imparting  to  B  fome  of  the  motion  that  was  iir  a’, 
fliould  make  us  rejed  any  propofition  involving  fuch 
conceptions,  and  refufe  its  admiffion  as  an  elementary 
truth.  Much  more  Ihould  we  rejed  a  propofition  that 
obliges  us  to  fnppofe  that  a  particle  of  matter  has  two 
determinations,  forces,  motions,  or  call  them  hy  any  o- 
ther  name,  in  one  and  the  fame  irdlant.  One  of  thefe 
necefiarily  excludes  the  other.  Indeed  this  w’as  fo  evi¬ 
dent,  even  to  the  mofl  eminent  partizans  of  the  doc¬ 
trine  of  the  transfufion  of  inherent  force,  and  others 
confequent  on  it,  that  they  found  thernlelves  obliged  to 
deny  that  there  was  fuch  a  thing  in  the  world  as  a 
perfedly  hard  body,  in  which  the  motion  mull  be  in- 
ilantaneoufiy  changed  into  another,  differing  from  it 
by  any  fenfible  quantity.  The  exiileuce  of  perfedly 
hard  bodies  is  poiitively  denied  by  the  celebrated  ma¬ 
thematician  of  Bade,  John  Bernoulli,  in  his  DliTcrta- 
tion  on  the  Communication  of  Motion,  which  contend¬ 
ed  for  the  prize  given  by  the  Academy  of  Sciences  at 
Paris  1710.  His  reafon  for  this  rejedlion  is  fingular, 
and  fome  what  amiiling.  ‘‘In  the  collilion  of  perfedly 
hard  bodies,  the  confervatio  vtrium  vivammy  demonflra- 
ted  by  the  mofl  eminent  mathematician  (Mr  Leibnitz), 
to  be  a  law  of  nature,  would  be  broken  without  any 
effed  being  produced.  He  does  not  obferve,  that  it 
is  as  completely  broken  by  elaflic  bodies  in  the  in- 
ftant  of  greatefl  comprefiion.  A  Britifh  philofopher, 
nuUius  addlElus  jurare  In  verba  magijtriy  afked.  What 
will  be  the  cale  of  two  encountering  atoms  of  mat¬ 
ter  Without  calling  them  hard,  we  mull  conceive 
that  they  acquire  their  changes  of  motion  in  the  iii- 
flaiit  of  mutual  contad,  and  that  they  acquire  them 
toiallyy  being  <xTo,uot,  indivifible.  No  aiifwer  has  been 
given,  or  indeed  can  be  given,  hut  what  implies  the 
fame  difficulty.  From  all  that  has  been  faid,  we  muft 
conclude,  that  this  branch  of  mechanical  philofopliy 
is  not  put,  by  thofe  philofophers,  into  the  condition  of 
an  elementary  foundation  of  clear  and  demon ftrative 
fcience  ;  that  the  transfufion,  or  transference,  either  of 
force  or  motion,  is  not  a  thing  of  which  we  have  a  dif- 
tind  conception  ;  and  that  it  necefiarily  leads  us  into 
very  untenable  dodrines.  Far  lefs  does  it  feem  fafe  for 
us  to  confide  fo  much  in  its  clearnefs  and  certainty,  as 
to  affirm,  that  impulfion  is  the  foie  moving  force  in  me¬ 
chanical  nature,  and  the  fource  of  what  we  call  prefTure. 

All  this  difficulty  and  obfeurity  has  arifen  from  our 
arrogant  notion,  that  we  are  competent  judges  of  firfl 
principles  ;  whereas  wc  mufl  acknowledge,  that  we  can 
only  perceive  fuch  as  are  properly  related  or  accommo¬ 
dated  to  our  intelledual  powers  ;  thefe  powers,  being 
fpecific  and  peculiar,  cannot  judge  of  principles  of  the 
firfl  clafs,  but  of  thofe  only  that  are  fultally  compound¬ 
ed.  We  can  never  know  or  comprehend  any  efiential  . 
property  of  matter — we  can  only  know  the  relative 
properties  of  fuch  matter  as  five  fee, 

Therefore  let  us  quit  entirely  the  barren  and  tracklefs^ Therefore 
fields  of  abflradion,  and  refl  fatisfied  with  contemplating 1^^  learn- 
<what xht  Author  of  Nature  has  exhibited  to  our  view, 
and  fuch  as  he  has  beer  pleafed  in  liis  wifdom  to  exhi-naturc. 
bit  it.  We  grant  that  there  are  no  bodies  open  to 
our  infpedion  which  are  perfedly  hard,  receiving  finite 
changes  of  motion  in  an  inflant.  It  has  not  pleafed 

God 
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fmpulfion.  God  to  put  any  fuch  within  our  reach.  When  God 
created  matter,  it  was  with  the  purpofe  of  forming  a 
beautiful  univerfe  of  this  matter.  He  therefore  gave 
it  properties  which  fitted  it  for  this  purpofe.  It  is  this 
•  matter  only  that  he  has  expofed  to  the  wondering  view 
of  man.  Thanks  to  his  bounty,  he  has  alfo  given  us 
properties  of  mind,  by  which  this  adaptation,  when 
perceived  by  us,  becomes  a  fource  of  dignified  pleafure 
to  the  oblcrver. — A  Newton,  to  whom  “  ywis  omnia 
a  Daniel  Bernoulli,  were  rapt  alnioft  into  ecfta- 
cy  by  a  fingle  atom,  when  they  obferved  how  its  pro¬ 
perties,  and  only  fuch  properties,  fitted  it  Tor  making 
part  of  a  world,  which 


Unwearied,  and  from  day  to  day, 

Should  its  Creator’s  power  difplay. 

Det  the  unha})py  La  Place  conlider  thefe  properties, 
which  enfure  the  permanency  of  the  folar  fyilem 
through  ages  of  ages,  as  proofs  of  fatalifm,  as  qualities 
eiTential  to  matter.  But  this  Gallic  torch  effaces  the 
bloom  of  life  from  the  uuiverfe,  the  expreflion  of  the 
Supreme  Mind  wdiich  fliines  from  wdthin;  and  it  fpreads 
over  the  countenance  of  Nature  the  ghaftly  palenefs  of 
univeifal  death.  But  let  us  Britons  rather  follow^  the 
example  of  our  illuftrious  countryman,  and  folace  our- 
felves  with  every  difeovery  which  tends  to  quicken  our 
perception  of  Nature’s  animaled  charms.  Let  us  liften 
to  the  conjedlures  of  him  who  had  already  difeovered 
fo  many,  and  who  endeavoured  to  remove  the  veil  which 
concealed  the  reft.  ' 

Moving  Newton,  in  his  maturity  of  judgment,  after  having 
powers  are  colk<5led  much  information  from  his  unw^earied  expe- 
aU  matte-!  riiuents  in  magnetifm,  in  chemiftry,  in  optics,  &c.  faid, 
Newton’s  “  he  ftrongly  liifp^dled,  that,  in  the  fame  man- 

conpclure  ner  as  the  bodies  of  the  folar  fyftein  were  cbnneCled 
by  gravitation,  fo  the  particles  of  fublunary  bodies 
vreh.^  conne<fted  together,  and  affedded  each  other,  by 

means  of  forces  which  adled  at  fmall,  and,  in  many 
cafes,  infenfible  diftances  ;  producing  the  phenomena 
of  cohelion,  in  all  its  forms  of  hardnefs,  elafticity, 
dudlility,  foftnefs,  fluidity,  by  which  their  mechanical 
addions  on  each  other  were  modified  and  regulated.” 
Father  Bofcovich,  one  of  the  firft  mathematicians  of 
Europe,  was  the  firft  who  gave  this  conjedlure  of  New¬ 
ton’s  the  attention  that  it  fo  highly  deferved.  Other 
writers  indeed,  fuch  as  Keill,  Freiiid,  BoerLaave,  &c. 
took  occafional  notice  of  it,  and  even  made  fome  ufe  of 
it  in  their  attempts  to  explain  fome  complicated  phe¬ 
nomena  of  nature.  But  they  w^ere  fo  carelefs  in  their 
employment  of  Newton’s  conjedlure,  fo  completely  ne- 
gledted  his  cautious  manner  of  proceeding,  indulged 
to  wantonly  in  hypothetical  afliimptions,  and  reafoned 
fo  falftly  from  them,  that  they  brought  his  conjedlure 
into  difciedit.  Bofcovich,  on  the  contrary,  copied 
Newton  with  care,  and  fecured  his  progrefs  as  he 
advanced  by  the  aid  of  geometry  ;  eftablifhing  a  fet 
of  uncontrovertible  propofitions,  which  muft  be  the  in¬ 
evitable  refults  of  the  premifes  adopted  by  him.  He 
then  proceeded  to  compare  thefe  with  the  phenomena 
of  nature  ;  and  he  fhews  that  the  coincidence  is  as  com¬ 
plete  as  can  be  defired.  All  this  is  done  in  his  Theoria 
Pbilofophia  Naturalise  firft  publifhed  at  Vienna  in  1759. 
We  have  given  a  very  fhort  account  of  it  in  the  article 
Boscovich,  SuppL  ;  but  it  hardly  goes  beyond  the 
enunciation  of  the  general  principles,  and  the  indication 


of  its  applicability  to  the  purpofes  intended.  His  ap.  impuIfioH. 
plication  to  the  produdlion  of  motion  by  the  collifion y-—' 
of  bodies,  is  peculiarly  fatisfadlbry.  But  as  the  work  is 
written  chiefly  with  the  view  of  gaining  the  approba- 
tion  of  perfons  well  inllriidled  in  natural  philofophy,  it 
can  hardly  be  called  an  elementary  work,  or  be  employed 
for  the  inftnidlion  of  perfons  entering  on  the  ftudy, 

W  e  fliall  attempt  to  explain  this  important  law  of  me- 
clianifm  in  a  w^ay  that  w’lll  give  our  readers  a  diftin6l 
notion  (and,  we  apprehend,  a  juft  one)  of  the  proce¬ 
dure  of  Nature  in  all  the  cales  of  impuliion  that  *we  can 
obferve.  We  hope  to  do  this,  by  confidering  the 
changes  of  motion  produced  by  moving  bodies  in  a 
certain  feries  of  familiar  cafes,  w’here  the  procedure  of 
nature  may  be  diftiii£lly  ij^1er\  ed,  and  where  it  is  uni¬ 
formly  conceived  by  every  fpedator  ;  and  w^hicli  will 
gradually  lead  the  mind  to  thofe  cafes  where  the  proce^ 
dure  is  not  obferved  with  diftiiuSlnefs ;  but  the  fimilarity 
to  the  former  cafe  is  concluded  by  fo  fair  analogy,  that 
we  imagine  no  perfon  will  controvert  it.  We  (hall  be¬ 
gin  by  attending  to  the  manner  in*  which  two  magnets 
in  motion  affedt  each  other’s  motions  ;  a  phenomenon 
that  is  familiarly  known  in  the  general,  although,  per-' 
haps,  few  perfons  have  attended  to  it  minutely. 

Let  us,  therefore,  fuppofe  two  magnets,  A  and  BHatexxix, 
(fig.  I.)  equal  in  weight  (in  the  firft  inftance).  Let-, 
them  be  made  to  float  on  water,  by  placing  them  on 
pieces  of  cork.  Let  them  be  placed  with  their  north  mutual  ac! 
poles  touching  each  other.  Let  A  be  held  fail,  and  letthm  of 
B  be  at  liberty  to  move.  We  know  that  it  will  gradual- 
ly  recede  from  A,  with  a  motion  that  would  continual, 
ly  accelerate,  were  it  not  for  the  refiftance  of  the  water. 

What  is  the  inference  drawn  from  this  appearance  ? 

Surely  this,  that  either  a  moving  power,  inherent  in 
A,  repels  B,  or  that  B  avoids  A,  by  an  evafive  power 
inherent  in.itfelf.  It  is  immaterial  for  our  purpofe 
which  opinion  we  adopt.  Let  us  fay  that  A  repels  B. 

This  admits  more  concife  language  than  the  other  If 
we  prevent  this  motion  of  B  by  means  of  a  very  flen- 
der  fpring  applied  to  its  remote  end,  we  fliall  obierve 
that  the  fpring  is  bent  back  a  little,  juft  as  if  we  were 
pulliing  away  the  magnet  gently  with  the  finger;  and  we 
obitrve,  that  the  bending  of  the  fpring  is  fo  much  the. 
greater  as  B  is  nearer  to  A.  We  can  judge  of  the  in- 
tenfity  of  the  force  by  which  B  is  adiiated,  by  the 
bending  of  the  fpring.-— This  force  is  equal  to  the  weight 
of  any  body  that  will  bend  the  fpring  to  the  fame  de¬ 
gree.  1  his  force  is  analogous,  therefore,  to  the  weight, 
the  prelfure  of  gravity,  and  we  may  call  it  a  preflure,  ' 

and  meafure  it  by  grains  weight.  Every  force  that 
can  bend  a  fpring  will  move  a  body.  This  is  a  well 
known  fadl.  Therefore  it  is  next  to  certain,  that  it  is 
this  force  which  caiifes  B  to  recede  from  A;  nay,  if 
we  compare  the  motion  of  B  with  what  Jhou/d  refult 
from  the  action  of  a  force  having  this  very  intenfity, . 
and  varying  in  the  fame  manner  by  a  change  of  dif- 
tance  from  A,  taking  in  the  diminution  which  the  re¬ 
fiftance  of  the  water  muft  occafion,  we  fliall  find  the 
motions  precifely  the  fame.  All  this  can  be  difeovered 
by  Dynamics,  n®  95,  &c.  Therefore  we  muft  con¬ 
clude  that  this,  and' no  other,  is  the  caufe  of,  the  recefs> 
of  B. 

If,  inftead  of  placing  B  In  contadl  with  A,  we  place 
jt  at  a  diftance  from  it,  and  pufh  it  toward  A  with  an 
initial  velocity^  fomewhat  lefs  than  it  would  have  ac^ 
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Impulfion.  quir^d  in  that  place  by  its  recefs  from  A,  we  fhall 
’find  that  it  will  approach  A  with  a  motion  gradually 
retarded,  till  it  Hop  at  a  finall  diilance  from  A  ;  and 
will  now  recede  from  it  again  with  an  accelerated  mo¬ 
tion.  In  fhort,  we  fliall  find  that  its  whole  motion  to 
and  from  A  is  precifely  the  fame  with  what  refults  from 
a  fimilar  computation  by  95  of  Dynamics. 

The  whole  of  this  phenomenon  is  conceived  by  every 
beholder,  who  has  not  imbibed  fome  peculiar  theory  of 
a  llrcani  of  impelling  fluid,  as  the  indication  and  effedl 
of  a  repulfive  force  exerted  by  A  on  B,  or  of  a  quality 
of  B,  by  which  it  recedes  from  A. 

If  now  B  he  held  fall,  and  A  be  fet  at  liberty,  it  is 
obferved  to  be  repelled  by  B,  or  to  recede  from  B,  in 
the  fame  manner,  and  w'iih  the  fame  force. 

Thus,  the  two  magnets  appear  to  affedl  each  other’s 
motions,  and  are  thought,  and  faid,  by  all  to  repel  each 
other.  The  effedl  appears  curious,  but  excites  no  far¬ 
ther  thought  in  moll  minds  :  it  is  only  the  fpeculatift 
that  begins  to  fufpedl  that  he  has  not  conceived  it  pro¬ 
perly. 

Now',  let  us  fuppofe  that  B  is  afloat  on  the  furface 
■of  the  water,  and  at  reft  ;  and  that  A  -is  puflied  to¬ 
wards  it,  by  a  fingle  ftroke,  caufmg  it  to  move  fo  mo¬ 
derately  that  it  fhall  not  ftrike  B,  but  have  its  motion 
deftroyed  by  the  repul  lion  before  it  reaches  it  ;  and  let 
us  farther  fuppofe,  that  the  initial  velocity  of  A  was 
exadtly  meafured — the  fadf  will  be  as  follow's.  As  foon 
as  A  comes  within  a  certain  diftaiice  of  B,  its  motion 
begins  to  be  affcdled  ;  it  gra^dually  dimiiiilhes,  and 
at  length  it  ceafes  entirely,  and  A  remains  ever  after 
perfectly  ftill.  But  it  is  alfo  obferved,  that  in  the  in- 
ftant  that  A  flackens  its  motion,  B  begins  to  move ; 
that  it  gradually  accelerates  in  its  motion,  and  at  laft 
acquires  the  initial  velocity  of  A,  with  wdiich  it  piD- 
ceeds,  till  the  refiftance  of  the  water  brings  it  to  reft  ; 
perhaps  at  a  confiderable  diftance  from  A.  This  ex¬ 
periment  is  very  amufing,  and  the  initial  velocity  of  A 
may  be  incrcafed  in  each  fucceeding  trial,  till  at  laft  it 
ftrikes  B.  Even  then  the  general  appearance  remains 
the  fame  :  A  is  brought  to  reft  and  remains  at  reft, 
neither  refiling  nor  advancing  forward  ;  and  B  moves 
off  with  the  initial  velocity  of  A.  What  we  wifh  to 
be  particularly  noticed  is,  that  as  long  as  the  initial  ve¬ 
locity  of  A  is  lefs  than  a  certain  quantity  (depending 
on  the  ftfength  of  the  magnets),  the  motion  is  com¬ 
municated  to  B,  or,  to  exprefs  it  more  cautioufly,  mo¬ 
tion  is  produced  in  B,  without  any  thing  happening 
that  ■'can  get  the  name  of  impulfion  with  propriety. 
In  the  ordinary  conceptions  and  language  of  mankind, 
impulfe  ahvays  fuppofes  a<Ftiial  contact  ;  and  impulfion 
is  equivalent  to  a  blow  or  a  ftroke.  Both  of  thefe 
are  indeed  metaphorical  terms,  as  w'cll  as  impulfion. 
Perhaps  the  word  “  to  hit,”  expreffes  this  particular 
cafe  more  purely,  and  it  is  perhaps  w'lthout  any  figure, 
and  is  the  appropriate  word.  We  do  not  fpcak  at 
prefect  of  the  conception  and  language  of  philofo- 
phers,  but  of  perfoiis  taking  an  unconcerned  view  of 
things,  without  any  intention  of  fpeciilating  farther  a- 
bout  the  matter.  i 

Appearances  perfedlly  fimilar  are  obferved  in  elec¬ 
trified  bodies.  If  we  hang  two  equal  bunches  of  very 
light  downy  feathers  by  two  equal  linen  threads,  fo  as 
to  hang  clofe  by  each  other  like  pendulums  without 
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touching,  and  if,  after  having  eledlrified  them  fo  that  Imputfidis. 
they  repel  each  other  to  fome  diftance,  we  draw'  one  of 
them,  W'hich  we  fhall  call  A,  confiderably  afide  from 
the  perpendicular,  and  then  let  it  go  to  fwing  like  a 
pendulum  ;  w'e  fliall  obferve,  that  inftead  of  accelerating 
till  it  reach  the  loweft  point  of  its  vibration,  its  motion 
will  be  retarded;  it  will  Hop  entirely  vvhen  its  thread  is 
perpendicular,  and  will  remain  at  reft.  In  the  mean 
time,  the  other  bunch  B  wall  acquire  motion,  vvliich  wall 
gradually  increafe  till  it  equal  the  motion  of  A  in  its 
maximum  ftate  ;  and  wa’th  this  it  would  proceed  for 
ever,  were  it  not  rifing  like  a  pendulum  in  the  arch  of 
a  circle.  The  general  fadl  is  the  fame  as  in  the  cafe 
of  the  magnets.  The  moving  body  is  brougiit  to  reft, 
in  which  Hate  it  continues,  and  the  quiefeent  body 
moves  oft  with  an  ultimate  velocity,  equal  to  the  initial 
velocity  of  the  other  ^  and  all  this  happens  without  con- 
tadl  or  impulfion,  but  is  produced  by  the  mutual. re- 
piilfion  of  the  eledtrified  bodies. 

If  this  general  fadi  be  compared  with  w'hat  happens 
in  the  cullifion  of  two  billiard  balls,  it  will  be  found 
perfedlly  fimilar  in  every  refpedt,  but  that  of  the  coit- 
tadl  and  the  impulfion,  properly  fo  called.  The  im¬ 
pelling  ball  is  brought  to  reft,  and  remains  at  reft  ;  and 
the  impelled  ball  moves  off  wath  the  velocity  of  the  im¬ 
pelling  ball. 

This  being  the  cafe,  it  is  plain  that  we  may  derive 
fome  information  from  the  motion  of  the  magnets,  that 
muft  greatly  afiift  us  in  our  conceptions  of  wdiat  paftes 
in  the  rapid,  if  not  inftantatieous,  produdlion  of  motion 
in  a  billiard  ball,  by  hitting  it  with  anotlier.  In  the 
cafe  of  the  magnets,  we  perceive,  and  can  diferiminate, 
a  progreffive  train  of  changes,  which  terminate  in  a  fi¬ 
nal  change,  pierfedlly  fimilar  to  the  change  in  the  im- 
piiKion  of  the  billiard  ball.  This  will  juftify  a  very 
minute  attention  to,  and  ftatement  of,  all  the  circum- 
ftances. 

Let  us  attend  to  the  procefs  of  this  operation,  and  Firft  cafe, 
the  produdlion  of  motion  in  the  magnet  originally  at  moviaij 
reft,  and  the  abolition  of  it  in  the  one  originally  in  ^ 

tion  ;  and  let  us  rcflcdl  on  what  paftes  in  oiir  minds 
wfticn  we  try  to  explain  it  to  ourfelves.  The  trials  men¬ 
tioned  at  firft,  wdieii  one  magnet  was  held  fall,  fhew’  us 
that  each  magnet  repels  or  avoids  the  other,  and  that 
this  adlion  is  found  to  be  equal  on  both  fides,  produ- 
cing  equal  compreflion  of  the  fpring  employed  for  af- 
certaining  the  intenfity  of  this  repulfion  when  the  di- 
ftances  are  the  fame.  This  is  the  fadl.  It  is  no  lefs  a 
fadl,  that  equal  moving  forces,  fuch  as  equal  preftures 
muft  be  fuppofed  to  be,  produce  equal  changes  of  mo¬ 
tion  in  their  owm  diredtion.  Therefore,  as  foon  as  A 
comes  to  fuch  a  diftance  from  B  that  the  mutual  adlion 
takes  place,  both  magnets  are  affedled,  and  equally  af- 
fedled  ;  that  is,  equal  changes  of  motion  are  produced 
on  each,  but  in  oppofite  diredions.  The  motion  of 
A  is  diminiflied,  perhaps  xi5o^^  rV^h  of  a  fe- 

cond,  and  (let  it  be  carefully  remembered)  while  A 
paftes  over  a  certain  fpace,  fuppofe  the  loth  of  an  inch. 

During  this  fmall  portion  of  time,  B  acquires  as  much 
motion  as  A  lofes.  This  is  not  the  motion  loft  by  A. 

This  is  inconceivable  ;  for  motion  is  not  a  thing,  but 
a  condition.  But  it  is  an  equal  degree  of  motion.  B 
has  pafted  over  a  fmall  fpace  during  this  time,  perhaps 
the  50th  part  of  an  inch,  with  an  almoft  imperceptible 

motion, 
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fmfmifion  motion,  that  is  gradually  accelerated 

'  Since  A  is  moving  fader  than  B,  it  mud  ilill  gain  upon 
it  ;  and  therefore  the  mutual  repullion  will  increafe  ; 
and  in  the  next  loth  of  a  fecond  this  force  will  take 
another  and  greater  portion  of  A’s  original  velocity  from 
it,  ^nd  will  add  a  greater  velocity  to  that  already  acqui- 
red  by  B.  And  thus,  in  every  liicceeding  minute  por¬ 
tion  of  time,  the  motion  of  A  will,  be  more  and  more 
diminiihed,  and  that  of  B  as  much  increafed,,  by  the 
equal,  thougn  continually  increafing,  fimultaneous  re- 
puhions  a6liiig  in  oppofite  diredions.  It  is  evident, 
that  it  is  pofiible  that  the  velocity  of  A  may  be  fo 
much  dlminidied,  and  that  of  B  fo  much  increafed,  that 
the  remaining  velocity  of  A  (hall  be  jiid  equal  to  the 
acquired  velocity  of  B.  Till  this  happens,  the  dldances 
of  the  magnets  have  been  continualiy  diminilhing  ;  for 
A  has  been  moving  fader  than  B,  and  gaining  on  it. 
If  the  operation  of  the  mutual  repulfions  could  be  Hop¬ 
ped  at  this  indant,  both  magnets  would  move  forward 
for  ever  with  equal  velocities. 

It  is  of  particular  importance  to  know’’  what  this 
common  velocity  is.  This  is  determined  by  our  previ- 
.  ous  knowdedge,  that  the  magnets  repel  or  avoid  each 
’  other  with  equal  forces.  Thefe  forces  may  vary  by  a 
variation  of  didance  ;  but  the  force  adling  on  A  is  al¬ 
ways  equal  and 
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from  nothing,  attention  fixed  on  tlie  fteps  of  procedure,  and  fee  the  rmpnifioa. 
connexion  of  each  with  the  caufes. 

We  dial  1  find  that  this  period  of,  the  whole  procefs, 
namely,  the  moment  when  both  bodies  have  acquired  a 
common  velocity,  and  the  precife  magnitude  of  this  ve¬ 
locity,  are  points  of  peculiar  importance  in  the  dodlrine 
of  impuhion;  indeed  theyalmoft  Comprehend  the  whole 
of  It.  f 

^  But  this  is  a  date  that  cannot  continue  for  a  moment  „  , 
in  the  example  l^fore  us.  The -repulfive  or  evafive  does  not 
oices  are  dill  aaing  on  both  magnets,  and  dill  dimi- continue, 
nidi  the  motion  of  A,  and  equally  increafe  the  motion 
ofB.'  Therefore  the  velocity  of  A,  in  the  very  next 
moment,  mnft  ,he  lefs  than  that  of  B  ;  and  B  has,  du-  ^ 
ring  tnis  moment,  gained  on  A,  or  has  removed  farther 
from  it.  This  continues  ;  A  is  dill  retarded,  and  B  is 
acceleiated  ;  and  therefore  gains  more  and  more  upon 
A,  or  feparates  farther  and  farther  from  it.  I'his  mud 
continue  as  long  as  the  mutual  repulfions  are  fuppofed 
to  acH.  If  we  liippofe  that  the  fci^ihle  affion  of  thefe 
forces  is  limited  to  fome  determinate  didance,  the  mu¬ 
tual  a(dioii  will  ceafe  when  B  has  got  to  that  didance 
before  A.  W e  may  call  it  the  wadlve  dljlance.  After 
tins,  A  and  B  will  proceed  with  the  velocities  which 
p  - ''*■  that  indant.  Let  us  inquire  into  thefe  ft- 

'  ‘r  aft'ng  at  the  fame  velocities;  and  thus  complete  our  acq^uaiutance  with 

time  on  B.  T.  his  is  the  uncontroverted  fadl  (the  autho-  the  procefs. 

rity  for  which  lhall  foon  be  coufidered).  Thefe  equal  .  We  fee  (and  it  is  important)  that  the  magnets  aremh  ^^n- 
forces  mu  I  therefore  produce  equal  and  oppofite  chan-  in  their  Hate  of  greateil  {roximity  at  the  indant  of  their 
fhat°/^'h  a'  acquired  by  B  is  equal  to  moving  with  a  common  velocity,  and  that  after  tliischy  is  at- 

that  lod  py  A.  But  the  magnets  being  fuppofed  equal,  they  gradually  feparate,  till  they  are  again  at  their  in-‘=''‘'?'’ 
and  moving  with  ^ual  velocities,  they  have  equal  quan-  aftive  didance.  During  this  reparation  thev  attain  dif  ‘r®  'u®a"t 
titles  of  motion.  Therefbre  the  motion  acquired  bV  B,  tances  from  each  other  ^equal  toThat  the^hadTurtgJpm^^^^^^ 

the  period  of  their  mutual  approach.  At  thefe  didan- 
ces  the  repulfions  are  the  fame  as  before,  and  aft  in  the 
fmne  diredion.  'rherefore,  in  each  moment  of  repara¬ 
tion,  and  at  each  didance,  A  fudains  the  fame  diniinu- 
tion,  and  B  gets  the  fame  augmentation  of  its  motion, 
as  when  they  were  at  the  fame  didanee  in  the  period  of 
their  mutual  approach.  The  fums  total,  therefore,  of 
thefe  equal  augmentations  and  diminutions  mud-  be  e- 
qual  to  the  augmentation  and  diminution  during  the  ap^ 
proach.  1  hcrefore  the  whole  diminution  of  A’s  mo¬ 
tion  mud  be  double  of  the  diminution  fudaiiicd  duriijcr 
the  approach  ;  and  the  whole  augmentation  of  B*s  mo¬ 
tion  mud,  in  like  manner,  be  double  of  that  acquired 
during  the  approach  of  A.  Hence  we  eafily  fee,  that 
when  the  magnets  are  fuppofed  equal,  A*  muft  be 

1  approach  it  had  - 

loll  half  of  Its  velocity.  It  mud  now  have  loft  the 
who.e.  lor  limilar  rcafons  B  miiit  finally  acquire  the 
primitive  velodty  of  A  ;  for  in  the  indant  of  grealelt 
proximity,  it  had  acquired  the  half  of  it. 

Thus  we  fee  that  the  equal  piutual  repulfions  are  pre- 
cifely  adequate  to  the  produdBon  of  the  changes  of  mo-  is  icaafe 
tion  that  are  ready  obierved;  and  mud  therefore  be  ad- 
mitted  as^the  immediate  caufes  of  thefe  changes.  ^  obfer- 
If  is  equally  eafy  to  afeertain  the  final.  velocitWs''"‘‘?^' 
when  the  magnets  are  of  unequal  fizes  ;  for  the  eqiiali- Effcft 
ty  of  their  mutual  repulfions  is  not  affeacd  bv  aiiv  in-''*’®" 
equality  of  their  magnitudes.  Their  feparatLs,  and  "SuaL 
the  changes  of  motion  during  thefe  reparations,  will  ' 

the  lame  with  their  approaches  and- the  correfpondin^ 
changes  of  motion  ;  and  the  whole  change  on  each  will 
be  double  of  the  change  fuftained  at  the  inftant  of 

greateft 


or  that  lod  by  A,  is  equal  to  what  remains  in  A  ;  that 
is,  A  has  lod  half  of  its  motion,  and  therefore  half  of 
its  velocity  ;  or  the  common  velocity  is  half  of  the  pri¬ 
mitive  velocity  of  A, 

It  was  for  tlie  fake  of  a  foinewhat  eafier  difcufllon 
that  we  fuppofed  the  magnets  to  be  of  equal  weights. 
But  it  is  almoll  equally  eafy  to  afeertain  what  this  com¬ 
mon  velocity  wu'il  be  in  any  other  proportion  of  (lie 
quantities  of  matter  In  A  and  B.  It  is  a  matter  of  uii- 
cxcepted  experience,  that  whatever  be  the  wxiglit  or 
ftrength  of  two  magnets,  their  aaions  on  each  other  are 
always  equal.  Therefore  the  fimultaneous  force  mull 
always  produce  equal  changes  of  motion  in  the  two  bo¬ 
dies.  But  the  change  of  motion  is  exprclTtd  by  the  pro- 
diift  of  the  quantity  of  matter  and  the  change  of  velocity. 
Therefore  let  A  and  B  reprefent  the  quantities  of  mat- 
ter  in  the  magnets ;  and  let  a  be  the  primitive  velocity 
of  A,  and  x  the  velocity  which  obtains  when  both  are 
moving  with  one  velocity.  The  velocity  loll  by  A  is 
Therefore  we  mu  ft  have  B  x  =  A  X  a  —  *, 
A  fl  —  A  x;  and  A  m  r=  A  X  -j-  B  X,  =:  A  -f  B  X  x, 

A^  B’  common  velocity  is  therefore  oh- 


a  —  X, 


and 


tamed  by  dividing  the  primitive  quantity  of  motion  by  the 
fum  of  the  quantities  of  matter. 

This  may  be  conceived  more  compendioudy  in  an¬ 
other  way.  Since  B  acquires  as  much  motion  as  A 
lofes,  the  whole  quantity  of  motion  is  the  fame  as  be¬ 
fore  :  Therefore  the  common  velocity  mud  be  had  by 
dividing  this  quantity  of  motion  by  the  whole  quantity 
of  matter.  But  wc  widied  to  make  the  reader  keep  his 
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Jmpulflon*  prQxjtpity  «ind  common  velocity.  Hence  we 

learn  that  the  final  velocity  of  B  Is  2  #c,  or  and 


A+B’ 


the  final  velocity  of  A  is 

•f-  B 

mitive  velocity  of  A  being  a,  and  the  common  veloci¬ 
ty,  in  the  inilant  of  neareft  approach  being  >  the 

'  A-f-B 

^  .  .  Aa  A^  +  ^^  — 

lofs  of  velocity  is  «  -  — ,  = - - 

_ — L..  Therefore  the  final  lofs  of  velocity  is 

^A+B  A+B 

and  the  remaining  final  velocity  is  a  ~ 

A  -“f-  B 


Therefore  i6e  common  velocity  is  had  by  dividing  fhc  ftim  cf  In  piiIHon, 
the  primitive  quantities  of  motion  by  the  fum  of  the  quantities  ' 

of  matter.  *  Con^moo 

But  the  repulfive  forces  continue  to  'ddi  as  in  the  for- velocity  rs 
raer  cafe.  The  motion  of  A  is  Hill  more  diminiOied,  A  -b  B  ^ 
and  that  of  B  augmented:  Therefore  the  velocity  of  B 
mufl  now  exceed  the  velocity  of  A,  and  the  magnets^^*^ 
mull  feparate.  Reafoning  in  the  fame  way  as  in  the 
former  cafe,  it  is  evident  that  the  mutual  atftioa  does  [he  change 
not  ceafe  till  the  magnets  have  fcparated  to  their  inac-is  doubled 
tive  dlllance  from  each  other,  and  that  the  whole  change each, 
of  motion  in  each  is  double  of  the  change  that  it  had 
fuftained  when  they  were  in  their  greateft  proximi¬ 
ty,  and  moving  with  a  common  velocity.  Thefe 
coiifiderations  enable  us  to  afeertain  the  final  ftate  of 


Art  +  Bfl  —  2B^2  A— BX^ 

A  +  B  »  ""“A  +  B  ■ 

3°  .  .  , 

II.  Cafe.  Let  us,  in  the  next  place,  fee  what  will  be  the  refult 

Both  mag-  yyben  both  of  the  magnets  are  in  motion  at  the  begin- 
tlonin  oae'^^^S  mutual  adlion.  And,  firft,  let  both  move 

dire<fiioii.  in  one  diredion.  Let  A,  moving  with  the  velocity  a, 
overtake  B,  moving  in  the  fame  dire£lion  with  the  ve¬ 
locity  3,  lefs  than  a.  Moreover,  let  the  velocities  a  and 
b  be  fuch,  that  their  differences  a  —  ^  is  fomewhat  lefs 
than  the  fum  of  the  velocities  «  and  /3,  which  the  mu¬ 
tual  repulfions  of  the  magnets  would  generate  in  them, 
if  the  magnets  were  placed  in  contadl,  and  allowed  to 
recede  from  each  other  till  they  get  beyond  their  adling 
diftance. 

Thefe  things  being  premifed,  let  the  magnets  be  fet 
In  motion  in  the  fame  diredlion  with  the  above-men¬ 
tioned  velocities  a  and  b.  The  magnet  A  mnfi  gain  on 
B,  and  at  lail  come  fo  near  it,  that  the  mutual  repul¬ 
fions  begin  to  a£l  on  both.  It  is  plain,  that  the  mo¬ 
tion  of  A  will  be  diminidied,  and  that  of  B  increafed, 
by  equal  quantities,  during  every  minute  portion  of  the 
time  of  their  mutual  a6lion.  It  is  alfo  evident,  that 
the  velocity  of  A  may  be  fo  much  dimlnifiied,  and  that 
of  B  fo  much  increafed,  that  they  fliall  be  rendered 
equal.  Alfo  this  will  happen  before  the  magnets  touch 
one  another  ;  bccaufe  the  original  difference  of  their 
quantities  of  motion  has  been  fuppofed  lefs  than  the 
motion  which  the  repulfive  forces  are  able  to  generate 
or  extinguifit,  by  ading  on  them  through  the  wdiole 
diflance  which  gives  occafion  to  their  adllon.  There¬ 
fore  the  difference  of  the  velocities  is  lefs  than  the  fum 
of  the  velocity  o',  which  the  mutual  repulfion  can  take 
from  A,  and  the  velocity  which  it  can  give  at  the 
fame  time  to  B.  The  magnets  will  gradually  approach, 
and  the  mutual  repulfions,  and  confequent  diminution 
of  A’s,  and  augmentation  of  B’s  motion,  will  gradually 
increafe,  till  the  fum  of  v,  and  p  is  jufl  equal  to  the  dif¬ 
ference  of  a  and  b;  that  is,  till  the  bodies  are  moving 
with  one  velocity.  If  the  mutual  repulfions  were  anni¬ 
hilated  at  this  inflant,  the  bodies  would  move  forward 
with  this  common  velocity.  What  this  is  we  determine 
with  great  facility,  as  we  did  in  the  former  cafe  :  Be- 
caufe  the  repulfions  produce  equal  and  oppofite  chan¬ 
ges  of  motion  in  the  magnets,  as  much  is  taken  from 
Ax.  a  as  is  added  to  B  X  ;  and  the  fum  of  A  X 
and  JhXbf  is  equal  to  the  fum  of  A  X  a:  and  B  X  or 

_ -  ^  A  a  B  b 

A  +  B  X  -V  =:  A  X  ^  +  B  X  and  x  =  a 


each.  The  common  velocity  is  — ^  -.  There¬ 
fore  the  change  made  on  the  velocity  of  A,  at  the  in- 
llant  of  greateft  proximity,  is  a  —  ” 

—  and  the  final  velocity  of  A  is  — 

?-  ^ ^  manner,  the  change  produced 

on  the  velocity  of  B  Is  =:  —  3,  or  z=  + 

^  A  +  B  ^ 


A  ^  ^ - \  and  the  final  velocity  of  B  is  ^  + 

A  +  B  ^  ^ 


. ^ — .  We  may  alfo  obtain  the  final  velocity 

of  each,  by  taking  its  initial  velocity  from  twice  the 
common  velocity. 

If,  in  this  example  of  two  magnets  in  motion,  we 
fuppofe  them  of  equal  weight,  we  ftiall  find  that  they 
will  finally  proceed  with  exchanged  velocities.  For 


when  A  =:  B,  it  is  plain  that  a 


Z  Y>  y.  a  —  b  . 


I  X  ^2  —  by  =r  <3 


.  i  +  B 
a  +  ^,  zz  b :  and  b  + 


4 


^  ^  ^  k  =  i  +  I  y.a—b.  —  b  +  a  —  b,=a. 

This  cafeiseafily  fubjeded  to  experiment,  and  will  be 
found  fully  confirmed,  if  we  take  into  account  the  re¬ 
tardations  occafioiied  by  the^ refiilance  of  the  water  to 
the  motions. 

Let  us,  in  the  next  place,  fuppofe  the  magnets  to  be  Magnets 
moving  in  oppofite  dire<5lions  with  the  velocities  a  and  moving  in 
h  ;  and  (in  order,  that  the  magnets  may  not  ftrike  ^ 

other)  let  the  fum  of  a  and  b  be  lefs  than  the  fum  of  « 
and  p,  which  the  repulfions  of  the  magnets  would  pro¬ 
duce  by  repelling  them  from  conta<ft  to  their  ina(flive 
diftance. 

As  foon  as  the  magnets  arrive  at  their  ailing  diftance, 
their  mutual  and  equal  repulfions  immediately  begin  to 
dimlnifh  both  of  their  motions;  and  in  any  minute  por- 
tion  of  the  period  of  their  approach,  equrj  quantities  of 
motion  are  taken  from  each.  It  is  evident,  that  if  the 
primitive  quantities  of  motion  have  been  equal ;  that 
is,  if  A  and  B  have  been  moving  with  velocities  reci¬ 
procally  proportional  to  their  quantities  of  matter,  then, 
when  the  motion  of  one  of  them  has  been  annihilated 
by  their  mutual  repulfion,  the  modon  of  the  other  will 
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dedfoyed  at  the  dime  time,  and  both  will  be  brought 
to  relt  Were  the  repulfions  annihilated  at  this  indant, 
tliey  would  remain  at  reft.  But  becaufe  thofe  forces 
continue  their  adions,  the  magnets  will  feparate  again, 
regaining,  at  every  diftanee,  the  velocity  which  they  had, 
when  at  that  diftanee,  during  their  mutual  approach  ; 
and  when  they  have  reached  their  iaadlive  diftanee,  they 
will  have  regained  each  its  original  momentum  and  ve¬ 
locity,  but  in  the  oppofite  direction.  This  needs  no 
farther  comment ;  but  muft  be  kept  in  mind,  becaufe 
this  cafe  has  a  precife  counterpart  in  the  collifion  of  fo- 
lid  bodies,  meeting  each  other  in  oppofite  direclions 
with  equal  momenta.  But  if  the  momentum  of  one 
exceed  that  of  the  other,  thus,  if  A  be  greater  than 
B  X  /i,  then,  when  the  magnet  B  is  brought  to  reft,  A 

has  ftill  a  momentum  remaining  equal  to  A^ _ B 

Having  therefore  a  certain  velocity,  while  B  has  none, 
it  muft  approach  ftill  nearer  to  B,  and  a  ftill  greater  re- 
pulfion  will  be  exerted  on  B  than  if  A  had  alfo  been 
brought  to  reft,  but  ftill  repelling  B.  Since  B  is  now 
acquiring  motion  in  the  direction  oppofite  to  its  former 
motion,  and  A  is  ftill  lofmg  motion,  a  time  muft  come 
v/hen  the  motion  of  A  is  fo  much  diminifhed,  and  that 
of  B  fo  much  augmented,  that  they  are  moving  with  a 
common  velocity  in  the  dire6tion  of  A’s  primitive  mo¬ 
tion.  The  reaforiing  employed  in  the  foregoing  exam¬ 
ples  fliew  us,  that,  in  the  prefent  cafe  alfo,  this  ftate  of 
common  velocity  is  alfo  the  ftate  of  the  greateft  proxi- 
mity,  and  that  the  magnets  feparate  again,  till  they  at¬ 
tain  their  diftanee  of  inadion,  and  that  the  total  change- 
in  each  is  double  of  what  it  was  in  their  ftate  of  orcat- 
eft  proximity. 

To  find  this  common  velocity,  recoiled,  that  when 
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1  he  motions  which  obtain  in  the  inftanf  of  greateft  rmpuhion. 
proximity  are  precifely  fimilar  to  what  are  obferved  m 
the  collifion  of  unelaftic  bodies  * 


locity  after  collifion  is  always 
A^-~  B3 
A  -f.  B 

the  fame  or  in  oppofite 


Their  common 
A  <2  -j-  B  ^ 


A  +  B  »  = 

according  as  the  bodies  were  moving  in 
diredions.  The  final  motions 


3^ 
Common 


’.'Sr  Sf,  r  ®  a  .„d  b 


of  the  magnets  arc  alio  precifely  fimilar  to  what  are  ob* 
fsrv^d  in  the  collifion  of  perfedly  elaftic  bodies.  We 
took  the  inftance  of  magnets,  becaufe  the  objed  is  fa¬ 
miliar  ;  but  we  can  fubllitute,  in  imagination,  an  ah-' 
ftrad  lepulfive  force  in  place  of  magnetijm,  and  we  can, 
aflign  it  any  intenfity,  and  any  law  and  limits  of  action 
we  pleafe.  We  can  imagine  it  fo  powerful,  that  al¬ 
though  its  adion  be  limited  to  a  very  fmall,  and  even 
infenfible  diftanee,  it  ftiall  always  reduce  the  meeting 
bodies  to  a  common  Velocity  before  they  come  into  ac¬ 
tual  coiitad  \  and  therefore  without  any  real  impulfion, 
as  impulfiou  is  commonly  conceived. 

There  are  feme  farther  general  obfervations  that  may 
be  made  on  thofe  motions  which  are  of  importance. 

1.  We  fee  that  the  changes  of  motion,  and  confe-^p,  . 
quently  the  adions,  are  dependent  on  the  relative  nio- are  pru- 
tions  only,  whatever  the  abfolute  motions  may  be  :  For  portionai 
changes  are  always  aa  a  —  b  when  the  bodies  are  mo- 

ving  in  one  dirediori,  and  as  ^  ^  when  they  are  rno-^^^ 

viijg  in  oppofite  diredions.  Now  a=t:b  is  the  relative 
motion. 

2.  I'he  change  of  velocity  in  each  of  the  two  bodies  ^n/feci- 
is  mverfely  as  its  quantity  of  matter,  oris  proportional  pi  ocaily  hs 
to  the  quantity  of  matter  in  the  other  body,  q^he  tbe  quaiiti- 


A.  -j—  3 
hut  the 
change  is 
doubled  by 
the  fubfe- 
^nent  fepa-  — 
jration. 


ftill  A  a  —  B  From  what  has  been  already  faid 
the  other  cafes,  we  know  that  when  the  common 


-  ties  of  mat¬ 
ter. 


on  the  other  cales,  we  know  that  when  the  common 
velocity  obtains,  the  whole  momenta  are  ftill  equal  to 
A  a  —  B  3.  Therefore  the  common  velocity  x  muft  be 


A  ^  B  ^ 


A  +  B 
The  velocity 
Ao  —  B3  _  Bx^-h^ 

A  -f-  ^  A  4-  ^ 


loft  by  A  muft  therefore  be  ^  — 
** 

and  the  final  velocity  will 


be  a  —  Xa  -I- 


The  final  motion  of  A  will  be 


A  4-  B 

in  the  fame  diredion  as  at  firft,  if  a  be  greater  than 
otherwife  it  will  be  in  the  oppofite  dired^ion. 

/i.  -f-  B 

In  like  manner,  the  change  of  velocity  in  B  is  3  4- 
becaufe  the  former  velocity  h  is  deftroyed, 


A  4-  B 

and  the  new  velocity  is 


A  a  — -  B  i 
A  4-  B 


in  the  oppofite  di¬ 


redion.  This  is  =  ^  and  the  final  velocity 

A  >4* 


of  B  is  =  ^  — 


3  A  X  .7  4-  3 


The  chan¬ 
ges  of  mo¬ 
tion  in  the  *  “7’  ”'r  ““’J 
magnets  on  each  other  by  rtpulfive  forces,  or  adiiated  by  for- 

are  fimilar  ces  equivalent  to  repulfive  forces,  ho*v  changes  of  mo- 
the^colH*"  produced,  w’hich  have  a  great  refemblance  to 

fion  of  bo-  which  are  feen  in  the  collifion  of  folid  bodies, 

dies. 


A  4-  B  ’ 

Thus  we  have  fhewn,  in  the  cafe  of'magnets  ading 
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A  4~  B  A^4-  B 

The  changing  forces  being  equal  on  both  Tides,  pro. 
duce  equal  changes  in  the  quantities  of  motion  ;  and 
therefore  produce  changes  of  velocity  that  are  inverfelr 
as  the  quantities  of  matter. 

3.  During  the  whole  procefs,  the  fum  of  the  momen-mM^,! 
ta,  or  quantities  of  motion,  remains  the  fame,  if  thevano  mo- 
bodies  are  moving  in  one  diredfion  :  if  they  are  moving  “ento. 
in  oppoiite  direftioiis,  it  is  the  dilFerence  of  momenta 
that  remains  the  fame ;  for  in  every  inllaiit  of  the  pro- 
cefs  equal  changes  of  momentum  are  made  in  oppoiite 
diredioiis.  When  the  motions  are  in  the  fame  direc 
tioii,  as  much  is  taken  from  the  one  as  is  added  to  the 
otlier;  and  therefore  the  fum  remains  unchanged.  Wheii 
the  motions  are  in  oppofite  directions,  equal  quantities 
are  taken  from  both  ;  and  therefore  the  difference  re¬ 
mains  unchanged.  This  is  called  the  conservatio 
MOMENTORUM  ;  aiul  it  is  ufually  enunciated  by  faying, 
that  the  quantity-  ot  motion,  elliniated  in  one  direction, 
is  not  changed  by  the  equal  and  oppoiite  adions  of  the 
bodies.  This  is  a  .particular  cafe  of  a  general  law  af¬ 
firmed  by  Des  Cartes,  that  the  quantity  of  motion  in 
the  univerfe  remains  always  the  fame  when  eitimated  in 
any  one  diredlionT 

4.  When  the  whole  procefs  is  completed,  the  fumcovfeR. 
of  the  ptoduds  made  by  multiplying  each  body  by  thevAT.o  v,. 
Iquare  of  Its  filial  velocity,  is  equal  to  the  fum  of  the  “"I'm  vi, 
produds  made  by  multiplying  each  body  into  the  fquare 
of  its  initial  velocity.  For  when  the  procefs  is  com¬ 
pleted,  the  two  bodies  are  at  the  fame  diilance  from 
each  other  as  when  the  mutual  adion  began.  Thcre- 
5  fore. 
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Impnlfion.  fore,  during  the  procefs,  each  body_has_  paded  over  an  are  equal  and  oppofite  ; 

1  r _  _ 1  •  ,  noint  i*t  liAR  Keen  aft- 


cc|ri:il  fDSce,  and  in  every  fiinilar  point  it  has  been  a£l- 
ed  on  by  an  equal  force  (jal-bough  this  force  be  diffe- 
relit  in  different  points  of  this  f^pace).  fherefoie,  in 
every  inftant,  the  fimukaneous  prcdu&of  the  quantity 
of  matter  by  the  momentary  variation  of  the  fquare  of 
the  velocity  are  equal  on  both  Tides ;  and  therefore  the 
produds  of  the  quantity  of  matter  by  the  whole  change 
uf  the  fquare  of  the  velocity  are  alfo  equal  on  both  Tides. 
See  Dynamics,  SupfL  n°  95.  and  110.  where  v-o  = 

II 


I'hefe  two 
theorems 
arc  not 
principle 


and  therefore  mw  rx/r,  and  W2  X  ^  or 

m 

„  X'U*  —  V-  =:•  ff  s.  Now,  fiiice  thefe  changes  are  in 
oppolite  direClions,  as  much  is  added  to  one  produtl  as 
is  taken  from  the  other,  and  the  fum  of  the  produds 
of  the  quantities  of  matter  by  the  fquares  of  the  final 
velocities,  is  equal  to  the  fum  of  the  produds  of  the 
fame  quantities  of  matter  by  the  fquares  of  the  initial 
velocities. 

This  is  a  particular  cafe  of  the  famous  conservatio 
VIRIIIM  VIVARUM,  claimed  as  a  mighty  difeovery  by 
principles  ^he  partizans  of  Leibnitz,  and  aferibed  to  him  ;  but 
but  gcHcralhe  has  no  claim  whatever  to  the  d'fcovery.  It  was 
communicated  to  the  Royal  Society  of  London  in  1668 
by  Huygliens,  as  one  of  the  general  laws  of  impulfion, 
obtaining  in  what  he  calls  hard  bodies.  ^  Several  of  the 
Leibnitzian  fchool,  indeed,  extended  it  faitlier  than 
Huyghens  had  done  ;  feme  of  them  indeed  very  lately. 
The  obfervation  of  this  general  law  was  foon  applied  to 
many  excellent  pui'pofes  in  the  folution  of  very  intricate 
problems  ;  becaufe  it  often  faved  tne  trouble  of  tracing 
the  intermediate  Heps  of  a  complicated  procefs.  Af- 
fured  that  thrfe  produds  were  invariable,  the  niathema- 
tician  found  it  an  eafy  matter  to  ftate  what  conditions 
of  the  qucRion  infured  this  equality  of  produces  ;  and 
thus  the  problem  was  folved.  In  this  manner  Daniel 
ilcrooulli  gives  moil  elegant  folutlons  of  fome,  other- 
wife  almoft  iiitradable,  problems  in  Hydraulics.  For 
fuch  reafons,  as  a  mighty  aid  in  mechanical  inveftiga- 
tion,  the  difeovery  of  Huyghens  is  extremely  valuable. 
Its  merit  In  this  lefped  isperfedly  fimilar  (though  per¬ 
haps  fomewbat  greater)  to  Des  Cartes’s  obfervation  of 
the  confirvatlo  momentorum.  It.  is  alfo  like  the 
vation  or  difeovery  of  Maupertuis,  which  he  calls  the 
law  offmalkjl  adion  (indeed  it  is  the  fame  under  a  dif¬ 
ferent  afped),  or  La  Grange’s  law  of  -virtual  velocittes, 
or  D’Alembert’s  law  of  equilibrium  of  aa'o/i;— all  of 
thefe  are  general  fads,  laws  by  which  the  changes  of 
motion  are  obfer-ved  to  proceed.  But  their  authors 
have  vaunted  them  as  principles,  as  caufes,  from  which 
to  conclude  effeas  ;  whereas  they  are  really  induaions 
from  particular  inflances.  We  muft  alfo  obferve,  that 
this  law  of  confervatlo  virium  vivarum  was  not  deduced 
cither  by  Huyghens  or  any  of  the  Leibnitzian  fchool, 
Iby  reafoning  from  more  general  principles.  It  was  an 
expifeation  of  famenefs  in  events,  diverfified  by  other 
circumftanccs.  We  do  not  recolka  any  author  who 
has  given  what  can  be.  called  a  demo nfirat ion  of  it,  de¬ 
ducing  it  from  principles  or  laws  kill  more  general.  Wc 
apprehend  that  the  prefent  cafe  of  its  truth  has  been 
fo  demonkrated  by  us.  The  principle  is,  that  “  a  mo¬ 
ving  force  Is  to  be  meafured  by  the  change  of  motion 
produced  by  it  And  the  law  to  which  this  principle 
25  applied  is,  that  the  mutual  repulfions  of  magnets 
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_ _  and  the  application  is  made  rmpnlll^n* 

by  means  of  the  “  39th  propofition  of  the  firk  book  of‘'^  v 
Newton’s  Frincipia.”  Our  principle,  which  is  the  fame 
with  Sir  Ifaac  Newton’s  fecond  law  of  motion,  is  really 
an  axiom  of  human  thought.  The  propofition  is  the 
confequence  logically  drawn  from  this  axiom ;  and  the 
law  of  magnetirm  is  an  obferved  fact.  We  hope  to 
fliew,  by  and  bye,  that  this  propofition,  which  is  our 
95.  of  Dynamics,  is  found  to  obtain  in  every  inilance 
that  has  been  or  can  be  given  of  the  conjervatio  virium 
vivarum y  and  that  this  confervatio  is  only  another  way 
of  exprtfiing  the  propofition.  Having  done  this,  we 
fhall  not  think  ourfdves  chargeable  with  vanity  when  wc 
fay,  that  we  have  given  the  firk  demonkration  of  this 
famous  law.  We  cannot  refiife  ourfelves  fome  fatjsfac- 
tion  at  having  done  this;  becaufe  it  has  been  fo  highly 
ekeemed,  chiefly  for  the  fupport  derived  from^  it  for  the 
Leibnitzian  meafurement  of  the  force  of  moving  bodies 
by  the  fquare  of  the  velocity  which  it  communicates  ; 
whereas  it  is  the  logical  confequence  of  the  force  being 
proportional  to  the  Jirnple  velocity,  W^e  have  only  taken 
a  weapon  out  of  the  hands  of  a  plunderer,  and  rekored 
it  to  its  lawful  owner.  Sir  Ifaac  Newton.  Non  ita  cer-* 
tandi  cupidus,  quam  propter  amorem:  For  we  muk  fay, 

T u  pater  et  rerum  inventory  tu  patria^  nobis 
Suppeditas  preceptCy  tuifque  exy  inclutey  chartis 
Floriferis  ut  opes  tn  faltibus  omnia  libanty 
Omnia  nos  itidem  depafeimur  aurea  di8a 
Aureoy  perpetud  fempsr  dtgnijfma  vita. 

We  truk  that  our  reader  will  not  think  that  this  mi¬ 
nute  difciiilioii  of  the  mutual  a6fions  of  magnets  or 
other  repelling  bodies,  in  which  we  have  engaged  him, 
has  been  thrown  away,  fincc  it  has  enabled  us  to  appre¬ 
hend  clearly  a  cafe  of  two  fuch  general  laws  as  the  con^ 
fervaiio  momentorumy  and  the  confervatio  virium  vivarum, 

5.  In  the  moment  of  greatek  vicinity  and  commim 
velocity,  there  is  a  certain  determinate  lots  of  the  *1)/- loft  in  the 
rej  vivbCy  or  produds  of  the  matter  by  the  ^k^are  comfion  ot 
of  the  velocity;  and  this  lofs  is  proportional  to 
fquare  of  the  relative  motion.  T.  he  vires  vivity  at 
the  commencement  of  the  mutual  adion,  are  =1^  A 
+  B^*(I.)  In  the  moment  of  greatek  proximity, 
the  quantity  of  matter  A  +  B  moving  with  the 
A<3  +  Bi  , 

common  velocity  -  ;  therefore  the  vires  vtvJi 


A  +  B 

are  =  A  +  B  X  — — —  = 
A  +  B 

A^a^+B^b^  +  ABXzab 
A^B  ^ 


A  a  -k  B 

A  k*  ^ 


I.  X  A  -1~  B  =  A*  4“  X  <2^  + 

II.  X  A  -f^B  =  A^d"  +  B^b^  +  AB  'X,2ab. 


Difference 

Lofs  of  vis  viva  = 


ABX^  — 


AB 


„  y^a  —  b\  a  quantity 

that  is  proportional  to  a  —  the  fquare  of  the  rela¬ 
tive  velocity  la; —  b,  ^  ^  r  j*  jd* 

Had  the  bodies  been  moving  in  oppofite  direttmns,. 

then  (II.)  X  A  +  B  would  have  been  A^  a'^  4- 

_ AB  y,2aby  and  the  difference  from  A  4*  B  b* 

X  A  4*  B  would  have  been  =:  AB  X  ^  4"  proper- 
tional  to  the  fquare  of  the  relative  velocity  a  -f  3. 


caufe  of 
Xhis  lof?. 


IMP  [  . 

^  Such  ia  the  ha  ■.  and  we  flwll  f,nd  it  of  importance' 

l^hyftSr'V’  "’“''■"g  bodies. 

-  -Let  us  inquire  into  the  phyfical  or  mechanical  caufe  of  it. 

Ill  the  moment  of  common  velocity,  the  bodies  are  nearer 
to  each  other  than  they  are  at  the  beginning  and  at  the 
end  of  their  mutual  adlion.  Therefore  (when  they  are 
moving  in  one  direaion)  the  body  A,  which  follows,  has 
been  retarded  through  a  fpace  which'is  greater  than  the 
fpace  along  which  the  preceding  body  B  has  been  accele- 
rated.  But,  becaufe  the  fimultaneous  forces  ading  on 
the  bodies  along  thefe  unequal  fpaces  are  always  equal, 
the  area  winch  meafures  the  diminution  of  the  fquare  of 
A  s  velocity  (Dynamics,  n°  95")  wtifl  exceed  the  a- 
rea  which  expreifes  the  augmentation  of  the  fquare  of 
3’s  velocity,  and  there  mud  be  a  lofs  of  -vires  mW. 
Kow,  we  learned  above,  that  the  mutual  aaion  is  the 
hime  when  the  relative  velocity  is  the  fame  ;  and  there¬ 
fore  the  approximation,  which  is  the  occafioii  of  this 
^lon,  mud  be  the  fame.  And  it  is  demondrated  in 
Dynamics,  n«  95.  that  the  area,  whofe  abfciiTa  is  the 
Ipace  defcribed,  and  ordinates  the  forces,  exprefles  the 
fquare  of  the  generated  or  extingui-died  velocity.  This 
is  evidently  the  relative  velocity  of  the  bodies,',  becaufe 
they  are  brought  to  a  common  velocity  in  the  indant 
of  greatcd  proximity  ;  that  is,  their  relative  velocity  is 
deltroyed.  ' 

6.  During  the  whole  procefs,  the  common  centre  of 
pofition  or  gravity  (a)  is  moving  uniformly  with  the 
,  .  Aai±=B^ 

'^^•°ctty  ^  jj  -.  For  the  motion  of  the  centre  of 
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The  mo¬ 
tion  of  the 
common 
centre  of 
gravity  ig 
not  chan-  . 

ged  by  the  poution  is  the  average  of  the  motion  of  every  particle 
mutual  ac-  of  matter  in  both  bodies.  A  a  is  the  fum  of  tlic  mo- 
tions  of  every  particle  of  matter  in  A,  and  B  l>  is  the 
fum  of  the  motions  of  every  particle  in  B,  before  the 
mutual  aftions  began.  Therefore  A  a  ^  l>  is  the 
whole  motions  when  the  bodies  are  moving  in  the  fame 
diredlion  with  their  different  velocities.  The  number 
of  particles  is  A  -f-  B  :  Therefore,  if  the  whole  mo- 
tions  be  equally  divided  among  all  the  particles,  the  vc- 

velocity  of  each  mud  be  This  is  the  ave- 

rage  motion,  or  the  motion  of  the  centre  of  pofition, 
deduced  from  the  notion  we  widi  to  imprefs  of  the  clia! 
rader  of  this  centre,  as  the  index  of  the  pofition  and 
motion  of  any  aiTemblage  of  matter.  This  velocity 
may  be  deduced  more  eafily  from  its  geometrical  pro- 
perty.  It  is  a  point  fo  fituated  between  A  and  B,  that 
Its  didaiice  from  each  is  reciprocally  proportional  to  the 
quantities  of  matter  in  A  and  B,  as  is  well  known  of 
the  centre  of  gravity.  It  is  equally  plain,  that  when 
the  bodies  are  moving  in  oppofite  direftions,  the  ave- 

rage  velocity  x  mud  be  =  •  Thus  we  fee, 

that  the  motion  of  the  centre  of  pofition,  before  the 
magnets  have  begun  to  aft  on  each  other,  is  the  fame 


with  its  motion  when  their  mutual  tepulfiSn  is  the  Impuinop. 
greateh  ;  namely,  at  the  moment  of  their  greareil  vici- 
nity.  It  has  continued  the  fame  during  tlie  whole  pro- 
cefs  :  For  we  have  already  feen,  that  the  fum  or  difFc- 
rence  of  the  momenta,  or  A  a  z±z  B  remained  alwav’S 

.  I  r  ^  -  A  z±z  B  b 

the  fame  ;  confequently  or  the  motion 

of  the  centre,  remains  always  the  fame.  Therefore  the 
propofition  is  demonftrated'  It  is,  indeed,  a  truth' much 
more  general  than  appears  in  the  prefent  inftance.  If 
any  number  of  bodies  be  moving  nvith  any  velocities,  and  in 
any  direaions,^  the  motion  of  the  centre  of  pcfiilon  is  not 
ajlfeaed  by  their  mutual,  equal,  and  oppofite,  aaions  on  each 
other, 

7.  During  the  whole  motion,  the  motion  of  the  ho- Ti  e  mo. 
dies  relative  to  each  other,  is  to  the  motion  of  one  of'mn.sin  re- 
them,  relative  to  the  centre  of  pofition,  as  the  fum  of  the 
bodies  is  to  the  other  body  ;  For  when  they  were  mo 
ving  with  a  common  velocity,  this  velocity  was  the  callyTsTe' 
fame_  with  that  of  the  centre  ;  and  they  are  then  at  red,  bojics. 
relative  to  each  other,  and  relative  to  the  centre.  And 
becaufe  their  diftances  from  the  centre  are  inverfely  as 
the  bodies,  their  changes  of  didance,  that  i.s,  their  mo¬ 
tions  relative  to  the  centre,  are  in  the  fame  proportion  • 
and  the  fum  of  their  motions  relative  to  the  centre  is 
the  fame  with  their  motions  relative  to  each  other. 

I  herefore  A  -f-  B:A  =  a  —  i  ■.  motion  of  B  relative  to" 
the  centre.  Indeed  we  faw,  that  in  their  mutual  attioii, 

the  change  of  B’s  motion  was  =  —  ^ 


B 


A  4.  B 


change  of  A’s  motion  was  =: _ _ _ 

TT  A  +  B  ■ 

unl-Thel'odles 

tormly,  the  bodies  approach  it,  and  then  recede  from  it,fei  arate 
vyith  velocities  reciprocally  proportional  to  their  quanti- 
ties  oi  matter.  This  will  be  found  a  very  ufeful  corol  "f' 
ary.  We  may  aho  fee  that  their  final  vleity  of  mu-tTwH^r 
tual  recefs  13  equal  to  that  of  their  firll  approach,  or,  they  ap. 
ttor  relative  motions  are  the  fame  in  quantify  after  the  Foathed- 
aaion  is  over  as  before  it  began,  but  in  oppofite  direc- 
tions.  ' 

^  All  thefe  general  fads,  which  are  diftindly  appre. 
ciable,  and  very  perceivable,  in  this  example  of  mag¬ 
nets,  or  eledritied  bodies,  are  equMIy  appreciable  in  all 
caies  of  mutual  repiilfions,  however  flrong  thefe  may 
be  ;  and  although  the  fpace  through  which  they  are  ex¬ 
erted  Hiould  be  fo  fmall  as  to  elude  obfervation,  and 
though  the  whole  {jrocefS  'fhould  be  completed  in  an  in- 
lennble  moment  of  time. 

It  fcarcely  needs  any  comment  to  make  it  clear  that  An 
the  very  fame  changes  of  motion  mud  take  place,  if  ap-fed 
I0I1.J  body  A  diould  come  up  to  another  folid  tody  B  'P''*’’!.'  has 
at  red,  or  moving  more  flowly  Iif  the  fame  direaioii’ 
or  moving  in  the  oppofite  difedtion  ;  provided  that  there  tfe  mmuil 
be  a  fpring  interpoied  bdti^en  them,  which  may  hindeVrepulfion,. 

•  5  i}  2  'X 


r  A  lyoniy  ueiired  at  prelent  to  recoiled,  that  the  centre 
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Impulfion,  A  from  flriking  B  ;  for,  as  foon^  as  A  touches  the 
fpring,  it  begins  to  prefs  it  againft  B,  and,  the^refore, 
to  comprefs  the  fpring.  It  caituot  car,ty  tne  fpring  be¬ 
fore  it,  without  the  fpriag’s  pnfhirig  B  ipefpre  it.  Pref- 
fure  on  B  is  required  for  this  purpefe.  This  is  fiippHcd 
by  that  natural  power  which  we  call daftiqit.y,  vyhich  is 
jhherent  in  the  fpring;  whether  it  he  in  motion  or  at  reft. 

Tf  is  not  ih  a^ioUf  but  in  capacity i  fmukyi  Cal^ahUity^pQ^iver, 
or  by  whatever  name  vve  may  choofe  to  exprefs  the  pot- 
’fefiion.'  'Theoccariomreqnireidfor  itaexertipn  iscompref- 
fion.  This- is  furniftied  by  the  motion  .of  A  5  A 
not  advance  w’ithont  compreiTing  it.  This  inherent  force 
of  the  fpriiig  is  lno*wn  to  a6I  witii  perftcVequality  at  both 
ends,  in  oppofite  dirt £1  ions.  It  exerts  equal  aod  oppo- 
hte  preffures  on  A  and  on  B  ;  it  diminifhes  the  motion 
4‘f  A,  and  equally  augments  the  nmtion  of  B  (if  both 
are  rnoving  that  way).'  A  is  retarded,  and  B  is  accele¬ 
rated  ;  A  is  Hill  moving  fafter  than  ,B  j  and  therefore 
the  compreflion  and  the  confequtnt  reaction  cf  the 
fpring  incr  tafes,  and  ftill  more  retards  A  and  accelerates 
B.  After  fome  time,  both  bodies,  Avith  the  fpring  com- 
I  prefTcd  between  them,  are  moving  with  equal  velocities; 

the  fpring,  however,  is  ftrongly  rea^itug  on  both,  and 
nauft  now  caufe  them  to  feparate  :  ftiil  retarding  A, 
and  accelerating  B— They  mnft  feparate  more  and  more, 
till  the  fpring  regain  its  quiefeent  form,  and  its  elailic 
readlion  ceafe  entirely.  During  its  reftitution,  its  pref¬ 
fures  are  the  fame  as  during  its  compreiTion,  therefore, 
the  whole  change  produced  on  each  of  the  bodies  mufl 
he  double  of  what  it  was  when  the  fpring  was  in  its  ftate 

^  of  greatell  compreftion,  and  the  bodies  were  moving 

with  a  common  velocity.  In  fhort,  the  whole  procefs 
in  this  example  miift  be  precifely  fimilar  to  that  of  the 
magne  ts  in  every  circiimftance  relating  to  the  changes 
of  motion  in  A  and  B.  The  common  velocity  mull  be 

A  a  B  h  velocity  of  A  mull  be  =  « 


1 


IMP. 

may  be  the  obflade  of  a  rmpulficrrt> 


a  +  b 

2  B  az±zi 


and  that  of  B  mull  be  =  h-r 


2Aaz 
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A+B'  A+B • 

The  motion  of  the  common  centre  muft  be  unaffeded 
by  the  adion  of  the  fpring,  and  the  motion  of  each  bo¬ 
dy,  relative  to  the  centre,  muft  be  reciprocally  as  its 
quantity  of  matter,  &c.  &c. 

The  chan-  We  apprehend  that  this  procefs  can  fcarcely  be  call- 
^es  of  mo-  ed  impulfion  ;  A  has  not  ftruck  B.  The  changes  of 
tion  are  n^otion  can  fcarcely  be  aferibed  to  forces  inherent  in  A 
confeqiience  of  their  being  in  motion.^  Any 
hLcnt  for- perfon,  not  already  warped  by  a  theory,  will  (we 
CCS  which  think)  aferibe  them  to  a  force  inherent  in  the  fpring  ; 
connedlthejj,j,gfgnt  in  whether  at  reft  or  in  motion,  and  only 
partic  es.  a  continued  comprefTion  as  the  proper  oppor¬ 

tunity  for  its  continued  exertion.  This  fpring  may  be 
fuppofed  to  make  a  part  of  B,  or  of  A,  or  of  both  ; 
and  then,  indeed,  the  force  may  be  faid  to  be  inherent 
in  either,  or  in  both.  But  k  h  not  the  peculiar  force 
inherent  in  motion,  or  in  moving  bodies  on/y-^k  is  the 
force  of  elafiicit'^^  inherent  in  part  of  the  body,  but  re¬ 
quiring  a  continued  compr^ion  for  th^  production  of  a 
continued  rtpreffion,  Tb^  efled  of  this  reaClion  is  mo¬ 
dified  by  the  very  occafiou  of  the  com^reffion.  This 
iraay  be  the  elafticity  of  another  fpring.  In  this  cafe  it 
will  only  comprefs  that  fpring. — It  may  be  the  advance 
of  a  body  in  motion  \  the  readion  produces  a  retarda¬ 


tion  of  that  motion ;  it 

quiefeent  body — it  will  give  it  motion  ;  or,  it  may  be' 
the  abftrudlion  by  a  body  moving  more  flowly  away  than 
the  fpring  is  pruned  forward— it  wilDaccelerate  that 
motion.  Thus,  in  all  thefe  cafes,  we  cannot  help  dif- 
tinguifliing  the  immediate  caufe  of  thefe  changes  of 
motion  from  the  fuppofed  force  of  a  moving  body. 

Nay,  the  procefs  of  motion  is  fimilar,  even  when  wc 
fuppofe  that  the  fpring  is  not  a  thing  external  to  the 
body,  although  attached  to  it  ;  but  that  the  whole  bo¬ 
dy,  or  both  bodies,  are  fpringy,  elaflic,  and  therefore 
coiriprefTible.  As  foon  as  the  bodies  come  into 
fible  contacl,  comprefiion  muji  begin  ;  for  we  may  fnp- procefs 
pofe  the  bodies  to  be  two  balls,  which  will  therefore  chancre 
touch  only  in  one  point.  The  mutual  preffure,  which  through 
is  necelTary  in  order  to  produce  the  retardation  of 
and  the  acceleration  of  B,  is  exerted  only  on  the 
moft  particle  of  A,  and  the  hindmoft  particle  B  ;  but 
no  atom  of  matter  can  be  put  in  motion,  or  have  its 
motion  any  way  changed,  rinlefs  it  be  a£led  on  by  an 
adequate  force.  The  force  urging  any  individual  par¬ 
ticle,  muft  be  precifely  competent  to  the*produ£Iion  of 
the  very  change  of  motion  which  obtains  in  that  par¬ 
ticle.  Except  the  two  particles  which  come  into  con¬ 
tact  in  the  collifion,  all  the  othet  particles  are  imme¬ 
diately  a£Iuated  by  the  forces  which  conne£l  them  with 
each  other;  and  the  force  afting  on  any  one  is  general¬ 
ly  compounded  of  many  forces  which  connect  that  par¬ 
ticle  with  tliofe  adjoining.  Therefore,  when  A  over¬ 
takes  B,  the  foremoft  particle  of  A  is  immediately  re¬ 
tarded — the  particles  behind  it  would  move  forward,  if 
their  mutual  conne6lion  were  dlffolved  in  that  inftant  ; 
but,  this  remaining,  they  only  approach  nearer  to  the 
foremoft  ftriking  particles,  and  thus  make  a  comprei- 
fion,  which  gives  occafion  for  the  inherent  elafticity  to 
exert  itfelf,  and,  by  its  readion,  retard  the  following 
particles.  Thus  each  ftratum  (fo  to  conceive  it),  con¬ 
tinuing  in  motion,  makes  a  comprefiion,  which  occa- 
fions  the  elafticity  to  read,  and,  by  reading,  to  retard 
the  ftratiim  Immediately  behind  it.  This  happens  in 
fuccefiion  :  the  comprefiion  and  elailic  readion  begin  la 
the  anterior  ftratiim,  and  take  place  in  fuccefiion  back¬ 
ward,  and  the  whole  body  gets  into  a  ftate  of  compref- 
fion.  Things  happen  in  the  fame  manner  in  B,^  but  in 
the  contrary  diredion,  the  foremoft  ftrata  being  the 
laft  which  are  comprefied.  All  this  is  done  in  an  in¬ 
ftant  (as  we  commonly,  but  inaccurately  fpeak),  that 
is,  in  a  very  fmall  and  infeiifible  moment  of  time  ;  but 
in  this  moment  there  is  the  fame  gradual  comprefiion, 
increafe  of  mutual  adion,  greateft  comprefiion,  com¬ 
mon  velocity,  fubfequent  reftitution,  and  final  fepara- 
tion,  as  in  the  cafe  of  bodies  with  a  (lender  fpring  in- 
terpofed,  or  even  in  the  cafe  of  the  mutually  repelling 
magnets.  In  all  the  cafes,  the  changes  of  motion  are 
produced  by  the  elafticity  or  the  repulfion,  and  not  by 
the  transfufion  of  the  force  of  motion.  The  changing 
force  is  indeed  inherent  in  the  bodies,  but  not  becanfe 
they  are  in  motion  ;  the  ufe  of  the  motion  is  to^  give 
occafion,  by  continued  comprefiion,  for  the  continued 
operation  of  the  inherent  elafticity.  The  whole  pro- 
cefs  may  be  very  diftindly  viewed,  by  making  ufe  or 
bodies  of  fmall  firmnefs,  fuch  as  foot-balls,  or  blown  , 
bladders.  If  blown  bladders  are  ufed,  each  loaded  with 
fand,  or  fomething  that  will  require  more  force;  and 
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Impulfion.  confequently  more  compreluon  to  impel  it  forward  ;  we 
fhall  obfcrve  the  comprelhon  of  both  to  be  very  confider- 
able,  and  that  a  very  fenfible  time  elapfes  during  the 
procefs  of  collifion.  This  may  even  be  obferved  very 
diftindfly  in  a  foot-ball,  which  is  always  feen  to  reft  a 
little  on  the  toe  before  it  flies  off  by  the  ftroke.  When 
one  foot-ball  is  ftrongly  driven  againft  another,  they 
plainly  adhere  together  for  foine  time,  and  then  the 
ftricken  ball  flies  off. 

If  w'^e  return  to  the  ^example  of  the  two  balls  with 
the  fpring  interpofed,  we  may  make  fome  farther  urefiil 
obfervations.  When  the  fpring  is  in  its  ftate  of  greateft 
compreflion,  and  the  balls  are  moving with  a  common 
velocity,  we  can  fuppofe  that  the  fpring  is  arrefted  in 
that  fituation  by  a  catch.  It  is  evident  that  the  two 
bodies  will  now  proceed  in  contadf  with  this  velocity, 
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Nature  of 
imperfect 
clafticity. 


A. 

Now,  in  the  conftitution  of  fuch  maffes  of  tangible 
matter  as  we  have  the  opportunity  of  fubjefting  to  our 
experiments,  we  find  a  ftate  of  aggregation  which  very 
much  refembles  this.  Some  bodies  are  almoft  perfe<ftly 
elaftic,  that  is,  when  their  fhape  is  changed  by  external 
preffure  ;  and  that  preffure  is  removed,  they  recover 
their  former  fhape  completely,  and  thty’^  recover  it  with 
great  promptitude.  Glafs,  ivory,  hard  fteel,  are  of  this 
kind.  But  moft  bodies  either  do  not  recover  it  com¬ 
pletely,  or  they  recover  it  very  flowly— 'fome  hardly 
recover  it  at  all.  A  rod  of  iron  will,  when  coniiderably 
bent,  not  nearly  recover  its  fliape  ;  a  rod  of  lead  ftill 
lefs  ;  and  a  rod  of  foft  clay  wull  hardly  recover  it  in  any 
degree.  Thefe,  however,  are  but  gradations  of  one  and 
the  fame  quality  :  If  the  quiefeent  form  of  a  body  is 
very  little  difturbed,  it  will  recover  it  again.  Thus,  a 
common  foft  iron  wire  of  6.  and  i2  inches  long, 
if  twifted  once  round,  will  return  completely  to  its  ori¬ 
ginal  form,  and  will  allow  this  to  be  repeated  for  ever  ; 
but  if  it  be  twifted  1 4-  turns,  it  will  untwift  only  i :  and 
in  this  new  form,  it  will  twift  and  untwift  one  turn  as 
often  as  we  plcafe.  Even  a  rod  of  foft  clay,  of  an 

inch  in  diameter,  and  7  feet  long,  wn‘11  bear  one  twift  as 
wften  as  we  pleafe  ;  but  if  twdfted  4  times,  will  untwift  it- 
felf  only  one  turn,  and  will  do  this  as  often  as  we  choofe. 
In  fhort,  It  appears  that  the  particles  of  bodies,  ufual- 
ly  called  unelaftic,  will  admit  a  fmall  change  of  diflance 
or  fituation,  and  will  recover  it  again,  exhibiting  perfcCl 
elafticity,  in  oppofition  to  very  fmall  forces  ;  but  if 
they  are  forced  too  far  from  this  fituation,  they  have 
no  tendency  to  return  to  it  completely^  but  find  inter¬ 
mediate  fituatlons,  in  which  they  have  the  very  fame 
connexions  with  the  furrounding  particles  ;  and  in  this 
new  fituation,  they  can  again  exhibit  the  fame  perfeX 
elafticity,  in  oppofition  to  very  fmall  forces.  Mr  Cou- 
lomb  conceives  fuch  bodies  to  confift  of  elaftic  particles  : 
they  manifeft  perfeX  elafticity,  fo  long  as  the  forces 
employed  to  change  their  fliape  do  not  remove  the 
particles  from  tlicir  prefent  contaXs  ;  but  if  they  are 
removed  from  thefe,  they  Aide  on  to  other  fituations, 
wdiere  tliey  again  exhibit  the  fame  appearances.  To 
nnderftand  this  fully,  the  reader  may  confult  the  article 
.BoscpYiCH  of  this  Supplement — The  faX  is  fufiicient 
for  our  prefent  purpofe.  Now,  in  this  variable  confti¬ 
tution,  where  the  particles  may  take  a  thoufand  differ- 
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ent  fituations,  and  ftill  cohere,  it  is  plain,  tliat  when  a  Impuldon* 
body  has  been  dimpled  by  compreflion,  the  particles 
have  nothing  to  bring  them  back  to  their  firft  fituation 
when  the  comprefling  force  is  remeved;;  the  utinoft> 
elafticity  to  be  expet^ed,  is  that  W'hich  will  rot  extend 
to  one  fhift  of  fituation  ;  therefore,  the  reftitution  Is 
altogether  Jnfenfiblc.  This  is  the  cafe  with  all  foft  bo¬ 
dies,  fuch  as  clay — the  fame  quality  is  manifefted  in  all 
diiXile  bodies,  fuch  as  lead,  foft  iron  .and  fteel,  foft 
copper,  foft  gold.  46 

Now  let  one  of  thefe  bodies  ftrike  another.  The  com-EfFe(5l  of 
preflion,  or  the  Aiding  of  the  particles  over  each  other, this  colli- 
requires  force,  or  mutual  preffure — This  being  accom-^®^* 
pauied  by  a  reaction  perfeXly  equal,  'muft  operate,  du¬ 
ring  the  compreflion,  precifely  as  the  equal  repulfive 
forces  did.  It  will  take  as  much  momentum  from  A  as 
it  gives  to  B  ;  fo  that  A  a  B  b  will  remain  invari¬ 
ably  the  fame,  and  a  common  velocity  will  at  laft  ob- 
A  rh:  B  3 

tain,  compreflion  can  proceed  no 

farther,  and  the  two  bodies  muff  now  proceed  in  con- 
taX  with  this  velocity. 

And  thus  we  fee,  that  in  the  cafe  of  comprefllblc, 
but  unelaftic  bodies,  the  changes  of  motion  are  pro¬ 
duced  by  the  cohefive  forces  inherent  in  the  bodies  ; 
but  not  inherent  in  them  becaufe  they  are  In  motion. 

We  fee  clearly  In  this  way,  how  the  pendulum  ufed  by 
Robins  and  his  followers  gave  a  true  meafure  of  the 
velocity  of  the  ball.  All  the  w^hile  that  it  was  pene¬ 
trating  into  the  pendulum,  overcoming  the  co'hefion  as 
it  w’ent  in.  this  cohefion  was  aXing  equally  In  both  direc¬ 
tions,  Wliile  the  fibre  was  breaking,  it  was  pulling 
both  ways ;  It  was  holding  back  the  ball  which  was 
breaking  it,  and  it  W'as  pulling  forward  the  parts  to 
‘  W'hich  it  ftill  adhered  ;  anti  when  it  broke  at  laft,  it  had 
produced  equal  effeXs  on  the  ball  and  on  the  pendu¬ 
lum  in  oppofite  direXIons.  By  fuch  a  procefs,  the 
pendulum  was  gradually  accelerated,  and  acquired  its 
utnioii  velocity  when  the  ball  had  ceafed  to  penetrate  i. 

Therefore,  this  velocity  muft  be  r=  -r — ; - 377 

^  A  -f  pend*^^’.. 

Wliat  fhould  we  now'  expeX  to  happen  In  the  coB 
lifion  of  bodies  ^  Such  bodies  as  exhibit  perfeX  e  - 
laftieity,  when  examined  by  bending,  or#  other  At 
trials,  ihould  have  their  motions  changed  precifely  like  . 

the  magnets,  or  bodies  which  repel  or  avoid  eacE 
other  at  fenfible  dliiane^es.  Bodies  which  exhibit  no 
elafticity  whatever,  fliould' 'CGntinue  In  contaX  <ifter 
eoKiiiuji.  The  common  velocity  in  thefe  Aiould  be 
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— A~^Ti — *  perfeXly  elaftic  bodies  Aiould  fuftain 

changes  of  motion  which  are  precifely  double  of  the 
changes  fuftained  by  unelaftic  bodies,  and  Aiould  fepa- 
rate  after  collifion  with  a  relative  velocity  of  recels  or 
reparation,  precifely  equal  to  their  relative  velocity  of 
mutual  approach.  And  bodies  pofTefling  imperfeX  ela-  / 
fticity,  IhoiAd  fuftain  clianges  of  motion  which  differ 
from  the  changes  on  unelaftic  bodies,  precifely  iii  pro¬ 
portion  to  the  degree  of  elafticity  which  they  are  kno^wn 
to  poffefs.  And,  laftly,  if  the  changes  of  motion  which 
obtain  in  the  collifion  of  bodies,  are  precifely  thofe 
which,  would  refult  from  the  operation  of  thofe  inherent 

forces 
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‘Impuljion  forces  of  elallicity  and  cohtTion,  no  other  force 
Wl^AttVER  CONCURS  IN  TflElR  PRODUCTION  ;  For 
we  know  that  thofe  forces  do  operate  the  colliTion  ; 
we  fee  the  coniprelfion  and  reflftution  which  are  their 
tfie<Slive  caufes,  and  their  immediate  efFe£ls.  If  any 
other  force  were  fuperadded,  we  fhould  fee  its  elFec^s 
alfo,  and  the  niotions  would  be  different  from  what  they 
/are.*  • 

•  Now  the  f3(5f  is,  that  <we  have  never  feen  a  tody  that 

if  nct^  in  feme  degt'eey  comprejj'ille.  It  has  not  pleafed 
the  Almighty  Creator  to  make  any  fiich  here  below. 
•AfTuredly  hie  has  not  found  fuch  to  be  of  ufe  for  the 
purpofes  He  had  in  view  in  this  our  fublunary  world. 
V/e  know  of  no  body  that  is  perfedfly  unchangeable  in 
its  fhape  and  dirnenfions.  It  is  therefore  no  lofs  what¬ 
ever  to  us,  although  we  fhould  not  be  able  to  fay  a  prU 
ori  what  their  motions  will  be  in  collifion.  We  cannot 
even  fairly  guefs  them,  by  reafoning  from  what  we  ob- 
ferve  in  other  bodies  ;  For  it  is  juft  as  likely  that  their 
motions  may  rcfemble  thofe  of  perfe6tly  elaflic  bo¬ 
dies  as  thofe  of  iinelaflic  bodies  ;  for  we  find  that  bodies 
of  the  mod  extreme  hardnefs  are  generally  liighly  elaflic. 
Diamond,  cryftal,  agate,  quartz,  and  fucli  like,  are  the 
mod  eladic  bodies  we  know.  Philofophers,  however, 
rather  think  that  the  motions  of  perfectly  hard  bodies 
will  refemble  thofe  of  uneladic  bodies  ;  becaufe  eladici- 
ty  fuppofes  compreffion.  We  do  not  pretend  to  fay 
with  confidence,  what  would  be  the  motion  of  a  fmgle 
atom  of  matter  (which  cannot  admit  of  compreflion) 
which  is  hit  by  another  in  motion.  We  fee  all  the  par¬ 
ticles  of  terredrial  matter  conne6ted  with  each  other  by 
certain  modifications  of  the  general  force  of  cohefion, 
fo  as  to  produce  various  forms  of  aggregation  ;  fuch  as 
aerial  fluidity,  liquid  fluidity,  rigidity,  foftnefs,  ducti¬ 
lity,  firnmefs  or  hardnefs  ;  all  of  which  are  combined 
with  more  or  lefs  eladicity.  Thefe  tangible  forms  re- 
fult  from  certain  pofitive  properties  of  the  material 
atoms  of  which  the  particles  are  compofed  ;  and,  in  all 
the  cafes  which  come  under  our  obfervation,  thefe  pro¬ 
perties  produce  prefTures  of  one  kind  or  another  ;  all  of 
which  are  moving  forces.  Th«y  are  inherent  in  the 
particles  and  atoms :  therefore  when  fuch  atoms  are  in 
motion,  thefe  forces  are  in  a  condition  which  affords 
occafion  for  a  coutimiation  of  this  preffure  that  is  com¬ 
petent  to  the  production  of  motion  in  another  particle. 
But  what  would  be  the  event  of  the  meeting  of  atoms 
diveded  of  fuch  forces,  we  profefs  not  to  know,  or  even 
to  conceive. 

The  faCt  alfo  is,  that  all  the  changes  of  motion,  com¬ 
monly  called  impulfions,  *which  have  been  ohfervedy  are 
precifely  fuch  as  have  been  deferibed.  Uneladic  bodies 

Aa:±zV>b 

proceed  in  contaCt  with  the  velocity  — Feu 


] 


I  M  P 


tions,  In  all  cafes  that  w  can  olfcrve  and  tnuifure  Irapulfiou-- 
accuracy.  All  thefe  things  can  be  afeertained  with  — 
great  precifion  by  means  of  the  collifion  of  pendulous 
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feCily  eladic  bodies  feparate  after  collifion,  and  each 
fuftains  double  of  the  change  that  Is.  fudained  by  an  un¬ 
eladic  body.  Bodies  of  imperfeCt  eladicity  differ  from 
the  two  fimple  cafes,  precifely  in  the  proportion  of  the 
eladicity  difcoverable  by  other  trials.  The  mutual  ac- 
tbns  are  obferved  to  be  in  the  proportion  of  their  rela¬ 
tive  motions,  whatever  the  real  motions  may  be.  For 
not  only  are  the  changes  of  progreffive  motion  exadly 
in  this  proportion,  but  the  compreflions  and  changes  of 
figure,  which  we  confider  as  tjie  immediate  occafion s  of 
thofe  a6lions,  are  alfo  obferved  to  be  in  the  fame  propor- 


bodies  in  the  way  pointed  out  by  Sir  Chriftoplier  Wren 
(a  method  attributed  by  the  French  to  their  country¬ 
man  Mailotte,  but  rCally  invented  by  Wren,  and  exhi¬ 
bited  to  the  Royal  Society  of  London  the  w’cek  after 
he  communicated  his  theory  of  impulfion).  ■  4% 

We  mud  alfo  infer  from  tliefe  fa6ts,  that  the  a<dion8 
of  bodies  on  each  other  are  mutual,  equal,  and  oppofite. 

This  is  really  an  inference  from  the  phenomena,  and 

not  an  original  or  lird  principle  of  reafoning.  The  ri  n  aiid  r^.. 

contrary  is  conceivable,  and  therefore  not  abfurd.  in 

the  fame  way  that  w’e  can  conceive  a  magnet  repelling 

iron,  without  imagining  that  the  iron  repels  the  magnet, 

we  may  conceive  a  golden  bail  capable  of  impelling  a 

leaden  ball  before  it,  without  conceiving  that  the  leaden 

ball  will  impel  the  golden  ball.  We  do  not  find  thi-i 

eafy  indeed;  becaufe  the  contrary  is  fo  familiar,  that  the 

one  idea  indantly  brings  the  other  along  with  it.  We 

apprehend  it  to  be  impoffible  to  demondrate,  that  a 

leaden  ball  will  not  dop  as  foon  as  it  hits  the  golden 

ball,  or  vice  verfa.  But  all  our  experience  fhews  us* 

that  the  preffiires  exerted  in  contact  are  mutual,  equal, 

and  oppofite.  The  lame  thing  is  obferved  In  the  forces 

which  connect  the  parts  of  bodies.  A  quantity  of  falid 

or  water  balanced  in  a  fcale  will  remain  in  equilibrio  in 

whatever  way  it  is  dirred  about  ;  its  parts  always  exert 

the  fame  preffure  on  the  fcale  :  fo  does  a  body  fufpend- 

ed  by  a  dring  or  reding  bn  the  fcale,  by  whatever 

points  it  is  fupported.  This  could  not  be  if  the  particles 

did  not  exert  mutual  and  equal  forces  ;  nor  could  the 

phenomena  called  impulfions  be  what  they  are,  if  the 

preffiires  occafioned  between  the  particles  by  the  com- 

prefiions  and  dilatations  were  not  mutual  and  equal. 

This  law  of  adlion  and  readtion  mud  be  adniltted  as 
univerfal,  though  contingent,  like  gravity.  Donbtlefs 
it  refults  from  the  properties  which  it  has  pleafed  the 
great  Artid  to  give  to  the  matter  of  which  Fie  has 
formed  this  world.  There  is  one  way  in  which  we  can 
conceive,  mod  didindlly,  how  this  may  be  a  univerfal 
property  . of  matter.  If  we  grant  the  reality  of  attrac¬ 
tions  and  repulfions  e  dijlantiy  and  fuppofe  that  every 
primary  atom  of  matter  is  precifely  firallar  to  every 
other  atom  in  all  its  properties,  and  that  this  affem- 
blage  of  properties  conllitutes  it  a  material  atom ;  it  fol¬ 
lows,  that  every  atom  exerts  the  fame  attradlions  and 
repulfions,  or  has  the  fame  uniting  and  evafive  tendencies, 
and  then  the  law  of  adlion  and  equal  readtion  follows  of 
courfe.  This  is  furely  the  very  notion  that  any  perfon 
is  difpofed  to  entertain  of  the  matter.  And  if  mecha¬ 
nical  force  and  mobility  are  the  qualities  which  didin- 
guiflt  what  is  material  from  mind  or  other  immaterial 
fubdances,  the  law  of  equal  and  contrary  readtion  feems 
nearly  allied  to  the  clafs  of  fird  principles. 

Of  all  the  phenomena  that  indicate  this  perfedt  equa¬ 
lity  of  adlion  and  readtion,  the  mod  fufceptible  of  ac¬ 
curate  exainination  is  the  famenefs  or  equality  of  adtion 
w'hen  the  relative  motions  are  equal.  Now  there  is  no 
phenomenon  more  certain  than  this.  In  confequence. 
of  the  rotation  of  the  earth  round  its  axis,  and  its. revo¬ 
lution  round  the  fun,  it  is  plain  that  all  our  experiments 
and  obfervations  ate  on  relative  motions  only.  Now, 
v/e  not  only  find  that  the  adlions  of  two  bodies  fubjec- 
'  ^  ted 
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rmpuinon.  ted  to  experiment  are  equal  when  the  relative  motions 
V  are  equal,  but  we  find  that  all  our  meafures  of  aaion 
on  a  finjrle  body  are  proportional  to  the  apparent  mo¬ 
tions  which  they  produce.  It  requires  precifely  the 
fame  force  to  impel  a  ball  eaftward,  weftward,  fouth, 
or  north,  at  i  2,  or  3,  or  6,  or  9  o'clock  :  yet  the  real 
motions  are  immenfely  different  in  all  thefe  cafes,  and 
it  is  only  the  relative  motions  that  have  the  proportions 
which  we  obferve.  Another  very  important  point  de- 
duclble  from  our  experiments  is,  that  the  fame  prejfure 
produces  the  fam.e  change  of  motion,  whatever  may  be 
the  velocity.  _  We  know  this  by  obferving,  that  when 
the  mutual  dimpling  or  comprefiion  is  the  fame,  the 
change  of  motion  is  the  fame,  whatever  be  the  hour  of 
the  day.  Ihis  could  not  be  if  it  required  a  greater 
preffure  to  change  the  velocity  j  00000  into  looooi, 
than  to  change  the  velocity  i  into  the  velocity  2.  Yet 
this  is  one  of  iLeibnitz's  great  metaphyfical  arguments 
for  proving  that  the  force  accumulated,  and  now  inhe- 
'  rent,  in  a  moving  body,  is  proportional  to  the  fquare  of 
its  velocity.  We  beg  that  this  may  be  kept  in  remem- 
brance. 

It  muft  be  granted,  that  what  we  have  already  fald 
on  the  lubjeft  of  impulfion  may  be  called  an  explana¬ 
tion  ;  for  it  deduces  the  phenomena  from  general  and 
unqueftionable  principles,  and  from  acknowledged  laws 
of  Nature.  _  The  only  principle  ufed  is,  that  a  moving 
force  is  indicated,  charaaerifed,  and  meafured,  by  the 
motion  which  it  produces.  It  is  an  acknowledged  law 
of  Nature,  that  preffures  are  moving  forces  ;  alfo,  that 


[  799  ] 


I  M  P' 


movma: 


^  forces  appear  in  cafes  where  we  obferve  neither 
preffures  nor  impulfions,  and  which  we  call  repulfions 
or  evafive  tendencies  ;  that  thefe  are  mutual  and  equal : 
and  we  have  fhewn,  how  a  certain  fet  of  changes  of 
motion  refult  from  them,  and  have  Rated  diflinaiy  the 
whole  procefs  :  we  Riewed,  that  thefe  phenomena  are 
Rrnilar  to  thofe  of  common  impulfion  ;  and  we  then 
fhewed  in  what  manner  the  motion  of  a  body  ginyes  oc- 
cafwn  to  the  exertion  of  various  moving  forces,  called 
elqjlkity,  cohefion,  &c.  and  that  this  exertion  rnuR  pro¬ 
duce  motions  fimilar  to  thofe  produced  by  repulfions 
e  dijlanti ;  and,  laftly,  we  inferred,  from  the  perfeCl 
fameiiefs  of  thofe  refults  with  the'adliial  phenomena  of 
impulfion,  that  thofe  corpufcular  forces  are  the  imme¬ 
diate  and  only  caufes  of  the  changes  called  impulfions, 
and  commonly  aferibed  to  ‘dt  peculiar  force  inherent  in  a 
moving  body. 

\Vhy  does  From  a  colledive  view  of  the  whole,  we  think  it  clear, 
opinion  that  impulfion  is  the  foie  caufe  of  mo- 
to  explain  unwarranted.  We  fee  that  the  phenomena  of 

gravitation, impulfion  are  brought  about  by  the  immediate  operation 
&c.  by  im-  of  preffure  ;  and  we  fee  numberlefs  inflances  of  preffure, 
pu  lion  .  j'n  which  we  cannot  find  the  fmallefl  trace  of  impulfion. 

It  is  therefore  a  moft  violent  and  unwarranted  opinion, 
which  aferibes  to  repeated  unperceived  impulfions  all 
thofe  folicitations  to  motion  by  which,  or  in  confe- 
^quence  of  which,  the  motions  of  bodies  are  affedhed  by 
diftant  bodies,  or  bear  an  evident  relation  to  the  fitua- 
tion  and  diRance  of  other  bodies  ;  as  in  the  examples^ 
of  planetary  deiledlion,  terreftrialgravitation,  magnetical 
and  eledlrical  deflexions,  and  the  like.  There  is  nothing 
in  the  phenomenon  of  the  preffure  of  gravity  that  feems 
to  make  impulfion  more  neceffary  or  more  probable  than 
in  the  preffure  of  elafticily,  whether  that  of  a  fpring  or 
of  aa  expanfive  Raid.  The  admifion  of  an  unperceived 


fluid  to  cffedl  thofe  impulfions  is  quite  unwarranted,  Impulfion. 

and  the  explanation  is  therefore  unphilofophical,  even ' - 

although  we  fhould  perceive  intuitively  that  an  atom  in 
motion  will  put  another  into  motion  by  hitting  it.  We 
apprehend  that  this  cannot  be  affirmed  with  any  clear 
perception  of  its  truth. 

On  the  whole,  therefore,  we  muff  aferibe  that  con- Impu?fion 
tented  acquicfcence  in  the  explanations  of  gravitation,  f^PP^>Rd 
and  other  attradions  and  repulfions,  by  means  of  im- 
pulfe  (if  the  acquicfcence  be  not  pretended),  to  the 
quency  and  familiarity  of  impulfion,  and  perhaps  to  familiar, 
the  perfoiial  fhare  and  intered  we  have  in  this  mode  of 
producing  motion.  We  know  that  it  is  always  objea. 
ed  that  nothing  is  explained,  when  we  fay  that  A  re¬ 
pels  B,  or  that  B  avoids  A  ;  but  wc  muft  fay  in  return, 
that  nothing  is  explained,  when  we  fay  that  A  impels 
B  by  hitting  it,  or  that  B  iiies  av/ay  from  the  ftroke. 

Why  fhould  it  not  be  allowed  to  ufe  the  term  repelling 
power,  when  it  is  allowed  to  ufe  the  term  impelling 
power,  the  force  of  impulfe,  inertia  ?  All  thefe  terms 
only  exprefs  phenomena.  Does  the  word  body  exprefs 
any  more  ? 

The  maxim,  that  a  body  cannot  aa  where  it  is  not,Icisno^ 
any  more  than  when  it  is  not,  is  a  quaint  and  lively 
preffion,  and  therefore  has  confiderable  efFea  :  It  may 
be  granted;  for  we  apprehend  that  we  underftand  fo 
little  about  when  and  where,  that  we  cannot  demonftrate 
the  affirmative  or  negative  in  either  cafe,  and  that  they 
are  on  a  par  with  refpedl  to  our  knowledge  of  them. 

We  can  have  no  doubt,  however,  of  the  faft,  that  our 
mind  can  be  affected  by  an  external  objed  that  is  mere¬ 
ly  recolleded.^  And  we  apprehend,  that  we  know  no- 
thing  of  the  difterence  between  body  and  mind  but  what 
w^e  have  learned  by  experience.  Body,  for  any  thing 
that  we  affuredly  know  to  the  contrary,  may  affed,  o?- 
he  affe^led  by,  a  diftant  body,  as  well  as  mind  may  be. 

It  is  therefore  worth  while  to  pay  fome  farther  atten¬ 
tion  to  the  phenomena,  in  order  to  fee  whether  this  ex¬ 
perience  is  fo  univerfal  and  unexpeded  as  is  believed. 

As  Mr  Cotes,  and  many  of  NewtoiBs  difciples,  are  ac- 
cufed  of  explaining  many  phenomena  by  attradion  and‘ 
repulfion  which  their  opponents  affirm  to  be  cafes  of 
impulfion  ;  it  is  not  impollible  but  that  ordinary  obfer- 
yers,  who  have  no  preconceived  theories,  may  imagine' 
impulfions  to  obtain  in  cafes  where  a  more  accurate  in-^. 
fpedlion  would  convince  them  that  no  impulfion  has 
happened. 

When  we  kirk  away  a  foot-ball,  we  confidcr  It  as  aEnq^uty !»- 
fort  of  fohd  continuous  body  ;  yet  v^e  know  that  it^otheftmi- 
muft  be  filled  with  compreffed  air.  It  may  not  be  im 
poffible  to  have  it  of  its  round  (hape  witl.out  being  foSXiceT;? 
filled:  but  we  know  that,  in  this  condition,  it  woulda  foot-baU,/ 
not  fly  away  from  our  foot  by  the  ftroke  y  we  Ihould 
only  force  in  the  fide  which  we  kick,  and  the  flaccid 
flein.  would  lie  at  our  feet.  Bat  when  it  is  filled  with 
ftrongty  comprelfed  air,  wc  can  form  to  ourfelves 
a  pretty  diftinift  notion  how  it  is  made  to  move  oft". 

Our  foot  prefles  on  a  part  of  the  ikia:  this  com-* 
preffes  the  air  againft  the  anterior  part  of  the  bag,  and 
forces  It  away.  If  vk  reflea  more  ferioufly  011  the 
procefs,  we  can  ilill  conceive  it  clearly  enough,  by 
thinking  on  a  rowof  .aereal  particles,  reaching  It  .an  the 
part  ftruck  by  the  fot^tto  the  anterior  part,  each  touch, 
ing  the  other,  and  therefore  forcing  the  anterior  pars 
forwards  1  he  air  is  conceived  to  confift.  of  a  number 
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yn,  gf  littTc*  fphcnile^  in  contaft,  each  of  winch  is  com- 
— 'prefiBle  ;  and  we  thmk  the  operatidn  illnllirated  by 
fnppofiTi?^  each  to  be  like  a  little  veiicle  or  bladder, 
we*  believ^^e  to  be  the  lifiial  way  of  conceiving  the 
cop^ifirion  of  expaniive  fluith  :  Bnt  this  will  not  ai^rce 
at  a!l  V.  ii Vi  the  known  properties  of  air  ;  for  it  can  be 
flnrlly.derTioin'l -cited,  that  if  fuch  a  collection  of  clallic 
vefdes^be  coinprcfTod  into  the  half  of  their  ordinary 
bulk,  every  veficle  will  be  changed  from  a  Iphere  into 
a  ])erfed  cube,  touching  the  adjoining  cubes  in  every 
j  oint  of  Its  fx  fides,  and  ftrongly  prefled  againif  them. 

It  can  rilfo  be  demonflrated,  that  if  a  leaden  cube  of 
one  inch  be  included  In  the  box,  and  placed  with  its 
fidcs  parallel  to  the  Tides  of  the  box,  and  the  compref- 
fion  he  then  made,  all  the  little  cubic  veficles  will  ac¬ 
quire  the  fame  pofitiou.  If  the  box  be  now  turned  up- 
jide  down,  it  can  be  demonflrated  that  the  weight  of 
this  leaden  cube  will  not  be  fiif&cient  for  overcoming 
the  refiflance  of  the  comprelFed  cubes.  T-liis  compref- 
fed  mafs  will  not  be  fluid,  but  whll  require  a  very  con- 
flderable  force  to  prefs  the  leaden  cube  through  it,  juft 
as  we  fii;d  fneb  a  force  neeeflary  for  moving  a  body 
through  melted  glafs  :  the  particles  no  longer  Aide  on 
each  ether  like  iincompreiTed  fpherules ;  each  will  re¬ 
quire  about  half  of  the  compreffing  force,  in  order  to 
overcome  tlie  frifiion,  or  obftrudlion  like  friftion,  pro¬ 
duced  ill  Aiding  along  the  furface  of  the  contiguous 
cubes.  But  we  know  that  air  remains  perfedly  fluid, 
although  vaflly  more  compreffed  than  this.  This,  there¬ 
fore,  cannot  be  like  the  conftitution  or  form  of  air. 
Morcov’er,  it  is  well  known  that  air  has  been  made  ten 
r-iiT’es  denfer  than  Its  ordinary  ftate,  and  is  then  perfeft- 
ly .fluid.  It  has  alfo  been* made  a  hundred  times  rarer,  and 
it  Hill  remains  perfeaiy  fluid.  In  this  ftate  its  particlp 

muftbeten  times  farther  removed  from  each  other  than  in 

the  former  ftate,  of  a  thoufand  times  greater  dcnfity.  Yet 
w^e  know  that  this  rate  air  is  com  prefled  with  a  force  equal 
to  the  w'eight  of  a  ftratum  of  mercury  -|d  of  an  inch  in 
thicknefs,  and  that  if  fd  of  this  preflure  be  removed, 
it  will  expand  till  it Ts  150  times  rarer  than  common 
air;  that  isj, there  is  fome  force  which  puflies  the 
particles  fliil  farther  from  each  other.  ^  This  force  evi¬ 
dently  extends  beyond  the  tenth  particle  of  air  that  is 
made  ten  times  denfer  than  common  air.  Therefore 
the  elafticity  of  air  does  not  arife  from  the  contaa  of 
particles,  which  are  elaftie  like  blown  up  bladders,  but 
from  fome  force  which  extends  beyond  the  adjoining 
particles.  There  is  no  greater  reafon,  therefore,  for 
fuppofing,  that  the  particles  of  air  touch  each  other, 
than  for  fuppofing  that  the  two  magnets  touch  each 
other  becaufe  they  repel.  A-  row  of  magnets  floating 
•on  qiiickfilver,  and  placed  with  their  fimilar  poles  front¬ 
ing  each  other,  and  very  near,  will  tend  to  feparate, 

and  they  require  to  be  held  in  by  a  flop  put  at  each 

end  of  the  canal ;  and  if  one  ftop  be  gradually  \vith- 
drawn  the  magnets  will  all  feparate,  and  exhibit  the 

>  general  mechanical  etfe£ls  of  a  row  of  aerial  particles 
ft parating  by  the  removal  of  preflure.  There!  feems, 
t{tereforc,  to  be  the  fanae  necefllty  tor  the  operation  of 
an  intervening  impelling  fluid  for  producing  this  repa¬ 
ration  or  elafticity  cf  the  acreal  mafs,  as  for  feparating 
the  magnets. 

ts  \^  y  The  refult  of  thefe  remarks  feems  to  be,  that  the 

doubtful  Jmpulfion  iof  a  foot-ball  is  not  brought  about  in  the 

vt ay  that  is  comnionly  imagined,  by  the  excitement  of 
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corpoi'eai  preflure. at  the  points  of  contaft  of  the  twro  Impnlfon. 
foot  balls.  For  we  fee  it  almoft  demonftrated,  that  the 
progreflive  motion  of.thc^  anterior  part  oftoqe  of  the 
halls  has  been  produced  without  contact,  or,:  at  leaft, 
by  \\it  inle?-vent'ion  of  repulfions  a£iing  at  a  diftance. — 

May  ixot  this  obtain,  even  in  the  points  in  wliich  we 
fuppofe  the  two  balls  iidlually  to  touch,  in  the  aCt  of 
impiilflon  ?  j.  53 

But  farther  — Every  perfon  has  obferved  the  brilliant  Many  ca'es 
dew-drops  lying  on  the  leaves  of  plants.  Every  p^^fon 
acquainted  with  Newton’s  optical  difeoveries,  mull  be'*' 
convinced  that  the  dew  drop  Is  not  in  mathematical 
contadl  with  the  leaf;  if  it  were,  it  could  have  no  bril-. 
liancy.  Moil  perfon s  have  obferved  the  rain  drops  of 
a  fummer  fhovver  fall  on  the  furface  of  water,  and 
roll  about  for  a  few  feconds,  exhibiting  the  greateft 
brilliancy.  V  They  cannot,  therefore,  be  in  mathema¬ 
tical  contadl  with  the  water.  There  muft  be  a  fmall 
diftance  between  them,  and  therefore  fome  force  which 
keeps  them  afunder,  and  carries  the  weight,  that  is, 
counteracts  the  downward  preflure  of  the  rain-drop. 

We  know  that  fome  infedts  wnth  long  legs  can  run 
about  on  the  furface  of  water  ;  and  If  we  lift  them  cat;e- 
fiilly,  and  fet  them  on  glaf*,  their  feet  do  not  wet  it. 

Put  a  little  fpirit  of  wine  Into ^this  water,  and  make  it 
lukew'arm,  and  the  infed  inftantly  finks  up  to  the 
belly,  and  cannot  move  about  as  before  :  Its  feet  will 
now  wet  a  glafs.  A  w^elb polifhed  fteel  needle,  even  of 
confiderable  fize,  if  perfectly  clean  and  dry,  will  float 
on  water  without  being  wetted  :  It. is  obferved  to  make 
a  confiderable,  depreflion  on  the  furface  of’  the  vvater, 
juft  as  a  heavy  bar  of  iron  would  make  when  laid  .on  a 
feather-bed— the  needle  difplaces  a  .quantity  of  water 
equal  to  itfelf  in  weight,  yet  does  not  touch  it,  for  it 
is  not  wetted.  IF  it  be  previoufiy:  wetted,  it.  .will  not 
difplace  any  water,  and  will  not  float;  There  is  fome- 
thiiig,  therefore,  which  keeps  the  water. at  a  diftance 
from  the  feet  of  the  infed,  and  from  the  needle, -exert- 
ing  a  certain  upward  prefrure/.on  .them.  The  prelfure 
and  the  readion  are  indeed  very  fmall ;  but.  they  would 
produce  a  very  fenflble  motion- if  continued  fufiiciently 
long  in  proper  circumftances.  Here  would  be  a  pro¬ 
duction  of  motion,  which  moft  perfons  would  call  aa 
impulfion— yet  there  would  be  no  ftroke,  no  contad, 
and  therefore  no  true  impulfion. 

.We  now  beg  the  reader  to  attend  minutely  to  New¬ 
ton’s  famous  experiment  with  the  objed  glajfes  of  long 
telefcopes,  which  we  have  mentioned  circumftantially 
in  the  article  Optics,  Encyci  n'  63 — 68. 

When  the  upper  glafs  is  very  thin  and  light,  no  co- Very  re- 
lour  appears  at  the  point  of  contact  :  but  by  pref-niarkaMc 
ling  it  down  with  fuflicieut  force,  we  fliall  have  a  lenfeT 

or  unrelledting  fpot  in  the  middle,  fui  rounded  by  a  fil-fa}fely 
very  ring,  and  then  by  a  feries  of  rings  of  various  co-feeming  toj 
lours,  according  to  the  diftance  between  the  parts  oftouch. 
the  glafles  where  the  colours  appear.  Newton  has 
counted  50  of  thefe  rings.  He  Ihew^s,  by  a  careful 
computation  from  the  known  figure  of  the  glafles,  that 
the  differences  between  the.  dillances  which  exhibit 
thefe  colours  are  all  precifely  equal,  and  that  each  is 
about  of  an  ineli.  Therefore,  fuppofing  that  the 

glafles  are  ia  mathematical  contad  wliere  the  unrefled- 
ing  fpot  appears,  making  one  continuous  mafs  of  glals, 
their  diftance  at  the  outermoft  ring  muil  not  be  lefs 
than  of  an  Inch,  or  tts-  "f  an  “'‘-’J*-  Therefore, 

^  when 
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without  any  appear- 
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Xmpulfion.  when  one  glafs  carries  the  other 

^ance  oF  colour  at  the  middle,  we  rauft  concIude\hat 
there  is  a  repiilfion  exerted  between  the  ncareft  parts, 
at  a  dillance  not  lefs  than  of  an  inch,  fnificient 
for  fupporting  the  upper  glafs.  It  requires  an  increafe 
of  prelfitre  to  produce  the  firfl  appearance  of  colour; 
and  when  the  prefiure  is  ilili  more  increafed,  new^  co- 
lours  appear  in  the  middle,  and  the  colour  formerly 
there  is  now  feen  in  a  furrounding  ring;  thefe  multi¬ 
ply  continually,  by  new  ones  fpreading  from  a  central 
fpot.  A  great  preffure  at  lad  produces  the  unreflea- 
ing  fpot  in  the  centre,  .which,  indike  to  all  the  colour¬ 
ed  fpot  s  which  had 'emerged  in  fuccefiion,  is  dimply 
dcliwed,  and  never  round,  but  ragged,  and  it  is  imme¬ 
diately  furroiiudcd  by  a  bright  flvery  reflcaion.  The 
lhape  of  this  fpot  depends  on .  the  ligure  of  the  fur- 
laces  ;  for,  on  tuniing  the  upper  lens  a  little  round  its 
«xis,  the  inequalities  of  the  edge  ol  the  fpot  turn,  in 
lomc  degree,  with  it.  This  leemingly  tidfling  remark 
null  be  found  important  by  the  niechauician  ;  A  dill 
farther  increafe  of  preffure  enlarges  the  unreflecting 
ipot,  and  the  dlmeniions  of  all  the  rings — When  the 
preffure  is  gradually  withdrawn,  the  rings  fhrink  in  their 
dinrenfions,  the  unreflecting  fpot  difappears  fird,  and 
each  ring  in  fucceffion  coutradts  into  a  fpot,  and  va- 
niflies.  Here  we  have,  by  the  way,  an  explanation  of 
the  brilliancy  of  dew-drops  ;  they  come  fo  near,  per¬ 
haps,  that  the  neared  point  reflects  the  fdvery  appear¬ 
ance — but  they  do  not  touch  ;  the  indant  that  they 
touch  a  wetted  part,  making  one  mafs  oi  tranfparent 
matter,  all  brilliancy  is  gone. 

They  repel  Here  then  are  incontelUble  proofs  of  a  force,  be  its 

«ach  other; origin  what  it  may,  which  keeps  the  glaffcs  afunder, 
and  even  caufes  them  to  feparate  ;  which  manifeds  it- 
ftlf  by  vvithdanding  preflure  ;  and  therefore  is,  itfelf,  a 
pieffure,  or  equivalent  to  a  preffure — It  varies  in  its  in- 
tenfity  by  a  change  of  didance  ;  but  we  have  not  been 
able  to  afeertain  by  what  law.  It  mud  not  be  niea- 
fured  by  the  fiinplc  variation  of  the  external  preffure  ; 
for  fince  we  fee  that,  even  before  any  colour  appears 
in  the  centre,  the  weight  of  the  upper  lens  is  fupport- 
ed,  we  mud  conclude  that  the  glades  are  exerting  at 
lead  an  equal  force  all  around  the  circumference  of  the 
outermod  rir\g.  It  is  evident,  that  the  computation  of 
the  whole  force,  exerted  over  all  the  coloured  furface, 
mud^  be  difficult,  even  on  the  dmpled  hypothefis  con¬ 
cerning  the  law  of  repulfion  ;  w'e  can  oiily  fay  that  it 
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llroiig  a  prelTure.  We  then  cut  out  of  it,  vvitli  a  la  rnouIHon. 
pidary’s  hollow  drill,  a  piece  of  }  of  an  inch  in  diame- 
ter,  and  perfedly  round,  and  we  fqiieezed  it  on  the 
other  by  a  rneafured  preffure,  till  we  produced  a  colour- 
lets  fpot  ol  nearly  ^  of  an  inch  in  diameter,  with  a 
lilvery  margin.  Computing  from  this,  we  thought 
oiirfclves  warranted  to  fay,  that  not  lefs  than  800  pounds 
are  neeeffary  for  producing  a  black  fpot  of  one  inch 
fquare  I  ^  ^ 

Now,  what  is  the  confeqneiice  of  all  this  in  the  doc- And  may 
trine  of  impuliio;i  ?  Surely  this: — If  a  lump  of 
glafs  drike  another  lump,  and  put  it  in  motion,  and  if 
the  mutual  preffure  in  the  act  of  colliflon  do  not 
cced  700  pounds  on  the  fquare  inch,  the  motion  has 
been  pi od need  without  mathematical  contadl,  and  the 
production  can  no  more  he  called  irnpulle  than  the 
motion  of  the  magnet  in  our  flril  experiment.  Tlie 
changes  of  motion  have  been  the  operation  of  moving 
forces,  limilar  to  the  force  of  magnetifm  ;  and  if  a 
dream  of  truly  impelling,  fluid  be  neeeffary  for  pro- 
ducing  the  motion  of  the  magnet.  It  is  equally  nccef- 
fary  for  producing  tlie  motion  of  the  piece  of  glafs. 

It  may  be  laid  here,  that  vve  cannot  ccnr.paie  iinpulf* 
and  preffure.  A  flight  blow  will  fplit  a  diamond  whi^ffi 
could  fupport  a  I.onfe.  A  flight  blow  may  therefore 
be  tmough  for  exciting  all  the  preflure  neeeffary  for  pro-  * 
ducing  mathematical  contaifl.  We  mud  here  appeal  to 


increafes  by  a  diminution  of  didance.  It  is  very  eafy 
to  compute  the  increafe  of  external  preffure,  which 
would  fuffice  if  the  repelling  force  were  equal  at  all 
didances;  or  if  it  varied  according  to  any  Angle  power 
of  the  didanecs.  We  have  tried  the  inverfe  Ample, 
duplicate,  and  triplicate  ratio  ;  but  the  fadt  deviated 
widely  from  them  all.  The  repulfion  does  not  change 
nearly  fo  much  as  in  the  Ample  inverfe  ratio  of  the 
didances,  if  the  glaffes  be  fuppofed  to  touch  in  the 
whole  furface  of  the  unrefledling  fpot.  But  vve  found, 
that  if  vve  fuppofe  them  ft  parated,  though  at  a  diftance 
equal  to  forty  times  the  difference  cf  didance  at  which 
the  colours  change,  that  is,  of  an  inch,  the  pref- 
fures  employed  in  the  experiment  accord  pretty  well 
with  a  repulfion  inveritly  as  the  didance,  but  dill  witli 
A  v'ery  confiderable  deviation  in  the  great  preffures.  In 
the  courfe  of  a  number  of  experiments,  with  a  favour¬ 
ite  pair  of  lenfes,  vve  broke  the  uppermofl  by  too 
SuppL.  VoL,  I,  Part  IJ, 


what  every  man  feels  on  this  occafion.  We  dodbt  ex- 
ceedingly  whether  any  perfon  will  think  that,  when 
one  piece  of  glafs  gives  another  a  gentle  blow,  and 
puts  It  into  motion,  with  the  velocity  of  a  few  inches 
per  fecond,  a  blow  which  he  didinaiy  hears,  there  has 
been  exerted  a  preffure  at  all  approaching  to  800 
pounds  per  fquare  inch — We  have  fufpendtd  a  pair  of 
lenfes,  by  an  apparatus  fo  deady  and  Arm,  that  they 
could  touch  only  at  the  centres  of  each  furface ;  and, 
having  placed  ourfelves  properly,  we  could  fee,  with 
fuflicient  didindinefs,  the  momentary  appearance  of  the 
coloured  fpot  at  the  indant  of  collifion.  We  faw  this, 
vvuth  the  fulled  confldtnce  that  it  was  of  no  conAder- 
able  breadth  in  a  moderate  droke,  and  that  it  was  very 
fen  Ably  broader  when  the  droke  was  more  violent.  We 
did  not  ti  ud  our  own  eye  alone,  but  ffiewed  it  to  per- 
fons  Ignorant  of  pliilofophy,  and  even  to  children,  often 
without  telling  them  wluit  to  look  for,  but  afking  them 
what  they  faw.  From  all  the  .information  that  we 
could  gather,  none  pf  the  preflures  came  near  to  v^ffiat 
mud  have  been  iieceflary  for  producing  the  black  fpot. 

1  his  could  not  be  midaken  :  for  although  the  outer 
rings  are  but  faint,  tliere  are  Ave  or  Ax  near  the  centre 
which  are  abundantly  vivid  for  aflcding  the  eve  by  the 
momentary  flafh.  Beficles,  the  dirnenfions  of  the  lenfes 
and  the  weight  of  the  metal  cells  in  which  they  were 
Axed,  were  Inch  as  mud  have  caufed  them  to  fplit  be¬ 
fore  the  black  fpot  could  be  produced  in  the  centre. 

Tirefe  things  being  maturely  confidtred,  w’e  imagine 
that  few  perfons  will  now  doubt  the  jiidice  of  our  af 
fertion,  that  in  all  thefe  examples,  the  motions  have  beenfr-en^’m 
pioduced  without  mathematical  (or  rather  geometrical )  violent 
contad — And  we  imagine  alfo,  that  few  will  refufe 
granting  that  this  is  not  peculiar  to  glafs,  but  obtains 
aJlo  in  the  collilion  of  other  bodies.  We  have  not 
thought  of  any  method  for  putting  this  beyond  doubt; 
but  we  have  better  reafons  than,  mere  likelihood  for 
being  of  thii  opinion.  Every  one  acquainted  with  the 
5  I  Newtonian 
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Impulfion.  Newtonian  dlfcoveries  in  optics,  knows  that  this  cu- 

T  rious  a]>])earande  of  the  coloured  rings  is  the  confe- 
quence  of  the  adiiion  of  tranfparent‘  bodies  on  the  rays 
of  light,  by  which  tliefe  are  bent  afide  from  their  rec¬ 
tilineal  coorfe,  and  that  this  (leflc£lk)n  takes  place  at  a 
diftance  from  the  diaphanous  body  ;  a  diftance  which 
the  fagacity  of  the  great  philofopher  has  enabled  us  to 
meafure.  Now,  it  is  known  that  metals  and  other  opaque 
bodies  produce  the  very  fame  defle^lions  of  the  rays, 
bending  them  toward  thenifelves  at  one  diharvee,  and 
from  them  at  other  diflances;  in  (hort,  attrading  or  re- 
pelling  them  as  the  diftance  varies.  Notliing  but  pre- 
poiTeftion  can  hinder  a  pCrfon  from  aferibiog  fimilar  cf- 
feds  to  fimilar  caufes,  and,  therefore,  thinking  it  al- 
moft  certain  that  this  mutual  repulfiou  is  not  peculiar 
to  glafs,  but  common  to  all  folid  bodies. 

To  all  this  we  may  furtly  add  the  celebrated  expe¬ 
riment  of  Mr  Huyghens ;  in  which  it  is  evident,  that  a 
fmooth  plate  of  metal  attrads  another,  even  although 
/  there  be  a  filk  fibre  interpofed  between  them.  (See 
PhiL  Tratif,  n®86.)  Is  it  not  highly  probable,  that 
at  a  fmaller  diftance  the  bodies  repel  each  other  ?  For 
we  obferve,  that  metals,  as  well  as  tranfparent  bodies, 
attrad  the  rays  at  one  diftance  and  repel  them  at  an- 

57  other. 

Impulfion  Surely  our  readers  will  now  grant,  that  the  produc- 
of  motion  by  impulfion,  as  diftinguiftied  from  the 
believed,  produdion  by  adion  e  dijlantl^  is  not  lo  familiar  a  phe¬ 
nomenon  as  was  imagined,  and  that  it  may' even  be  faid 
to  be  rare  in  comparifon  :  for  the  inftances  of  mode^ 
rate  impulfes  are  numberlefs.  Tire  claim  of  this  mode 
of  explaining  difficult  phenomena  by  impulfion,  has 
therefore  loft  much  of  its  force  ;  and  we  fee  much  lefs 
reafon  for  calling  m  the  aid  of  invilible  fluids,  in  order 
to  explain  the  adion  of  gravity,  magnetifm,  and  eledri- 
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Stillgreater  But  we  have  ftill  more  important  information  from 
doubts.  Ob- the  optical  difeovery  of  Newton.  Let  the  reader  turn 
fcrvations  Optics,  EncycL  n^  65,  and  read  the  account 

bubble.^^  of  the  phenomena  exhibited  by  the  foap-bubble.  The 
bubble  is  thinner  and  thinner  as  we  approach  the  very 
uppermoft  point  of  it.  It  alfo  exhibits  numerous  rings, 
which  vary  in  their  colour,  in  the  fame  order  as  in  the 
fpace  between  the  lenfes.  Thefe  rings  come  to  view  in 
the  fame  manner.  Firft,  a  coloured  fpot  appears  in 
the  fummit  of  the  bubble  ;  this  becomes  a  ring,  and  is 
fucceeded  Jjy  another  fpot,  as  the  bubble  grows  thin¬ 
ner  in  that  part,  by  the  gradual  fubfiding  of  the  wa¬ 
tery  filim  At  laft  a  black  fpot  appears  at  top,  well 
defined,  but  of  irregular  fhape,  furrounded  by  a  filvery 
ring.  This  fpot,  when  viewed  very  narrowly,  is  ob- 
ferved  to  refled  a  very  minute  portion  of  light,  pith- 
out  feparadrig  the  differently  cc'lorific  rays  of  which  it 
confifts;  but  it  contains  them  all,  as  may  he  proved  by 
viewing  it  through  a  prifm.  '^After  fome  littk  time 
the  bubble  burfts. 

'  Surely  we  muft  infer  from  this,  that  there  is  a  certain 
’  ^  thicknefs  of  the  tranfparent  pktc  which  renders  it  unfit 
for  the  vivid  refiedion  of  light.  Does  it  not  legitii- 
rnately  follow  from  this,  th‘at  the  unreftediiig  fpot 
tween  the  Icnfes  ceafes  to  entitle  us  to  fay,  that  they 
are  in'eontad  in  that  place  ?  All  that  we  can  conclude 
from  its  appearance  is,  that  the  diftance  ftill  between 
the  glaflfes  is  too  fmall  to  fit  the  place  for  the  vivid  re¬ 
flexion  of  Irght!;  This  conclufrbii  is  indifpu  table.  Were 
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it  refufed,  w/'are  furnifh^d  with'  air  incohtefttble  proof  Inipuirton. 
by  the  fame  bountiful  hand.  N'ewton  aferibed  the  co-  v~-^ 
lours  to  the  refiedion  of  the  plate  of  air*  between  the 
glaffes,  and  expeded  the  ceffation  of  thefrh when  the  air 
is  removed.  His  friend  Mr  Boyle  had  lately  invented 
a  commodious  air  pump.  The  trial  w^as  made,  and 
young  Newton  found  himfelf  miftaken  ;  for  the  colours 
ftill  appeared,  and  he  even  thought  them  more  brilliant. 

Hp  then  tried  the  effed  of  water,  expeding  that  this 
would  diminifh  their  luftre.  So  it  did  ;  and  he  found 
that  the  dimenfions  of  the  rings  w'ere  dimiiiiftied  in  the 
proportion  of  4  to  3  ;  namely,  the  proportion  of  the 
refradions  of  glafs  and  winter.  By  this  time  Newton 
had  difeovered  the  curious  mechanical  relation  between 
bodies  and  the  rays  of  light  ;  and  his  mind  was  wholly 
abforbed  by  the  difeovery,  and  by  the  revolution  he 
was  about  to  make  in  the  mathematical  dodrines  of 
optics.  Unfortunately  for  us,  he  did  not,  at  that  time, 
attend  to  the  mighty  influence  w'hich  the  difeovery 
would  have  on  the  whole  of  mechanical  philofophy,  and. 
therefore  occupied  himfelf  only  with  fuch  phenomena 
as  fuited  his  prefent  purpofe.  A  moft  important  phe¬ 
nomenon  pafted  unnoticed.  In  repeating  Sir  Ifaac 
Newton’s  experiments,  we  found  that  the  diameters  of 
the  rings  decreafed  in  the  proportion  of  4  to  3  only  in 
certain  circumftances.  "When  the  upper  lenfe  was 
prefled  on  the  other  by  a  heavy  metal  ring,  fo  as  to 
produce  three  or  four  coloured  rings,  we  found  that 
when  water  got  between  them,  fometimes  no  colours 
whatever  appeared;  fometimes  there  was  a  ring  or  two, 
and  the  diameters  were  diminifhed  in  a  much  greater 
proportion  than  Newton  had  afilgned.  Wdl  aflured' 
of  the  extreme  nicety  of  alibis  proceedings,  we  were 
much  puzzled  with  this  dlfcrepancy,  and  mentioned 
it  to  a  moft  refpedable  and  intelligent  friend,  the  late 
Ur  Reid  of  the  univerfity  of  Glafgovv,  a  mathematician 
and  natiiralift  of  the  firft  rank.  He  thought  it  hot  im¬ 
probable  that  the  glaffes  feparated  from  each  other, 
lifting  up  the  weight,  by  attradling  the  water  into  the 
interftice,  in  the  fame  manner  that  we  obferve  wood  to 
fwcll  with  moifturc.  We  immediately  got  an  apparatus 
which  comprelTed  the  glaflcs  by  means  of  four  icrew a 
and  now  vve  faw  Newton’s  proportion  moft  ftridly  ob- 
ferved.  But  in  profecuting  the  experiment,  we  found 
that  the  introdudlion  of  the  water  always  effaced  a 
very  fmall  fpot.  This  happened  after  precautions  had 
been  taken  to  prevent  all  feparation  of  the  glafles. 

As  the  proportion  of  4  to  3  has  a  relation  to  refradtive 
power,  although  we  have  not  been  able  to  deduce  it  its 
-ar  neceflary  confequence,  we  neverthelels  coiifidered  it 
as  a  fufficient  proof  that  the  diftances  of  the  glafles  had 
not  changed  by  introducing  the  water  between  them. 
Therefore  we  think  ourfelves  well  entitled  to  conclude, 
that  the  difappearance  of  the  black  fpot  was  not  owing 
to  a  feparation  of  the  glafles,  which  admits  the  water 
into  the  empty  fpacc  ;  and  wc  affirm,  that^  before  the 
entry  of  the  water,  there,  was  room  for  it  in  the  place 
which  refledled  nodight;  that  is,  that  although  the  glafles 
were  prefled  together  with  a  very  great  force,  they^  were 
not  in  contadt^ 

It  deferves  remark,  that  in  endeavouring  to  Produce 
the  black  fpot,  when  water  is  between  the  glafles,  we 
found  great  and  unaccountable  anomalies.  Sometimes 
a  moderate  increafe  of  prelTiire  produced  it,  and  fome. 
times:  we  were  not  able  to  produce  it  by  any  preflure* 

Several 


rmpulfion>  Several  lei^fcs  were  broken  in  the  trial.  We  arc  led  to 
think  that  the  thicknefs  which  gives  the  filveiy  reflec¬ 
tion  is  much  greater  than  the  8900th  part  of  an  inch, 
and  that  it  is  not  the  fame  in  all  glafies.  But  we  were 
interrupted  in  thefe  experiments,  and  indeed  in  all  adlive 
piirfuitH,  by  bad  health,  which  has  never  permitted  their 
renewal,  i’he  fubjedl  is  of  great  imj^Qrtance  to  the  cu¬ 
rious  mechanicians,^  and  we  earneftly  recommend  it  to 
their  attention .  1  here  is  fomething  very  remarkable 

in  the  abrupt  fenfation  of  the  coloured  reflection.  At 
a  certain  thicknefs  all  colours  are  reflected,  without  fe- 
paration,  producing  the  whitenefsof  filver.  The  ihialh 
^  eil  diminution  of  it  hinders  the  wW  reflection  all 
colours,  and  then  there  feems  to  fuccecd  a  thicknefs 
which  equally  refloCts  a  finall  proportion  of  all  u  ithout 
feparation.  The  fineit  polifli  tha^can  be  given  to  glafs 
in  the  tool  of  the  artiit,  leaves  irregularities  which  oc- 
cafion  the  irregular  ragged  figure  of  the  fpot.  It  is 
worth  trying,  whether  fmoothing  the  furfaces  (both)  by 
a  foftening  heat  will  remove  this  ruggednefs.  If  it  does, 
without  deftroviiig  the  fharp  termination,  it  will  prove 
the  abrupt  paffage  from  ejfe  to  nonejj'e. 

The  lafl  remark  to  be  made  on  this  important  expe- 
liment  in  optics  is,  that  the  diftance  between  the  glafl'es 
which  is  unlit  for  vivid  refleCiion,  cannot  be  determined 
by  means  of  the  otlier  meafurable  intervals.  It  may  he 
equal  to  many  of  them  taken  together.  The  fame  muft 
be  granted  with  refpeCt  to  the  thicknefs  of  the  black 
fpot  on  the  top  of  the  foap  bubble.  We  attempted  to 
meafure  this  thicknefs  by  letting  a  drop  (of  a  known 
weight)  of  fpiric  of  turpentine  fpread  on  the  furface  of 
water.  As  it  flovyly  enlarged  in  furface,  ii  decreafed 
in  thicknefs,  and  produced,  in  regular  order,  fevcral  of 
the  more  compourided  colours  of  the  New  tonian  feries. 
But  before  it  came  to  the  20th  ring  from  the  centre,  it 
became  very  irregular  and  fpotty. 

CoatadI  Is  The  inference  to  be  drawn  from  this  combination  of 
not  pnjyed  the  tw^o  optical  faCts  is  remarkalile  and  important.  It 
in  CO  i  on.  that  we  have  no  authority  for  affirming  that  the 
,  changes  of  motion  by  the  collifion  of  bodies  is  brought 
about  by  abfolute  contaCl  in  any  inflance  whatever* 
The  glaffes  are  not  in  contaCt  where  there  is  vivid  re¬ 
flection;  and  we  have  no  proof  that  they  are  in  contaCt 
in  the  black  fpot,  however  great  the  compreffion  may 
be.  ^ 

It  is  hardly  neceffary  now  to  fay,  that  all  attempts 
to  explain  gravitation,  or  magnetifm,  or  eledricity,  or 
S^'eravi  apparent  adion  at  a  didance  by  the  impulfions 

t-uion;  unfeen  fluid,  are  futile  in  the  greateft 'degree. 

Impullion,  by  abfolute  contaCt,  is  fo  far  from  being  a 
familiar  phenomenon,  that  it  may  juftly  be  queflioned' 
whether  we  have  ever  obferved  a  fingle  inllaiice  of  it. 
The  fuppofition  of  an  invifible  impelling  fluid  is  not 
more  gratuitous  than  it  is  ufelcfs  ;  becaufe  we  have  no 
proof  that  a  particle  of  this  fluid  does  or  can  come  into 
contad  with  the  body  which  we  fuppofe  impelled  by 
it,  and  therefore  it  can  give  no  explanation  of  an  adioii 
61  that  is  apparently  e  dijlantu 
Butimpul-  The  general  inference  from  the  whole  feems  to  be, 
explained  inttead  of  explaining  preflure  by  impull'e,  we  muft 

by  conti-  only  derive  all  iypulle  from  prefiiirc,  but  muft  alfo 
nuedpref.  aferibe  all  preflure  to  aftion  from  a  diftance  ;  that  is, 
‘ure.  to  properties  of  matter  by  which  its  particles,  are  moved 
without  geometrical  con  tad. 

This,  colledion  of  fads  confpires,  with  many, appear- 


partTclel  !f  P^ove  that  even  the  ImpulfioH. 

particles  of  folid,  or  fenfibly  continuous  bodies,  are  not  ' 

in  contad,  but  are^held  in  their  refpedive  fituations  by 
the  balance  of  forces  wbiqb  we  are  accullomed  to  call 
attradions  and  repulfions.  The  ftuidity  of  water  under’ 
very  ftrong  compreffions  (wl,ich  have  been  known  to 
comprefs  It  ,Vth  of  its  bulk),  is  as  inconfiftent  with  the 
fuppolition  ^01  contad  as  the-  ftuidity  .of  air  Is.  The 
(hnnkingor  a  body  m  allus  dimenftons  bv  cold,  nay, 
even  the  beading  ot  any  body,  cannot  be  conceived  with-' 
out  allowing  th;jty«w  of  its  ultimate  unalterable  atoms 
change  their  diftances  from  each  other.  1  he  pheno¬ 
mena  of  capillary  attradion  are  alfo  inexplicable,  with¬ 
out  admitting  that  particles  ad  on  others  at  a. diftance 
from  them.  1  he  formation  of  water  into  drops,  the 
coaleftence  of  oil  under  water  into  fpherical  drops,  or 
nuo  circular  fpots  when  on  the  furface,  fhew  the  fame 
thing,  and  are  inexplicable  by  mere  adhefion.  In  fhort 
all  tne  appearances  and  mutual  adions  of  tangible  mat! 
ter  concur  in  fhewing,  that  the  atoms  of  matter  are  en- 
dowed  with  inherent  forces,  which  caufe  them  to  ap¬ 
proach  or  to  avoid  each  other.  The  opinion  of  Bof- 

ftiTilt  d  rt’'  "'eH  ^“tinded  ;  namely,  that  at  all 

iehilble  diftances,  the  atoms  of  matter  tend  toward  each 
other  with  forces  iiiveifcly  as  the  fquares  of  the  diftauces, 

and  that,  in  the  neareft  approach,  they  avoid  each  otlier 

with  mfupcralk  force ;  and,  in  the  iritermediate  diftan. 
ces,  they  approach  or  avoid  each  other  with  forces  vary¬ 
ing  and  alternating  by  every  change  of  diftance.  .  «co 
the  article  Boscovich,  Suppi 
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Therefore 

impulfion 


^  that  phyricaIPh)(ical 

feiilible  contad  differs  from  geometrical  contad,  in  contact  et- 
tlie  fame  manner  as  phyfieal  folidity  differs  from  that  ofP'*”'"'^* 
the  mathematician  Buclid  fpeaks  of  cones  and  cvlln- 
ders  ftandingoiithefame  bafe,  and  between  the  lame 
para  lels.  Ihefe  are  not  material  folids,  one  of  which 
would  prefs  the  other  out  of  its  place.  Phyfieal  con- 
tad  IS  indicated,  immediately  and  diredly,  by  our  fenfc  ■ 

of  touch  ;  that  IS,  by  exciting  a  prefTure  on  our  organ 
of  touch  when  it  is  brought  fufficiently  near.  It  is  alfo 
indicated  by  impulfion  j  which  is  the  immediate  effed  of 
he  preflure  occahoned  by  a  fufficient  approximation  of 
the  body  impelling  to  the  body  impelled.  Tlie  impnl- 
hon  IS  the  completion  of  the  lame  procefs  that  we  de- 
fcribed  in  the  example  of  the  magnets;  but  the  extent 
of  pace  and  oftime  in  which  it  is  completed  is  fo  fmall 
that  It  efcapes  our  obfervation.  and  we  imagine  it  to 
be^by  contad  and  in  an  inftant.  We  now  fee  that  it 
is  fmiilar  to  all  other  operations  of  accelerating  or  re¬ 
tarding  forces,  and  that  nc)  change  of  velocity  is  inftan- 
taneous  ;  but  as  a  body,  in  palling  from  one  point  of 
fpace  to  another,  paffes  through  the  intermediate  fpace; 
lo,  in  changing  from  enie  velocity  to  another,  it  paffes 
through  all  the  intermediate  degrees  without  the  fmall-' 
elt  Jaltus, 

And  in  this  way  is  the  whole  dodrine  of  impulfion ,i, 
brought  within  the  pale  of  dynamics,  without  the  ad- a^oid  man, 
million  of  any  pew  principle  of  motion.  It  is  meiclr‘>l>ft“’diti<», 
the  application  of  the  general  doarmes  of  dynamics  to 
cafes  where  every  accelerating  or  retarding  force  is  on: 
pofed  by  another  that  is  equal  and  contrary.  We  have 
found  that  the.  opinion,  that  there  is  inherent  in  a  mu: 
ving  ^  y  ^  peculiar  force,  by  which  it  perfeveres  in 
raotioii,  and  puts  another  in  motiqn  by  fliifting  into  it’ ' 
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Impiilfion.  is  as'iifclefs  irs  it  is' inccinTiflettt  Svith 'our  nbti5ns  of  mo- 
c_y  "“'tion  artd  of  niovifig  force's.  impelled  body  is  mo¬ 

ved  by  the  mfiiperablc  repnliion  exerted'  by  <all  atomsof ' 
maker' when  brought  fufiieiently  near.  The  retarda¬ 
tion  of  the  impellingbody  does  not  arife  from  an  inertia, 
or  refifting  fluggifhnefs  bf  the  body  impelled,  but  be- 
canfe  thif?’body  alfoVepels  any  thing  that  is  brought  fof- 
ficlently  nrar  to  it.  '  We  can  Ifave  no  doubt  of  the  ex- 
iftence  of  fuch  canfes  of' motion.  Hpvinga,  expanfive 
diiids,  cohering  fibres,  exhibk  fuch  active  powa's,  with¬ 
out  our  being  able  to  give  them  any  other  origin  than 
the  FIAT  of  the  Almighty,  or  to  comprehend,  in  any 
manner  whatever,  how  they  refide  in  the  material  atom. 
But  once  wc  admit  their  exiilence  and  agency,  every 
thing  elfe  is  deduced  in  the  moll  fimple  manner  ima¬ 
ginable,  without  Involving  us  in  any^  thing  iocompre- 
henfible,  or  having  any  confequence  that  is  inconfillent 
with  the  appearances.  Whereas  both  of  thefe  obllruc- 
lions  to  knowledge  come  in  our  way,  when  we  fiippofe 
any  thing  analogous  to  force  inherent  in  a  moving  body 
folely  becaiife  it  is  in  motion.  It  forces  us  to  ufe  the  un¬ 
meaning  language  of  force  and  motion  palFing  out  of  one 
body  into  another  ;  and  to  fpeak  of  force  and  velocity 
ns  things  capable  of  divifion  and  a6lual  feparation  into 
jiarts.  The  forceof  inertia' is  one  of  the  bitter  fruits 
of  this  mifconception  of  things.  It  is  amnfmg  to  fee 
liow  metaphy ficians  of  eminence,  fiich  as  I3’Alembert, 
endeavour  to  make  its  operations  tally  with  acknow¬ 
ledged  principles.  In  his  celebrated  work  on  dyna¬ 
mics,  the  moil  elaborate  of  .all  his  performances,  he  ex¬ 
plains  diow  a  body,  whofe  niafs  is  i,  moving  with  the 
velocity  2,'  miifl  Hop  another  body  whofe  mafs  is  2, 
moving^^  with  the  velocity  r,  in  the  following  manner  : 
He  fuppofes  the  velocity  2  to  confiH  of  two  parts,  and 
that,  in  the  inftant  of  coHifion,  one  of  the  parts  clellroys 
the  motion  of  one  half  of  the  other  body,  and  then  the 
other  part'deftroys  the  motion  of  the  other  half.  T.hefe 
are  words ;  but  in  vain  lhall  we  attempt  to  accompany 
them  by  clear  conceptions.  His  dillindlion  between 
llie  force  of  inertia  and  what  he  calls  the  aaive  forces 
of  bodies,  fuch  as  the  force  of  bodies  which,  llrike 
each  other  in  oppofite  diieaionsi  is  equally  unfufeep- 
ticle  of  clear  conceptions.  ‘  Aaive  forces  (fays  he)  ab- 
forb  a  part ‘of  the  motion;  but  when  inertia  takes 
part  of  themotibn  from  the  ftriking  body,  this  motion 
paffes  wholly  into  the  body  that  is  ftricken,  none  of  it 
being  abforbed  or  really,  deflroyed.  He  demonftrates 
this  by  the  equation  A  Xa  —  sc  —  B  — b,  which 
is  a  mere  narration  of  faas,  but  no  deduaion  from  the 
nature  of  inertia,  nor  even  any  ellabliniment  of  that  na¬ 
ture  by  philofbphical  argument.  And  in  attempting 
to  give  Hill  clearer  notions  (being  fenlible  that  fome 
great  obfeurity  Hill  hangs  about  it),  he  fays,  “  Inertia 
therefore,  and  properly  fpCaking,  ir,  the  mean  bf  com¬ 
municating  knotion  from  bne  body  to  another.;  Every 
body*  Refill s^  niot ion  ;  and  1t  is  by  refilling  that  it  receives 
it  ;  and  it'  receives  ptecifely  as*  much  as  it  dcftroys  in 
the  body  which  adls  on  it.^’  Surely  almoll  every  word 
of  thid  fentence  is  doing  violence  to  the  common  life  of 
language.  ‘What  c^n  be  mote  incomprchenfible  than- 
that  a  body  refills  rhotiort  only  when  it' receives  it  ? 
Shoiild  a  man  be  thought  to  reHft  being  piiflied  ’out  of 
his  place  When  he  actually  allowjs  another  to  difplace 
him,  qnd  opt  ton'efiftSvheikhe  dirmly  keeps  his  place  ? 
All  thefe  *dilfitulties  and  pdzzlingxjuellioiis  vanilh  when 


we  give' ove^’  fpeaking  okinerka  ^as  fomething  diiirn-'htipulfion.. 
guifliablc  from  ahe  adiive  forces  or  caufes  of  motion  ^ 

which  we  find  in  bodies,  and  ciHlinguiHi  by  the  names 
of  elafticity,  cohefion,  magnetifm,  eledlricity,  weight, 

&c.  and  which  philofophers  have  claffed  under  one 
name,  accelerating  or  retarding  force,  according  as  its 
diredion  chances! o  be  the  fame,  or  the  ©ppofite  to  that 
of  the  motion  under  confideratiori.  -  To  fuppofe  it  a 
peculiar  faculty  by  which  a  body  maintains  its  condition 
of  motion  or  rell,  is  contrary  to  every  conception  that 
we  can  annex  to  the  words  faculty,  power,  force.  It 
is  frivolous  in  the  extreme  to  fay,  that  fnow  has  the  fa¬ 
culty  of  continuing  white  or  cold  ;  or  that  it  refifts  be¬ 
ing  melted  becaufe  it  melts,  01*  becaiife  heat  mull  be  em¬ 
ployed  to  melt  it. 

The  only  argument  that  we  know  for  giving  thestrangeft* 
narne  force  to  the  perfeverance  of  matter  in  its  Hate  of  argument 
motion  (or  rather  for  afcrihiiig  this  perfeverance  to 
exertion  of  a  peculiar  faculty),  which  appears  to  de- 
fei*ve  any  attention,  Is  one  that  we  do  not  recoiled  the  force  with, 
exprefs  employment  of  for  this  purpefe,  namely,  the  a  previous 
compofitiou  of  a  previous  motion  with  the  motion  ’sVhich 
a  known  force  would  produce  in  the  body  at  reft.  We 
know  that  if  a  body  be  moving  eaftward  at  the  rate  of 
four  feet  per  fecond,  and  a  force  ad  bn  it  which  would 
impel  it  from  a  ftate  of  reft  at  the  rale  of  three  feet  per 
fecond  to  the  foutli,  the  body  will  move  at  the  rate  of 
five  feet  per  fecond  in  the  diredion  E.  36^^  32'  S. 

We  know  alfo,  that  if  a  force  ad  on  this  body  at  reft, 
fo  as  to  give  it  a  motion  eaftward  atuhe  rate  of  four 
feet  per  fecond,  and  if  another  force  ad  on  it  at  the 
fame  inftant,  fo  as  to  give  it  a  motion  to  the  fouth  at 
the  rate  of  three  feet  per  fecond,  the  body  will  move  at 
the  rate  of  five  feet  per  fecond  in  the  diredion  E.  36^ 

52'  S.  In  this  inllance,  the  body  previouily  in  motion 
feems  to  pefTefs  fomething  equivalent  to  what  is  allow¬ 
ed  to  be  a.  moving  force.  Why  therefore  refiife  it  the 
name  ?  The  anfwer  is  eafy.  The  term  force  has  been 
applied,  by  all  parties,  to  whatever  produces  a  change 
of  motion,  and  is  meafiired  by  the  change  which  accom¬ 
panies  its  exertion.  There  is  fome  difference  between 
the  parties  about  the  way  of  cllimating  this  meafure  ; 
but  all  agree  in  making,  not  the  motion,  but  the  change 
of  motion,  the  bafis  of  the  meafiirement.  Now  we  Anfwered 
fliewed,  at  great  length,  in  the  article  Dynamics,  that 
the  change  of  motion,  in  every  cafe,  is  that  motion 
which,  when  compounded  with  the  former  motion, 
conftitiites  the  new  motion.  Did  we  take  the  new 
motion  itfdf  as  the  charaderiftic  and  meafure  of  the 
changing  force,  it  would  be  difterent  in  every  diflerent 
previous  ftate  of  the  body,  and  would  neither  agree 
with  our  general  notion  of  force,  nor  with  the  know¬ 
ledge  that  we  have  of  the  adual  preftiires  and  other 
moving  forces  that  wC  know.  T.  he  foie  reafon  why 
the  previous  motion  is  equivalent  with  a  force  is,  that- 
the  only  m^rk  or  knowledge  that  we  have  of  a  moving 
force  is  the  motion  which  it  is  conceived  to  produce. 

The  force  is  equivalent  with  the  previous  motion,  be¬ 
caiife  we  know  nothing  of  it  but  that  motion  ;  and  the 
name  that  we  give  it,  only  marks  fome  external  thing  to 
which  it  has  an  obferved  relation.  We  call  it  magnetifm 
or  eledricity,  becaufe  we  obferve  that  a  magnet  or  an 
eledrified  body ’gives-  occajtoiv  to  its  appearance.  *We 
never  obferve  the  refiftaUcc  of  inertva^  except  in  cafes 
-  where  we  know/from  other  eircumftances,  that  moving 

forces 
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lorces  .nh«-cnUniYbod..s:are  r^lly,.  brought  into  aa^.  g^tes  tke  r.fult.  wfjich  jwJIl.Tnak?  this  quantity  a  mlnf-  Impulfi™, 

TliL^HTertia  of  the  ball,  whi^h^liasfbwv  ,moVc<l^by  a  ,nium,  pud  /aflti  tsntliat!  thefe  .be  the  laws  of  coU  '-A - ' 

ftrokc  _of  another,  is  inferred  from  the^  <3im«iut,o(i..of  lifton.,  tij.ockilf  t^us  inveaigatiixi  Js  extrentelyVimp^ 
that  other's  motion  But  this  is  occafipned  preeifely  and  , very  neat  and  perfpicuots  and  it  gives  v&  y  ea^ 
lo  the  fame  way  as  the  diminution  of  the  motion  of  the  .  folutions,,  Imr  oxample,  the  unelaftic  body  A,  movS 
mignt-t  A  m  the  f.rft  example  ;  an  event  which _eyery  with  the,  yelpcily  ti,  overtakes  the  unelalirc  body  B^ 

movmg^with  the;  velocity., i.,  /.13Qth  move  after  the  col- 
^lifion  v^Hthi  lhe  ^velocity  x-  This  velocity,  is,  required 
'  we  mnft  make  A  +  B  X 

U  a  tninimum  ;  or^  A  —  2  A  ^  ^  +  A  a?-  +  B 
—  2  B  i  X  4*  B  is  a  minimum.  Therefore  —  lAax 
+  2  A  a;x  +  2  B  —  2B^x=:o,  or2A^2  +  2B^ 

—  A  I  :  I  A  -f-  B  ^ 

^  ^  2  X  —  have 

already  fhewii  it  to  be. 
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uaprepoirefied  perfon  aferihes  to  the  repulhop  of  B  in 
the  oppohte.diredlioii,  and  .not  to  its.  inertial, r  -  i  j 
Wc  truft  ^that  our  readers'  are  not  -dffpIcaM.Avith 
this  detail  of  the  procedure  of  Nature  in  the  pheaoWe- 
11a  t)f  impulfion.  It  has  been,  prolix  j  ^becaufe  we,ap 
prehend,  that  the  too  fynoptical .  inanner  in  which  the 
laws  of  collilion  have  always^been  delivered,  leaves  tlie 
mind  in  great  obfciirity  couceniing  the  conneftion  of 
the  events.  ^  General  faas  have  been; taken  for  philofo- 
pbical  principles  and  elementary, tniths  ;  .whereas  they 
were  dtxluelious  from  the  fum  total  of  our  knowledge. 
They  were  very  proper  logical  pnnciples  for  a  fynilie- 
tical  difcuflion  ;  but  their  previous  edablifhment  as  ge¬ 
neral  fa6ls  was  neceffaiy.  We  have  eftablifhecl  the  two 
mod  general  fadls  from  which  the  refult  of  every  colli- 
fion  may  be  deduced  with  the  utmod  eafe.  The  iirft 
is,  that  in  the  indant  of  greated  compreffion,  the  com- 
^  AazizBb 

mon  velocity  is  =  ^  —  ;  and  we  have  fliewn  that 

this  is  applicable  to  the  coilihon  of  iineladic  bodies. 
The  feconid  is,  that  the  change  in  perfedlly  eladic  bodies 
is  double  of  the  change  in  iinelallic  bodies.  The  conferva- 
tio  fiiomentoruru ^  and  the  conjervatjo  virium  vivaruf^y  are 
alfo  general  faas  ;  or  rather  they  are  the  fame  mention¬ 
ed  with,  thofe  above,  confidered  in  another  afped.  They 
may  all  be  ufed  aff  the  principles  of  a  fynthetie  treatife 
of  impdlfion  ;  and  they  have  been  fo  employed.  Each 
has  its  own  advantages. 

^  Mr  Maupertuis  gives  a  treatife  on  the  Comiminica- 
tfon  of  Motion,  that  is,  of  impulfion  or  collifion,  which 
has  the  appearance  of  being  deduced  from  a  new  prin¬ 
ciple,  which  he  calls  the  principle  of  smallest  ac¬ 
tion.  He  fuppofes  that  perfed  Wifdom  will  accom. 
phfh  every  thing  by  the  fmalled  expenditure  of  aftion; 
and  he  chaneed  to  obferve,  in  the  equations  employed 
in  the  common  dodlrine  of  impulfion,  a  quantity  which 
18  always  a  inininium.  He  choofes  to  confider  this  as 
the  ekpreflion  of  the  adion. 

His  principle  or  axiom,  deduced  from  the  perfed 
wifdom  of  God,  is  thus  exprefTed  ;  “  When  any  change- 
happens  in  nature,  the  quantity  of  adion  receirary  for 
it  is  the  fmalldl  poffible.^’  And  then  he  adds. 

In  mechanical  changes,  the  quantity  of  adion  is  the. 
produd  of  the  quantity  of  matter  in  the  body  by  the 
fpace  pafled  over,  and  by  the  velocity  of  the  motion.’^ 
f'his  is  evidently  the  meafure  adopted  long  before  by 
Leibnitz  (fee  PhiL  Tranf  vol.  xliii.  p.  423,  &t.),  and 
it  is  equivalent  to  m  5  becaufe  the  fpaee  multijitied  by 
the  velocity  is  as  the  fquarc  of  either.  We  refer  to 
Dr  Jiirin's  remarks  on  this  pafTage  for  proof  that  this. 


^  Tlie  amiable  and  w'ortliy  author  grew  more  fond  of 
hi^  theory,  when  he  faw  what  he  imagined  to  lie  its  in- 
hueiiee  extended  to  an  iminenfe  variety  of  the  opera¬ 
tions  of  nature.  Euler  demonftrated,  that  the  quan¬ 
tity  cdled  aalm  by  Maupertuis  w'as  a  minimum  in  the 
planetary  motions,  and  indeed  in  all  curvilineal  motions 
in  free  fpace.  But  all  the  while,  this  principle  of  lealf 
adion  is  a  mere  whimj  and  the  fornniia  which  is  fo  ge- 
-  nenilly  found  a  minimum  has  no  perceptible  connedion 
with  the  quantity  of  adion.  In  many  cafes  to  which 
Maupertuis  has  applied  it,  the  conclulions  are  in  dired 
oppofition  to  any  wtion  that  we  can  form  of  the  eco¬ 
nomy  of  adion.  Nay,  it  is  very  difputable  whether  it 
does  not,  on  the  contrai-y,  exprefs  the  greatell  want  of' 
economy;  namely,  a  minimum  of  effed  from  a  given 
expenditure  of  powtfr.  Jn  the  cafe  of  ^impuirion,  this 
miniinum  is  the  mathematical  refuk  of  the  equality  and 
oppolitioii  of  adion  and  readion.  Maupertuis  might 
haye^  pleafed  his  fancy  by  laying,  that  it  became  the 
inhiiite  wifdom  of  God  to  make  every  primary  atom 
of  matter  alike  ;  and  tluswuiild  have  aiifwered  all  hiV 
purpofe. 

There  dill  remains  to  be  confidered  very  mat.erialE 
circum{lance  u*n  die  dodriiic  of  inipulfion,  which  pro- into  theV^ 
duces  certain^  inodilicationsh  pfMUe  niotions  that  are  of^^ihution 
mighty  pradical  importanceij  AVediave  contented  olir- ” ^ 
fcKes  with  merely  ftariiig  force  that  isuoInrthL 

broug.it  nito  aaion,  in  the.  points  'of  pl.ylical  contad  j is  ftruck. 
but  havre  not  explaincd-how  this,  produces  the  progref* 
live  motion  of  every  pactieie.of  the  ira,peUtd  body,  and 
what  motion  it  really  tioe$  produce  in, the  I'-emote  par- 
ticks.  A  body ,  .bejfidcs-  the  general  prpgreffive  motion 
wnich  It  receives  from  the,  blow,  is  cdmnionly  obferved 

to  acquire  alfp  a  motton  of  rotation,  by  which  it  whirls 
round  an  axis^  It  h.is  not  been  fljewn,  that  when  a 
body  has,  received  an  iinpiilfe  by  a  blow  in  a  particular 
direCuoii  on  one  point,  it,, will  proceed  in  that  diredion, 

or  III  what  diredion  it  .wi|l  proceed.,  .  Experience  fiiews' 

us,  that  this  depends  on  circutnfliaVeeS  not  yet  confider. 
ed.  Xhe  billiard  pipy er 'knows,  that  fey  ,a  ttrdke  in  one 


•  .  n”  ■■■7'' — -ft-  -y  o‘“n‘r“;PViy'?r  Knows,  tnpt  hy,a  itroke  in  one 

IS  by  no  rae.mi3  a  juR  meafure  of  adtpn  ;  and  only  ob-,  diredion  .he. c^n  inake  his  antagonift’s.  ball  move  in  a 
ferve  here,  that  we  can  form  no  other  notion  of  velock  diredion  extremely  diffeiknt  '  ‘  '  ‘  ^ “ 

ty  than  that  of  a  certain  fpace  deferibed  in  a  given  time.  Thefe  are  queftions:  of  gr^tfentricacy  and^diliculiv 
1  he  change  produced  IS  not  the^adual  defeription  of  and- would  employ  volumes  to  ferhat  them'  pSv! 
a  line,  but  the  determination  to  tUat  motion.  It  is  iuh  We  have  already  enlarged,  this*  arti9ie  till  we  feafthat 

we  have  exhaiiRed  the.,  reader’s  patience;.' and  deviated 
from  the  proportion  of  room  juftly  allotyabie  to  iMpyi,. 


this  refpedl  alone  that  the  condition  of  the  body  is 
changed  ;.and  therefore  the  produd  7» 'll,  and  not  msvy 
proper  meafure  of  the  adion.  On  the  authority 
oi  rhiscihaxim  of  diyine  condud,  Maupertuis  iuvefti- 


tu nil  therefore  limit  our  ^atteution  to  (jich* 
things  oply.  as*  feem  dernentc^ry;  .and^  indJfpcnfably  ne-- 
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linpuirion>  GefTary  fotr  ^^ufeful  application  of  ^hc  dodrinc  of 
pulfion. 

With  rcfpe^l  to  the  dtreBtQn  of  the  motion  produced 
by  impulfion,  the  very  example  juft  now  borrowed  from 
billiard  playing,  diews  that  it.  is  important,  and  by  no 
means  obvious.  We  are  forry  to  fay,  that  we  have  no¬ 
thing  to  offer  in  folutioa  of  this  queftion  that  wnll  be 
received  by  all  as  demonftration.  It  is  compreh ended 
in  the  following  prqppljtioii,  which  we  bring  forward 
merely  as  a  matter  qf 

A6bon  of  The  direftion  of  the  ftroke  or  prefiure  exerted  by 
bodies  by  two  bodies  in  phyfical  corita£I,  is  always  perpendicular 
conta(5l  is  touching  furfaces.  Of  this  truth  we  have  a  very 

cular  to  and  pretty  example  and  proof  by  the  billiard 

touching  table.  If  two  balls  A  and  B  (fig.  2.)  are  laid  on  the 

fuiface.  table  in  conta(Sl,  and  A  is  finartly  ftruck  by  a  third  ball 

C  in  any  dire£lion  C  fo  that  the  line  a  A,  which 
joins  the  point  of  contact  a  with  the  centre  A,  may 
make  an  obtufe  angle  with  the  line  AB,  joining  the 
centres  of  the  two  balls,  the  ball  B  will  always  dy  off 
in  the  direction  ABF.  The  prefiure  on  B,  which  pro¬ 
duces  the  iinpulfion,  is  evidently  exerted  at  the  point  b 
•of  conta(ft,  and  the  dire<ftion  BF  is  perpendicular  to  the 
plane  G^H,  touching  both  balls  in  the  point  h.  Tlie 
primary  ftroke  is  at  and  a(^Is  in  the  efireddion  a  A> 
although  C  moved  in  the  dircdioii  C  c.  Had  A  been 
alone,  it  would  have  gone  off  in  the  direcflioii  a  A  pro** 
<Iuced.  But  the  force  ading  in  the  diredion  a  A  is 
equivalent  to  tlie  two  forces  <id  and  r/ A,  of  which 
d  A  prefles  the  ball  on  B  at  b,  and  produces  the  mo¬ 
tion.  In  like  manner,  another  ball  E,  fo  laid  that/B^ 
is  obtufe,  will  fly  off  in  the  diredion  ED,  wdiicli  may 
even  be  oppolitc  to  C  c.  Tltcfe  are  matters  of  f»»d.  ; 
not  indeed  precifely  fo,  becaufe  billiard  balls  are  not 
perfedly  ejaftic,  reftoring  their  figure  with  a  prompti¬ 
tude  equal  to  that  of  their  eomprelhon  ;  and  alfo  be- 
csiufe  there  is  a  little  fridlon,  by  which  die  point  a  of 
the  ball  A  is  dragged  a  little  in  the  diredion  of  C’s  mo¬ 
tion.  This  may  both  give  a  twirl  to  A,  and  diniinlfh 
its  prefiure  on  B.  The  general  refult,  however,  is 
abundantly  agreeable  to  the  dodrincs  now  delivered. 
But  we  willi  to  fliew  on  what  properties,  of  tangible 
matter  this  depends  ;  ^and  although  we  dare  not  hope 
for  implicit  belief,  we  exped  fome  credit  in  what  we 
fhall  offer. 

lOemonftra-  evident  proof,  that  at  a  diftance  which  is 

not  unmeafureable  by  its  minutenefs,  and  certainly  far 
exceeds  the  900th  part  of  an  inch,  bodies  repel  each 
other  with  very  great  force.  This  diftance  alfo  far  ex¬ 
ceeds  the  diftance  between  the  particles,  if  thefe  are 
diferete.  Eet  mn  (fig.  3.)  be  the  diftance  at  wdiich  a 
particle  repels  another,  and  let  P  be  a  particle  fituated 
at  a  lefs  diftance  than  nm  from  the  furface-AC  of  a  fo- 
lid  body.  With  a  radius  PA,  equal  to  m  n,  deferibe  a 
fegment  of  a  fphere  ABC,  and  draw  PB  perpendicu¬ 
lar  to  AC.  It  is  plain  that ^eveiy  particle  of  matter 
in  the  fegment  ABC  repels  the  particle  P,  and  that  it 
is  not  affeded  by  any  more.  Let  D  he  any  fiich  par¬ 
ticle.  It  repels  P  in  the  diredion  DP.  But  there  is 
another  particle  d  fimilarly  fituated  on  the  other  .iide  of 
PJB.  This  will  repel  P  with  equal  force  in  the  direc* 
tiQU  ^P,  Thoxfore  the  two  .particles  D  and  V  will 
produce  a  Joint,  repulfion  in  the  diredion,  BP.  The 
like,  may  be  Laid, of  every  particle  and  its  correfponding 
«nc  on  the  other,  fide  oL-PB...  Thetxfore  the 


pulfion  of  all  the  ma.ttcr  irt  the  fegment  wjll  have  the  pulfion. 
diredion  BP.  It  is  plain,  that  the  radius  of  curvature 
of  every  fenfible  figure  may  be  confidered  as  immeiifely 
great  in  comparlfoii  of  m  n  ;  and  theicfarc  the  propofi- 
tioo  is  manifeft. 

This  is  a  propofition  of  very  great  importance  to  the 
artift  and  the  engineer,  us  well  as  to  the  phllofopher. 

In  all  the  connedions  of  engines  and  machines,  the  mu¬ 
tual  adion  is  regulated  by  this  fad.  The  mutual  pref- 
furc  at  the  contads  of  the  teeth  of  wheels  and  pinions 
depend  fq  much  on  It,  that  It  is  eafy  to  make  them  of 
fuch  a  ihape  that  they  fhall  produce  no  force  whatever 
that  is  of  any  fervice;  and  it  requires  a  flcilled  attention 
to  their  forms  to  obtain  the  fervice  we  want.  This^ 
will  be  confidered  with  fome  care  In  the  article  Ma¬ 
ch  ive.  ,  - 

Plaving  thus  difeovered  the  diredion  of  the  real  Im- 
piilfioa,  and  that  it  may  be  very  different  from  that  of 
the  force  exerted,  we  proceed  to  coiifider  what  will  be 
the  diredion  and  velocity  of  the  motion,  and  whether  it 
will  be  accompanied  with  any  rotation. 

Our  readers  are  acquainted  with  the  elementary  me- a  ftroke, 
chanical  property  of  the  centre  of  gravity.  If  a  body  whole  ac- 
be  fupported  at  this  point  by  a  force  ading  vertically 
upwards,  and  equal  to  the  united  weight  of  every  par  centre 
tide  of  matter  in  it,  It  will  not  only  remain  at  reft,  but«fapofi- 
v/ill  have  no  tendency  to  Incline  to  either  fide  ;  that  is,uon  of  folid 
the  upward  force  balances  the  weight  of  the 
body,  and  the  mechanical  momenta  of  all 
particles  balance  each  other,  like  the  weights  in  thetion. 
fcales  bf  a  fteelyard.  That  this  may  be  the  cafe,  we 
know  that  if  the  weight  of  every  particle  be  multiplied 
into  the  horizontal  lever  by  which.lt  hangs  (which  is  a 
line  drawn  from  the  particle  perpendicular  to  a  vertical 
plane  paffing  through  the  centre  of  gravity),  the  funi 
of  all  the  produds  on  one  fide  mull  be  equal  to  the  fuin 
of  all  the  produds  on  the  other  fide.  Therefore,  if 
we  fuppofe  the  particles  all  equal,  and  reprefent  each 
by  unity,  the  fums  of  all  the  perpendiculars,  themfclves 
mull  be  equal.  How  is  this  balancing  effeded  ?  Every 
particle  tends  downwards  with  a  certain  force.  It  mull 
therefore  be  kept  up  by  a  force  precifely  equal  and  op- 
polite.  This  muft  be  propagated  to  the  particle  by 
means  of  the  conneding  corpulcular  forces.  The  force 
propagated  to  any  particle  is  eqftal  and  oppofite  to  the 
force  ading  on  that  particle,  which  it  balanced  ;  and  if 
not  balanced,  it  would  produce  a  motion  equal  and  op- 
pofite  to  that  produced  by  the  other  force.  Gravity 
would  caufe  every  particle  to  defeend  equally  ;  therefore 
the  force  which,  by  ading  on  one  point,  excites  thofe 
balancing  forces  on  each  particle,  would  caufe  them  to 
move  equally  upwards.  And  fince  this  Is  true  in  any  ^ 

attitude  of  the  body,  it  follows,  that  a  force  ading  In 
any  diredion  through  the  centre  of  gravity,  will  caufe 
all  the  particles  to  move  in  that  diredion  equally  ;  that 
is,  without  rotation. 

Hence  we  learn,  that  when  the  diredion  of  the  ftroke 
given  to  any  body  paffes  through  the  centre  of  gravity, 
the  body  will  move  in  tliat  diredion  vvi|;hout  any  rota¬ 
tion.  If  the  quantity  of  matter,  or  number  of  equal 
particles  in  the  body,  be  w,  the  moving  power  P  will 
imprefs  on  each  particle  an  accelerating  force  y,-  equah 

to  the  mth  part  of  P.  Therefore  f  =  — ,  and  P  z=  w/. 

An  accelerating  force  is  eftimated  by  the  velocity  n, 

wliick 
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wh,ch  .t  generates  by  aaing  uniformly  durfifg  feme  fomey  the  general  fads' mentioned  above,  by  means  fmpulfion. 
limp  f  Pkv  II.  —  f  t-  unn  f  —  — 1  Ti  I  ,  ^  -  which  we  may  reduce  aU  the  varieties  to  fomc  eafy  '  ' "  v "  ' ^ 

mnft  ferviceable  general  fads  are;  1.  That 
the  adrolis  of  bodies  on  each  othOr  depend  on  their  re- 
lative  motions  ;'and,  i.  That  the  motion  of  the  common 
centre  is  not  changed  by  the  collifion.  Tbefe  enable 
us  to  reduce  all  to  the  Cafe'of  a  body  in  motion  ilri. 
king  another  at '  reft.  We  have  only  to'determine  their 
relative  motion  by  the  propofition  in  Dvnamics,  ns  67. 
and  then  to  fuperadd  the  common  motion,  which  chan¬ 
ges  the  relative  into  the  true  motions.  Thus  if  two 
bodies  A  and  B  (fig.  4.)  meet  in  D,  dtfcn’bing  the 
lines  AD,  BD,  the  collifion  is  the  fame  as  if  B  had  re¬ 
mained  at  reft,  and  A  had  come  againft  it  with  the  mo¬ 
tion  AB.  In  the  mean  time,  the  common  centre  of 
pofuion  has  deferibed  CD.  If  the  bodies  are  undaftic, 
they  reraam  united,  and  proceed  in  the  line  CD  produ¬ 
ced  toward  E,  and  their  common  velocity  will  be  repre- 
fented  by  DE,,  equal  to  CD,  if  AD  and  BD  reprefent- 

d  ,  ..d  i,-  liiirih  ';5;  ’''“fS 

r.'' f  Vf  t  r "» 

lociiies  with  winch  they  approached  it.  Therefore 
draw  a  E  3  parallel  to  ACB,  and  make  E  a,  E  3  equal 
to  CA  and^CB,  and  then  E  a  and  E  3  are  the  paths 
and  velocitiM  of  the  bodies.  All  this  is  abundantly' 
plain,  and  is  a  neceflary  deduftion  from  the  general 
principle,  that  the  motion  of  the  centre  is  not  affefted 
by  any  equal  and  oppo'lite  forces  which  connea  the 

ft'rike  an  intermediate'b^^B  .  .  ,, 

which  is  lying  in  contaa  with  C  irmanv  cafes  S  .  '  '  n  '  fiifficient  for  afcer-  ofjf.c- 

r..n  n  w.  "'■.  '"‘'"y  ‘-‘‘‘es.  the  taming  the  refults  of  collifion  which  occur  in  many  of  compared 

the  moft  important  cafes;  It  not  only  fuppofes  that  h'  rota- 
AE  and  EE  are  cxr.aiy  proportional  to  the  velocities 
of  A  and  B,  but  alfo  that  they  meet,  fo  that  the  plane 
of  mutual  contaa  Is  perpendicular  to  the  line  AB,  and 
that  the  ftruke  on  each  is  direaed  to  its  centre.  Thefe 


time  ^  orv=/r,  and/=:  p  and  P  =;  m  p,  and 

fymbol  /  may  be  omitted,  if' we  reckon 

every  force^  by  the  velocity  which  it  can  produce  hi  a 
Iccoiid.  1  bus  may  all  forces  be  compared  with  gra¬ 
vity,  by  taking  32  feet  for  the  meafure  of  gravity. 
Then  mv  will  exprefs  the  number  of  pounds  which 
give  a  prelTure  equal  to  the  force  under  confideration.' 
Thus  if  the  force  can  generate  the  velocity  48  feet 
per  fecond  in  100  pounds  of  matter,  by  aaiiig  on  it 
uniformly  during  a  fecond,  its  preffure  is  equal  to  the 
weight  of  150  pounds. 

When  a  body  A,  moving  with  the  velocity  a,  over¬ 
takes  or  meets  a  body  B,  moving  with  the  velocity  3, 
and  the  line  perpendicular  to  their  touching  furfaces 
pafihs  through  the  centres  of  both  in 'the  direaion  of 
their  motion,  all  the  circumftances  of  the  collifion  are 
determined  by  the  rules  already  laid  down.  This  is 
called  DIRECT  -  .  - 

the  a_  ^ _  -V.  V,.  UC 

duced,  as  we  have  done  it,  from  the  aftion  of  accelera- 
ting  forces.  All  that  was  faid  of  the  changes  of  mo¬ 
tion  produced  in  the  m.-ignets  obtain  here  without  any 
tanner  modification. 

We  may  juft  be  allowed  to  take  notice  of  a  curious 
obfervation  of  Mr  Huyghens  on  the  collifion  ofperfea. 
ly  etaftic  bodies.  Inftcad  of  impelling  the  elaftic  ball  C 
by  the  ftroke  of  the  elaftic  ball  A,  we  may  caufe  A  to 
ftnke  an  intermediate  ball  B  (alfo  perfedly  elaftic), 
which  IS  lying  in  contaft  with  C.  In  many  cafes,  the 
m  n  ftir  fcnfibly  from  its  place,  and  C  alone 

vyill  fly  off.  Nay,  if  a  long  row  of  equal  billiard  balls 
be  in  contaa,  and  one  of  the  extreme  balls  be  hit  by 
another  ball  in  the  direaion  of  the  row,  only  the  re¬ 
mote  ball  of  the  row  will  fly  off.  All  this  is  cafily  feen 


and  underftood,  by  confiderinv  them  as  bod  es  ra  unnll  a  °n  ^hefe 

repelling,  and  placed  at  the  limits  of  their  mutual  ^  wi  1  not  always  be  combined,  even  in  the 

tion.  Or  even  fnppofine  them  e  aftic  b^  "'fu  eonfequence  will  be,  that 

fmall  dIftancefroreach''other:  The  baft  In 


fmydl  dlftancc  from  each  other  :  The  ball  employed  to 
itrike  the  firft  comes  to  reft,  and  the  ftriken  ball  moves 
off  with  its  velocity  :  It  ftrikes  the  fecond  ball  of  the 
row,  and  is  brought  to  reft  :  The  fecond  ftrikes  the 
third,  and  is  brought  to  reft  :  And  this  goes  on  in 
iiccemon  to  the  laft,  which  is  the  only  one  that  can 
fly  off.  The  curious  obfervation  of  Mr  Huyghens  is 
that  a  greater  velocity  will  be  communicated  by  a  laro-e 
ball  to  a  fmall  one,  if  we  employ  the  intermedium  Of 
another  ball  of  a  fize  between  the  two  ;  and  that  the 
velocity  will  be  the  greateft  poffible  when  the  interme- 


that  of  the  bodies  may  fometimes  be  different.  We 
mull  therefore  give  a  general  propofition,  which  will. 

With  a  little  trouble,  enable  the  reader  to  determine  all 
the  motions  which  can  take  place,  whether  progreffive 
or  rotative.  °  ■ 

Let  the  body  A  (%•  5*)^  moving  with  the  velocity  General; 
V  ,  in  the  direction  AE,  ftrike  the  body  B  at  reft.  Eettheorem. 
F  be  the  point  of  mutual  contadt,  and  3FH  a  plane 
touching  both  bodies  in  F.  Draw  AFP  perpendicu. 
lar  to  this  tangent  plane,  and  through  G,  the  centre 
of  pofition  of  B,  draw  PGC  perpendicular  to  FP,  and 


,i;  .«e  n-  or  poiition  ot  ij,  d 
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by  the  intervention  of  two,  three,  or  more;  mean  pro. 
poVtionals.  ^ 

Blit  th«  direaion  of  the  ftroke.  may  not  be  the  fame 
that  of  the  motion.  This  is  called  obliqj/b  jm- 
cafes  of  oblique  collifions  are  extremely 
difierent,  accordmg  to  the  direaions  of  the  motions;, 
and^  the  refults  are,  in  many  of  them,  far  from  being 
cbvious.  But  we  have  noc  room  for.  a  particular  treat- 


city  V. 

The  impulfe  is  made  at  the  point  F,  .in  tiie  direaion 
AF  or  FP,  and  the  centre  of  pofition  of  the  body  Bi 
will  advance  in  the  direaion  GI,  parallel  to  FP,  the  di- 
redion  of  the  effedive  impulfe.  But  becaufe'  this  does 
not  pafs  through  the  centre  G,  the  body  will  advance, 
and  will  alfo  turn  round  an  axis  pafling  through  G', 
perpendicular  to  the  plane  of  the  lines  GP,  PF,  and. 


of  them.^  We  ihall  tfiercfoi^  avail  ourfelvea  of  tfieTpontaneous'axis 

fame. 


I  M  P 


T  So8  ] 


I  M  P 


Impulfi on.  foRic  point  C  of  the  line  PG,  and  will  alfo  be  perpen- 
dicularto  the  fame  plane.  All  this  has  been  demonllra- 
ted  in  the  article  Rotation,  94,  &c.  Complete 
the  parallelogram  AFHE.  It  is  plain,  that  the  mo¬ 
tion  AH  is  equivalent  to  AE  and  AF.  By  the  mo¬ 
tion  AE,  A  only  Aides  along  the  furface  of  B  without 
preAing  it,  or  caiiling  any  tendency  to  motion  in  that 
.  diredlion,  except  perhaps  a  little  arifing  from  fridion. 
It  is  by  the  motion  AF  alone  that  the  impiilfe  is  made. 
AF 

Tlicrefore  let  i)  be  rr  V  X  ;  and  then  A  Xv  may 

71  be  called  the  ejjiclent  impulfe  of  the  body  A  in  the  pre- 
Efhcient  fent  circumllances,  and  •t)  the  ejficient  velocity.  This  will 
velocity,  diininilhed  by  the  collifion.  Let  x  be  the  unknown 
velocity  remaining  in  A  after  the  collifion,  or  rather  in 
the  inftant  of  the  greateft  compreAion  and  common  mo¬ 
tion  of  the  touching  points  of  A  and  B,  eliimated  in 
the  diredion  FP,  The  effedive  momentum  loft  by  A 
mull  therefore  be  A  X  *0  —  .v  :  but  the  fame  mull  be 
gained  by  B,  and  its  centre  G  muft  move  in  the  direc¬ 
tion  GI,  parallel  to  FP,  with  this  momei^tum.;  and 

therefore  with  the  velocity  — - That  thk 

1> 

may  be  the  cafe,  the  point  of  percuAion  F  muft  yidd 
with  the  velocity  rc,  becaufe  the  bodies  are  in  contad. 
But  becaufe  C  is  the  fpontaneons  axis  of  converfion, 
every  particle  is  beginning  to  defcribe  an  arch  of  a  circle 
round  this  axis.  Therefore  F  is  beginning  to  move  in 
the  diredion  F^,  perpendicular  to  the  momentary  ra¬ 
dius  vedor  CF.  Let  F^bc  a  very  minute  arch,  de¬ 
fer  ibed  in  a  moment  of  time.  Draw  perpendicular 
to  FP.  Then  F y^is  the  motion  F^»^  reduced  to  the  di¬ 
redion  FP,  and  will  expiefs  the  yielding  of  B  in  the 
diredion  of  the  impulfe,  while  G  deferibes  a  ipaee 

AXv  —  X  A  ^  Theve- 


equal  to 


B 


. ,  and  A  deferibes  a  fpacc  .v. 


^  Ax  V  ^  X 
g- 

Ax  CP 

-  ^  B  X  C  G  * 

K  X  B  X  CG  + 


atnl  .V  =: 


Ax  V  --xX  CP 


ocX 


AX  CP 


BxCG 

wherefore 


BxCG 
XAxCP=:*yXAX  CP, 


72  ^ 
Unelaftia 


ed  on  by  a  force  Ax*o  —  in  the  diredion  FA.  •mpnlftGfi. 
This  muft;  be  compounded  with  AxV,  in  the  diredfioa 
AH,  in  order  to  obtain  the  new  motion  of  A  ;  or  it 
may  be  found  by  compounding  x,  wdiich  is  retained  by 
A,  with  FH,  which  has  iuffered  no  change  by  the  col- 
lifion.  The  bodies  will  therefore  feparate,  although 
they  be  uuelailic  :  If  they  are  elaftic,  we  muft  double 
thefe  changes  on  each*  If  B  was  alfo  in  motion  before 
the  collifion,  the  motion  of  A  muft  be  rel'oived  into 
two,  one  of  which  is  equal  and  parallel  to  the  motion 
of  B  ;  the  other  muft  be  employed  as  we  have  employ¬ 
ed  the  inotidn  AH. 

ExpteAtons  ftill  more  general  may  be  obtained  for  x 
and  u  ;  namely,  by  taking  the  formulae  fur  the  centres 
of  coiiVcrfion  find  pcrcuAiun  (Rotation,  u-^  96,  99.) 


CG  = 


PS* 


and  C  P  = 


L 


r*  4-  B  X  CP* 


B  X  GP’  ^  ^  -  B  X  GP 
where  p  (lands  for  a  particle  of  matter,  and  r  for  its 
diilance  from  an  aXis  pafiing  through  G  ptipendicular- 
ly  to  the  plain  of  the  lines  OP  and  PF.  In  this  v/ay 

A-fpi 


we  obtain  x  zz  v 


•A-BGP* 


73 


fore  F^^  will  exprefs  rc.  Let  P/>  be  the  fpace  deferibed  in 
the  fame  time  that  F,^  is  deferibed.  Diaw/C,  cutting 
CK  in  the  point  1.  GI  is  the  yiedding  of  the  body  B  to 

the  impulfe,  and  muft  therefore  be  equal  to  - 1. 

The  triangles  Vfg  and  CPF  are  firnilar  ;  for  the 
angle  CTP  is  the  complement  of  I'fg  to  a  right  angle  : 
It  is  alfo  the  complement  of  PCF  to  a  right  angle. 
Therefore  F :  T  fzz  FC  i  CP.  But  F^  :  P y 
FC  ;  CP  ;  becaufe  the  little  arches  F^,  V p  have  the 
fairc  angle  at  C.  Therefore  Py  rr  F/,  rr  x.  It  is 
plain,  that  CG  :  CP  GI  :  P/-  Therefore  CG  ;  CP 


A  +  B-T/r'  +  AB-GP* 

It  is  plain  from  this  propofition,  that  the  progreflive  Change  oF 
motion  of  the  body  depends,  not  only  on  the  momen-trogreffive 
turn  of  the  impelling  body,  but  alfo  on  the  place 
the  other  is  ftruck  ;  For  even  although  the  original 
mentuin  of  A  be  the  fame,  and  the  obliquity  of  thedireddon  of 

ftroke,  making  T)  the  fame,  and  the  body  (and  confe-the  tffec- 
^  ^  tive  (Ircke 

qiicntly  /y  ?**)  nlfo  remain  the  fame,  we  fee  that  x  and 
u  depend  on  the  ratio  of  CP  to  CG.  Now  C  and  P^  ^  ceiitref. 
are  alway  s  on  oppollte  Ades  of  G  ;  Coiilequently,  by 
dug  the  direClion  FP  of  the  impuliion  tart  her 
G,  we  diminirti  CG  and  increafe  CP  ;  and  there- 

ACP 


reinovin 
from 


fore  increafe  the  value  of  x  v 


B  CG  f  A-CP  ’ 


and 


aild 


X  B  X  CG  4.  A  X  CP  =  *1;  X  A  XCP,  and 
A  X  CP 

X  zz  vX  Q(2|  }~"A  X  CP  ^  ~  velocity^  lemain- 

ing  in  A,  elllmated  in  the  dire<4ion  FP. 

And  w,  the  velocity  with  which  G  will  advance,  is 

SSr.r’'-^  ;  for  CP :  CG  =  P/.  .  GI,  =  «  : 1.  i.  .,!• 

dent  that  A  will  change  its  diredion  by  the  collifion  ; 
For  in  the  inftant  of  greateft  coniprefiion,  It  was  reafb 


confequently  diminifii  the  value  of  AX'n — x^  to  winch 
B  X  w  is  equal.  The  greateft  momentum  of  B  is  pro¬ 
duced  when  the  diredion  of  the  impulfe  pafTes  through 
G,  and  no  rotation  is  produced.  Indeed  we  are  led, 
by  a  fort  of  common  fenfe,  to  exped  this.  ^  74 

This  inveftigation  is  by  no  means  a  piece  of  mere  htiporcanctf 
fpecuhtive  curiofity.  It  is  the  folutioii  of  the  g^'^’^^teft 
problem  in  pradical  mechanics.  It  is  in  this  way 
we  muft  proceed  in  computing  the  adions  of  the  wind^^c. 
and  water  on  the  fails  and  hull  of  a  fnip.  Were  it 
not  that  many  cirCumftances  concur  in  determining  fe- 
vensl  of  the  preparatory  fteps,  it  is  evident  that  the  tali: 
muft  be  almoft  impradicable.  But  the  preiTure  and  its 
diredion  are  geut^rally  determined  by  experiment,  wuth- 
out  the  trouble  of  computation  ;  and  we  are  feldom  fo- 
licitous  about  the  fubfequent  motion  of  the  wind  or 
water.  ^  ^  y. 

There  is  another  queftion  in  impiilfion  which  Is  ofinipnifion 
the  firft  pradical  importance— namely,  when  the  im- on  bodies 
pnlfe  is  exerted  on  the  parts  of  a  machine,  where  the  confirmed 

body  llruck  is  not  at  liberty  to  yield  freely  to  the  * 

ftroke,  but  muft  ftide  along  fome  folid  path,  or  turn 
round  fome  axis,  or  take  fome  other  conftraiiied  mo¬ 
tion.  The  operations  of  moft  engines  depend  on  this. 

The  operation  of  wedges,  axes,  and  many  cutting  and 
piercing  Inftruments,  and  the  penetration  of  piles,  im¬ 
pelled 
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rmp^Tion.  pelled  by  a  rammer,  are  all  afcertained  by  the  fame  doc¬ 
trines.  But  the  particular  applications  can  fcarcely  be 
elucidated  by  any  claffification  that  occurs  to  us,  the 
■circumftances  of  the  cafe  making  fuch  great  difFerence 
in  the  refult,  both  in  kind  and  degree.  For  example, 
in  the  fimplefl:  cafe  that  occurs,  the  driving  of  piles,  tiie 
penetration  of  the  pile  depends,  in  the  firft  place,  on  the 
momentum  of  the  rammer.  If  the  inafs  of  the  pile  be 
iiegleaed,  the  penetration  through  a  uniformly  refilling 
fubftance  will  be  as  the  fqiiare  of  the  velocity  of  the 
rammer  (Dynamics,  Suppl,  n®  95.),  and  its  abfolute 
c][uantity  may  be  determined  from  a  knowledge  of  the 
proportion  of  the  weight  of  the  rammer  to  the  refiftance 
of  the  earth,'  But  when  we  confider  that  we  have  to 
put  in  motion  the  whole  matter  of  the  pile,  we  learn 
that  a  great  diminution  of  the  effed  mull  take  place. 
We  ftill  can  compute  what  this  mull  be,  becaufe  we 
have  the  fame  momentum,  with  a  velocity  diminiflied  in 
a  certain  proportion  of  the  fum  of  the^  matter  in  the 
rammer  and  pile,  to  that  in  the  rammer  alone. —  An¬ 
other  defalcation  arifes  from  friaion,  which  continually 
increafes  as  the  pile  goes  deeper  and  a  Hill  greater 
^defalcation  proceeds  from  the  nature  of  the  pile.  If  it 
is  a  piece  of  very  dry  llraight  grained  fir,  it  is  very 
elallic,  and  acquires  almoU  a  double  velocity  from  the 
flroke  of  a  rammer  of  call  iron.  If  it  is  moifi:  and  foft, 
efpecially  if  it  is  oak,  or  other  timber. of  an  undulated 
fibre,  it  does  not  acquire  fo  great  velocity,  and  the  pe- 
netration  is  very  much  diminifiied.  It  is  probable  that 
a  pile,  headed  with  moifi  cork,  could  not  be  driven  at 
all.  The  writer  of  this  article  found  a  remarkable  ef- 
fed  of  the  elafticity  in  the  procefs  of  boring  limefloiie. 
When  the  boring  bit  was  made  entirely  of  fleel,  and 
tempered  through  its  whole  length  to  a  hard  fprlng 
temper,  the  workman  bored  three  inches,  in  the  fame 
time  that  anothej  bored  two  inches  with  a  bit  made  of 
foft  iron  ;  and  he  would  never  ufe  any  but  Heel  bits,  if 
they  could  be  hindered  from  chipping  by  the  hammer 
(which  muft  alfo  be  of  tempered  fieel  throughout). 
This  has  hitherto  baffled  many  attempts.  A  prettv  large 
round  head,  like  a  marlin  fpike,  has  fucceeded  bell:  but 
even  this  cracks  after  fome  days  ufc.  The  improvement 
13  richly  worth  attention  ,*  for  the  workman  is  delight¬ 
ed  by  feeling  the  hammer  rife  in  his  hand  after  every 
Ilroke,  and  fays  that  the  work  is  not  fo  hard  by  half. 
N.  B.  The  flone  cutters  at  Lifbon  and  Oporto  ufe  iron 
mallets. 

The  cafe  of  impulfion  made  on  part  of  a  machine 
moveable  round  an  axis  has  been  confidered  in  the  ar¬ 
ticle  Rotation,  EncycL  n®  72  ;  where  x  is  fhewn  to 
^ _  A -CP* 

be  ^  X  -  But,  in  this  formula,  r  de- 

+  A-CP* 

notes  the  diflance  of/>  from  the  point  C,  and  not  from 

this  formula,  is  B*CG*CP  ;  whereas,  in 
the  forrhula  for  a  free  body,  where  r  is  the  diflance  of 

a  particle  from  G,  L  r’  is  zr  B-CG-GP. 

In  the  pradlical  conllderation  of  this  queftion,  the 
reader  will  do  well  to  conOder  the  whole  of  that  article 
with  attention.  Many  circumftances  occur,  which  make 
a  proper  choice  of  the  point  of  impulfe,  and  the  direc¬ 
tion  of  the  tangent  plane,  of  the  greateft  confequence 
to  the  good  performance  of  the  machine  :  and  there  is 
SuppL.  VoL.  I.  Partll. 
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Impulfion 
on  ma¬ 
chines, 


nothing  in  v;diich  the  fcientific  knowledge  of  the  en¬ 
gineer  is  of  more  eflential  fervice  to  him.  An  en¬ 
gineer  of  great  pradice,  and  a  fagacious  combining 
mind,  colleds  his  general  obfervations,  and  (lores  them 
up  as  rules  of  future  praaice.  But  it  is  (Adorn  that 
he  pofTefies  them  with  that  diftinanefs  and  confidence 
that  can  enable  him  to  communicate  his  knowledo-e  to 
Others,  or  even  fecure  liimfelF  againft  all  millalies  ; 
whereas  a  moderate  acquaintance  with  thefe  eleinetUs  of 
real  mechanics,  may  be  applied  with  fafety  on  all  occa- 
lions,  becaufe  arithmetical  computations,  when  rightly 
made,  afford  the  mofl  certain  of  all  refults. 

There  is  a  circumftance  which  greatly  affedls  the  per-GreaUofs 
lormance  of  rnachines  which  are  actuated  by  iinpulfes,  povi’er 
namely,  the  yielding  and  bending  of  the  parts.  When^’F 
the  moving  power  ads  by  repeated  fmall  impulfions,  it 
may  fometimes  be  entirely  confumed,  without  produ-in^r  of  the 
cing  any  efFe£l  whatever  at  the  remote  working  point 
of  the  machine  ;  and  the  engineer,  wlio  founds  his  con- 
flruaions  on  the  elementary  theories  to  be  had  in  mofl 
treatifes  of  mechanics,  will  often  be  miferably  difap- 
pointed.  In  the  ufual  theories,  even  as  delivered  by 
writers  of  eminence,  it  is  afTerted,  that  the  fmallefl  im¬ 
pulfe  will  flart  the  greateft  weight.  But  fince  impulfe 
IS  only  a  continued  prefTure,  and  requires  time  for  the 
tranfmillion  of  its  eftedl  through  the  parts  of  a  yielding 
folid,  it  is  plain  that  the  motion  of  the  impelling  body 
may  be  extinguifhed  before  it  has  produced  compi  tf- 
fion  enough  for  exciting  the  forces  which  are  to  raife 
the  remote  paits  of  a  heavy  body  from  the  ground. 

What  blow  with  a  hammer  could  fbrt  a  feather  bed  ? 

Much  oftener  may  we  exped,  that  a  blow,  given  tc* 
one  arm  or  a  long  lever,  will  be  confumed  in  bending 
the  whole  of  its  length,  fo  as  to  bring  the  remote  end 
into  adion.  Therefore  great  flifFnefs,  and  perfed  ela¬ 
fticity,  both  in  the  moving  parts  and  in  the  points  of 
fupport,  are  necefTary  for  tranfmitting  the  full,  or  even 
a  confiderable  part,  of  the  power  of  the  impelling  body. 

Perhaps  not  the  half  of  the  blow  given  by  the  wipers 
of  a  great  forge  or  tilting  mill  to  the  fflank  of  the  ham¬ 
mer  is  tranfmitted  in  the  proper  inftant  of  time  to  the 
hammer-head.  The  hammer,  while  it  is  toffed  up  by 
the  blow,  is  quivering  as  it  flies.  Should  it  reach  the 
fpring  above  it  in  the  time  of  its  downward  vibration, 
it  will  not  be  returned  with  fuch  force  as  if  it  had  hit 
the  fpring  a  moment  before  or  after.  A  quarter  of  an 
inch  will  produce  a  great  effed  in  fiich  cafes.  It  is 
found,  that  the  minute  impulfes  given  to  the  pallets  of 
a  clock  or  watch  lofe  much  of  their  force  by  the  im- 
perfed  elafticity  of  the  pendulum  or  balance.  We 
muft  therefore  make  all  the  parts  which  tranfmit  the 
blow  to  the  regulating  mafs  of  matter  as  continuous, 
hard,  elaftic,  and  ftiff,  aspoffible.  The  performance  of 
ruby  pallets  is  very  fenlibly  weakened  by  putting  oil  on 
the  face  of  them,  efpecially  in  the  detached  fcapements, 
which  ad  partly  by  impulfe.  A  wheel  of  hard  tem¬ 
pered  fteel,  working  on  a  dry  ruby  pallet,  excels  all 
others.  The  intelligent  engineer,  feeing  that,  after  ail 
his  care,  much  impulfion  is  unavoidably  loft,  will  avoid 
employing  a  firft  mover  which  ads  in  a  fubfultory  man¬ 
ner,  and  will  fubftitute  ons  of  continued  preft'ure  when 
it  is  in  his  power.  Phis  is  one  chief  caiifeof  the  great 
fuperiority  of  overfiiot  waterwheels  above  the  underfiiot. 

We  can  now  underftand  how  it  hapjiens  that  Gal- 
lileo,  Merfennus,  and  others,  could  compare  theimpulic 
5  R  given 
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by  a  falling  body  with  the  pi'efTure  of  a  weight 
^  in  the  oppofite  fcale.of  a  balance,  and  can  fee  the  rea- 
fon  OT  the  imfixenfe  differer.ces,  yet  accompanied  by  a 
foit  of  regularity,  in  the  refiilts  of  the  experiments.  Ga- 
hlerrciiaiis,  and  Riccioli/tbund  them  to  be  proofs 
tiiat  the  forces  of  moving  bodies  are  as  their  velocities  ; 
becaufe  the  heights  from  which  the  body  fell  were  as  the 
fquares  of  the  weights  ibrted  from  the  ground.  Grave- 
faiide  iouiid  the  fame  thing  as  long  as  lie  held  the  fame 
opiii'oii  j  but  when  he  adopted  the  Leibnitzian  meafure, 
he  found  many  faults  in  the  apparatus  employed  in  his 
former  iliuhrations,  and  altered  it,  till  he  obtained  re- 
fults  agreeable  to  his  new  creed.  But  any  one  who  ex¬ 
amines  with  attention  all  that  paffes  in  the  bending  of 
the  apparatus,  and  takes  into  account  the  mafs  of  mat¬ 
ter  wiiich  mull  be  difplaced  before  the  oppofite  arm 
lifes  fo  far  as  to  detach  the  fpring  which  gives  Indica- 
licii  of  the  magnitude  of  the  flroke,  muft  fee  tiiat  the 
agreement  is  purely  accidental,  and  may  be  procured 
for  any  theory  we  pleafe  (fee  Gravefande^ s  Nat,  Phil, 
tranflated  by  Defugiiiliers,  vol.  i.  p.  241.  ^-c.)  The 
propofition,  n®  95,  Dynamics,  fuffices  for  explaining 
every  thing  that  can  hapjien  in  fuch  experiments.  And 
it  will  fliew  us,  that  although  the  motion  of  impulfioa 
is  produced  by  prefTure  alone,  yet  impulfe  is  incompa¬ 
rable  with  mere  prefTure:  It  Is  not  infinitely  greater, 
but  difparate.  A  weight  (which  is  a  prefTure)  bend& 
a  fpring  to  a  certain  degree,  and  will  derange  to  a  cer* 
tain  degree  the  fibres  of  a  body  on  which  it  preffes,  be¬ 
fore  It  be  balanced.  The  fame  ^veight,  falling  on  this 
fpring  from  llie height,  will  bend  it  farther,  and 
may  crufii  or  fiiiver  to  pieces  the  body  which  would  have 
carried  it  for  ever.  We  fliall  make  fome  further  remarks 
on  this  fnbje6l,  of  great  praftical  importance,  under  the 
word  Percussion. 

78 

€o?4clu  The  method  which  we  have  purfued  in  confidering 

*iioN.  the  doefrines  of  iinpulfion,  differs  confiderably  from  that 
which  has  generally  been  followed  ;  but  we  truft  that 
it  will  not  be  Found  the  lefs  inflru6bive.  Although 
the  reader  ihould  not  adopt  our  decided  opinion,  that 
we  have  no  proof  of  pure  Impulfion  ever  being  ob- 
fci  ved,  and  that  all  the  phenomena  which  go  by  that 
name  are  really  the  effefts  of  prefTures,  analogous  to 
gravity,  he  perceives  that  our  opinion  does  not  lead 
to  any  general  laws  of  impulfion  that  are  different 
from  thofe  which  are  acknowledged  by  all.  We  differ 
only?  by  exhibiting  the  Internal  procedure  by  which 
they  are  unquejlionahly  produced  in  a  vafl  number  of 
cafes,  and  which  takes  place  in  all  that  we  have  feen, 
in  fome  degree.  Our  method  has  undoubtedly  this  ad¬ 
vantage,  that  it  requires  no  principle  but  one,  namely, 
that  accelerating  forces  are  to  be  eftimated  by  the  ac¬ 
celeration  which  they  produce.  Even  this  may  be 
confidered,  not  as  a  principle,  but  merely  as  a  defini¬ 
tion — We  get  rid  of  all  the  obfeurity  and  perplexity 
that  refult  from  the  introdudion  of  inertia,  confidered 
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as  a  power -a  power  of  doing  nothing;  and  we  are  bupulfion^ 
h  eed  from  the  unphilofophical  fi61ion  (adopted  by  all  the 
abettors  of  that  dodrine,  and  even  by  many  others)  of 
conceiving  the  fpace,  in  which  motions  are  performed, 
and  bodies  to  be  carried  along  with  the  bodies  in 
it. — Tins  furnifhes,  indeed,  irr  fume  cafes,  a  familiar 
w-ay  of  conceiving  the  thing,  by  fuppofing  the  experi¬ 
ments  to  be  made  in  a  fhip  under  fail,  and  by  appeal¬ 
ing  to  the  faft,  that  all  our  experiments  are  made  on 
the  furface  of  a  globe  that  is  moving  wdth  a  very  great 
velocity.  But  it  is  an  abfurdlty  in  philofophy,  and, 
when  minutely  or  argumentatively  ufed,  it  does  not 
free  us  from  one  complication  of  a6f:ion  ;  for,  before  we 
can  make  life  of  this  fubftitution,  w^e  muft  demonftrate, 
that  the  a61;ions  depend  on  the  relative  motions  only  ; 

And  this,  when  demonftrated,  ohliges  us  to  meafure 
forces  by  the  velocity  which  they  produce. 


As  no  part  of  mechanical  philofophy  has  been  fo 
mut'h  debated  about  as  impulfion,  it  will  furely  be  a- 
greeable  to  our  readers  to  have  a  notice  of  the  different 
treat ifes  which  have  been  publifhed  on  the  fubje£t : 

Galilei  Opera,  T.  I.  957.  II.  479,  &c. 

Jo.  Walliiii  Tra6latus  de  Percufiione.  Oxon.  1669. 

Chr,  Bliigenius  de  Motu  Corporum  ex  Percufiione. 

Op.  II.  73. 

Traite  deia  Percufiion  des  Corps,  parMariotte,  Op.I.  r. 

Hypothefis  Pliyfica  Nova,  qua  phenomenorum  cau- 
f«  ab  unico  quodam  univerfali  motu  in  noftro  globo 
fuppofito  repetuntur.  Au6t.  G.  G.  Leibnitzio.  Mo- 
guntias  1671. — Leibn.  Op.  T.  11.  p.  IT.  3. 

Ejufdem  Theoria  Motus  Abftradli.  Ibid.  35. 

Hermann!  Phoronomia.  Amft.  1716. 

Difeours  furies  Loix  de  la  Communication  de  MouvC- 
ment,  par  Jean  Bernoulli,  Paris,  1727.  Jo.  Bern*^ 
Open  IIL 

Dynaniique  de  D’AIembertr 

ilMerl  Theoria  Corporum  folldonim  feu  rlgldorum, 
176^ 

Borelli  (Alphons)  de  Percufiione. 

See  alfo  M‘Laiiriti^s  Fluxions,  and  his  Account  of 
Newton’s  Philofophy,  for  his  Differtation  crowned  by 
the  Acad,  des  Sciences  at  Paris.— Alfo  Dr  Jurin’s  ela¬ 
borate  differtations  in  the  Phil.  Tranf.  N°  479. — Alfo 
Gravefande’s  Nat.  Philofophy,  where  there  is  a  moftr 
laborious  collection  of  experiments  and  reafonings ;  all  of 
which  receive  a  complete  explanation  by  the  39th  Prop. 
Princip.  Neutoni  I.  or  our  n®  9^.  Dynamics.  There  are 
alfo  many  very  acute  philofophical  obfervations  in  Lam^ 
berths  Gedanken  iiher  die  Grundlehren  des  Gleichge<wichts^ 
und  der  Bewegung,  in  the  fecond  part  of  his  Gebrauch, 
der  Mathematik. — Alfo,  in  the  works  of  Kaeftner, 
Hamberger,  and  Bufeh.  Mufchenbroeck  alfo  treats  the 
fubjeCI  at  great  length,  but  not  very  judicioufly.  We 
do  not  know  any  work  which  treats  it  with  fuch  per- 
fpicuous  brevity  as  M‘Laurin’s  Account  of  Newton’a. 
Philofophy. 
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